ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/369113300
Influence of the instability form on the traffic safety of freight rolling stock

Conference Paper - March 2023

CITATIONS READS
0 8
1 author:

Angela Shvets
Dnipropetrovsk National University of Railway Transport

104 PUBLICATIONS 355 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

rect  Structural Reliability View project

roiect  Dynamic interaction of railway track and rolling stock View project

All content following this page was uploaded by Angela Shvets on 09 March 2023.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/369113300_Influence_of_the_instability_form_on_the_traffic_safety_of_freight_rolling_stock?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/369113300_Influence_of_the_instability_form_on_the_traffic_safety_of_freight_rolling_stock?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Structural-Reliability?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Dynamic-interaction-of-railway-track-and-rolling-stock?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Angela-Shvets?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Angela-Shvets?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Dnipropetrovsk-National-University-of-Railway-Transport?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Angela-Shvets?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Angela-Shvets?enrichId=rgreq-2eb05fde68615c8a052e8cc697c8d100-XXX&enrichSource=Y292ZXJQYWdlOzM2OTExMzMwMDtBUzoxMTQzMTI4MTEyNTY2MzQxN0AxNjc4Mzg0MzI4MjA2&el=1_x_10&_esc=publicationCoverPdf

6th Advanced Engineering Days (AED) - 5 March 2023 - Mersin, Tiirkiye

Advanced Engineering Days

7 NA aed.mersin.edu.tr

Influence of the instability form on the traffic safety of freight rolling stock

Angela 0. Shvets™

1Ukrainian State University of Science and Technologies, Department of Engineering and Design Specialized Department
«Microprocessor-Based Control Systems and Safety in the Railway Transport» (EDSD MBCSS), Ukraine, e-mail:
angela_shvets@ua.fm

Cite this study:  Shvets, A. (2023). Influence of the instability form on the traffic safety of freight rolling
stock. Advanced Engineering Days, 6, 111-113.

Keywords Abstract

Traffic safety The purpose of the paper is a theoretical study of the influence of longitudinal forces of a
Railway quasi-static nature and the instability form of freight wagons in a train on the wheel
Wagon lift stability derailment stability. Knowledge of the laws of train movement under various control
Compressed-bent rod modes is necessary when programming the equations of train movement when it is
Instability form necessary to determine the exact position of the train on the railway track and the

stability of the wagons at the time of interest. As a result of theoretical studies, the values
of the factor of stability against lift by longitudinal forces were obtained, taking into
account the forms of instability. The relevance of this study relates to the need to control
the longitudinal forces arising during the train movement, taking into account the
increase in speeds, masses, and lengths of trains (especially freight trains) and the
locomotive power increase.

Introduction

Elevating the maximum speeds makes it necessary to increase the braking efficiency of the rolling stock. The
main limitation of the magnitude of the braking force of the rolling stock is the force of adhesion of the wheels to
the rails and the stability of the wheel from the derailment. Numerous studies make it possible to obtain the
absolute values of the longitudinal dynamic forces during braking and also demonstrate that the forces depend
on the weight and length of the train, brake parameters, train speed, braking mode, characteristics, and condition
of the draft gear, the size of the gaps in the shock absorbing elements and traction devices, and their distribution
along the length of the train at the time of the start of braking [1-3].

Knowledge of the laws of movement of a slowed-down train is necessary when programming the equations of
train movement when it is necessary to determine the exact position of the train on the railway track at the point
of interest. In the presence of correctly compiled train motion equations, it is not particularly difficult to
accurately calculate the length of the braking distances and evaluate the effectiveness of various braking
systems.

Ensuring the safety of the movement of heavy trains is possible only if there is a well-controlled brake that
does not cause large longitudinal forces in the composition under any braking modes. Therefore, it is necessary
to more accurately investigate the dependence of the wheel stability coefficient on derailment on various factors
and develop measures to increase the braking efficiency of the rolling stock. The purpose of the paper is a
theoretical study of the influence of longitudinal forces of a quasi-static nature and the instability form of freight
wagons in a train on the stability of a wheel from the derailment.

Material and Method

It is known that when carrying out traction calculations and solving problems related to the optimization of
energy costs for traction, the train is considered as a one-dimensional mechanical system of solid bodies
connected by elastic-viscous bonds. An increase in the weight and length of trains leads to the need to consider
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the body of a freight wagon, taking into account the tare weight of the wagon and weight of the cargo, as an
elastic massless beam carrying a uniformly distributed load (Fig. 1) [4-5].
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Figure 1. Scheme of a freight wagon, taking into account its weight and loading mode

Here q, - own weight of two coupler assemblies, respectively related to two lengths of coupler bodies; q - the
empty weight of the wagon body together with the suspended equipment and two bolsters in an empty state,
referred to its length. When taking into account the loading, the cargo weight is added to the body weight and is
considered to be evenly distributed along the entire length; 2¢ - wheelbase; 2L - the distance between coupler
followers; 2a —automatic coupler body double length from a pulling face to the shank end; Cp,, - the horizontal
(vertical) stiffness of spring suspension of one bogie.

The nominal bending stiffness of a gondola wagon body is approximately equal to three times the stiffness of
the center sill (in the corresponding directions) [4]. In works [4,6], the most unfavorable sections of an automatic
coupler from the point of view of strength were established. Rod system in the displacement method has a
degree of static indeterminacy equal to 6. The table of reactions of compressed-bent rods from single
displacements and loads is given in the work [7]. The basic system of the displacement method, taking into
account the symmetry of the rod system, is shown in Fig. 2.
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Figure 2. The basic system of the displacement method, taking into account the symmetry of the rod system

When searching for the minimum critical forces of a symmetrical and symmetrically loaded system, it suffices
to find two smaller critical parameters for a direct-symmetrical and skew-symmetrical grouping of unknowns.
Expressions for the functions of the displacement method for compressed-bent rods are taken in accordance
with [7]. The critical parameter v; or the length reduction factor, which depends on the instability form, is
determined by expanding the determinant composed of expressions for the coefficients at unknown [4-5].

A theoretical study [5] made it possible to obtain dependences for determining the critical parameter for
some instability forms, taking into account the rigidity, the weight of the elements of the hinge-rod system, and
the gap in the rail track.

Results

Most of the existing methods used to assess the safety of the movement of wagons set permissible limits for
the values of the parameters, beyond which there is a possibility of an emergency situation. The stability factor of
wagons against derailment, as is known, is estimated by the ratio of horizontal transverse (lateral) forces to
vertical forces acting at the point of contact of the wheel flange with the rail head [7-8].

Let us calculate the stability of the wheelset of a wagon under the action of compressive longitudinal forces
according to the dependences for straight [4] and curved sections of the railway track [7-8] in the presence of a
difference in the heights of the axles of two adjacent wagons. It is envisaged that the loss of stability of wagons
occurs according to the I-st (loaded front bogie) and according to the II-nd form (unloaded front bogie). The
calculations took into account the difference in height between the longitudinal axles of automatic couplers in a
freight train from 0 to 0.1 m with a step of 0.02 m. Behind the wagon under study, the difference between the
axle levels of the automatic couplers is taken equal to A2=0.04 m.
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Figure 3. Resistance coefficient of an empty wagon lift: a - unloaded front bogie; b - loaded front bogie

The given results confirm that the loss of stability of wagons in the I-th and II-nd form occurs with a
significant difference in the magnitude of the longitudinal compressive force. Consequently, the stability loss of
freight wagons as part of a train should be divided into two stages: stability loss of the body on suspension
springs and the stability loss of the wheelset, which results directly in the derailment.

Conclusion

The use of the method of determining the critical parameter for the I-th and II-nd forms of instability under
the action of quasi-static longitudinal forces will allow us to justify the cause of the derailment, as well as to
develop and put into practice the technical measures to prevent the lift of the carriages, widening and shear of
the track. Using the methodology in compiling the process flow diagrams for driving the trains will make it
possible to recommend rational train driving not only at the lowest energy costs but to implement technical
measures to improve the stability of freight rolling stock, which in turn will allow removing some existing
restrictions on permissible speeds and increasing the train speed.

In order to carry out continuous analysis in train conditions of the value of the resulting longitudinal
compressive forces and to prevent large compressive forces, it is necessary to equip locomotives with a system
for monitoring and recording longitudinal forces arising on the automatic coupler of the wagons.
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