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Abstract. The objective of this work is to study transverdleration of a passenger car body

running at various speeds over the track irregiigariwhich are usually encountered in practice.
The tasks that are addressed in this research vpamform tests at track irregularities of

symmetrical sinusoidal shape running both alongigit and curved paths, as well as driving
over the junctions along the straight and curvetiggaand compare the results.

Keywords: passenger wagon, horizontal vibration, irreguksitof sinusoidal shape, passing
track irregularities at the junction, vibration at@ration, vibration velocity, displacement.

Introduction

With the development of traction means and increasiovement speed when higher safety
requirements are continuously raised, significaténgion is given to the study of dynamic
processes of rolling stock and to investigatiomntdraction forces between wheel and rail. This
allows to identify the main design parameters dfway and rolling stocks, to select the proper
materials, to ensure the strength, durability aallability of mechanisms, and to achieve
maximum movement uniformity and comfort level.

This work considers a problem of wagon dynamicsorizontal dynamic processes,
occurring while a wagon is moving the railway irndayities.

Horizontal dynamic processes have a significantichpn the uniformity of movement, i.e.,
on the ability of elastic suspension of rollingeke to maintain vibrations of the body within the
limits of comfort. One of the key indicators thatelrmine the uniformity of movement is the
amplitude of irregularities and the speed of digvin

With increasing the driving velocity of wagons sop&rameters of interaction process of
rolling-stocks with track are changed, the levelropact forces exerted by rolling-stock on the
track are increased.

Reduction of dynamic interaction forces between el and the rail, especially in the
horizontal (transverse) plane remains an imponaoblem. Movement of a wagon in the track
section in the horizontal plane is directed bystaBBecause of this effect the limit values of
directing forces increase, and their values limitHer increase of car speed, causing intense
wear of the lateral rail profile [1].

The train running speed on the railway plan, whileving along the curved path, is limited
by radii of lying curves [1, 2, 6], cant, lengthiste inserts of transition curves and straighss, a
well, there results centrifugal and centripetatés [5]. They cause extra pressure of the wheels
on the external and internal rail. This result&aister rail wearout, generation of distortion iil ra
structure, stress in rails and ties increases, thag can induce track defects, such as rails
canting, splicing defects and therefore the riskstfe railway traffic appears.

In general forces acting on a train running on edrirack section are presented in Fig. 2 [2].
Due to the centrifugal force there appears cemaifiransverse acceleratiap m/<. High
values of this acceleration can cause discomfopatsengers. Unsuppressed lateral centrifugal
acceleration determines levels of dynamic forcesioéel acting on rail, as well as the forces
acting on passengers transported by train movinghencurved path (passengers comfort).
According to the expertise and studies of railwagests, it was found that high unsuppressed
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lateral acceleration values are uncomfortable tss@agers. Passengers evaluate satisfactorily
prolonged and repeated unsuppressed lateral amtieferof 0.4-0.8 mfs When its value is
equal to 1.0 mfs passengers evaluate this centrifugal accelerataiisfactorily under the
condition that it is often short-lived and not rafe frequently. For railway trains with good
dynamic properties values a4 can be taken 0.9-1.0 m/sTo ensure the comfort of
passengers according to studies carried out by i&dussilway experts normal lateral
unsuppressed acceleration values have been desgkmivith assessment of the maximum
achievable speeds of passenger traaQEdI =0.7 m/§, Whenvmﬁ 160 km/h, ande[n'kd] =0.6

m/s’, when 160 «__ <200 km/h [1, 2].
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Fig. 1. Schematic view of forces acting on wheelEig. 2. Forces, acting on a train running on the

of a bogie moving on the curved patN. is curved track section [2F — centrifugal force, kN;

normal load, F, is lateral creep forceF; Fh — centripetal force, kNh — cant of outer rail,

longitudinal creep force, anld; is spin moment m- G — train weight, kNS — distance between the

(1] axis of rails heads, mma; — wagon tilt angle to the
horizon, in degrees

There is the necessity for such the movement ofowsghat values of forces of contact and
deflection between the wheel and the rail profiese as low as possible. At the same time
there will be a possibility to increase railwayffi@speed, ensuring sufficient ride comfort.

Lateral vibrations of passenger wagon arising fdnwing along curved trajectory through
symmetric irregularities of sinusoidal shape ansispay track irregularities at rails junctions are
investigated. Analytic, experimental and numericsdearch methods have been used in this
work.

Exterior experiments have been carried out by bélpagon-measurer registering actual rail
track irregularities. Vibrations measurement equiptriVAS-21 was used to measure vibrations
of wagon body. The data were processed using VABE#S Excel software packages.

For theoretical study MSC.ADAMS/View and MSC.ADAMSIil software packages were
used. A dynamic model of a typical passenger wdghrexploited in Lithuania, was developed
and numerical simulation of interaction of passengegon with track was performed.

2. Experimental investigation

Objective of the experimental measurement was tasore dynamic characteristics of
wagon vibrations (Fig. 3), while running on the \®d path, to define possible relation with
characteristics of track irregularities of this s (Fig. 4) in the same section.

707

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING JUNE 2012.VOLUME 14, ISSUE2. ISSN1392-8716



797.RESEARCH OF LATERAL VIBRATIONS OF A PASSENGER WAGORUNNING ALONG THE CURVED PATH
R. SKVIRECKAS, A. KERSYS R.KERSYS V. LUKOSEVICIUS

-’ r.rn.rr.
l/The straight Curve of the transformation  Circular curve

Mean value line
2 .
Zero line

™ Straigh-rail
3\/ Zero line
4 Zero line
BN C eSS Direction of the wagon drive
5 1520
&)
1530
1535
1840
6 Zero line
e porpnd =
N W v T iy Y v
Z Zero line

8\

Fig. 3. Setup for measurement of wagorkFig. 4. Sample of the corrugations prophilograms
vibrations: 1 — measurement system VAS-21; 2of the wagon — measurer: 1 — notation of the
personal computer; 3 — vibrations measuri ; eehd; 2- :allls Ilevel;j - me rllgf?t re_‘l" F’OS_:F'D“_
. e horizontal plane; 4 — the left rail position in
Sensors; 4 — power supply the horizontal plane; 5 — track width; 6 — the tigh
rail corrugations in the vertical plane; 7 — thi le
rail corrugations in the vertical plane; 8 — naiati
of the kilometers

Comparison of the data of characteristics of trars¥ wagon vibrations measured during

experimental studies with simultaneously recordeggularities of the railway section track in
plan is presented in Fig. 5.
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Fig. 5. Curves of condition of the measurer's tape raithr(a) and displacements of lateral and vertical
vibrations of the wagon body (b), measured at tiaestime moment at the track section Maiaiu—
Pabaliskiai 61-62 km, when the wagon moves at sg8ddn/h
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Track control and measurements of wagon body vidmat(Fig. 5a) were carried out in the
section ,Kaunas — Sestokai* (Mawrai — Pabaliskiai 61-62 km) when the wagon was mgvi
on curved path (radius of the curve 2 km). The wagbrations were measured for various rail
track structures: butt-joints (track length 25 mjigointless (longspan) rails. During the test the
wagon was moving at speed from 25 to 60 km/h.

From diagrams presented in Fig. 5 one can obsémake amplitudes of lateral vibrations
displacements suddenly increase and the peak enauk (Fig. 5b marked area A’) when the
track is making a turn. From measurer wagon taperde(Fig. 5a marked area A) we can
observe that impact on lateral vibrations is compleere the change of the track level (mark 1),
and the situation in the plan (mark 1), and traglth (mark IIl), as well, have influence. Later,
when change of the track width and the track lénaa stopped, amplitudes of lateral vibrations
decrease. Meanwhile from the curve of displacemeitertical vibrations, given in Fig. 5b one
can notice that in this case the displacementsedfcal vibrations (unlike than in Fig. 5a) are
significantly higher than the displacements offalt@ibrations. This is explained by the fact that
the track in this stretch is worse and the verticadk irregularities in both rails are much larger
(exceed 10 mm).

Lateral track stretch rails corrugation recordsenanalyzed through calculation of different
statistical parameters: medium height of rail cgations, dispersion and correlative function.

Another statistical parameter, describing trackfifgois the correlative function which is
intended to determine periodicity of track corrigas. Fig. 6 presents a diagram of correlative
function of track corrugations profile where peimdaves exist.
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04 S VYA
'OYEO 5 10 1§ 2 28 30 35 40 45 0 10 20 30 40 m 50
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Fig. 6. Correlative function of lateral Fig. 7. Distribution amplitudes of lateral irregularities
plain railway rail corrugations of: 1 — left on railway rail plain with reference to wave length
rail; 2 — right rail

After harmonic analysis of lateral track corrugatoin the considered section rail, the
surface roughness and their amplitudes were esttnmaFig. 7 provides distribution of
amplitudes of lateral irregularities on railway Iralain with reference to wave length. The
results are listed in Table 1.

Table 1. Characteristics of lateral railway rails corrugas

Rail Medium Wave length derived from Harmonic analysis
corrugation height| correlative functiorR;, m | Wave lengtH;, m Amplitudea,, m

Left 0.137 15-20 4-35 0.36-0.8

Right 0.171 15-20 4-35 0.32-0.63

3. Numerical simulation

While forming dynamic model of a passenger wagod @ack by means of the software
ADAMS/Rail, adaptation of this system to the Lithign environment was one of the main
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objectives of this investigation. ADAMS/Rail softreaadaptation in this study is based on the
following parameters [4]:

* bogie axle wheel profile;

« rail profile;

« railway track width (1520 mm);

« rail inclination angle.

Having formed dynamic wagon model using ADAMS/Rsidlftware, we performed the
following initial analysis of the construction:

* load analysis;

« linear analysis;

« dynamic analysis.

As the main objective of our investigation is vitioaal characteristics of the wagon body,
especially their influence on passengers on this lmh®ven movement norms, the characteristic
node for our measurements was selected. It isddaan longitudinalX) wagon axis, above the
bogie, at a distance of 0.7 m from body floor (abwdder level of a sitting passenger): node
“Front” (10, 0, -0.7) (coordinates are presented akistance from wagon floor center, Fig. 9).
This location was chosen aiming to compare dynamadeling results with wagon body
measurement results.

Rear bogie

Front bogie

s ~elile|
[ xla@lile

Fig. 8. Dynamic model of passenger wagon bogie Fig. 9. Dynamic model of interaction of
passenger wagon and track

Formation of the dynamic model of the wagon, movamgrails with lateral irregularities, is
based on the following assumptions:

» Wheel rolling surface is perfectly smooth.

* When a wagon moves, track ground, rails and vehee¢ treated as rigid and tightly
interconnected bodies. Thus when wagon moves thrdtagk corrugations, wheel centers
reiterate trajectory of vertical rail vibrations.

« Values of track corrugations were taken frompetanade by the wagon — measurer, thus
elastic rail deflection from wagon weight force leieady been evaluated.

« Wagon has moved into the track section subjetiednalysis at proper constant speed,
before it was not affected by any forces, whichld@ause free vibrations.

Frequent irregularities while running on the curyedh have sinusoidal shape (Fig. 10) and
corrugations of rail-juncture appear due to passiack irregularities at the junction (Fig. 11) [6,
7]. Therefore in this work both types of these agations are selected as the object of study.

The corrugations of sinusoidal shape may be expddsg formula (1):

nd(t)=a, -sin{%-xJzah -sin{%-v-tj, 1)

h h
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here,a, — amplitude of corrugation wave, ;- time, s;l, — corrugation wave length, mv,—
wagon movement speed, m/s.

Fig. 10. Isolated rails’ sinusoidal shapeFig. 11.Isolated rails’ two rails hogging on the
corrugations orthe plan rail-juncture corrugations

Corrugations of the second type — rail-junctureragations (Fig. 11) may be expressed by
formula (2):

0,
0 <),
! (x) = i-(x), if <e, (2)
& N

herehy, — size of rails passing, n& — size of gaps between the rails, v wagon movement
speed, m/g; - time, s.

While testing the driving along the curved pathr¢euradius is 2 km) with irregularities of
sinusoidal shape, we changed wagon movement speed10 km/h to 160 km/h, increasing
every 10 km/h. We selected corrugation wavelengthgl to 10, 20, 30 m, and amplitudes of
corrugation wave were 0.001 m, 0.003 m and 0.005 m.

Investigations were carried out at irregularitiédoth rails of sinusoidal shape running on
the curved path and wavelength of 10 m, with am@ét of corrugations 0.001 m, 0.003 m and
0.005 m.

Table 2. Parameters used for testing the movement alonguived path

Sinusoidal shape irregularigy, m | Wavelength,, m
0.001 10
0.003 20
0.005 30

Figs. 12-14 provide the results of the numericaiuation of movement of the passenger
wagon on the curved path over symmetric irreguégiof sinusoidal shape in plan.

Fig. 12 provides the acceleration characteristics aferifit irregularities and different
movement velocities. From the diagram one can obs#rat at wavelength equal to 10 m,
accelerations of vibrations caused by excitatiads increase up to speed of ~130 km/h, and
then decrease.

Fig. 12b indicates that maximum displacements as®euniformly and are achieved (when
sinusoidal wave amplitude is 0.005 m) at a speeib6fkm/h.

Investigations were carried out at irregularitiésboth tracks of sinusoidal shape running
along the curved path and wavelengtt2@fm, amplitudes of irregularities were 0.001 n90G.

m and 0.005 m.

In vibration accelerations diagram (Fig. 13a) oar cbserve that accelerations increase until

speed of 50-60 km/h and later decrease again, aadhieving 90-110 km/h increase to the end.
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Fig. 12. Dependence of maximum values of lateral vibratiaoselerations (a) and displacements (b)

of front node of body on wagon movement speed atbegcurved path, when passenger wagon is

affected by irregularities of isolated sinusoidadge of both rails in plan, with wavelendth= 10 m

and amplitudey, = 0.001, 0.003, 0.005 m.
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Fig. 13.Dependence of maximum values of lateral accetarat{a) and displacements (b) of front
node of body on wagon movement speed along theedupath, when the passenger wagon is
affected by irregularities of isolated sinusoidahge of both rails in plan, with wavelendth= 20
m, and amplitudes, = 0.001; 0.003; 0.005 m

Numerical investigations presented in Fig. 14, d brwere performed at irregularities of
both tracks of sinusoidal shape running along theved path and wavelength of 30 m,
amplitudes of irregularities were 0.001 m, 0.00amd 0.005 m.
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Fig. 14.Dependence of maximum values of lateral vibratiacselerations (a) and displacements (b)
of front node of body on wagon movement speed atbagurved path, when the passenger wagon is
affected by irregularities of isolated sinusoidaage of both rails in plan, with wavelendth= 30 m,

and amplitudes,, = 0.001; 0.003; 0.005 m

From the acceleration curves in Fig. 14a it is obsithat wagon movement acceleration
starts to increase from 90 km/h and increases tipetend.

Fig. 14b presents diagrams of vibrations displacemef the point of study, indicating that
they do not increase up to the moment when spe@d ksn/h and further increases to 0.012 m
when movement speed is 160 km/h.

During the tests when passing track at the raitfure running on the curved path, we used
the parameters of irregularities which are preskimé able 3.
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Table 3. Parameters used during tests

Size of rails hoggingy,, m | Size of gap between radsm
0.001
0.003 0.001
0.005

Fig. 15a illustrates that wagon accelerations imeeefrom 30-40 km/h, then start to decrease
and keep decreasing to 80-110 km/h and then inemgain until speed 160 km/h.
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Fig. 15.Dependence of maximum values of lateral vibratiaceelerations (a) and displacements (b) of
the node ,,Front" at body front on movement spedein the first wheel-set of front bogie of passenge
wagondrives on rails passet(— size of rails passing, m)

Displacement curves in Fig. 15b indicate that velaemovement speed of ~10-30 km/h are
slightly lower, and at the speed of 70 km/h theydicantly increase.

Conclusions

This work considered a dynamics problem of a pagsewagon, i.e. horizontal dynamic
processes that take place when the wagon moveg #henstraight and curved paths. During
operation loads of various types acting betweelmgsbktocks and rails cause the forced wagon
vibrations, which are useless to a wagon and itstitnents, as well as to its passengers.

The following results were obtained by modelinggeegyer wagon moving through different
irregularities in horizontal plane:

1. Moving along straight-line path through both radser sinusoidal irregularities, the
maximum acceleration values are reached at a wagthleof 30 m and running through the
roughness of amplitude 0.005 m, and they reactO®4 at movement speed of 150 km/h.

2. Moving along curved path through the same sinus$oidagularities, the maximum
acceleration values are reached at a wavelengtl® @ and running through the roughness of
amplitude 0.005 m, maximum accelerations reachQri at movement speed of 130 km/h.

3. During tests, moving in a straight line throughsgassingail-juncture, the maximum
vibration acceleration reaches 0.024Tatsmovement speeds of 30 km/h and 160 km/h.

4. Moving along the curved path through both railsspagrail-juncture, the maximum
vibration acceleration (0.032 rfyss reached running through irregularity of raksssingequal
t0 0.005 m, when movement speed reaches 30-40 km/h&h&m/h.

The conducted research indicates that higher wbratccelerations are obtained when
running along the curved path through irregulasitief sinusoidal shape and through
irregularities on rail-juncture. In addition, aftdre measurements and comparison of theoretical
and experimental results, the data obtained coaldided for theoretical studies of dynamic
characteristics of a passenger wagon.
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