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STUDY OF DYNAMIC INDICATORS OF FLAT WAGON WITH LOAD
CENTRE SHIFT

Purpose. The article deals with the determining the influence of the longitudinal and lateral shift of gravity cen-
tre of the heavy load on the flat wagons, taking into account the travel speed based on the main dynamic indicators —
the maximum coefficients of the dynamic supplement of spring-suspended and unsprung parts, the maximum ratio
of frame force to static axle load, the wheel derailment safety factor. Methodology. The study was carried out using
the method of mathematical and computer simulation of the dynamic loading of flat wagons based on the model of
spatial oscillations of five coupled wagons and the software complex developed in the branch research laboratory of
the rolling stock dynamics and strength (BRL RSDS). Theoretical studies were carried out during the movement of
the model 13-401 flat wagon on typical 18-100 bogies with speeds in the range from 50 to 90 km/h in curves with
radii of 350 and 600 m, with 130 and 120 mm canting, respectively. Findings. The paper presents the analysis of
theoretical studies of the rolling stock dynamics on the example of flat wagons. The calculations were carried out
using an application software package. In the course of performing theoretical studies and after simulation, taking
into account the processes of oscillation of the flat wagon and load in the presence of longitudinal and lateral shift of
its gravity centre, the dependences of the main dynamic indicators were obtained with regard to the magnitude of the
travel speed. Originality. Using the mathematical model of the five coupled wagons, the effect of shift in two direc-
tions from the central symmetry axis of the heavy load centre was studied with regard to the travel speed along the
curved track of small and medium radius in order to determine the dynamic loading of the flat wagon.
Practical value. As a result of the above theoretical studies, the recommendations on the maximum possible values
of the centre shift of heavy loads during their transportation on flat wagons are substantiated and proposed.

Keywords: load; flat wagon; dynamic indicators; curved track; longitudinal and lateral load; centre shift; travel
speed

Introduction

The process of integrating the railway industry
of Ukraine into the European transport system is
one of the urgent problems of today. Its solution is
connected with the formation of a network of in-
ternational transport corridors on the territory of
Ukraine, the reconstruction of the main railway
lines connecting the Europe and Ukraine, the or-
ganization of high-speed train traffic [10].

In addition, one of the key issues of transport
policy, which is associated with perspectives of
sustainable development of the transport industry
in Ukraine, is the promotion of combined
transport. This technology should be in line with
international standards, the main criteria of which
are: route speed, schedule accuracy and cargo safe-
ty. Increased speed and frequency of transportation

would accelerate the introduction of a combined
cargo transportation system, including by interna-
tional transport corridors. Thus, improvement of
speed characteristics of rolling stock becomes al-
most the most important task for increasing the
competitiveness of rail transport in mixed traffic
systems.

One of the main obstacles to a significant in-
crease in the velocity of combined transport is the
dynamic properties of the rolling stock. At the
same time, the main characteristics of the rolling
stock are being constantly improved by the produc-
ing factories, with the changing of the range of
goods. Among the heavy loads transported on flat
wagons, the more common is becoming the
equipment with asymmetrical centre of gravity,
which requires train speed limitation. This causes
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a reduction in the throughput and transportation
capacity of railways, lengthening of the equipment
delivery time to the consumer [3, 10, 18].

Purpose

Of particular importance is the further im-
provement of the transportation conditions and, in
particular, the development of new scientifically
based admissible values of longitudinal and lateral
load centre shifts from the flat wagon symmetry
axes. When elaborating them, particular attention
should be paid to the safety of movement, as there
may be intense fluctuations of rolling stock and
large dynamic forces. Therefore, of great interest is
the study of spatial oscillations of a flat wagon
with asymmetric load, which in turn leads to the
need for the development of regional, local (LTC)
and unspecified (UTC) technical conditions, the
effect of which would be extended to enterprises
serviced by one railway [1, 3,7, 9, 11, 12].

The purpose of this research is to determine the
influence of the longitudinal and lateral shift of
gravity centre of the heavy load on the flat wagon,
taking into account the travel speed based on the
main dynamic indicators — the maximum coeffi-
cients of the dynamic supplement of spring-
suspended and unsprung parts, the maximum ratio
of frame force to static axle load, the wheel de-
railment safety factor.

Methodology

The above problems can be solved experimen-
tally or theoretically. The first method, although it
is sufficiently reliable, but expensive, requires a
long time and cannot cover all possible options of
the load positioning. Therefore, it is necessary to
develop a general theoretical method for studying
the oscillation of the flat wagon with asymmetric
placement of loads of different weights, both with
spring-dissipative elements between the load and
the flat wagon body, and without them [3].

Quantitative evaluation of dynamic indicators
can be obtained by mathematic simulation. The
wagon calculation scheme should reflect the spe-

cifics of the wagon interaction in the train: the pos-
sibility of manifestation of all forms of body oscil-
lations in space, the transmission of longitudinal
forces in the vertical and horizontal directions from
the neighboring wagons, the record of the technical
condition of individual parts of the wagon and their
design features, as well as operating conditions —
speed, movement along the straight and curved
tracks, loading mode, type of load, its positioning
and fastening, vertical and horizontal track irregu-
larities [5, 8, 13, 15-22].

The travel speed when passing on the curved
track is limited by the lateral impact of the railway
rolling stock on the track, the lateral acceleration
value, the possibility of wheel unloading and de-
railment. In connection with this, it is necessary to
study the railway vehicle oscillations while driving
precisely along the curved track.

The calculation scheme of the flat wagon in
Fig. 1 shows positive directions for all shifts and
angles of rotation, and Table 1 shows the designa-
tion of the system bodies.

In Table 1 through X, y and z we marked the

gravity centre shift of the flat wagon frame along
the corresponding axes, and through 0, ¢, ¢y —
the angles of its rotation relative to the main cen-
tral axis of inertia. Similar displacements of bol-
sters are provided with the indexi (i=1, 2— bogie
number), side frames — with the index 6ij (j=1 —
left, j=2 right side of the wagon), wheel sets —
with the index kim (m=1,2 — wheel set number
in the bogie), rails in the wheel contact points pimj
(movements of rails are assumed only in two direc-
tions — along the axes Y and Z). Displacement of
the wheels is indicated by the index imj .

The mathematical model describing the spatial
oscillations of the coupled wagons in the train
(Fig. 2) is proposed in [4], of which one rail vehi-
cle is considered as per the most complete calcula-
tion scheme (called «zero»), and the calculation
schemes of neighbouring wagons, depending from
task setting, are simplified with increasing distance
from the «zero» vehicle on both sides.
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Fig. 1. Calculation scheme of a 4-axle flat wagon
Table 1

Systems bodies and their displacements
Displacement
Systems bodies Linear along the axes Angle relative to axes
X Y Z X Y Z

flat wagon frame X y z 0 ¢

bolsters X; Y. Z, 6, 0 V.

side frames Xsij Yij Zgi; O5ij Qg Y

wheel sets Xkim Ykim Zyim Oim Prim Wikim

rails - Ypimi Zpim - - -
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Fig. 2. Calculation scheme of five coupled freight wagons
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As a calculation scheme of the «zero» vehicle
we adopted a mechanical system with 58 degrees
of freedom [5, 17]. The following values are
adopted as generalized coordinates: (Q, =z,

h=9, G=6, q=y, G=y, 0,=6
d=vi (n=89),  d,=vg
n=10+13), Ay = Yai (n=14+17), 0, = Zg;
n=18+21), d,=¢5 (N=22+25), q, =y,

. 0, =0, (N=38+41
, G, =X (n=50+53

s qn = ypimj

)
) H qn = inm
Wagons, adjacent to the «zero» one, are repre-
sented by a system with 12 degrees of freedom.
The calculation schemes describing the oscillations
of these wagons preserve the main features of
freight wagon bogies — lozenging of side frames.

In the study of spatial oscillations of wagons
neighboring with the «zero» one, which are con-
sidered under the simplified calculation scheme,
the following assumptions are introduced. It is as-
sumed that the wagons have one-stage spring sus-
pension. Each of them consists of eleven solid bod-
ies: a body, two bolsters, four bogie side frames
and four wheel sets. Unlike the «zero» wagon, the
track under adjacent wagons is considered to be
absolutely rigid in the vertical direction and resili-
ent in the horizontal lateral direction. This assump-
tion does not lead to an increase in the number of
degrees of freedom, since the speed of the pressed
(displaced) rails in expressions for lateral forces
can be neglected.

As generalized coordinates for these wagons

the following values are adopted: @ =z2",
G=0" o =0" di=y" da=y", o=y
(k=6.7), al=v§ (k=89), a=yg

(k=10.11), g}, =x",
where i=1,2; n=1 and -1 — respectively for the
«first» and «minus firsty wagons.

The end coupled wagons, which by analogy are
called the «second» and the «minus second», are
considered by an even simplified scheme than «1»
and «-1» wagons. In «2» and «-2» wagons we will
take into account only the vibration of the bodies,
that is, these wagons are systems with six degrees
=Yy, 0y =0,

of freedom: g =z", q; =¢"
g5 =v", ,

where — respectively for the «second» and
«minus second» wagons.

In our study, the flat wagon as a «zero» wagon
is considered as a mechanical system (Fig. 3),
which consists of 12 solids (load, flat wagon
frame, two bolsters, four bogie side frames, four
wheel sets). The flat wagon frame gravity center is
located at the beginning of the coordinate system
of the flat wagon, and the load gravity center,
shifted by the value in the longitudinal direction
and in the lateral direction, is located at the begin-
ning of the coordinate system of the load.

The work [3] studied the flat wagon as a me-
chanical system of 12 solids with an asymmetric
load, but its oscillations were considered only in
the horizontal plane. Each body of the system had
three displacements: recoiling , swaying and hunt-
ing . The connections to the flat wagon were in-
stalled on the assumption that the side frames of
the bogie of model 18-100 had the same swaying
and hunting ; there are no longitudinal and lateral
gaps between the bogie bolsters and side frames, or
they are very small, and the swaying of bolsters
and wheel sets is the same; the gaps between the
bogie center plates and center plate bearing are not
taken into account.

The work [14] shows the effect of load center
shift in the gondola, but even though the flat wag-
on and gondola belong to the open rolling stock
and have some common requirements for load po-
sitioning, it is expedient to determine the dynamic
load during the operation of not only different
types of railway vehicles, but also of the same type
models close by the technical parameters.
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Fig. 3. Calculation scheme of 4-axle flat wagon with asymmetric load arrangement

Standard and technical requirements for posi-
tioning and fastening of goods in an open rolling
stock are presented in [7, 12]. In accordance with
the current requirements, the total center of gravity
of goods () should be located on the intersection of
the longitudinal and lateral plane of symmetry of

the wagon. The shift of relative to the longitudinal
and lateral planes of the wagon symmetry is al-
lowed (Table 2), if there are objective reasons for
this (geometric parameters of the load, arrange-
ment and fastening conditions).

Table 2

Permissible longitudinal shift of the common load center in a 4-axle wagon

Para- Load weight, t
meter | <10 | 15 | 20 [ 25 | 30 | 35 | 40 [ 45 [ 50 [ 55 [ 60 [ 62 ] 67 [ 70]>70
during loading
Ish 270 225 195 155 125 110 95 85 75 68 60 55 20 0 0
cm along the track
300 248 216 173 144 | 123,5 | 108 96 | 86,5 | 78,5 | 72 63 26 6 0

The permissible value of shift in the longitudi-
nal direction lsh (relative to the lateral plane of
symmetry) during loading and along the track is
determined in accordance with Table 2 depending
on the total weight of the load in the wagon.

According to [7, 12], in the case of necessity of
asymmetric arrangement of load in a wagon, the
difference in loading of bogies should not exceed
for 4-axle wagons — 10 t, and the loading, which

falls on each of the bogies, should not exceed half
of the carrying capacity of the wagon.

The permissible value of shift in the lateral di-
rection Dsph (relative to the longitudinal plane of
symmetry) during loading and along the track is
determined in accordance with Table 3 depending
on the total weight of the load in the wagon and the
height of the common gravity centre of the wagon
with load () above the level of the top of rail TOR
[7, 12].
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Table 3
Permissible lateral shift of the common load center in a 4-axle wagon
Load weight, t
g <10 30 50 55 67 >67
g Height of common gravity center of wagon with load over the TOR, m
Sl 15020 S s 2023 = (s ]20]23 | <15]20] 23 <15]2% ]2 <3
2 9 9 2 bl bl 9 2 9 9 9 —_T 2 9 —_T O 3 —_—
during loading
12, | 9, | 8,
bsh, | 45 | 38 {29 | 38 | 31 | 25|20 |25 |20 |18 | 14 15 12 | 10 5 5 0 7,0
cm
along the track
62 | 55 | 41 | 55 | 45 | 35 |28 | 35 |28 | 25|20 | 22 17 | 15 18 (14|12 10

Simultaneous shift of relative to the longitudi-
nal and lateral symmetry of the wagon (Fig. 4) is
GCn sh

allowed within the limits given in Tables 2, 3.

Gy GCn

f a

B2

4

L2 || b

Fig. 4. Calculation scheme for determining the longitudinal and lateral shift
of the common load centre in a wagon

It is allowed to transport two loads (or groups
of loads) of the same weight with their skew-
symmetric arrangement in the wagon (Fig. 5), sub-
ject to the following conditions:

— the height of the common gravity center of
the wagon with load () above TOR does not exceed
230 cm;

— the distances between the load gravity cen-
ters and in the longitudinal and lateral directions
do not exceed the allowable values taking into ac-
count the total load weight in accordance with the
Table 4;

— 1s located at the intersection of the longitu-
dinal and lateral plane of the wagon symmetry.

| {
= = | = - — - - =
1
O ![ | GCi2 a
GCi A
- ___-_——AL _____ *‘_—{ T T T T il b"
o TGCII i 1
=i = = == = = =

Fig. 5. Skew-symmetric load arrangement in a wagon,
— gravity centres of loads; — common load centre in a wagon
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The total weight of the load and means of its
fastening in the wagon shall not exceed its maxi-
mum load capacity, and in the case of loading sup-
ported by two wagons, the proportion of the weight
of the load and the means of its fastening, which

falls on each loaded coupled wagon, shall not ex-
ceed the maximum load capacity of the wagon.
The load overrun in its longitudinal direction be-
yond the limits of the headstock of the flat wagon
frame must not exceed 40 cm [7, 12].

Table 4

Maximum allowable distances between load centers with skew-symmetric arrangement in a wagon

Total weight of two loads, t
Parameter
<20 30 40 50 55 67 72
4 , cm 800 700 600 600 600 500 450
b em 125 90 75 60 50 40 35

When the load is placed on a flat wagon on two
supports, laid across its frame symmetrically rela-
tive to the lateral plane of symmetry of the flat
wagon, the location of the supports is determined
depending on the load on the support and the width
of the load distribution on the flat wagon frame. In
the case of support placement within or outside the
flat wagon base (Fig. 6, a, b), the minimum per-
missible distance between the longitudinal axis of
the support and the lateral plane of the flat wagon

a

symmetry is determined in accordance with Table
5.

In case of asymmetric location of gravity centre
of the load or the support relative to the lateral plane
of the wagon symmetry, a checking calculation of
the bending moment of the wagon frame shall be
performed. It is also necessary to perform a check-
ing calculation of the bending moment of the flat
wagon frame when arranging support at a distance
that does not meet the requirements of Table 5.

Br

ls

B

GIG] ”

b

Fig. 6. Load arrangement on two supports located:

a — within the flat wagon base; b — outside the flat wagon base
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Table 5
Maximum permissible distances between the longitudinal axis of the support
and the lateral plane of the flat wagon symmetry
Location of supports within the flat wagon base Location of supports outside the flat wagon base
Minimum permissible distance a ( cm) at Minimum permissible distance a ( cm) at
Load on one width Bi (cm) of load distribution Load on one width Bi (em) of load distribution
support, tc support, tc
88 178 270 88 178 270
<20 55 325 0 <12.5 625 635 640
22 95 75 50 15.0 600 605 615
25 120 110 90 20.0 560 565 575
27 142.5 135 1,20 25.0 540 545 555
30 167.5 160 145 30.0 537 542 552
33 207.5 188.5 185 33.0 535 540 550
36 310 290 240 36.0 533 538 550

It is generally known that the railway rolling these stages, the normative base plays a decisive
stock ability rating is essential for ensuring the safe- role. Levels of estimation and allowable values of
ty of trains, and the quality of rolling stock depends  ability rating in accordance with normative docu-
on its design, fabrication and acceptance. At each of mentation are given in Table 6 [6].

Table 6
Levels of estimation and allowable values of ability rating

. o Allowable values
Indicator Levels of estimation
empty loaded
excellent 0.5 0.2
Maximum coefficient of dynamic supplement of the spring- good 0.6 035
suspended parts (coefficient of vertical dynamics of the - -
central suspension stage) satisfactorily 0.7 0.4
acceptable 0.75 0.65
excellent 0.6 0.5
Maximum coefficient of dynamic supplement of unsprung good 0.75 0.7
parts (coefficient of vertical dynamics of the box suspension
stage) satisfactorily 0.85 0.8
acceptable 0.98 0.9
excellent 0.25 0.2
Maximum ratio of frame force to static axial load good 0.3 0.25
(coefficient of horizontal dynamics) satisfactorily 0.38 03
acceptable 0.4 0.38
Wheel derailment safety factor .. acceptable 1.3
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The Order of the Ministry of Transport and
Communications of Ukraine of May 18, 2010, No.
299 «On Approval of the Procedure for the Devel-
opment of Technical Documentation on the Load
Positioning and Fastening in Wagons and Contain-
ers Transported by Rail» establishes requirements
for registration, approval and review of technical
documentation for transportation of loads in wa-
gons and containers by railway transport, control
over the correct load positioning.

In accordance with the order for the develop-
ment and adjustment of technical documentation
for the carriage of goods by the manner not pro-
vided for by regulatory acts, there must be the fol-
lowing information as well: determination of iner-
tial forces and wind force acting on the load; de-
termination of the stability of the wagon with load
and load in the wagon; load on the wagon bogies.
The method of calculating the stability of the wag-
on with load and load in the wagon contains the
determination of additional vertical load on the
wheel from the action of centrifugal forces and
wind force, but does not take into account the dy-
namic processes that arise during the movement of
wagons on the railway track in the presence of ver-
tical and horizontal irregularities.

Maximum coefficients of the dynamic supple-
ment of the spring-suspended and unsprung parts,
the maximum ratio of frame force to static axial
load and the wheel derailment safety factor are
used to study the dynamic forces acting on the
wagon bogie or body components.

Findings

Theoretical studies using the software complex
developed by the BRL RSDS are conducted under
the condition of the movement of the flat wagon of
model 13—401 on typical bogies 18—100 at speeds
ranging from 50 to 90 km/h in curves with radii of
350 and 600 m, with 130 and 120 mm canting, re-
spectively. Rails — P65, sleepers — wooden, ballast
— broken stone.

Wooden sleepers to this day are the main type
of rail support and it is expedient to lay them:

— on the ribbon track in horseshoe curves with
the purpose of expansion of the rail track to pre-
vent the possible derailment of wagons;

— on highly loaded lines, where the use of con-
tinuous welded track with reinforced concrete
sleepers is ineffective.

In addition, wooden sleepers in comparison
with reinforced concrete ones have less rigidity
and resilience for the perception and even distribu-
tion of loads from the rolling stock wheel sets on
the rails, are less resistant to deformation. The
trains move smoother on rails with reinforced con-
crete sleepers, since there are practically no joints
at the rails, thanks to the high stability in terms of
transverse rows. Therefore, when conducting cal-
culations, wooden sleepers were chosen as the ba-
sis of rail support [2].

In the given study we considered the influence
of the load center shift on the flat wagon in the
longitudinal and transverse directions, as well as in
both directions simultaneously. Graphs of variance
of the dynamic parameters during the travel on
curved tracks and 350 m are shown in Fig. 7-9.
The shift in the longitudinal direction (Fig. 7) is
studied within the limits , that is permitted by the
standards (Table 2) [7, 12].

As can be seen from Fig. 7, with the increased
longitudinal shift of the load center, the studied
dynamic coefficients as a whole remain un-
changed. In the whole range of velocities, the indi-
ces (Fig. 7 (a, b)), (Fig. 7 (c, d)), (Fig. 7 (e, f)),
and (Fig. 7 (g, h)), in case of increasing the longi-
tudinal shift from 0 to 0.3 m, do not exceed the
permissible norm both in the curve m and in the
curve m. The level of assessment is «excellent»
[6].

From the results obtained, it follows that the
longitudinal shift of the load in case of increased
speed does not cause an increase in the dynamics,
and their values do not exceed the values deter-
mined by the current regulatory documents [5].

The lateral shift of the load is considered in the
range from up to 0,2 m with a longitudinal shift m
(Fig. 8). For loads weighing 50 t with m, taken for
calculations, longitudinal shift of m is allowed,
this value can be 0.2 m on the travel line (Table 3,
4)[7,12].

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/165160

© O. V. Shatunov, A. O. Shvets, 2019

135


http://creativecommons.org/licenses/by/4.0/

PYXOMMI CKJIAJT 1 TATA IOI3/1IB

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

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKoro
HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcnopty, 2019, Ne 2 (80)

a b
s — —
02 Kdv R=350m h=130mm 021([51" R=600m h=120mm
0.15 " 0.15 - +
0.1 0.1
*e i % p
0.05 0.05 2 .
0 I | | __Ax,m 0 | AX,IL
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 02 0.25 03
=¥=50 km/h =#=60 km/h =*=70km/h ~#—=50km/h —4—§0km/h -—W—70kwh —*—80kwh —&—90kmh
C
us o _—
ﬂlev R=350m h=130m 02K:§ R=600m h=120m
0.15 0.15 —
0.1 0.1 g - : - : —
0.05 3 : : — 005 &=
0! L L : L AX,m) 0 L | i } . AX,m |
0 0.05 0.1 0.15 0.2 0.25 03 0 0.05 0.1 0.15 02 025 03
=50k =60 kmh w70 km/h =50 km/h  =#e=60km/h  =S=70km/h  =s=g0km/h  ====90km/h
e f
0.15]{;11, R=350m h=130mm 015 Kdn R=600m h=120mm
0.1 ¥ % % 7 1 01 % % % : = x :
i i i i 3 — * * ¢ * * *
0.05 0,05
0 AX,m 0 | szm |
0 0.05 0.1 0.15 0.2 0.25 0.3 0 0.05 0.1 0.15 02 025 03
=H=50kmh -*=60kmMh -®=70kmh =%=50lm/h =#=60kmh =®=70km/h =*—380km/h =¢=90km/h
g h
1, Kas R=350m h=130mm 20 Kas R=600m h=120mm
% > 5 S . )Jr\——____eK € e o e X H i
9 15 / i
p — . - il . 10 . - - - - . .
3 5
0 L Axm | 0 I Ax,m I
il 0 0.05 0.1 0.15 0.2 0.25 03
0 0.05 0.1 0.15 0.2 0.25 0.3 e 50 650 s —— 70 kuyh
—¥—50kwh —d#—60kmh —®—70kmh = =—[Kds]=1.3 —— 80 knvh —— 00 kim/h = =[Kds]=1.3

Fig. 7. Graphs of dependence on the load shift in the longitudinal direction
while moving along the corresponding curve:
a, b — coefficients of the dynamic supplement of the spring-suspended patrts; ¢, d — coefficients
of the dynamic supplement of unsprung parts; e, f — ratio of the frame force to the static axial load,
g, h — wheel derailment safety factors
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The Figure 8 shows the effect on the dynamic
indicators of the lateral load center shift in curves
m and m, respectively. The effect of lateral load
center shift has a more significant effect on the
dynamic indicators than the longitudinal shift.
With the increase of in both sides from the central
lateral axis, the coefficients of the dynamic sup-
plement of the spring-suspended and unsprung
parts increase (Fig. 8, a—d), the ratio of the frame
force to the static axial load varies considerably
(Fig. 8, e, f). With the growth oftowards the wheel
based on the inner rail, the dynamic figures even
decrease. The wheel derailment safety factors on
the contrary are significantly reduced (Fig. 8, g, h).

The level of assessment from the lateral load
center shift of the coefficients of the dynamic sup-
plement of the spring-suspended partsis «accepta-
ble», the coefficients of the dynamic supplement of
the unsprung parts are «good», and the ratio of the
frame force to the static axial load is «excellent»
[5].

At speed of 70-90 km/h, in case of increasing
lateral shift from O to the value of 0.2 m accepta-
ble for the indicated weight, the wheel derailment
safety factor is significantly reduced in both
curves. On the curve m (Fig. 8, g) the values for
m reach a dangerous value, especially taking into
account the fact that the given results are obtained
when the flat wagon moves along a curve without
irregularities. Therefore, exceeding the lateral shift
beyond the regulatory value of 0.15 m is inappro-
priate from the point of view of traffic safety.

Consequently, the lateral load center shift limi-
tation, as defined by the regulatory documents,
must be observed, it is due to a sharp decrease in
the wheel derailment safety factor.

The simultaneous shift of the gravity center
along the axes is considered within and from 0
and 0.15 m (Fig. 9) [7, 12].

Fig. 9 shows the graphs of the dependence of
the dynamic indicators on the value of the load
centre shift in the lateral direction for the value of
the longitudinal shift m. As can be seen from the
comparison of the graphs given in Fig. 8 for and
Fig. 9 for 3a m, differences in indicators , and are

small, that is, the presence of simultaneous lateral
and longitudinal load center shifts practically does
not affect the dynamic indicators.

The level of assessment of the coefficients of
the dynamic supplement of the spring-suspended
parts is «acceptable», the coefficients of the dy-
namic supplement of the unsprung parts is
«good», and the ratio of the frame force to the stat-
ic axial load is «excellent» for the simultaneous
longitudinal and lateral load center shift. But this
shift leads to a significant decrease in the factor .
As the lateral load center shift of the flat wagon
increases towards the wheel based on the inner rail,
the indices of vary considerably, as can be seen
from Fig. 9, (g, h). Therefore, the limitation of
simultaneous longitudinal and lateral shift, as de-
fined by the regulatory documents, must be also
observed. In addition, the calculations showed the
impossibility of increasing the travel speed in
small radius curves due to the high probability of
the rolling stock derailment.

Originality and practical value

This study includes the development of me-
thods of mathematical simulation of dynamic pro-
cesses of rolling stock and track interaction. Simi-
lar theoretical calculations can be applied in the
course of quantitative and qualitative assessment of
the impact of the load center shift on the rolling
stock ability rating, taking into account the wear of
parts and bogies while moving on the straight and
curved track with irregularities.

During the study, the following scientific and
practical results were obtained:

— mathematical simulation of five coupled
wagons for studying the dynamic loading of a flat
wagon with heavy load;

— assessment of the basic dynamic indicators at
a shift of the gravity center of heavy load during
movement on curved railway track;

— substantiation and introduction of the maxi-
mum possible values of lateral shift of the heavy load
gravity center during transportation on flat wagons.
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Fig. 8. Graphs of dependence on the load shift in the lateral direction while moving along the corresponding curve:
a, b — coefficients of the dynamic supplement of the spring-suspended parts;
¢, d — coefficients of the dynamic supplement of unsprung parts; €, f — ratio of the frame force to the static axial load;
g, h — wheel derailment safety factors
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Fig. 9. Graphs of dependence on simultaneous load shift in the lateral and longitudinal
directions while moving along the corresponding curve:
a, b — coefficients of the dynamic supplement of the spring-suspended parts;
¢, d — coefficients of the dynamic supplement of unsprung parts;
e, f— ratio of the frame force to the static axial load; g. h — wheel derailment safety factors
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Conclusions

Based on the analysis of the conducted theoret-
ical studies of the rolling stock dynamic qualities
on example of the flat wagon, it is possible to draw
the following conclusions:

— Longitudinal shifts of the load weighing
63 tons do not result in increasing of the coeffi-
cients of the dynamic supplement of the spring-
suspended and unsprung parts, the ratio of the
frame force to the static axle load, as well as the

a significantly less influence on the dynamic forces
that arise when the flat wagon moves than the lat-
eral shift, or the presence of simultaneous shift in
both directions from the axis of symmetry;

— Limitation of the lateral shift set by the regu-
latory documents must be observed; it is caused
not by an increase in the dynamics coefficients, but
by a sharp decrease in the wheel derailment safety
factor;

— Exceeding the lateral shift of the load center
on the flat wagon frame beyond the regulatory val-

wheel derailment safety factor;
— Longitudinal shifts of the load center have

10.

11.

12.

13.

14.

ue of 0.15 m is inappropriate from the point of
view of traffic safety.
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JOCJIIKEHHA TMHAMIYHUX ITOKA3HUKIB IVIAT®OPMMHU B PA3I
SMIINEHHA HEHTPA TAKIHHSA BAHTAXKY

Mera. BusHaueHHs BIUIMBY ITO3/I0BXKHBOTO 1 MOMEPEUHOT0 3MIIlIEHHS [IEHTPa TSOKIHHS BEIMKOBAaroBOro BaHTa-
Ky Ha I1atpopmax, 3 ypaxyBaHHsSIM LIBUAKOCTI PyXy, Ha OCHOBHI JMHAMi4YHI TOKa3HUKU — MaKCUMaJbHI Koedirie-
HTH JMHAMIYHOI 00aBKM 00pECOpEeHHX I HEOOPECOPEHNX YaCTHH, MaKCHUMalIbHE BiTHOILIEHHSI PAMHOI CHIIH JIO CTa-
THYHOTO OCHOBOTO HaBaHTa)KEHHS, KOe(Ili€HT CTIHKOCTI KoJieca BiJ CXOIKeHHs 3 peliok. MeToauka. 3a OCHOBY
JIOCTIKCHHST B3SITO METOJl MATEeMaTHYHOTO Ta KOMIT IOTEPHOTO MOJICIFOBAHHS JWHAMIYHOI HaBaHTa)KEHOCTI IIaT-
(opMH 3 BUKOPUCTAHHSAM MOJEJI MPOCTOPOBUX KOJIUBAHb 3UEIy 3 I1’STH BAarOHIB i MPOrpaMHOTO KOMIUIEKCY, PO3-
poOIieHOTO B Tany3eBiii HAYKOBO-AOCHiAHIN JTabopaTopil nuHaMiku i mimHOCTI pyxomoro ckiany (I'HIJI AMPC).
TeopeTnuHi DOCHTIKEHHS TPOBENEHI 32 YMOBH pyxy Iutatdopmu mozxeni 13—401 3 tumoBumu Bizkamu 18—100 3i
IIBHIKOCTAMH B iHTepBam Big 50 mo 90 xm/ron mo kpuBuX i3 pagiycamu 350 # 600 M, i3 TiABUIICHHAMH 30BHIIII-
ueoi peiixn 130 1 120 MM BignosigHo. PesyabraTu. Ilogano aHaiz TEOPETUIHNUX TOCTIHKEHD JUHAMIYHUX SIKOCTEH
PYXOMOTO CKJIaay Ha npukiiaai miatdopm. Po3paxyHku npoBesieH] 3 BAKOPUCTAHHSIM MaKeTa NPUKIAIHAX IPOrpaMm.
VY X071 BUKOHAHHS TEOPETHYHUX JOCHTIIKESHD 1 MICIs MPOBEACHHS MOJICIIOBAHHS 3 ypaxyBaHHSM TPOIIECIB KOJIH-
BaHHS BaroHa-miaTGoOpMHU ¥ BaHTAXY, 32 HASIBHOCTI TIO3I0BXKHBHOTO 1 MOTIEPEYHOTO 3MIIIEHHS HOTO TIEHTpa TKiH-
HS, OTPMMAaHO 3aJI©KHOCTI OCHOBHHMX JIMHAMIYHHX IIOKa3HHUKIB 3 OIJISQY Ha BeJIMWYMHY INBUAKOCTI PYyXY.
HaykoBa HoBM3HA. [[7151 BU3HAUEHHS AMHAMIYHOI HABAHTAKEHOCTI BaroHa IUIaTGOPMH, i3 3aCTOCYBaHHSIM MaTeMa-
THUYHOI MOJIENI 34emy 3 IT'SITH BaHTQXXHUX BaroHiB, JOCII/DKEHO BIIMB 3MILIEHHS Y ABOX HANpsMKax BiJX LEHTPab-
HOi oci cuMeTpii EHTpa TSHKIHHS BEJIMKOBAroBOTO BaHTAXY 3 OINISAAY Ha BEJIMYHMHY IIBHJIKOCTI PYXY IO KPHBHX
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IUITHKAX KOJii Manoro ¥ cepeqHporo paxiyca. IIpakTH4yHa 3HAYMMICTb. Y pe3ynbTaTi MPOBEACHUX TEOPETHIHUX
JIOCTIKEHb OOTPYHTOBAHO PEKOMEH/AIlil CTOCOBHO MaKCHMAJIEHO MOIIMBUX BEJIMYHH 3MIIIEHHS [EHTpa TSHKIHHS
BEJIMKOBAaroBMX BaHTAXIB ITiJI 9ac X TPAHCIIOPTYBAaHHS Ha BaroHaX-TaTdopmax.

Knrouosi crosa: BanTax; BaroH-1oiatopma; TMHAMIYHI TOKA3HUKW; KPUB1 JUITHKA KOJIii; TTO3IOBXKHE # motiepe-
YHE 3MILCHHS; IEHTP TSDKIHHS; IBUAKICTD PYXy

A.B.IIIATYHOB", A. A. IIIBEI*"

"Ka¢. «BaroHsI 1 BATOHHOE X03SHCTBOY, JIHUMPOBCKUI HAIMOHATBHEIA YHUBEPCHTET HKEJIC3HOOPOKHOTO TPAHCIIOPTA HMEHH
akazemuka B. Jlazapsna, yn. Jlazapsna, 2, [launpo, Ykpauna, 49010, ten. +38 (067) 953 60 14,

a11. mouTa shatunov220648@gmail.com, ORCID 0000-0002-1115-0093

2Kad. «TeopeTndeckast U CTPOUTENILHAS MEXAHUKAy, J{HUIPOBCKUH HALMOHAILHBIA YHUBEPCUTET HKEJIE3HOIOPOKHOIO TPAHC-
mopTa UMeHH akaaemuka B. Jlazapsna, yn. Jlazapsna, 2, [launpo, Ykpauna, 49010, ten. +38 (050) 214 14 19,

a1 mouta angela Shvets@ua.fm, ORCID 0000-0002-8469-3902

UCCJIEJOBAHUE JJUHAMUWYECKUX MMOKA3ATEJIEA IIJIAT®OPMbI
IHPU CMEINEHUU HEHTPA TAKECTU I'PY3A

Heasb. OnpenenenHue BIMSHUS TPOJOJIHFHOTO M IONEPEYHOTO CMEIICHHUS IIEHTPa TSHKECTH TSHKEIIOBECHOTO Ipy3a
Ha wIaTdopmax, ¢ y4eTOM CKOPOCTH JBIKCHHUS] HA OCHOBHBIC TMHAMHYECKHE MOKA3aTeIH — MAKCHMAaIbHBIE KO3(]-
(UIIEHTH TTHAMUYECKOH T00aBKH 00pecCOpEeHHBIX U HEOOPECCOPEHHBIX YacTell, MaKCHMAalIbHOE OTHOIICHHE paM-
HOM CHJIBI K CTaTHYEeCKOW OCEBOW Harpyske, KO3(PQHUIMEHT YCTOWYMBOCTH Kojieca OT CXO0lla C PENIbCOB.
Metoanka. OCHOBOI HCCIIEIOBAaHUS SBISIETCA METOJ MaTEMAaTHIECKOTO M KOMITBIOTEPHOTO MOJEIHPOBAHUS JHHA-
MHUUECKOI HarpyKEHHOCTHU IUIaTPOPMBI C MCIOJIB30BAHUEM MOJIENH IIPOCTPAHCTBEHHBIX KOJIEOaHHU clena U3 IsITH
BaroHOB M IPOTPaMMHOTO KOMIUIEKCa, pa3paboTaHHOTO B OTPACIIEBONW HAYYHO-HCCIIEAOBATEIILCKON J1abopaTopuu
JTUHAMUKH M NpoYHOCTH mojaswxkHoro coctasa (OHWJI AIIIIC). Teopetuyeckue HcciIeIOBaHUSA MPOBEACHHI MPH
JBIDKeHNUH 1athopmel Mogenu 13—401 ¢ tunnunbivMu Tenexxkamu 18—100 co ckopoctsiMu B nHTEpBajie ot 50 no
90 kM/4 1o KpuBBEIM ¢ panuycamu 350 u 600 M, ¢ Bo3BBIIIEHHEM Hapy»HOTo peibca 130 u 120 MM COOTBETCTBEHHO.
PesyabTarsl. IlpencraBieH aHanu3 TEOPETHYECKUX UCCIEHAOBAHUN NTUHAMUYECKUX KAadyeCTB MOJBMXKHOIO COCTaBa
Ha rpumepe miathopM. PacueTs! npoBeieHbI ¢ NCTIOIB30BaHUEM TTaKeTa MPUKIAIHBIX IporpaMM. B xoze BeimosHe-
HUSI TEOPETHYECKNX MCCICAOBaHUH 1 TIOCIIe MOJICIIMPOBAHMS C YUETOM IIPOLIECCOB KOIeOaHHsI BaroHa-1IaT(hopMbl 1
rpy3a, IpH HAIMYUN HPOJOIHGHOTO M TONEPEYHOr0 CMEMICHHUS ero LEHTPA TSHKECTH, MOJIYyYeHBI 3aBHCUMOCTH OC-
HOBHBIX JUHAMHYECKHX ITOKa3aTeNel Ha OCHOBAaHWM BEIWYMHBI CKOpocTH aBmkeHHi. Hayunas HoBu3Ha. [lis
OTIpeJIeTICHUs] AMHAMUYECKON HAarpy>KeHHOCTH BaroHa-IuIaTGOpMBI, C MPUMEHEHHEM MaTeMaTHIECKOW MOJIENH CIie-
I1a U3 MATH TPY30BbIX BarOHOB, HCCIIEJOBAHO BIMSHHE CMELICHHUS B ABYX HAlPaBICHUSIX OT LEHTPAIbHON OCH CHM-
METPHU IEHTPA TKECTH TSKEIOBECHOTO TPy3a C YYETOM BEIMYHHBI CKOPOCTH IBIDKCHUS 110 KPUBOIMHECHHBIM
ydacTKaM IMyTH MaJIOTO U cpeaHero paanyca. IlpakTuyeckas 3HAYUMOCTh. B pe3ynbraTe MpoOBEICHHBIX TEOPETH-
YECKHUX HCCIICZIOBAaHMH 0OOCHOBAHBI PEKOMEHAAIIMH OTHOCHUTENIFHO MAKCHMAaJIbHO BO3MOXKHBIX BEITHUHH CMEICHHS
LEHTPA TSHKECTH TSDKEJIOBECHBIX IPY30B IPH UX TPAHCIIOPTUPOBKE Ha BaroHax-1uiatpopmax.

Kniouegvie cnosa: rpys; Baron-maarhopma; IMHAMHUYECKHE ITOKa3aTeNd; KPUBbIE YYAaCTKH IyTH; IPOAOJILHOE
U TIOTIEPEYHOE CMEIICHHE; IIEHTP TSHKECTH; CKOPOCTh JIBMKEHUS
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