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INFLUENCE OF LOADING FROM THE AXLE OF A GONDOLA CAR
ON ITS DYNAMIC INDICATORS AND RAILWAY TRACK

Purpose. Increasing the maximum loading from the car axle on the rails during transportation of goods and the
speed of movement of railway vehicles will enhance the integration processes between the countries. In order to
ensure safe and reliable traffic at the railways it is necessary to improve control, quantitative evaluation of the dy-
namic loading of the rolling stock, which in the process of its operation is a relevant scientific and technical prob-
lem. The purpose of this work is to study the influence of the axle loading increase in gondola cars, taking into ac-
count the possible speed increase on their main dynamic indicators and indicators of interaction of rolling stock and
track. Methodology. The study was carried out by the method of mathematical and computer simulation of the dy-
namic loading of a gondola car using the model of spatial oscillations of the coupling of five cars and the software
complex developed in the branch research laboratory of the dynamics and strength of rolling stock (BRL DSRS).
The initial data for research are as follows: the movement of gondola car of the model 12-532 with typical bogies of
18-100 at the speeds ranging from 50 to 90 km/h in curves with radii of 350 and 600 m, with superelevation of 130
and 120 mm, respectively. Findings. The article analyzes the dynamic qualities of a rolling stock using the example
of gondola cars, the calculations are performed using the package of applied programs with sufficient accuracy for
practice. During the theoretical studies and simulation, taking into account the processes of freight car oscillation in
case of increasing the axle loading, the dependences of the main dynamic parameters, taking into account the
movement speed were obtained. Originality. Originality of the work results lies in the study of the influence of in-
creasing the axle loading in gondola cars, taking into account the possible movement speed increase on the dynamic
loading in order to solve the problem of forecasting the rolling stock dynamics. The results of theoretical studies,
taking into account the movement speed in the curved track sections of small and medium radius were obtained for
the first time. Practical value. The application of these results will contribute to improving the traffic safety of
freight cars and will improve the technical and economic performance of railway transport.

Keywords: cargo; gondola cars; dynamic indicators; curved track sections; axle loading; interaction indicators;
rolling stock and track; gravity center; movement speed

account the improvement of the operation and re-
Introduction novation of the car fleet, is presented in Fig. 1 [3].

In accordance with the established rules of " 12,74
loading, placing and fastening of cargoes in cars 1
should ensure: movement and operation safety of
railway transport; possibility of mechanization of
loading and unloading works; preservation of
goods and cars.

In addition, one of the main indicators of the ef-
ficiency of the car fleet operation is the duration of
the loading and unloading operations, which de- D R e
pends on the fitting of freight points at the railway operstion and renovation of the feet (days) '
stations and industrial enterprises with modern
means of mechanization. The planned reduction of
the freight car turnover in 2017-2021, taking into
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Fig. 1. Reduction of the freight car turnover
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Due to the introduction of new equipment for
loading and unloading operations, it is possible to
reduce the level of car idle and to minimize it in
future (Fig. 2).

Fig. 2. Automated system of the dose loading of broken
stone in cars

For example, the automated system of dose
loading of broken stone in cars provides [1]:

a

— dose loading of railway cars;

— uniform loading of cars along the length;

— the exclusion of time and labor costs arising
from inadequate loading of cars;

— automated shipping accounting with print
output of information and automated control sys-
tem of enterprise.

Safety performance during transportation of
bulk cargo of open storage in accordance with the
requirements of the Rules for the transportation of
bulk cargo and the Rules for the transportation of
goods in open cars remains the main task of the
transport industry enterprises. As it is known, de-
pending on the method of loading the gondola cars
with bulk cargo, the form of cargo inequalities may
be different (Fig. 3). In accordance with clause 5 of
the Rules for the transportation of goods in open
cars, one should in all cases level the cargo surface
[9, 12, 13].

R ———

= ——

—

Fig. 3. The form of cargo inequality:
a — longitudinal; b — transverse

In order to level the cargo, the most often non-
mechanized method is used, which affects the idle
increase of gondola cars under freight operations,
as well as increase of the total transportation cost.
In addition, manual leveling can lead to accidents
involving the risk of person’s falling from height.

The leveling construction (Fig. 4) should allow
the leveling of the bulk cargo, regardless of the
form of its position in the gondola car. The pro-
posed designs of rotary and screw device for the
mechanization of bulk cargo leveling in gondola
cars have no analogues in domestic and world
practice [9].

Fig. 4. The device for bulk cargo leveling
in gondola cars of the UkrDURT system
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Each of them has its advantages and disad-
vantages, namely:

— rotary leveler has a lower mass and a signifi-
cantly lower cost, but it can only work with car-
goes of relatively small bulk density and satisfacto-
ry flowability;

— screw leveler, which has greater material
consumption and price, makes it possible to mech-
anize the leveling of heavy cargoes with bad flow-
ability.

In addition, the loading should be carried out in
accordance with the current technical specifica-
tions. Determination of the displacement of the
load gravity center relative to the railway car
symmetry axes using the car scales (Figure 5) al-
lows us to quickly detect dangerous deviations in
the car stability and thus significantly increase
safety during the train movement [4].

Where it is necessary to reduce the labour in-
tensity, minimize the influence of human factor,
reduce the time spent for the inspection of cars, the
appropriate solution is to automatically scan and
check the contents of cars involving operator only
in the case of alarm signals from the control sys-
tem.

Fig. 5. Computerized car scales for weighing
in static mode

The hardware-software complex for controlling
the car loading is intended for automatic 3D scan-
ning of gondola cars when moving in order to
evaluate the level of car volume loading, the uni-
formity of cargo distribution, cargo volume, detect
foreign objects, as well as for other functions in the
interests of production services, logistics and safe-

ty (Fig. 6) [2].

—_—

Fig. 6. Hardware-software complex for controlling the car loading:
I — computer with ARSCIS.Scanner software; 2 ~ARSCIS.Scanner box; 3 — video cameras for detection;
4 — scanner of dimensions; 5 — spotlights

Automation of visual control of the car contents
provides:

— reducing the time and labor cost for car con-
trol operations;

— minimization of human factor influence;

— safety improvement of the railway freight
transportations;

— reduction of losses due to underload-
ing/overloading of cars;

— products thievery prevention by railway
transport.

The main functions of the hardware and soft-

ware complex are as follows:
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— car and cargo scanning using industrial laser
Sensors;

— construction of a three-dimensional model of
the car (and its contents) and its analysis;

— determining the level of car loading;

— detection of foreign objects in an empty car;

— control of the distribution evenness of bulk
cargo in a car;

— cargo volume evaluation in a car;

— detection of loading errors (overloading, un-
derloading, unevenness).

The leading domestic developer of unloading
systems for unloading bulk cargoes from the rail-
way transport and the largest producer of techno-
logical equipment, which is the part of unloading
complexes, is Dniprovazhmash PJSC (Fig. 7) [15].

Fig. 7. Stationary rotary car dumper
VRS-93, VRS-93-110

Stationary rotary car dumpers, which are pro-
duced by Dniprovazhmash PJSC, are intended for
unloading of gondola cars with bulk cargo with
carrying capacity 60-+110 t by means of gondola
cars overturning in a rotary car dumper.

Composite application of modern innovative
technologies in railway transport will allow the
preservation of cars, reducing their idle time, re-
leasing a significant number of workers from
heavy manual operations and obtaining significant
economic benefits.

Purpose

The State Administration of Railway Transport
of Ukraine established the maximum loading from
the car axle on the rails when transporting the

freights destinated to individual European coun-
tries and border crossings along the track 1520 mm
from 20 to 24.5 tons by the telegram dated No-
vember 7, 2011, No. CZM-12/2074 according to
the Minutes of the meetings on the harmonization
of the volumes of the transportation conditions.

Increasing the permissible loading on the car
axle, with simultaneous increase in the speed of the
railway vehicles, will strengthen the integration
processes with the countries of Europe and Asia.
The application of modern railway innovative
technologies described above makes it possible to
increase axle loading, but leads to the need for im-
proved control, quantitative evaluation of the dy-
namic loading of rolling stock to ensure safe and
reliable connection at the railways.

The limit axle loading for freight cars of 23.5
tons per axle was taken into account as one of the
main prerequisites for determining the permissible
speeds of rolling stock, the order and terms for the
designation of repair and track works and labor
standards for maintenance of the track and artifi-
cial structures. Increasing the axle loading, in turn,
leads to the failure rate increase of the rails due to
defects of contact-fatigue nature and the deteriora-
tion of the track condition. Therefore, in the design
process of rolling stock quantitative evaluation of
dynamic loadings is a relevant scientific and tech-
nical problem [5, 14, 18-22].

The article is aimed to study the influence of
increasing the axle loading in gondola cars, taking
into account the possible increase in the movement
speed on their main dynamic indicators and inter-
action indicators of track and rolling stock.

Methodology

During operation of trains, primarily the ones
with increased length and weight, particular atten-
tion is paid to the evaluation of the dynamic per-
formance of vehicles, among which the most im-
portant is the indicator characterizing the traffic
safety of a vehicle — the stability coefficient against
derailment. For this purpose, the mathematical
models of spatial oscillations of the car (or group
of cars) moving in a train are used.

The models of rolling stock, as a rule, represent
the variations of the system of differential equa-
tions in the second-order partial derivatives com-
piled according to the Lagrange—d'Alembert prin-
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ciple, which correspond to the set task. Using such
models, the problem can be found analytically.
Mathematical modeling makes it possible to de-
termine the dynamic parameters of cars during
their movement in straight and curved track sec-
tions with real irregularities in the vertical and hor-
izontal planes, taking into account the actual wheel
thread and the rail head profile [6, 11, 16, 17].

The oscillations of a single car and its interac-
tion with the rail track are considered using quite
full calculation schemes. Fig. 8 shows the calcula-
tion scheme of the freight car and shows positive
directions for all displacements and rotation an-
gles, and the designation of the system bodies are
given in Table 1.
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Fig. 8. Calculation scheme of 4-axle gondola car

Table 1
System bodies and their displacements
Displacement
System bodies Linear along the axes Angle along the axes
X Y Z X Y VA
Body X y z 0 ¢ v
Bolsters X Y; Z; 0, ?; Vi
Side frames Xsij Ysij T 0y Py Vi
Wheel sets Xkim Ykim Zkim Orim Piim Wiim
Rails - ypimj Zpimj — — —

In Table 1 the displacements of the gravity cen-
ter of the body along the corresponding axes are
indicated by x, y and z, and rotation angles of

the body relative to the main central inertia axes —
by &, @, yw . Similar bolster displacements are

provided by the index i (i=1,2 bogie number),
side frames — by the index sij (.j=1.— left, j=2
right side of a car), wheel sets — by the index kim

(m=1, 2 — number of wheel set in a bogie), rails at
the contact points with the wheels pimj (rail dis-
placements are provided only in two directions —
along the axes Y and Y ). Displacements of the
wheels are indicated by the index imj.

The work [6] proposes a mathematical model
describing the spatial oscillations of the car cou-
pling in a train (Fig. 2), one rail carriage of which
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is considered according to the fullest calculation
scheme (called "zero"), and the calculation
schemes of neighboring cars, depending on the
task setting, are simplified as further is the distance
from the "zero" carriage on both sides.

A mechanical system with 58 degrees of free-
dom is taken as a calculation scheme of the "zero"
carriage. The following values are taken as gener-

Gy =2 (n=18+21), ¢q,=¢y (n=22+25),
Gy =WViim (1=26+29), g, =y, (n=30+33),
Gn = Zqm (n=34+37), g, =6y, (n=38+41),
Gy = Ypimj (n=42+49), ¢q, =x35 (n=50+53),
q, = Xqm (n=54+57), gsg =x.

The cars, adjacent to the "zero" one, are repre-
sented by a system with 12 degrees of freedom. In

alized coordinates: ¢, =2, ¢, =, ;=0 4=, the calculation schemes describing the oscillations
4=V, ¢,=0 (=6, 7), q,=v; (=8, 9), of these cars, the main features of freight car bo-
Gy =Vg (n=10+13), ¢q,=yy; (n=14+17), gies are preserved — the side frames lozenging.
—Y
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Fig. 9. The forces arising from the action
of longitudinal forces in the auto-couplings of cars

During the study of spatial oscillations of cars
adjacent to the «zero» one, considered by the sim-
plified calculation scheme, the following assump-
tions are introduced. It is assumed that the cars
have single-stage spring suspension. Each of them
consists of eleven solid bodies: a body, two bol-
sters, four side frames of the bogie and four wheel
sets. Unlike «zero» car, the track under adjacent
cars is considered to be absolutely rigid in the ver-
tical direction and elastic in the horizontal trans-
verse direction. This assumption does not lead to
increase in the number of degrees of freedom,
since the speed of rails displacement in the expres-
sions for transverse forces can be neglected.

The following values are taken as the general-

ized coordinates for these cars: ¢ =z", ¢5 =0",
g =0". q;=y". ¢;=v". gl =v (k=6.7),
a=vi (k=89), g/ =yi (k=10,11),
i =x",

where i=1,2; n=1and-1 — for the «first» and
«minus first» cars correspondingly.

Outer cars of coupling, which by analogy we
call «second» and «minus second», are considered
using even more simplified scheme than the «first»
and «minus first» cars. In «second» and «minus
second» cars we will take into account only oscil-
lations of bodies, that is, these cars are the systems
with six degrees of freedom: ¢'=z", ¢, =¢",
a5 =Y". 43 =90" g5 =V", g5 =x",
where n=2 and -2 — for the «second» and «minus
second» cars, correspondingly.

As it is known, the traffic safety of trains and
preservation of the transported cargoes depend di-
rectly on the method of placement and fastening of
cargoes. Particular attention is paid to the center of
gravity. For stability and safety of transportation,
the bulk cargoes in the gondola car bodies should
be fully leveled, so that the load on the bogies
would be the same and the gravity center is at the
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intersection of the central longitudinal and trans-
verse lines.

The complement of the mathematical models of
spatial oscillations by the initial data with the spe-
cified inertial characteristics of the car and cargo
elements makes it possible to approximate the re-
sults of calculations to the real state of objects and
thereby increase the objectivity of mathematical
and computer simulation [11, 16, 17].

Different variants of the axle loading of a car in
the range from 21.4 tons to 24.5 tons per axle are
considered. Initial calculations were made with the

axle loading of 21.4 tons per axle. The increase in
the axle loading was supposed to be achieved by
increasing the load mass in the body, subject to its
uniform distribution. In this case, the weight of the
cars, the inertia moments /,, I,, I, and the height

of the mass center of the body /& above the level of
rail heads vary. The preparatory calculations using
the "Software complex for determining the inertia
moments of the car bodies" were carried out. They
are given in Table 2 [17].

X

Table 2

Inertia and mass characteristics
of the gondola car during increased
loading from the car axle on the rails

Inertia moments, '[-m2
Pt M, .t M, .t h,m
IY Iz
214 85.6 76.5 75 1050 1100 1.84
22.0 88.0 78.9 77.3 1082 1133 1.86
22.5 90.0 80.9 79.5 1113 1166 1.88
23.0 92.0 82.9 81.3 1138.2 11924 1.9
23.5 94.0 84.9 83.25 1165.5 1221 1.93
24.0 96.0 86.9 85.2 1192.8 1249.6 1.97
24.5 98.0 88.9 87.15 1220.1 1278.2 2.02
In this study, the influence of increase of load-
Findings ing from the car axle on the rails during cargo

Calculations can be made with sufficient accu-
racy for practice, limited to consideration of the
movement of a group of five cars (Fig. 2). The re-
search was carried out by the method of mathemat-
ical simulation using the model of spatial oscilla-
tions of the coupling of five cars and a software
complex developed by the BRL DSRS of the
Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan.
Initial data for research: movement of gondola car
of the model 12-532 with the typical bogies 18-100
with speeds in the range from 50 to 90 km/h in the
curves with radii 350 and 600 m, with supereleva-
tion 130 and 120 mm, correspondingly. The rails —
P65, wooden sleepers, broken stone ballast [5-8,
16].

transportation was considered. The graphs of
changes of indicators under analysis when moving
in the curved track sections of R=600 and 350 m
are presented in Fig. 10-13.

As one can see from Fig. 10 (a, b), in general,
with loading increase from the car axle on the rails
the vertical dynamics coefficients increase in the
whole range of speeds. The K, indicators do not

exceed the permissible norm both in the curve of
R =600 m and in the curve of R=350 m and cor-
respond to the excellent level of assessment
K, =0.5(8].
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Fig. 10. Dependencde graphs on the axle loading of the car on rails when moving in the corresponding curve:
a, b — coefficients of vertical dynamics; ¢, d — coefficients of horizontal dynamics;
e, f— derailment stability coefficient

Fig. 10 (c, d), presents the coefficients of hori-
zontal dynamics K, when moving in curves with
a radius R=350m and 600 m, correspondingly.
From these figures, one can see that with loading
increase from the car axle on the rails, the coeffi-
cients of horizontal dynamics K, slightly change
and remain in the curves of R =600 and R =350 m
at the excellent level of assessment K, =0.2 [8].

The derailment stability coefficients in the
curves of R=350 and R=600m (Fig. 10, d, )
have little dependence on the loading increase

from the car axle on the rails and in both cases do
not exceed the minimum permissible value

[K,]=1.3. On the average the value K, in the

curves R=350m is 52.2% lower than the corre-
sponding values in the curve R =600 m. From the
obtained results, it follows that in case of increase
of loading from the car axle on the rails, the
movement speed has a significant influence on the
car stability in the curved track sections.

Fig. 11 shows the coefficients of vertical K,

and horizontal K, dynamics of the track accord-
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ing to the forces of interaction of the wheels and
rails, as well as the displacement stability coeffi-

cient o, of the track panel when moving in the cor-
responding curved track sections.

a b
0.5 Kvdt R=350m h=130 mm 0 3Kw.lt R=600m h=120 mm
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s I
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Fig. 11. Graphs of dependence on the axle loading of car

on the rails when moving in the corresponding curve:
a, b — coefficient of vertical dynamics of the track for the forces of interaction of wheels and rails;
¢, d — coefficient of horizontal dynamics of the track for the forces of interaction of wheels and rails;
e, f—displacement stability coefficient of the track panel

The permissible value of the coefficient of ver-

tical dynamics of the track K, is calculated ac-

cording to the permissible dynamic load per unit
length on the railway track from the group of the

bogie axles of 168 kN/m and is [K,4 |=0.45 for

vertical dynamics of the track K, (Fig. 11, a, b)

does not exceed the permissible value in the curves
with radius of R =350 and 600 m.

The coefficient of horizontal dynamics of the
track K, (Fig. 11, ¢, f), which is considered the

this type of rolling stock [7]. The coefficient of safety criterion against the track panel displace-
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ment, does not exceed the permissible value
[K\]=0.4 in the curves with radius of R =350
and 600 m. Only at the speed of 90 km/h in the
curve of R=350 m K,, on average has a value

of 0.39 and approaches the maximum permissible
value.

The value of the stability coefficient of the
track panel o, (Fig. 11, ¢, d) in the track with bro-

ken stone ballast is 0.6-0.9, which is less than the

permissible value. Therefore for the track with
broken stone ballast at normal movement speeds

(V <120km/h) one should take [o, |=1.4 [5, 7].

Fig. 12 shows the speed influence on the inter-
action indicators of track and rolling stock in the
curves of R=350 and R=600 m, corresponding-
ly — the side force acting from the track on the
wheel, the edge stress at the rail base, the wear fac-
tor of the side edge of the wheel tread.

a b
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Fig. 12. Graphs of dependence on the axle loading of the car on rails when moving in the corresponding curve:
a, b —side force acting from the track side on the wheel; ¢, d — edge stress at the rail base;

e, f— the wear factor of the

side edge of the wheel tread
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The side forces acting from the track on the
wheel (horizontal forces) Y, (Fig. 12, a, b) increase
and, in comparison with the permissible values of
100 kN, have no excess. The values Y, in the curve

of R=350 are on the average 46.1 % higher than
the corresponding values in the curve of
R =600 m.

The dynamic influence of rolling stock on the
track increases with increasing the speeds of train
movement, and, as a result, the stresses at the rail
base edges increase (Fig. 12, ¢, d). The maximum
stresses occurring at the edges of the rail bases are
used as a criterion for establishing the permissible
speeds and should not exceed 215 MPa before the
passage of the normative tonnage and 165 MPa
after the passage of the normative tonnage for the
track with non-heat treated rails P65.

According to the results of calculations, the
edge stresses increase with increasing the move-

ment speed and do not exceed the permissible val-
ues for both types of rails [5, 7].

As the movement speed increases, for example
at the speed of 80 km/h, the wear factor of the side
edge of the wheel tread F increases significantly
(Fig. 12, ¢, /) and in the curve of R=350 m it
74.86% exceeds the corresponding value at
R=600 m. In turn, F increase at the speed of
80 km/h in the curve R=350 m is 66.2% as com-
pared with other speed intervals. The same indica-
tor in the curve R =600 m is 80.5%.

The wear factor of the side edge of the wheel
tread F is determined as a characteristic equal to
the product of the guiding force Y, on the angle of
hunting (climbing) vy, of the wheel on the rail.
Fig. 13 shows the speed influence on the interac-
tion indicators of rolling stock and track in the
curves of R=350m and R=600m, correspond-
ingly, guiding force acting on the wheel from the
track side on the wheel and the wheel set hunting.
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Fig. 13. Graphs of dependence on the axle loading of the car on the rails in the corresponding curve:
a, b — guiding force acting from the track side on the wheel; ¢, d — wheel set hunting
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Guiding forces acting on the wheel Y, from the
track (Fig. 13, a, b), significantly increase in the
curve of R=350 m with increasing the movement
speed. The values Yy in the curve of R =350 m on

the average are 43.6% more than the corresponding
values in the curve of R=600 m.

The results of calculations show (Fig. 13, ¢, d)
that the hunting angle of the wheel set y  at the

speed of 80 km/h in the curves of the small and
middle radius is significantly differ from the other
range of the investigated speeds. The w  values in

the curve of R=350 m on average exceed the cor-
responding value in the curve of R=600 m by
64.9%.

The need to limit the speed of cars on the bo-
gies of the model 18-100 is due to the loss of
movement stability, when the dynamic transverse
oscillations of the hunting of the car parts stop
damping, becoming steady (self-oscillations). The
wheel sets after the loss of movement stability con-
tinuously oscillate within the rail gap, while the
amplitude of self-oscillations may vary within the
rail gap, but no oscillation damping is observed.
The side frames of the bogie are subject to auto-
oscillations of the hunting, since the dynamic
movements of the wheel sets are violated predomi-
nantly in the antiphase. The car body in turn, starts
hunting because of antiphase dynamic displace-
ments of the bogies.

As it is known, the safe train movement speed,
which include the cars on the serial bogies of the
model 18-100, is determined not by the design
speed .V, ., but by the critical one V_ , which is

cr?

unstable. The critical speed V_, varies according to

T
the following factors [10]:

— the stiffness of the elastic connection be-
tween the sidewalls and the wheel sets;

— the car weight — the critical speed of empty
cars is lower than that of the loaded ones;

— gravity center of the car — with the increase
in the gravity center the critical speed is reduced.

In addition, the critical speed V. changes dur-

ing operation depending on the wear of undercar-
riages, primarily the wheel rims, and the track plan
- when passing the curved track sections, the criti-
cal speed is higher compared to the value in the
straight track sections. At speeds exceeding the

critical one, the car loses movement stability. As
a result, there are self-oscillations of the lateral
swaying of the wheel sets, the bogies and body
hunting. There is increase in the horizontal trans-
verse accelerations and frame forces, which wor-
sens the stability coefficient against derailment
(Fig. 10, ¢, ).

Thus, the movement speed limitation in the
curves of small and medium radius, established by
the norms, should be observed. It caused by
a sharp decrease in the stability coefficient against
derailment and increase in the wear factor of the
lateral edge of the wheel tread.

Originality and practical value

Originality of the work lies in the study of the
influence of increasing the axle loading in gondola
cars on their dynamic parameters and interaction
indicators of the tracks and rolling stock in order to
solve the problem of predicting the rolling stock
dynamics and includes the results of theoretical
studies taking into account the movement speed in
the curved track sections of the small and medium
radius.

The obtained results have a practical orienta-
tion. During the theoretical studies and after the
simulation, taking into account the oscillation pro-
cesses of the freight car and cargo with increase in
the gondola axle loading, dependences of the main
dynamic parameters taking into account the
movement speed are obtained. Application of the
results will increase the traffic safety of freight cars
and will improve the technical and economic per-
formance of railway transport.

Conclusions

The article presents analysis of theoretical stud-
ies of dynamic qualities of rolling stock on the ex-
ample of gondola cars, calculations are made using
the package of applied programs.

Based on the theoretical study, the following
conclusions can be made:

— the movement speed limitation in the curves
of the small and medium radius is caused by a de-
crease in the level of the derailment stability coef-
ficient and increase in the wear factor of the side
edges of the wheel tread and should not exceed the
values determined by the norms;
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— the calculations have shown the need to limit
the movement speed in the curves of medium radi-
us to 70 km/h, due to the fact that the average
weighted speed of trains of 80 km/h is critical for
the gondolas on the bogies of the model 18-100,
which leads to the loss of stability and increase in
the wear factor of the side edge of the wheel tread;

— axle loading increase will increase failure
rate of the rails due to defects of contact-fatigue
nature, deterioration of the track condition, artifi-
cial structures, and the roadbed, which in turn will
cause the movement speed limitation of passenger
and freight trains, as well as more intense failure of
elements of the track superstructure and increase in

10.

11.

12.

13.

14.

15.

16.

the annual operating costs.
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BILIMB HABAHTAKEHHSI BIJI OCI IIIBBAI'OHA HA NOT'O
JAAHAMIYHI TIOKAZHUKHU TA 3AJIIBHUYHY KOJIIIO

Mera. [linBuIneHHsS MakCHMaJbHOTO HaBaHTAXXCHHS BiJl OCi BaroHa Ha PEHKH I 9ac TMEepeBE3EHHS BaHTaXIB
1 30UTBIICHHS MIBUIKOCTI PYyXy 3aJi3HUYHUX CKIMaXKiB JO3BOJIUTH MMOCHJIMTH 1HTETPAIiiHI TPOIECH MiX KpaiHaAMU.
Jist rapaHTyBaHHS 0€3MEeYHOro i HaAIHHOTO CIIOJNYYEHHs Ha 3ali3HUISIX HEOOXiJHO BIOCKOHAIIOBATH KOHTPOJIb,
KIJIbKICHY OLIIHKY TUHAMIYHOT 3aBaHTa)KEHOCTI PyXOMOI'O CKJIaJy, 10 B MPOLEC] HOro eKCIuTyaTalil CKIIa/lae akTya-
JIbHY HAyKOBO-TEXHIYHY 3a7a4y. MeToro 11i€l poOOTH € JOCTIKCHHS BILUTUBY 301IbIIICHHS OCHOBOI0 HABAHTAKCHHS
B MIBBAaroHax, 3 ypaxyBaHHSIM MOXJIMBOTO MiJBUILIEHHS MIBHIKOCTI PyXy, Ha iX OCHOBHI JMHAMIYHI MOKa3HUKH Ta
MOKa3HUKH B3aEMOJIT pyXOMOro CKkiaay 3 Kouiero. Meroauka. J{ociipkeHHsI MPOBEJeHEe METOIOM MaTeMaTH4HOTO
i KOMII'IOTEpPHOTO MOJICJIIOBAHHS AMHAMIYHOI 3aBaHTAXXEHOCTI MIBBaroHa 3 BUKOPHCTaHHSIM MOJIEI IPOCTOPOBHX
KOJINBaHb 3YeIy IT’SITH BaroHIB i MPOTPaMHOTO KOMILICKCY, PO3POOJICHOTO B rally3eBiif HAYKOBO-IOCIiIHIH Tabopa-
Topii quHaMIikH i MiHOCTI pyxomoro ckiany (THIAJI AMPC). Buxiani naHi s ZOCHIHKEHHS: PyX MMiBBaroHa MO-
nmemi 12-532 3 tumoBumu Bizkamu 18-100 31 mBunkocTsMu B miana3oHi Big 50 o 90 km/ron B KpUBUX pajiycaMu
350 1 600 M, i3 migBUIEHHASIMA 30BHIMTHBOT periku 130 ta 120 MM BignosigHo. Pe3yasTaTn. Y cTarTi mpoaHamizo-
BaHO AMHAMIYHI SKOCTI PyXOMOTO CKJIaJy Ha MPHKJIa/i [iBBaroHiB; po3paxyHKH BUKOHAHO 3 BUKOPHCTaHHSM ITaKe-
Ta MPHUKIAIHUX IIPOrPaM 3 JOCTATHHOIO ISl TIPAKTUKU TOYHICTIO. Y XOJli TEOPETUUHUX JOCIIKEHb 1 MOJICITIOBAHHS
3 ypaxyBaHHSM MPOLECIB KOJMBAHHS BAaHTQKHOT'O BaroHa B pa3i 30UIBLICHHS OCHOBOTO HABAHTAXXEHHsI OTPHUMaHO
3aJI)KHOCTI OCHOBHHX JIMHAMIYHUX MOKA3HUKIB BiJ| BUAKOCTI pyXy. HaykoBa HOBM3HA poOOTH MOJIsrae B 1OCIi-
JOKEHHI BIUIMBY 301UIbLICHHSI OCHOBOTO HABAaHTA)KEHHS B IMIBBAroHax 3 ypaxyBaHHSM MOXKJIHMBOTO ITiJIBUIIEHHS LIBH-
JIKOCTI PyXy Ha iX JAWHAMIYHY 3aBaHTa)XEHICTh i3 METOIO BHPIIIEHHS 3aJadi MPOTHO3YBAaHHS AWHAMIKH PYXOMOIO
CKJaxy. YrepIie OTPIMaHO Pe3yIbTaTH TEOPETUYHHX TOCIIKEHb 3 YPaxXyBaHHAM IIBUAKOCTI pyXy B KPUBHX JIis-
HKaXx KoJii MajJoro Ta cepenHboro paiiyca. IlpakrmyHa 3HaYMMicTh. 3aCTOCYBaHHS IIMX PE3YJIBTATIB CIIPUATHME
Ii/IBUILICHHIO O€3MeKH PyXy BaHT)XKHUX BAaroHIiB 1 JO3BOJIMTH IMOJIIIINTH TEXHIKO-€KOHOMIYHI TTOKa3HUKH POOOTH
3aJTI3HUYHOTO TPAHCIIOPTY.

Kouosi crnosa: BaHTaX; MiBBarOHW; JHHAMIYHI MOKa3HUKW, KPUBI JUISTHKU KOJIi; OChOBE HABAHTA)KECHHS; MIOKa-
3HUKH B3a€EMO/Iii; PyXOMHH CKJIaJl 1 KOJIisl; IEHTP Baru; MBUIKICTD PYyXY
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BJIUSIHUE HATPY3KH OT OCH HOJIYBAI'OHA HA ET'O
JANHAMMNYECKHUE ITOKA3ATEJIA U )KEJIESHOJAOPOKHBIU IIYTH

Hean. [ToBbiieHre MakCUMaIbHOW HArPY3KHM OT OCH BaroHa Ha PENbCHI MPH IEPEBO3KE I'PY30B U yBEIHUYCHUE
CKOPOCTH JABMKEHUS JKEJIE3HOJAOPOKHBIX SKUNaXKEH MO3BOJIUT YCWINTh MHTETPALIMOHHBIE MPOLECCH MEXKAY CTpa-
Hamu. [{ns oOecriedeHns: 6€30MaCHOTO M HAJAEKHOTO COOOIICHHS Ha JKEJIE3HBIX JI0porax HEoOXOJMMO COBEpPILICH-
CTBOBaTh KOHTPOJIb, KOJHMYECTBEHHYIO OLICHKY AMHAMHYECKOH 3arpy>KeHHOCTH TOJABI)KHOTO COCTaBa, YTO B IIPO-
I[ecce ero IKCIUTyaTallil COCTABIISICT AKTya bHYI0 HAyYHO-TEXHUUECKYIO 3a1ady. Llenpio qanHo# paboThl siBisieTcs
HCCIIEJOBAaHNE BIMSHUS YBEINYEHHUS OCEBOM HAarpy3KH B IOIyBAaroHax, C y4ETOM BO3MOXHOTO ITOBBIIICHUS CKOPO-
CTH JIBI)KCHHMS, HA X OCHOBHBIC IMHAMHUYECKHE ITOKA3aTEJIN U MTOKA3aTEeNN B3aNMOACHCTBYS IOABHKHOTO COCTaBa
¢ xorneeil. Meroauka. MccienoBanue mpoBeJeHO METOAOM MAaTeMaTHYECKOTO U KOMIBIOTEPHOTO MOJAEIHPOBAHUS
JMHAMHYECKOH 3arpy>KeHHOCTH II0JIyBaroHa C MCIIOJIb30BAHUEM MOJIENH TIPOCTPAHCTBEHHBIX KOJIEOaHMI clerna Isi-
TH BarOHOB ¥ IPOrPaMMHOT0 KOMILIEKCa, Pa3pabOTaHHOTO B OTPaciIeBOil HAyYHO-HUCCIEA0BATEIbCKON 1a00paTopuu
JUHAMUKH U TIpOYHOCTH noaBmkHoro cocraBa (OHWJI ATIIIC). McxoaHble AaHHBIE MCCIEOBAHUSA: IBI)KEHUE ITO-
myBaroHa mojenu 12-532 ¢ tunuyebiMu Tenexxkamu 18-100 co ckopoctsmu B auamnasone ot 50 mo 90 xm/u
B KpuBBIX pamuycamu 350 m 600 M, c mHOBBIIIEHHAMH HapykHoro pensca 130 u 120 MM COOTBETCTBEHHO.
Pe3yabrarsl. B craThe nmpoaHalM3upoBaHbl AMHAMUYECKUE KayecTBa MOIBMKHOIO COCTaBa Ha IPUMepe MOJyBaro-
HOB; PacueThl BHINOJIHEHBI C HCIIOJIB30BAaHUEM TTaKeTa MPUKIAJHBIX IPOTPAMM C JOCTATOYHOMN JUIA NPAKTHKNA TOYHO-
CTBIO. B X0/1e TeopeTndecKux McciIea0BaHNil 1 MOJEIMPOBAHNS C YIETOM IPOIECCOB KOJICOAHHS TPY30BOTO BaroHa
IIPU YBEJIMYEHUN OCEBOM HArpy3KH IMOIYYCHBI 3aBHCHMOCTH OCHOBHBIX AMHAMHUYECKHX ITOKa3aTelel OT CKOPOCTH
nBiokeHns. HayyHasi HOBH3HA COCTOMT B HCCIICOBAHUM BIIMSHUS YBEIHMUYCHUS OCEBOI HArpy3KH B IOJIyBaroHax
C Y4€TOM BO3MOXHOTO MOBBILIEHHSI CKOPOCTH JABWKEHHS Ha MX JUHAMHYECKYIO Harpy3Ky ¢ IIEJIbI0 PEHICHHs 331a4UH
MIPOTHO3UPOBAHMUS JUHAMHUKHM MOIBIXXHOTO COCTaBa. BriepBble IPEACTABIEHBI PE3yJIbTaThl TEOPETHUECKUX
UCCJIEJOBAaHUH C Y4YETOM CKOPOCTH JBW)KEHHS [0 KPUBBIM y4acTKaM IIyTH MaJor0 M CPEJHEro paauyca.
IIpakTuyeckasi 3HAYMMOCTh. [IpUMEHEHUE MONYYSHHBIX PE3YJIbTaTOB OyJeT CIOCOOCTBOBAThH IOBBIIEHHIO 0€3-
OTIACHOCTH JIBUJKEHHSI TPY30BBIX BarOHOB U MO3BOJIUT YJIYUYIIUTh TEXHUKO-YKOHOMUYECKHE MTOKa3aTeH paboThl XKe-
JIE3HOZOPOKHOTO TPAHCIIOPTA.

Kniouegvie cnosa. rpy3; OIyBaroHbl; IMHAMUYECKHE IIOKAa3aTeIM; KPUBbIE YUaCTKU IIyTH; OCEBas Harpys3Ka; Mmo-
KazaTes B3aUMOJICHCTBYS; OJIBHIKHOM COCTaB M KOJIesl; LIEHTP TSKECTH; CKOPOCTh ABHKECHUS
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