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Abstract. In the paper, the authors describe a method for studying spatial vibrations of a vehicle with wheels freely
rotating on wheelset axles during their movement along the rail track on individual elastic supports with elastic-
dissipative properties of points of rail resting on sleepers, as well as with bending of rails between sleepers in the verti-
cal and transverse directions when transport units moves along curved and rectilinear sections of track with inertial
properties. The purpose of the work is to improve accuracy of studies of the interaction between components of the
transport system by using a new method for studying the mechanics of motion of a vehicle along the rail track with indi-
vidual elastic-dissipative supports instead of the existing method of studies of motion along the rail track with a solid
elastic base. The proposed method of studies is most closely approximated to the actual conditions of operation of the
rail track consisting of rail-sleeper grid. A mathematical model of the new method for studying the motion of a vehicle
along rail track with separate elastic supports is presented. An important feature of the new method is consideration of:
track discreteness, which is caused by the presence of a rail-sleeper grid with variable distance between supports and
track laying diagram with different length of spans between the sleepers; inertial, stiffness and dissipative properties of
intermediate rail fasteners, sleepers and base in points where rails are installed on sleepers; elastic properties of rails
between supports and directly on supports. Moreover, there is a possibility to study loads and forced vibrations of a ve-
hicle in vertical and transverse directions for cases with reinforced concrete, wooden or other sub-rail base. The pro-
posed method and mathematical model are provided for purposeful studies of the influence of the rail track laying dia-
gram with certain or necessary spans between supports or sleepers on the loading and related stress-strain state of all
rail track elements, including rails, sleepers and sub-sleeper base. The results of the study can be applied to research
conducted on railway, industrial and underground rail transport.

Keywords: mechanics of motion, rail track, rail-sleeper grid, vehicles.

1. Introduction

Analysis of studies in the field of interaction between the rolling stock and the rail
track shows that initially the calculation scheme of the vehicle was taken with the as-
sumption that the rail track is rigid with deterministic irregularities [1]. Such a simpli-
fication of the rail track scheme caused the approximation of the evaluation of vibra-
tions and loads of both the rolling stock and the rail-sleeper grid of the rail track. In
addition, mainly not spatial, but plane vibrations of vehicles in the vertical and longi-
tudinal planes were investigated [2, 3].

In a number of other studies [4], the inertia and elasticity of the track were taken
into account by assuming that the rail-sleeper grid forms a continuous base, instead of
a discrete rail-sleeper grid, according to the hypothesis of N.P. Petrov [5]. However,
this assumption does not fully reflect the properties of the track structure due to its
discreteness, which leads to incorrect research results.

G.M. Shakhunyants [6] did not take into account dynamic loads caused by vehicle
oscillation in his calculations of the rail track as a one-dimensional continuous system.

Differential equations of motion of a vehicle along inertial deformed rail track
were obtained and solved by V.A. Lazarian and his students [7] under the assumption
that the sub-rail base obeys V.Z. Vlasov's hypothesis of a continuous elastic base [8].
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Plane vibrations of moving units in the vertical plane with the representation of
the rail base by two layers with taking into account the inertial and elastic-dissipative
properties of the track are described in the studies of A.L. Zalessky [9].

A special fundamentality is also present in studies of the interaction between the
rolling stock and rail track in a great number of works of such scientists as P.S. Ani-
simov, Yu.M. Bondrenko, M.F. Verigo, S.V. Vertinsky, Yu.D. Voloshko, L.O. Gra-
cheva, V.N. Danilov, AY. Kogan, S.S. Krepkogorsky, N.N. Kudryavtsev, B.V.
Medel, Yu.S. Romen, I.I. Chelnokov, and others [11-16].

The joint vibrations of moving units and the rail track are the basis of these stud-
ies, the track was represented as a continuous system and its vibrations were de-
scribed in partial derivatives. In [16], a description of the carriage and the rail track is
given as a discrete system, however, this model also does not reflect to the required
extent the peculiarities of the track structure. It takes into account the inertial proper-
ties of the track by adding the reduced track masses to each wheel, while the uneven-
ness of rail deflections due to the discreteness of the rail-sleeper grid was not taken
into account in the research.

The above-mentioned studies of the interaction between the moving units and the
rail track can be improved by considering that the rail track corresponds to the real
design of the rail-sleeper grid with discontinuous trackways resting on individual
supports and not to the rails continuous resting on the base

These conditions were confirmed by many years’ researches of the non-uniform
elasticity of rail track in sleeper cross-sections and spans between these sleepers, as
well as between individual sleepers. This is exemplified by the results of research
on railway transport, outlined in [17, 18], as well as on industrial and mining rail
transport [19, 20]. At the same time, the inelasticity along the rail track in sleeper
span sections reaches from 7% to 35%, and the inelasticity along the rail track
reaches 200%.

Apart from the above, the method for investigating the interaction between the
moving units and the rail track with the assumption of a continuous elastic base does
not allow to determine the actual loads on individual sleepers and to establish the in-
fluence of different sleeper spacing on the force impact on the sleepers and the influ-
ence of the laying diagram on the stress-strain state of the rail track.

The above data confirm the relevance of creating a new method for investigating
the interaction between the moving units and the rail track on individual supports
with elastic-dissipative and inertial properties.

The purpose of the work is to improve the accuracy of interaction studies of the
components of the transport system by means of a new method of studying the me-
chanics of vehicle motion along the rail track with individual elastic and dissipative
supports instead of the existing method of studying motion along the rail track with a
continuous elastic base.

2. Methods
The proposed methodology for studying vehicle movement along the rail track
takes into account the elastic-dissipative properties of rail resting on sleepers or bars
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as well as the bending of rails between the sleepers in the vertical and transverse di-
rections when transport units move along straight and curved sections of track, which
allows to get as close as possible to description of the real operating conditions

Since the disturbances acting on vehicles are predominantly caused by heteroge-
neities and imperfections in the track structure, the methodology under discussion
will make it possible to identify reserves for improving the performance of the rolling
stock and the track structure.

The new mathematical model of interaction between the vehicle and the rail track
proposed in addition to the previously obtained results [21] i1s somewhat different
from the previous one, as it takes into account the main structural features of the track
structure, including switches, to a certain extent more accurately.

An important feature of the new methodology is the consideration of: a) track dis-
creteness, which is caused by the rail-sleeper grid; b) inertial, stiffness and dissipative
properties of rails, intermediate fasteners, sleepers and base in the points where rails
are installed on sleepers; c) elastic properties of rails between supports; d) variable
characteristics in the area of individual elements of switches.

The proposed method and mathematical model contain equations of spatial vibra-
tions of a rail vehicle during its uniform motion along an inertial, elastic-dissipative
track structure of arbitrary outline in the plan, represented in the form of concentrated
masses in points of rail resting on sleepers and elastic trackways.

As an object for mathematical description of the considered movement, let's
choose, for example, a four-axle car of mine rail transport of VG-28-960 type (Fig. 1)
or another model.

The body of this vehicle is supported by two double-axle bogies whose wheels
can turn freely on their axles. Unsprung parts of the bogies (side frames and wheelset
axles) can take a parallelogram shape in plan within the limits determined by the
choice of clearances between the side jaws of the sidewalls covered the wheelset ax-
les, therefore, we take the angles of rotation of wheelset axles and truck bolsters in
plan for each bogie to be equal to each other. We take into account the elastic-
dissipative relations between the body and bogie side frames (through the sprung
beam) in vertical and transverse directions, between the body and the truck bolsters
during their mutual turns in vertical and transverse planes, as well as between the bo-
gie side frames and truck bolsters during their mutual turns in plan.

We represent the vehicle as a mechanical system of solid bodies (body, two truck
bolsters, four bogie side frames, four wheelset axles and eight wheels) connected
with each other by elastic-dissipative rigid or hinged links [21].

The rail track consists of two elastic inseparable beams on elastic-dissipative sup-
ports in the vertical and transverse directions, in which the reduced masses, rails,
sleepers and base are concentrated (Fig. 2).

In addition, dynamic properties of the carriage are significantly affected by the
displacements of the reduced masses and rails (due to their elasticity) only in a cer-
tain end section along the axis of the track structure. For this reason, the number of
the reduced concentrated masses attributable to one trackway is assumed to be equal
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to twice the number of sleepers located between the outermost axles of the wheelsets
and sleepers outside the first and last axles of the wheelsets.
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a — side view; b — top view; ¢ — end view

Figure 1 — Calculation scheme of the interaction between vehicle and track

Y

Figure 2 — Calculation scheme for the rail track with elastic-dissipative connections on the supports
in the vertical (z) and transverse (y) directions



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 162 17

If the carriage base and bogie base, respectively, are designated by 2/ and 2a, and
the distance between sleeper axles — by [, then the expression for the number of the
reduced concentrated masses of the track structure can be written as follows:

20+2a
Nr:{ 1 ]+2n0}, (1)

where in brackets [ ]° only the integer part of the number is taken into account; 2
1s the number of considered concentrated track masses outside the first and last
wheelsets.

3. Results and discussion

Thus, we will consider the spatial vibrations of a mechanical system consisting of
solid bodies simulating a body, a carriage, two truck beams, four bogie side frames,
four wheelset axles and eight wheels connected by elastic-dissipative elements on
elastic-dissipative supports. The mechanical system also includes the reduced con-
centrated masses of the track structure within the limited track section. In the scheme,
vibrations of the carriage and the track section both under and outside the car at a cer-
tain interval of the track length are considered.

Note that the number of reduced concentrated track masses can be determined
from test calculations with using accepted evaluation criteria.

In general, we take into account vertical and horizontal track irregularities, given
as deterministic or random variables [21].

We do not take into account the longitudinal vibrations of the system.

In order to compose a mathematical model describing the motion of a vehicle
along a track of arbitrary outline in plan, one moving coordinate system was used and
for each solid body of the mechanical system under the study - two moving systems:
a natural and an invariably connected to the solid body [9, 20].

The linear in the transverse and vertical directions y, z, and angular displacements
9, ¢, y of the solids corresponding to the vehicle (body and its running gears) and the
linear displacements y and z of the solids corresponding to the track were chosen as
generalized coordinates g,.

Mathematical models of motion of the systems under the study were obtained by
using Lagrange equations of the II kind. In general, the equations of motion of the
systems under the consideration can be represented as:

D+ +®,=0, (v=1,2,..,n), )

where D,, I1,, @, are the differential operators corresponding to the Lagrange equa-
tions of the II kind:
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where O, are the generalized forces corresponding to the generalized coordinates ¢,;
n is the number of degrees of freedom of the system; 7, II, ® are the kinetic and po-
tential energies and the scattering function.

With the assumptions accepted, the expressions D,, I1,, ®, can be represented as:

Dy, :f(malaqvaqv)’ I, :fi(k’qV)+Hh(qV)’ @, :fZ(Bﬁq.V)—l_fE}(F’q.V)’ 4)

where m, I are inertial characteristics (masses and moments of inertia) of solid bodies
of the system; k., k.., ks, kr and B, B., Bz, Por are coefficients of rigidity of elastic
and viscous dissipative elements respectively of the carriage, rails, sleepers and foun-
dation (base); F-, F.,, F.,, Fr are forces of dry friction in the bonds between solid
bodies respectively of the carriage, rails, sleepers and foundation (base); I1,(g,) is the
component of potential energy due to changes in height of gravity centers of solid
bodies at displacements g,.

The generalized forces O, were determined as functions of forces of interaction be-
tween wheels and rails P, F,, X,; in vertical, transverse and longitudinal directions
(here n is the number of wheel set; j=1.2 is the number of wheel of the n™ wheel set).

Let’s specify distinctive features of determining forces P, Fyy, X, in case of free
and rigid wheel attachment on wheelset axles.

The forces P,; acting on the wheels in the vertical direction were generally calcu-
lated in the same way and are the sum of the static and dynamic forces determined
through dynamic deflections and their time derivatives and through stiffness and vis-
cosity coefficients (or dry friction forces) of the spring suspension elements.

The forces of interaction between the wheels and rails in transverse direction F),;
were determined as the sum of forces of pseudo-slip in transverse direction y,; and

dr.
forces of lateral pressure of wheel flanges on rail heads w,= _Pn/W, where Ar,; 1s

increments of wheels radii during their transverse movement relative to rails y,,.
Tangential forces of interaction between the wheels and the rails (pseudo-slip

forces) F,; were found based on the creep hypothesis with taking into account their

nonlinear dependence on the dimensionless slip characteristics, from the expression:

-1/2

fe, )
F=—feg ||| +1
n ‘f;!lgﬂ/ [kfpnj 9 (5)

and the components of the pseudo-slip forces X,;, ¥,; in the longitudinal and trans-
verse directions are as follows:
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X _F gxnj . Y _F 8}"1/'
W njg_’ W '1/'8_, (6)

n n

where ¢,, &wj, & are dimensionless characteristics of wheel slip and its components

2 2

in the longitudinal and transverse directions; ¢, = (e te .)”2 , fnj are pseudo-slip co-

efficients determined in accordance with the works [9, 20]; kr1s coefficient of friction
between the wheels and rails.

The components of the dimensionless slip characteristics ¢,,; were determined for
rigid and free wheel attachments using the formula:

1

E =—vy -y,
ynj Vynl l//"!l (7)

and the dimensionless characteristic component &,,; were determined from the expres-
sions:
— for rigid wheel attachment

d Ar

%ZGW{?WJYJN4YW] ®)

r

and
— for free wheel attachment

v

JHl dl . . J A’/:,/ j r(b,,/
%=PU{7WNXJW4) 647J] )

where V' is the speed of uniform motion of the vehicle; y  is relative speed of

movement of points of wheel and rail head contact; 2a is the bogie base (for car-
riage with no bogie — the vehicle base); &, is track curvature under the n'" wheel-
set; 2d; is distance between the middle wheelset rolling circles; » is radius of the
middle wheelset rolling circle; yx, is angular speed due to track curvature under

the j™ wheel of the n™ wheelset.

The track irregularities in the plan were given as a sine or cosine, and the junction
vertical irregularities were given as a cosine of limited extent within its period [7, 20].

We evaluate the calculation schemes of transport systems under the study accord-
ing to indicators characterizing loading of running parts, spring sets of cars and track
in vertical and transverse directions, and according to traffic safety indicators, in par-
ticular, characterizing stability against shifting of rail-sleeper grid, unloading of
wheels, rolling of wheels on rails. Therefore, the following parameters are chosen as
criteria for estimating dynamic characteristics of the investigated types of mine roll-



20 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2022. Ne 162

ing stock: the maximum values of forces acting on wheels, spring systems and track-
ways in vertical and transverse directions (respectively Py, Oy, Fonjy Fyny and Oy,
Owjp), transverse forces Q,, acting on wheelsets, stability coefficients at unloading of
wheels Kunioaa, shift of rail-sleeper grid ks and rolling of wheels on rails k.

Here is a mathematical description of the movement of the part of the track struc-
ture whose vibrations are considered together with the vehicle.

For both trackways represented by continuous beams on elastic dissipative sup-
ports, the equations describing their vibrations in the vertical and transverse direc-
tions will have the following form:

mz +B,.z +F, sgnz +C z +C,z +..+C z =0 ;

za” ak AT al ZA27 a2 M a

+F sgnz +C. .z +C, z +...+C_,z, =0 ;

A1 b1 ZA27 b2 zZMe T bk

m_yaj}ax + Byxxyax + F;M Sgn yax + Cymyal + nyzyaz +.o.t Cvxkyak = anx ,
mybj}bx + Bymybx + F;m Sgn ybx + CyMyhl + nyzybz t.o.t CyMybk + bex;
A=L2,3,. .k (k=N,/2) (10)

mzbzbk + BZ)\.}\.Z]))\.

where m.,, m.y, myq,, my, are the reduced track masses referred to the left and right
trackways, in vertical and transverse directions; P, By and Fou, Fia are the coeffi-
cients of viscous resistance and dry friction forces at the rail resting on sleepers in
vertical and transverse directions; Cxi, Cag, ..., Cax and Gy, Gy, ..., Gy are quasi-
elastic coefficients of the rail as a continuous beam on elastic supports in vertical and
transverse directions; zax, zm and ya, ym are displacements of A elastic dissipative
supports of the left and right trackways in vertical and transverse directions (index a
corresponds to the left, in the direction of the car, trackway, and b to the right track-
way); O.a, O and Oym, Oy are generalized forces corresponding to the loads
transmitted to A elastic dissipative supports of the left and right trackways in vertical
and transverse directions.

Quasi-elastic coefficients are determined from the partial system for each beam
(rigid hinged supports are installed at the points of mass concentration) as the reac-
tions in the supports with numbers 1, 2, ...k from the unit displacement of the A sup-
port [21]. The stiffness of the A elastic supports in vertical and transverse directions is
added for the coefficients C,y and Cyy, obtained in this way.

Below are the mathematical transformations required to determine the generalized
fOI'CCS Qza?u sz?u ank, be?»-

The values of A, which correspond to each wheel of the car (assuming that inj™
wheel is to the right of the A™ support) are determined from the relation:

s 7T
A, {l} +1+n,; (11)

i
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where S;,; is the distance travelled by inj™ wheel, is measured from the centre of grav-
ity of the body and is determined from the ratios:

S11_=Ut+€+a; S12_=Ut+€—a;
J <

S, =vt-l+a; S, =vi—l-a, j=12. (12)

21, i 22;

Brackets [ ]° mean that only the integer part of the number is counted.
The distance from the A™ support to the in™ wheelset x;,; (=1, 2) can be deter-
mined as the ratio:

=5, (1_ .—1—n0)fs, (13)

inj inj

Thus, expression (13) allows to determine where the inj™ wheel is at any given
moment in relation to the A™ support.

To simplify the description, we will further consider the motion along the contin-
uous beam on elastic-dissipative supports as the unit force P.

In order to determine the support reactions of a continuous beam due to action of
force P, let’s consider this beam as a hinge-supported system with two moments ap-
plied in opposite directions (Fig. 3).

P=1

Mlz Mll M Mlﬂ M?&Z
ARNENET SR Y 4 Nz Y N N N

o ;( ﬁ T ;( ﬁﬁ%

b b, ha | har |

a — beam on individual elastic supports; b — beam on individual supports with elastic-dissipative
links in vertical and transverse directions

Figure 3 — Calculation diagrams of railways on individual hinged supports
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We will find the support moments by using the canonical equations of the five
moments [22].

For the A elastic support, this equation is:

OpaaMy 506, , (M, +0, , M, +0, , M, +

_ 14
+0, 102Mo0 T4y, =0, (14)

where

0 = Ci—] - Oy= & —C}A(l +1j—c7‘(1+ ! J
MA-2 Ki_]ﬁi, > 6EI;L Ek fx_l gx Ek fk €X+1 ?

2
5, = by b +C'12‘1+C/{i+ ! j +—C2“1;
' 3EI/1 3E]/1+1 E/l E,{ E/H-] {7%_’_]

5y pus = G +Cz+1( 1 +Lj_ﬂ(i+ 1 j 5y pir= Crer_
’ 6EL, L, \Livr 4 ’ €410

BY  4?
PO S £ CoiRi—i _C/IR/{LJF ! }r CoviRivi (15
El, ElL.; by b O e+l

In relation (15) G, Ci-1, G2, i1, Gz are the flexibility of the respective sup-
ports; EL, ED.;, EL.; are the bending stiffness values of the beam in the spans
Cos Carts Dot

2 -
AL =Py vy I+, ) B +0;
R,.1=0; R;=vj Py Rjpp=u; P, (16)

'
X

where u; . =2 vy =1—uy,; x; ,, are the distance from A™ support to the
A+l

force application point P.
In equation (14), the coefficient is following:

2
4, = PE/H]”/H]V/H](]"'”/HI)_CAV/HIP L L Gt p (17)
El,, o8y

Equations of five moments of the type (14) for each of the beam supports form a
system of linear algebraic equations whose order depends on the number of supports
(sleepers) taken into account when investigating joint vibrations of the "movable ve-
hicle-rail track" system. Having solved this system of equations, we obtain the values
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of support moments M,, with the help of which one can define the deflections of
beam in any cross-section depending on the position of cargo. For this purpose, let's
find beam reactions Ry and Ry, by using calculation schemes of statically deter-
mined beams loaded by supporting moments and force P or by single support mo-
ments:

M -M M -M
R,IZR/(1)+ A+1 /1_|_ A=1 /1’ (18)

€ty %)

where R;? is the reaction of A" support from the external load P in the basic system
(without considering the support moments) for a single span beam 7, _;:

R{=Pv,,,. (19)

We define the displacement of the A" support from the equality:

Dor = M | L Uy M o po (20)
o U Ll S

Displacement of any beam cross-section in span A+1 (Fig. 1) from support sub-
sidence and beam bending is determined by the following equation:

_ 0 0 0 !
Zp+1 — 2 +(Z,1+1 _Z/I)U,HI TZy41 (21)

where z; ., is the span from deflection of the beam in the cross-section next from the

left support at a distance u, -/, ,;, which 1s determined for the calculation scheme

of the single-span beam loaded with support moments M,, M;:; and force P or only
with support moments, if P=0 in the considered span.

Let’s analyze both cases of beams loading.

Let the span of the beam with the length 7, is loaded only by support moments

M1, My, (Fig. 3, a). For this span the deflection due to bending can be determined by
Vereshchagin's method [22]:

L RCE IS V(RS REEY

z

For the beam span of length 7, ,; (Fig. 3) the deflection is found in the same way:
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S Ly Huyey)(2—uye)
e 36EJ

32 2
L PO U1V (
3EJ

M (2=ujg)+ My (1 +uye )]+

g +Vy4). (23)

Knowing the forces (18) acting on supports of the left and right trackway in the
vertical and transverse directions, let’s determine the generalized forces for the track
movements:

Qon = Roz111Pr11 Y Ryz121P121 Y Rpz2118211 T Rpzo21P021
Oy = Ryz112P112 T R)pz122F122 Y Ry210P010 Y R)2220F005)
Ovar =Roy1119y111p TR 1219y 121p TRp2119 2110 T Riy2219y221p7
Oybr = Riy1120,112p TRp1220y122p T R1p212Q0212p T R3p222Q0220p - (24)

where Riinj, Royin are the forces transmitted to the A™ support due to the unit loads
P=1 applied respectively in the vertical and transverse directions at the locations of
inj™ wheels (are determined in accordance with expression (18)).

By using formulas (21-23), it is possible to find deflections not only due to one
force but also due to the vertical and transverse loads that are transmitted to each
wheel (rail). By applying the superposition principle, it is possible to find deflections
in each cross-section of both continuous beams (rails) in vertical and horizontal direc-
tions caused by all forces.

Let’s write down the expressions for the wheel movements zin under the left and
right rail tracks, due to sleeper and rail suppleness. Each wheel corresponds to a cer-
tain span number p=A+1. The following relations apply for inj wheels (i=1, 2; n=1, 2;
j=1):

0 _ - - - - .
zi = Zyan A+ 2o Bar + Zinn B + 2o Pors

0 _ - _ _ _ .
Zo1 = ZpunBn + Zona B+ Zopn P + 2121,221])221 ;
0 _ - _ _ _ .
21 = 2211,111})111 + 2211,121P121 + 2211,211P211 + 2211,221P221 >
0o _ _ _ _
Zoo1 = Zyoint P T Zooi21021 F 2210015011 T Zan1001 P15 (25)
where z;,; ;,; 1s the vertical displacements under the action of force P=1; in the des-

ignations, the first three indexes before the decimal point correspond to the area of
the deflection (under the inj® force), and the second index after the decimal point cor-

responds to the force P;,; under the action of which the deflection occurs. These vari-

ables are determined by formula (30) under the action of force Pjyj, applied to the p
span, in the area of the force action under which the deflection occurs (the number of
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this force is denoted by three indices before the decimal point). According to the rec-
iprocity of displacements theorem pu:

Z111021 T 21000115 Z111211 T 22110110 2111211 = 22111115
Z121211 = 22111215 Z121.221 =Z221.0215 2211221 = 2221211 - (26)

Similarly to (25), we can write the dependencies for vertical displacements
(z?l 2, z?z 2, zg 12, 2222 ), 1.e. for displacements that correspond to j=2, and for horizon-
tal displacements y,% Ips yg1 2p (=1, 2; n=1,2), which are functions of unit displace-
ments Vj,;,, Vin2p and forces Qyinp.

Now let’s find the vertical forces P;,; acting on the wheels (Fig. 4).

%jb }1)1'2j612a] }[)i[ja Il)i]jb Il)ir:Zb 2h }])inllb
& I S .
-~ 2a - iy 2d Yy
. T .
}l)inZ Ein[
a b

a — side view; b — front view
Figure 4 — Schematic diagram of the wheelset load distribution

The elastic-dissipative forces Pj,, and Yi,, acting from the springs on the bogie
side frames in the vertical and transverse directions can be determined as follows:

Bipja =k Azjy + Az, + Fosgn Az,
Yinja - kyAyinj T ﬂydyinj +FysgnAJ>inj. (27)

The forces Pj,» and Yy, transmitted from the springs to the wheelset axles in the
vertical and transverse directions can be found as follows:

i1jb :W“ﬂzm % ey :%Z_al) i2,ja (a;aal]"
iljb:WJrYizja(a;aal)" szb:WJ“nzja(a;alj (28)

From the equilibrium of the in™ wheelset loaded with forces Piu1p, Pinzpy Yintpy Yin2s,
let’s find the forces acting on the wheels:
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_ (b+dj (b dj_(leb +Yln2bj
inl ~ 2d 2d ’
P - By (b +dj2;’Pin1 (b —d j N (Y inlb ; :;m2b) (29)

We note that the forces F,.F, . 5B Qza/l’szi’ani’ be/1 depend on the

nja’ inj

movements not only of the sprung parts but also from the rails z0 ymj under the

ll’l] 2
wheels in the vertical and transverse directions. This indicates the relationship be-
tween equations (2-9) described the vehicle vibrations and equations (10) described
the motion of the track structure.

The above mathematical model of vehicle movements and track structure along the
straight track sections is also valid for curved (constant and variable curvature) sections.

During the movement along curved sections, the generalized forces corresponding
to the transverse attitude, the lateral sway, the wobble of unsprung parts of vehicle
bogies and the transverse movements of the trackways are defined as follows:

2 2
QyTi - Z Z(ij +VV1nj +AVij Wamj)
n=1 j=I

B 2 2 j2 2 '
QeTi __HTnZ::l ]ZZ:I(YM] VVZ AVVm] +Waln]j ( lj nZ=:1 ]Zzzlpinjal .dl )
Sl |
Opin = 2 Vi1 j T Wig; T AWy j ¥ Woigj =Yio; =Winj =AW;p; =Weizj)-a;
Qym]p (ij + I/Vm] +4 Vij + Wamj ) (30)

where Y;,;, Wi, are the transverse forces of interaction between wheels and rails due
to elastic slip of wheels (pseudo-slip) and lateral pressure of wheel flanges on rails;
Hr is the height of gravity center of unsprung parts of bogies over the rail heads.

Thus, the movement of the vehicle through curved sections of track can be de-
scribed by equations (2-9), which take into account features reflecting the nature of
movement through curves of different radii of curvature.

4. Conclusions

1. The method and the mathematical model of the researches of spatial vibrations
of a vehicle with free rotation of wheels on wheelset axles during its uniform motion
along an inertial, elastic-dissipative rail track with an arbitrary outline in plan pre-
sented as concentrated masses in points of rail resting on sleepers as applied to a
straight and curvilinear track were developed.

2. The proposed method and mathematical model makes it possible to conduct
purposeful studies of the influence of the rail track laying diagram with certain or
necessary length of spans between supports or sleepers on the loading and the corre-
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sponding stress-strain state of all rail track elements, including rails, sleepers and sub-
tie base.

3. A new direction in researching of loading and stress-strain state of rail track
under conditions of non-uniform elasticity of individual sleepers resting on the base
and non-uniform rigidity of track in sleeper spans and sleepers is proposed.
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METOA AOCHNIMKEHb NPOCTOPOBUX KOJIMBAHb TPAHCMOPTHOrO 3ACOBY NPWU PYCI MO
PEWKOBIA KOMII HA OKPEMUX OMOPAX 3 MPY)XXHOOWUCWUMATUBHUMW TA [HEPLIMHUMM
BNACTUBOCTAMU

loeopyxa B.B., lceopyxa A.B., Cobko T.I1., Cemudimna J1.I1.

AHoTauis. Y cTaTTi BUKNageHo MeTog AOCTiMKeHb NPOCTOPOBWX KOMIMBaHb TPAHCMOPTHOrO 3acoby 3 konecamu, siki
BiNbHO 06epTaOTLCSA Ha OCAX KOMICHUX Nap MpwW pyci N0 PEVKOBIiA KOMii Ha OKPeMMX MPYXHUX Onopax 3 NpyxHoaucuna-
TUBHWUMM BIIACTUBOCTAMM MICLb ONMPaHHS PEOK Ha LWNanu, a TakoX 3 BUTMHOM PErOK MiX LInanamu B BEpTUKarNbHOMY i
nonepeYHoOMy HanpsiMKax Npu NPOXOMKEHHI NO KPUBOMIHIMHMX | NPAMONIHINHMX AiNsHKaX Konii 3 iHepUiiHUMK BNacTUBO-
ctamn. MeToto poboTH € NIABULLEHHSI TOYHOCTI AOCTIMKEHb B3AEMOAjI CKNaaoBux BUPODBIB TPaAHCMOPTHOI cUCTEMU 3a
[0MNOMOroK HOBOTO MEeToLy AOCIMKEHb MEXaHiki pyXy TPaHCMOPTHOroO 3acoby No PEeykoBOBIN KOMii 3 OKPEMUMM NPYX-
HOAMCUNATMBHUMM OMOPaMM Ha 3aMiHy iCHYIOHOTO METOLY AOCHIMKEHb PYXy MO PEWKOBIM KOl i3 CYLiNbHOK MPYXHOK
nigWwnanbHOK OCHOBOK. BuknageHuin MeToq AOChimKeHb MakCMMarnbHO HabmkeHWA 4O peanbHUX YMOB ekcnyaTawii
Konii 3 perkoLwnansHoi peLwiTku. MNpeacTaBneHo MateMaTyHy MOAENb HOBOTO METOAY AOCTIMKEHb PYXY TPAHCTIOPTHOrO
3acoby no pewnKoBin Konii 3 OKpEMUMMW MPYXXHUMK onopamu. Baxnneoto ocobnuBicTio HOBOro MeToay €: 06nik Anckpert-
HOCTi peiKoBoi Konii, sika 06yMOBeHa HasiBHICTIO PerKOLINamnbHOI PELLITKA 3 3MIHHOK BIACTAHHIO MK ornopamu i ento-
PO yKNaZaHHs Kofii 3 PisHAMM BENWUYMHAMM NPOMbOTIB MiX LUNanamu; 06niK iHepLiHNX, XOPCTKICTHWX i AMCMNATUBHUX
BNACTMBOCTEN MPOMIKHUX PENKOBMX CKpinneHb, LWnan, NigLnanbHoi OCHOBM B MICLSIX YCTAHOBKW PEOK Ha Lunanax, a
TaKoX 0BMiK NPyXHWUX BNACTUBOCTEN PEoK Mix ornopamu i BesnocepeaHbo Ha onopax. Mpy LboMy € MOXMMBICTL AOCHI-
[KEHb HABaHTAXEHOCTi | BUMYLLEHUX KONMWBAHb TPAHCMOPTHOrO 3acoby B BEPTUKANbHOMY i NONEpPeYHOMYy HanpsiMkax
A9 BUNaZKIB i3 3anisob6eTOHHO, AepeB'aHOK abo iHLLOK NAPENKOBOK OCHOBOK. [PONOHOBaHMIA METOZ, | MaTeMaTUiHa
MoZenb nepeabaveHi Ans LinecnpsamMoBaHWX LOCHIMKEHb BNMMBY EMOPU YKMadaHHS PEKoBOro Komii 3 neBHMMK abo
HEOBXigHUMM BENMYMHAMM NPOIbOTIB MixK onopamu abo Wnanamu Ha HaBaHTAKEHICTb i MOB'A3aHNUN 3 LM HanpyXeHo-
AeopMOBaHUA CTaH BCiX €NeMEHTIB PEKOBOI KOMii, BKMIOYA0YM perku, Wnanu Ta nigwnansHy ocHoBy. PedynbTtatu
poboTu MOXyTb GYTY 3aCTOCOBAHI ANS AOCHIMKEHb HA 3aMi3HUYHOMY, NPOMUCIIOBOMY i MiZ3EMHOMY PENKOBOMY TpaHC-
nopri.

KnioyoBi cnoBa: MexaHika pyxy, penkoBa Konisi, peikoLinanbHa peLwitka, TPaHCMopTHi 3acobu.

The manuscript was submitted 22.04.2022


mailto:igtm.rail.trans@gmail.com
mailto:igtm.rail.trans@gmail.com

	Sb ^N162 print final 3.pdf
	Hovorukha Volodymyr Vasylovych, Candidate of Technical Sciences (Ph.D), Senior Researcher of the Department of Geomechanical Foundations of Surface Mining Technologies, Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sc...
	Institute of Geotechnical Mechanics named by N. Poljakov of National Academy of Sciences of Ukraine

	udc 622.831.1:622.234.5:622.807.4                   DOI: https://doi.org/10.15407/geotm2022.162.076
	1Minieiev S.P., 1Vasyliev L.M., 1Trohymets N.Ya.,  1Maltseva V.Ye, 2Polushyna M.V.
	Мінєєв С.П., Васильєв Л.М.,  Трохимець М.Я., Мальцева В.Є., Полушина М.В.
	UDC 622.831: 622.537.87           DOI: https://doi.org/10.15407/geotm2022.162.126
	INFLUENCE OF GAS-FILLED FRACTURЕS ON THE ELECTRICAL CONDUCTIVITY OF COAL AT DIRECT CURRENT
	Stefanovych L.I., Feldman E.P., Mazur O.Yu.
	Branch for Physics of Mining Processes of the Institute of Geotechnical Mechanics named by  N. Poljakov of National Academy of Sciences of Ukraine
	.                                                  (1)
	The presence of even one fracture in the sample will lead to a decrease in the current density through the sample. Let us denote the perturbed current density as j’ = j – Δj, where Δj is the change in current density caused by a fracture. Then, by usi...
	.  (2)
	Here, R is an electrical resistance of an ideal sample without inclusions, Rf is an electrical resistance with a fracture, ΔR = Rf – R is an additional electrical resistance of the sample due to the interaction of the current with the fracture; Δj is ...
	2.2 The effect of an isolated fracture on the electric current in a coal sample.
	Let us first consider the situation when there is only one fracture in the coal sample, which is parallel to the surface of the plate. In the case of inclined cracks, the obtained result should be multiplied by cos2α, where α is the angle between the ...
	In order to determine the effect of a collection of randomly distributed fractures on the electrical resistance of a coal sample, the change in current density under the influence of one isolated fracture should be considered. And then the obtained re...
	A hydrodynamic analogy between the movement of an ideal incompressible fluid with potential flow around solid bodies [8] and an electric current through a conductor containing long fractures was used to solve the problem of the flow of an electric cur...
	As it is shown in [6, 7], for a plane flow of liquid with a speed u in the direction of the Оy axis, it is possible to introduce the quantity Ф(z) which has the meaning of the complex speed of this flow. A fracture of length 2l represents a section of...
	It follows from the theory of potential that the solution of this boundary value problem is determined by an integral of the Cauchy type [9]. Here, the density in the Cauchy integral is determined by the expression:
	ВПЛИВ ГАЗОНАПОВНЕНИХ ТРІЩИН НА ЕЛЕКТРОПРОВІДНІСТЬ ВУГІЛЛЯ НА ПОСТІЙНОМУ СТРУМІ
	Стефанович Л.І., Фельдман Е.П., Мазур О.Ю.
	Анотація. Стаття присвячена теоретичному вивченню впливу тріщин на статичну електропровідність вугілля для розробки та обгрунтування неруйнівного способу визначення тріщинуватості вугілля та інших гірських порід, що проводять електричний струм. Нездат...
	У цій роботі було використано підхід, який базується на використанні гідродинамічної аналогії між електричним струмом, що обтікає тріщини, і рухом ідеальної нестискаємої рідини при потенційному обтіканні твердих тіл, запропонований раніше у наших робо...
	Отримані результати можуть бути застосовані у якості неінвазивного методу визначення коефіцієнта тріщинуватості не тільки вугілля, але й інших гірських порід, що проводять електричний струм.
	7.    Minieiev S. P., Vasyliev L.M.,  Trohymets N.Ya.,  Maltseva V.Ye, Polushyna M.V.  Justification of the parameters of rotary-vibration drilling of small-diameter boreholes in rocks based on a submersible cavitation hydrovibrator 76
	11.  Stefanovych L.I., Feldman E.P., Mazur O.Yu. Influence of gas-filled fracturеs on the electrical conductivity of coal  at direct current 126
	12.  Malieiev Ye.V., Levchenko K.S. Research of the impact of open-pit mining on the land and water resources in Kryvbas 135
	11.  Стефанович Л.І., Фельдман Е.П., Мазур О.Ю. Вплив газонаповнених тріщин на електропровідність вугілля на постійному струмі 126


