IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like
. . . . - High-density spin-wave soliton train
Research into the track/vehicle interaction Zalg;g Eauch, ik Kawase and Kol
ekiguchi

processes for underground railways

- Development of Mathematics Learning
Tools Based on Coaching Technigue to

e ' . Create Accelerated Learning Revoluti
To cite this article: V G Vitolberg et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 708 012036 Srgqrgnjs,ﬁg ZrnzzeD pz?r:qn;rla B

- The Effect of Emotional Intelligence
Training Facilities, Self-Competence and
Motivation toward Coaches’ Performance
of PPLP West Sumatra Province

View the article online for updates and enhancements.

Donie

: :Thﬂq HONOLULU, HI #olcl. Joint Meeting of
PACIFIC RIM MEETING * ) X~
mazmo  Oct 6-11,2024

The Electrochemical Society

Abstract submission deadline: .| The Electrochemical Society of Japan
April 12,2024 .

Korea Electrochemical Society

Learn more and submit!

This content was downloaded from IP address 80.73.14.137 on 09/03/2024 at 16:46


https://doi.org/10.1088/1757-899X/708/1/012036
https://iopscience.iop.org/article/10.35848/1882-0786/ac7ead
https://iopscience.iop.org/article/10.1088/1742-6596/1554/1/012030
https://iopscience.iop.org/article/10.1088/1742-6596/1554/1/012030
https://iopscience.iop.org/article/10.1088/1742-6596/1554/1/012030
https://iopscience.iop.org/article/10.1088/1757-899X/180/1/012160
https://iopscience.iop.org/article/10.1088/1757-899X/180/1/012160
https://iopscience.iop.org/article/10.1088/1757-899X/180/1/012160
https://iopscience.iop.org/article/10.1088/1757-899X/180/1/012160
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuvuf-Agw5fZX6tFvlI6O_in_vic9JM-_a14P4RsjHw2N73OTZFvgnQell3_PHjvJxXoCZLoqu4T9T38H3nV8F7in1J1gdFbnG9O159V-dsC4zBZq2pCQJ-vhAvbLMrzsfBdCy99K1d6LuFlPlCa4FhWBtDH9pc0PgMy5dpgtVilK5iSw1sqPac_QeGmUrfKlBXfJGVu3zzIRU_ahutnVxQfZd212pz2at3TyCZDRUQTG2WkqZ9DOoC9Bd4_1tHKN0irdJjL_JrnGyef6V51zdIElI0W0TdPsL69iXlB6ZLE2BMKC31h_DENhS5R9rCR1oLUiXbryEwW1qsH4IwGIU&sig=Cg0ArKJSzPtkH_MXaWyc&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/prime2024/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3Dprime_abstract_submission

TRANSBUD-2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 708 (2019) 012036 doi:10.1088/1757-899X/708/1/012036

Resear ch into the track/vehicle inter action processes for
underground railways

V G Vitolberg"*, N V Bugaets', A SMalishevskaya', D V Shumyk? and
Y SYakovenko®

! Department of Track and Track Facilities, Ukraimtate University of Railway Transport,
Feierbakh Square 7, 61050, Kharkiv, Ukraine

? Department of Operational Work Management, Ukeairstate University of Railway
Transport, Feierbakh Square 7, 61050, Kharkiv, lera

% Department of Tactics, National Academy of theittal Guard of Ukraine, Defenders of
Ukraine sq. 3, 61001, Kharkiv, Ukraine

*Email: ppx_xiit@Kkart.edu.ua

Abstract. The article deals with determination of dynamiccés in interaction between a rail
vehicle and underground track for working out reamendations in terms of a longer service
life of the permanent track without extra chargEse issue is of importance for enterprises
under limited resources. The research was condugthdnathematical model methods for the
vehicle/track dynamic system (the principles weseedoped earlier), as the experimental work
in the underground tunnels was complicated by sitentrain traffic during a day. A special
feature of the research was consideration of zagad bar rested on discrete elastic-dissipative
supports in a design diagram of the vehicle/tragkagnic system. Thus, the authors
established the effects of unequal elasticity @f ttack rail support on the value of vertical
dynamic forces when a metro coach moves on thé.tlacparticular, the dependencies of
dynamic factors and amplitude ratios of verticatL&s on speeds of metro coaches along the
discrete elastic- dissipative track were obtain&d. exceptional value of the research is
consideration of both vertical and horizontal lateforces on the vehicle/track interaction. It
allowed the authors to define the value of vertaradl horizontal lateral forces which occurred
when metro coaches moved along straight and cuseetions of the track according to the
speed and curve radius.

1. Introduction
The underground railway is a kind of urban pubtansport providing regular, safe and reasonably-
priced services which favorably differs it from etttypes of city transport.

The research into the track/vehicle interaction wasducted in the Kharkiv Metro. It operates a
continuous welded rail track on wooden ties withéethd” fastenings. The wooden sleepers are
grouted in track concrete. Specialized and referditerature provide few research on the forces
acting on the track, especially in undergroundesyst

The analysis of the design standards for undergkrdracks and technical characteristics of the
rolling stock makes it possible to establish theibdactors which affect the stressed state and
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operational life of rails in the Kharkiv Metro. Amg such factors are a great number of small-radius
curves on the Kharkiv Metro lines. The minimal elof the curves is 300 meters, which accounts for
0.7% out of the total number. Considerable horiablatteral forces in the curved sections lead tibn bo
rail wear and development of contact fatigue dsfect

Besides, metro coaches must transfer a great nuaibgassengers and function properly under
harsh conditions; they operate in the conditionsighly-intensive traffic. Therefore, they should
meet strict requirements for safety and efficiency.

A more efficient use of permanent track elements lsa achieved through the research into a
longer service life of the track without extra ads and under limited resources. The article igdim
at finding solution to the problem.

The development of recommendations for more efiicigse of tracks in underground systems
under limited resources requires research intovegcle/track interaction with consideration of
horizontal lateral forces.

Experiments conducted on metro tracks were coniplicdy heavy traffic throughout a day.
Besides, the current requirements for safety hamsiderably complicated the managerial procedures
for such research.

The objective is investigation into the vehicletitanteraction for revealing the actual operational
life of rails under various operational conditiongh consideration of horizontal lateral forcesidt
needed for implementation of recommendations fghdi service operational life of the metro track
systems.

A great many studies deal with dynamic processegdamn the vehicle and the track on railways of
various purposes: [1-7] and others. However theyndbprovide research for metro lines, though
movement on these lines is of special character.

Study [8] presents characteristics of metro tragkieh operate on the territory of CIS, parameters
of a vertical modulus of elasticity of the trackdaalso characteristics of rail rigidity under tzomtal
lateral forces. But a level of vertical and horitadriateral forces of the rail/vehicle interactimas not
defined. The level of vertical dynamic forces watycstudied in a range of 90-92 kN [9-12].

2. Main part

The level of forces on the rail from the vehiclesveaalyzed with consideration of many factors being
just components which directly or indirectly efféloe interaction. In order to evaluate how thedact
influences the rail damageability in the track peoturvature, and horizontal lateral forces in the
Kharkiv Metro, the authors processed the statistbaervation data on removal of rails and findings
obtained from the research into horizontal latévedes. The correlation coefficient was taken a&s th
criterion of impact factor [13].

Besides, the authors researched an impact of tygss of metro coaches on the track. The basis of
this research was a mathematical model of the alpdyinamic vehicle/track system [11]. It should
also be mentioned that the model considered thécleebnd the track as a single spatial design
system.

And multiple-variant calculations for some selectiedt track sections were conducted. The
following factors were taken as the basic desiga:da

- metro coaches of the types Eg&)-508I',81-718, 81-719 and 81-717, 81-714 of a speed &b up
80 km/h;

- R50 rails, the basic model for metro lines (relilaracteristics, inertia moments, resistance
moments and cross-sections varied according taatheear);

- 100-150-meter straight sections;

- 50-100-metre circular curves (transition curvagih and cants in circular curves were taken
according to the current standards, respectivelj) [1

The following track characteristics were taken asables:

- radii of circular curves from 200 to 600 meters;

- length of vertical irregularities from 2 to 25 tess;

- depth of vertical irregularities from 0.05 to DMmeters;
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- length of horizontal irregularities from 1 to &tars;

- versine of horizontal irregularities from 0.03Q®9 meters;

- track operational life from 0 to 15 years.

The following steps were taken to approach theapatational conditions for the research:

1. The different places for vertical and horizortaekgularities along a test section were chosen,
and irregularities in a straight, transition anagiar curves were considered.

2. Spatial rigidities and reduced equivalent dissgms of rail supports were taken in accordance
with the track operation life.

Thus, the authors conducted calculations of ovér\viEbiants of the metro coach/track interaction
of various characteristics.

The general analysis of dependencies of changesrtical and horizontal lateral forces on the
track from metro coaches on the operational meaaktparameters is presented below.

Vertical forces. As long as vertical forces on tteek from metro coaches are constantly changing
in motion, it is more convenient and informativeuse dynamic factors and amplitude ratios rather
than their absolute values for the comparativeyasl And the dynamic factor was taken as a rétio o
maximum vertical dynamic forces occurred in motionhe static wheel load value:

P
Kd =—m== 1
- o

st

whereKy — the dynamic factor;
Pmax — the maximum vertical forces;
P4 — static wheel load.
But in motion the vertical forces may be greaterlafer than the static values; therefore the
amplitude ratio was applied for evaluation (2):

K, :Pma_XdV“_ 2)
Pmindyn

whereK, — the amplitude ratio;
P maxayn — the maximum vertical dynamic forces;
P minayn — the minimal vertical dynamic forces.

It should be mentioned that the design researciraha considered a rail as a bar rested on the
solid elastic foundation. Therefore, for dynami@lgsis of the vehicle/track interaction in a veatic
plane at constant motion along a straight sectidhoat irregularities, the dynamic factor and
amplitude ratio were equal to 1. However, the dotadical forces are constantly changing and these
coefficients considerably differ from 1. Figure degents the chart of vertical forces on the raitrfr
the wheel. The data were obtained in calculatiomfetro coacheEg3 and 81-718 at a speed of 60
km/h. The X-coordinate presents the distance colvbyethe coaches and the Y-coordinate presents
the vertical forces. In the example the spatiatiiig values of the rail supports were taken comista

2x10" s [TV AT A VA o o O A T A RA AN
SO T T
perEERTERERREYNENINERR

sof! T T P AV T T A T TV VT Il
40 42 44 46 48 50

max (Ry)=78785.228(H) min (R )=31488 526(H)

Figure 1. Diagram of vertical forces for metro coaches &8-ifh motion along a straight line with a
speed of 60 km/h
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Figure 2 and 3 present diagrams of dependenciey/mdmic factors (Figure 2) and amplitude
ratios (Figure 3) on the speed for various openatiperiods for the track (0 and 10 years). When
speeds changed from 10 to 80 km/h the dynamicrfati@nged from 1.01-1.014 to 1.072-1.081.
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Figure 2. Diagram of the dynamic factor—speed dependency:
1 —-Kyattop.l.=0; 2 Ky at top.l. =10 years.
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Figure 3. Diagram of the amplitude factors—speed dependency:
1-K,attop.l. =0; 2 K, at top. | = 10 years.
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The amplitude factor values were from 1.05 to 112%. The operational track life affected the
dynamic factors and amplitude ratios by 15-20%.

The unequal elasticity of rail supports put intdcakations considerably affected the interaction
processes. Thus, at a speed of 60 km/h a chartbe imequal elasticity factoK () from 1.0 to 1.2
led to an increase in dynamic factors from 1.15.88 (Figure 4).
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Figure 4. Diagrams of dependencies of amplitude ratios onetual elasticity of rail supports in
motion along curved sections at a speed of 60 km/h

In metro systems the vertical dynamic forces arstipaffected by isolated profile irregularities of

up to 6 meters. Figure 5 and 6 present diagramgrdmic factors and amplitude ratios along vertical
isolated irregularities of the length 2 and 4 neeter
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Figure5. Diagram of dynamic factors at vertical isolate@gularities of the length lirreg = 2
and 4 m: 1 Ky atlireg =4 M; 2 -Kg atlireg. =2 M.

whereh i — the irregularity depth on the track.
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To determine the influence of an irregularity depththe impact dynamics of a vehicle on the
track, the non-equal elasticity factor of rail sagp was taken equal to 1.
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Figure 6. Diagram of amplitude ratios at vertical isolata@gularities of 2 and 4 meter long:
1-K,atlireg =4 m; 2 K, atl jrreg. =2 m.

At a speed of 60 km/h on a straight section withieal isolated irregularities of 2 and 4 meter
long, the dynamic factor reached values of 1.1281ah29 according to an irregularity depth.

The amplitude ratio is 1.235-1.28. When the noradityuof rail supports put into calculation, the
dynamic factors increased by 12-20% and amplitaties — by 8-17%.

Horizontal lateral forces. The authors studiedvell®f horizontal lateral forces on the track from
the first wheelset (in the direction of travel) the section with a 50-m straight segment, transitio
curve, circular curve of the 400-m radius and 128-cant. Figure 7 gives a diagram of horizontal
lateral forces on the track. The speed in the rebeaas taken 80, 60 and 40 km/h. The maximum
horizontal lateral forces were in a range from 4c%.89 kN.
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Figure 7. Diagram of horizontal lateral forces on the track.

Figure 8 presents diagrams of dependencies ofdrieklateral forces on speeds along the circular

curves without irregularities.
The level of horizontal lateral forces at speedsnietro systems was in a range from 0.29 to

11.183 kN.
As an example, Figure 9 shows a diagram of hor@dateral forces for a wheelset in motion on

isolated profile irregularities of 4 meters long.
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Figure 8. Diagram of dependency of horizontal lateral fsroa speeds in curves:
1-R=400 m, h=120 mm; 2 - R=600 m, h=120mm; 3860 m, h=120mm.
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Figure 9. Diagram of horizontal lateral forces for the matoachE:x-3 in motion along
a horizontal irregularity 4 m long in a straightigen at a speed of 60 km/h:
1 — versine — 3mm; 2 — versine — 6mm; 3 — versifmm.

Dependencies of the horizontal lateral forces enaimplitude of horizontal irregularities of 2 and
4 meters are given in Figure 10. The curve radias taken equal to 400 m. When a speed changed
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from 40 to 80 km/h the horizontal lateral forcefiaved values of 12.5-14.8 kN according to the
amplitude and irregularity length.

The research demonstrated that the vertical anddmtal lateral forces as well as stresses in the
rail changed according to the curve radius in teetisns. And the highest design values of the
horizontal lateral forces were achieved in curvectisns with R=400. These sections are affected by
the greatest stresses. They were followed by cuwftse radius 600 m.

3. Conclusions

Application of a design diagram of a bar on mudiplastic-dissipative supports made it possible to
establish the influence of non-equal elasticitytted rail foundation on the value of vertical dynami
forces for metro systems in motion.

1. The authors obtained dependencies of dynamicriaand amplitude ratios of the vertical forces
on the speed of metro coaches along the discrasticetlissipative track. It has been establishad th
discrete character and non-equal elasticity of sajpports lead to appearance of dynamic forces
exceeding the static vertical load by 1.2 timese Vhrtical track irregularities increase the valogés
vertical dynamic forces by 1.08-1.15 times.

2. The authors conducted a multiple-variant cataeof interaction forces for metro coaches. The
vertical and horizontal lateral forces for metraacloes moving along straight and curved lines at
various speeds were defined. They also studied dmpé curve radii, vertical and horizontal
irregularities, and operational life periods.

3. And for the first time a level of horizontal éaal forces in metro systems was validated; and the
effects of discrete character of non-equal elastipports and track irregularity were established.
Besides, it was established that for metro systin@se can appear horizontal lateral forces of up to
12.5-14.8 kN.
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