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DRIVING SPEEDS
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Abstract: The article is devoted to the problem
of measuring selected dynamic parameters at
a driving speed of 160 km/h to 200 km/h. The
article containsatheoreticalintroductiontothe
issue, further describes the real measurement
of dynamic-acoustic parameters with subse-
guent evaluation and comparison of measured
data and parameters. The conclusion includes
a presentation of the obtained results, recom-
mendations for other similar measurements
and, in particular, recommendations for railway
infrastructure managers.

Keywords: Dynamic and vibration measure-
ments, higher travel speed, analysis in the time
and frequency plane

The introduction to the issue

The basic requirement placed on the individual
parts of the rail track is their functional reliabil-
ity and the related safety of railway traffic. The
constant pressure to increase the transport
speeds and the operating load of the tracks
causes a massive development of new tech-
nologies in rail transport [1]. In connection with
the modernization of railway corridors, this
qualitative shift also applies to Czech railway
lines. It is currently being considered that on
some sections it will be possible to increase
the maximum operating speed from 160 km/h
to 200 km/h. And it is precisely the speed of
train sets in railway transport that plays a key
role in influencing the dynamic effects on the
track and on the moving train sets.

This fact can have a significant impact on
safety, passenger comfort, but also on track
maintenance. The dynamic behaviour of train-
sets changes with increasing running speed,
which manifests itself in various aspects such

Abstrakt: Piispevek je vénovan problematice
meéreni vybranych dynamickych parametrU
pfi rychlosti pojezdu od 160 km/h do 200 km/
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spravce drazni infrastruktury.
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Uvod do problematiky

Zakladnim pozadavkem kladenym na jed-
notlivé Casti kolejové jizdni drahy je jejich
funkéni spolehlivost a s ni souvisejici bez-
pecnost Zelezni¢niho provozu. Staly tlak na
zvysovani prepravnich rychlosti a provoz-
niho zatizeni trati vyvoldva u kolejové do-
pravy mohutny rozvoj novych technologii
[1]. V souvislosti s modernizaci zelezni¢nich
koridorl se tento kvalitativni posun tyka
také Ceskych zelezni¢nich trati. V soucas-
né dobé se uvazuje o tom, ze na nékterych
usecich bude mozné zvysit maximalni pro-
vozni rychlost ze 160 km/h na 200 km/hod.
A prave rychlost pojezdu vlakovych souprav
v zelezni¢ni dopraveé hraje klicovou roli pfi
ovliviiovani dynamickych Uc¢ink( na kolejovou
jizdnidrahu, tak i na jedouci vlakoveé soupravy.

Tato skute¢nost mdze mit vyznamny dopad
na bezpecnost, pohodli cestujicich, ale také
na udrzbu trati. Dynamické chovani vlakovych
souprav se meni s rostouci rychlosti pojezdu,
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as vibration, dynamic forces, track wear and
wheels, vehicle stability and aerodynamic re-
sistance [2].

At higher speeds, there are more pronounced
vibrations spreading from the railway sets to
the railway track and the surrounding area.
Vibrations can be increased by rail irregular-
ities (such as slip waves, rail head waviness
or other rail defects), wheel-to-rail interaction
(e.g. flat wheels) or the dynamic behaviour of
the vehicle itself (e.g. resonance). Increased
vibrations can cause passenger discomfort,
increased wear and tear on train set compo-
nents as well as railway tracks, which increas-
es the risk of mechanical failures [3].

As the speed increases, the dynamic forces
acting between the wheels and the rails in-
crease. These forces include vertical forces
(e.g.wheel bounce), lateral forces (e.g. corner-
ing) and longitudinal forces (e.g. acceleration
or braking). High dynamic forces can cause
rail damage, excessive wheel wear and thus
increase the risk of derailment.

At higher speeds, the rate of rail wear increas-
es due to greater dynamic forces and fre-
guency of contact between wheels and rails.
Specific forms of wear include the formation
of microscopic cracks, corrugation of rails
and smoothing of profiles. Increased speed
can also lead to higher wheel wear, especial-
ly if defects such as flat wheels are present.
Driving fast increases friction and mechani-
cal stress on the surface of the wheels, which
can shorten their life.

All these events significantly affect the stabil-
ity of railway trainsets. Or better said, as the
speed increases, so do the demands on the
stability of railway vehicles. Vehicles may face
problems such as wheel bounce (in vertical
vibrations), excessive lateral forces (in curves)
or the risk of derailment. Vehicle stability de-
pends on track quality, weight distribution,
and wheel profile and chassis geometry [4, 5,
and 6].

At higher speeds, aerodynamic resistance,
which is the force acting against the move-
ment of the train, plays an increasingly im-
portant role. At the same time, aerodynamic
drag also increases exponentially with speed,
meaning that at twice the speed, the drag can
be much higher than double. Increased drag

coz se projevuje v rlznych aspektech, jako
jsou vibrace, dynamicke sily, opotiebeni koleji
a kol, stabilita vozidel a aerodynamicky odpor
[2].

PfivyssSich rychlostech dochazi k vyraznéjsim
vibracim Sificim se od zelezni¢nich souprav
do zeleznic¢ni traté a okoli. Vibrace mohou byt
zvyseny nepravidelnostmi na kolejnici (jako
jsou skluzové viny, vinkovitost na hlavée kolej-
nic nebo dalsi kolejnicové defekty), interakci
kola s kolejnici (napf. plocha kola) nebo dyna-
mickym chovanim samotného vozidla (napf.
rezonance). Zvysené vibrace mohou zpUsobit
nepohodli cestujicich, zvysené opotfebeni
komponentl vlakovych souprav i zelezni¢ni
trate, coz zvysuje riziko mechanickych selha-
ni [3].

S rostouci rychlosti se zvysuji dynamické sily
pusobici mezi koly a kolejnicemi. Tyto sily za-
hrnuji vertikalni sily (napf. odskakovani kola),
lateraIni sily (napf. pfi prUjezdu obloukem)
a podélné sily (napf. zrychleni nebo brzdé-
ni). Vysoké dynamické sily mohou zpUsobit
poskozeni kolejnic, nadmeérné opotiebeni kol
a zvysovat tak riziko vykolejeni.

Pfi vysSich rychlostech se zvySuje mira opo-
trebeni kolejnic kvali vétsim dynamickym si-
lam a frekvenci kontaktu mezi koly a kolejni-
cemi. Specifické formy opotfebeni zahrnuji
tvorbu mikroskopickych trhlin, zvinéni kolej-
nic a vyhlazovani profild. ZvySena rychlost
muze také vést k vySSimu opotiebeni kol, ze-
jména pokud jsou pfitomny defekty jako plo-
cha kola. Rychla jizda zesiluje tfeni a mecha-
nické napéti na povrchu kol, coz mlze zkratit

jejich zivotnost.

VSechny tyto déje pak vyznamné ovliviuji sta-
bilitu zelezni¢nich vlakovych souprav. Nebo
lépe feceno, s rostouci rychlosti se zvysuji
naroky na stabilitu zelezni¢nich vozidel. Vozi-
dla mohou ¢elit problémdm, jako je odskako-
vani kol (pfi vertikalnich vibracich), nadmeérné
bocni sily (v obloucich) nebo riziko vykolejeni.
Stabilita vozidla zavisi na kvalité trati, rozloze-
ni hmotnosti, profilu kol a geometrie podvoz-
ku [4, 5, 6].

Pri vyssich rychlostech hraje stéle vetsi roli
aerodynamicky odpor, coz je sila plsobici
proti pohybu vlaku. SouCasné se také ae-
rodynamicky odpor zvySuje exponencialné
s rychlosti, coz znamena, Ze pfi dvojndasobné
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requires more energy to drive the train, which
can affect efficiency and operating costs [7, 8].

And another non-negligible fact is that at
higher train speeds, the risk of accidents
caused by obstacles on the track or techni-
cal defects of the vehicles or the rail track in-
creases [9, 10].

The description of the measurement
campaign

On the 23-26 In October 2023, an extensive
measurement campaign took place in selected
sections of IV. railway corridor. Test runs took
place on the newly built track sections Sobéslav
— Doubi u Tadbora and Sudomeéfice u Tabora —
Votice. At speeds in the range from 160 km/h to
200 km/h (by 10 km/h) the behaviour of bridge
structures was measured and analysed, pres-
sure changes inside and outside the test set
when passing through the tunnel in order to
monitor the effect on passenger comfort, aero-
dynamic changes on the platform with regard to
ensuring safety, the effect on the ground body
of the runway and its surroundings, as well as
the dependence of the noise load at increasing
speed. The tests were planned to have minimal
impact on regular train services. In addition to
the Railway Administration and the Research
Institute of Rolling Stock, the two universities
of Czech Technical University Prague and Brno
University of Technology in Brno also took part
in the tests. The goal was to create innovative
approaches and technical conditions for in-
creasing the speed on conventional lines of the
Railway Administration, but also in preparation
for the construction of high-speed lines in the
Czech Republic.

The author's collective participated in this
campaign by measuring and analyzing dy-
namic phenomena on the rail grid and on the
platform. At the same time, measurements
and analysis of the aerodynamic effects on
people and things on the platform were carried
out. The actual measurement was carried out
at the Myslkovice stop with the measurement
location at the station 67.860 km viz. Fig. 1. An
L-type platform with a cantilever plate bent ac-
cording to VL Z8 4.3 is built here. The stop is
in a slight notch. The length of the platform is
90 m. It should be noted that for the purpos-
es of measurement, a train set consisting of a
383 Vectron locomotive from Siemens and two
WRmz 817 and Bmz cars was used.

rychlosti mUze byt odpor mnohem vyssi nez
dvojnasobny. Zvyseny aerodynamicky odpor
vyzaduje vice energie pro pohon vlaku, coz
muze ovlivnit U¢innost a ndklady na provoz [7,
81.

A dalsim nezanedbatelnym faktem je, ze pfi
vyssich rychlostech pojezdu vlakovych sou-
prav se zvySuje riziko nehod zpUsobenych pre-
kazkami na trati, pfipadné technickymi zava-
dami vozidel nebo kolejové jizdna drahy [9, 10].

vs

Popis mérici kampané

Ve dnech 23.—26. fijna 2023 probihala rozsah-
la méfici kampan na vybranych dsecich IV. ze-
lezni¢niho koridoru. Testovaci jizdy se usku-
te¢nily na nové vybudovanych tratovych Use-
cich Sobéslav — Doubi u Tabora a Sudoméfice
u Tabora — Votice. Pfi rychlostech v rozsahu
od 160 km/h do 200 km/h (po 10 km/h) bylo
meéfeno a analyzovano chovani mostnich
konstrukci, tlakové zmeény uvnitf a vné zku-
Sebni soupravy pfi prdjezdu tunelem z ddvo-
du sledovani vlivu na komfort cestujicich, ae-
rodynamické zmeény na nastupisti s ohledem
na zajisténi bezpecnosti, pldsobeni na zemni
téleso drahy a jeho okoli i zavislost hlukové-
ho zatizeni pfi stoupajici rychlosti. Zkousky
byly naplanovany tak, aby mély minimalini vliv
na jizdy pravidelnych vlak(. Na zkouskéach se
podilely kromé spravy zeleznic a Vyzkumné-
ho Ustavu kolejovych vozidel také dvé vysoké
skoly CVUT Praha a VUT v Brné. Cilem bylo
vytvofeni inovativnich pfistupd a technic-
kych podminek pro zvysovani rychlosti na
konvencnich tratich Spravy zZeleznic, ale také
pfi, pfipraveé stavby vysokorychlostnich trati
v Ceské republice.

Autorsky kolektiv se na této kampani podilel
meérenim a analyzou dynamickych jevi na ko-
lejovém rostu a na nastupisti. Soucasné bylo
provedeno meéfeni a analyza aerodynamic-
kych dcinkl na osoby a véci na nastupisti.
Vlastni méfeni se realizovalo v zastavce My-
slkovice s mistem méfeni ve staniceni 67,860
km viz. obr. 1. Zde je vybudovano nastupisté
typu L s konzolovou deskou lomenou dle VL
/8 4.3. Zastavka je v mirném zafezu. Délka na-
stupisté je 90 m. Podotknéme, ze pro potfeby
meéreni byla pouzita vlakova souprava sesta-
vajici z lokomotivy fady 383 Vectron od firmy
Siemens a dvou vozU WRmz 817 a Bmz.
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Fig. 1 View of the Myslkovice stop platform

The description of the measuring device

The 64-channel measuring unit Sirius from
Dewesoft was used to record the signals. The
measuring station was also equipped with a
camping table and a chair. Its location was re-
alized at a safe distance from the edge of the
platform. At the same time, the movement of
passengers on the platforms was also taken
into account. The pressure sensors were placed
outside the passage section in the safety belt of
the platform. The position of pressure sensors
P1to P4 type M370 from Microtech GEFELL was
chosen according to the CSN EN 14067-4+A1
standard. The sensors were placed at a distance
of 2.50 m from the track axis. A total of 4 sensors
placed at heights of 1.50 m, 1.80 m, 2.10 m and
2.40 m above the top of the rail head were used.
The sensors were mounted in a tripod, which
was anchored against movement to a Tisher
AZB 10-19 block. At the same time, the flow was
measured using an ultrasonic anemometer.

Two three-axis vibration sensors of type
4524B001 were placed on the rail grid in posi-
tions on the rail (A1) and the sleeper near the rail
attachment (A2). Another two three-axis sen-
sors were placed on the platform of the stop.
The first one was placed at a distance of 3 m
from the track axis on the cantilevered plate of
the given platform (A3). The second accelerom-
eter was placed again at a distance of 3 m from

Hyslkovice

Obr. 1 Pohled na ndstupisté zastavky Myslkovice

Popis mériciho zarizeni

Pro zdznam signall byla pouzita 64 kanéalova
meéfici Ustfedna Sirius od spole¢nosti Dewe-
soft. Méfici stanovisté bylo dale vybaveno
kempingovym stolkem a zidli. Jeho umisténi
bylo realizovano v bezpecné vzdalenosti od
hrany nastupisté. Soucasné byl zohlednén
i pohyb cestujicich na nastupistich. Tlakové
snimace byly umistény mimo prijezdny prd-
fez v bezpecnostnim pasu nastupisté. Polo-
ha tlakovych sensorl P1 az P4 typu M370 od
spolecnostj Microtech GEFELL byla zvolena
dle normy CSN EN 14067-4+A1. Snimace byly
umistény ve vzdalenosti 2,50 m od osy koleje.
Celkem byly pouzity 4 snimace umisténé ve
vyskach 1,50 m, 1,80 m, 210 m a 2,40 m nad
temenem hlavy kolejnice. Snimace byly uchy-
ceny ve stativu a ten byl ukotven proti pohy-
bu k tvarnici Tisher AZB 10-19. Soucasneg bylo
provedeno méfeni proudéni pomoci ultrazvu-
kového anemometru.

Dva tfiosé snimace vibraci typu 4524B001
byly umistény na kolejovém rostu v pozicich
na kolejnici (A1) a prazci v blizkosti kolejnico-
vého upevnéni (A2). DalSi dva tfiosé snimace
byly umistény na nastupisti zastavky. Prvni
byl umistén ve vzdalenosti 3 m od osy koleje
na konzolové desce lomené daného nastupi-
Steé (A3) Druhy akcelerometr byl umistén opét
ve vzdalenosti 3 m od osy koleje na Zelezo-
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the track axis on a reinforced concrete wall (A4).
The location of the accelerometers is based on
the BUT internal methodology [11]. Both acceler-
ometers were from Bruel&Kjaer and were type
4506B003. All accelerometers used were an-
chored in pads glued to the measured surface.

It should be noted that the passage of the test
set was monitored by an Olympus high-speed
camera. Its launch was synchronized with the
launch of the measuring unit. For the purpose
of studying the air flow, smokestacks located
on the edge of the safety belt 3.0 m from the
track axis were used. Meteorological condi-
tions (air temperature, air pressure, air humid-
ity, wind speed, wind direction) were recorded
as part of the measurement campaign. The
acquired data were recorded in accordance
with the ISO 8756 standard.

Note that Fig. 2, Fig. 3, Fig. 4 document both the
measuring station and the position of the individ-
ual sensors. In the picture Fig. 2 is a view of the
measuring workplace. Image Fig. 3 then shows
the location of the vibration sensors on the rail top,
picture Fig. 4 document the position of the vibra-
tion sensors on the platform. Note that the direc-
tion of travel of the train is indicated by the symbol
X, the transverse direction by the symbol Y and
the direction perpendicular to the ground by Z.

betonové zidce (A4). Umisténi akcelerometrU
vychazi z interni metodiky VUT [11]. Oba ak-
celerometry byly od spolecnosti Bruel&Kjaer
a byly typu 4506B003. VSechny pouzité akce-
lerometry byly ukotveny v podlozkach nalepe-
nych na meérfeny povrch.

Podotknéme, Ze prUjezd zkuSebni soupra-
vy byl monitorovan rychlobéznou kamerou
Olympus. Jeji spusténi bylo synchronizovano
se spusténim mefici ustfedny. Pro ucely stu-
dia proudéni vzduchu byly vyuzity dymovnice
umisténych na hrané bezpecnostniho pasu
3,0 m od osy koleje. V ramci méfici kampané
byly zaznamenavany meteorologické pod-
minky (teplota vzduchu, tlak vzduchu, vzdus-
na vlhkost, rychlost vétru, smér vetru). Pofi-
zené Udaje byly zaznamenavany v souladu
s normou ISO 8756.

Podotknéme, ze Obr. 2, Obr. 3, Obr. 4 do-
kumentuji jak méfici stanovisté, tak polo-
hu jednotlivych sensor(. Na obrazku Obr.
2 je pohled na méfici pracoviste. Obrazek
Obr. 3 pak ukazuje umisténi snimacl vibraci
na kolejovém svrsku, obrdzek Obr. 4 doku-
mentuji polohu snimacu vibraci na nastupisti.
Podotknéme, ze smér pojezdu vlaku je ozna-
¢en symbolem X, pficny smér symbolem Y
a smeér kolmy k zemi Z.

Fig. 2 General view of the measuring workplace
and pressure sensors

Obr. 2 Celkovy pohled na métici pracovisté i sni-
mace tlaku
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Fig. 3 The location of vibration acceleration sen-
sors on the rail grid

Obr. 3 Umisténi snimacu zrychleni kmitdni na
kolejovém rostu

Fig. 4 The placement of vibration acceleration
sensors on the platform

The selection of methods and quantities to
evaluate measurements

The analysis of the measured data obtained as
part of the measurement campaign was car-
ried out in accordance with the terms of refer-
ence and the measurement objectives using
the following methods and parameters [12]:

Obr. 4 Umisténi snimacu zrychleni kmitdni na
ndstupisti

Vybér metod a veli€¢in k hodnoceni méreni

Analyza namerenych dat ziskanych v ram-
ci méfici kampaneé byla provedena v souladu
s podminkami zadani i cili méreni nasledujici-
mi metodami a parametry [12]:
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1. Time display of vibration acceleration and
pressure wave, including calculation of
minimum and maximum values

2. The level of the RMS value of the oscilla-
tion acceleration

3. Frequency analysis of the measured data
in the form of an amplitude spectrum (for
the transition from the time domain to the
frequency domain, the fast Fourier trans-
formation algorithm was used)

The passage of each train set was also cap-
tured by an attached high-speed camera for
easier definition of the time interval for calcu-
lating the RMS acceleration level. Its location
was in the axis of the accelerometers and it
was systemically connected to the measur-
ing hardware and software. It should be noted
that at the same time, the motion behaviour
of the baby carriage and other objects locat-
ed on the platform of the stop near the safety
lane was analysed from the recording from
the high-speed camera. At the same time, the
course of the pressure waves from the tested
set was monitored from the records obtained
when the smokestacks was lit.

Next, the mathematical definitions of the indi-
vidual parameters used to compare both con-
structions are briefly summarized. The effec-
tive value of the acceleration is defined by the
relation

a = (2l @@ at s O

where a(t) is the instantaneous value of the
acceleration and T is the time for which the
effective value of the acceleration needs to
be determined, i.e. the time of passage of the
train set in front of the evaluated construc-
tion. From the effective value of the accelera-
tion, it is possible to calculate the level of the
effective value of the acceleration according
to the relationship

a,
L,, =20log— [dB],

a

where a_ is the effective value of acceleration
and a_ 1S the reference level of acceleration
(10-° mes?). For the purpose of comparing the
measured data in this article, the total a , val-
ue was calculated as the sum of the reslting

(2)

1. Casové zobrazeni zrychleni kmitani a tla-
kové viny v€etné odpoctu minimalnich
a maximalnich hodnot

2. Hladina efektivni hodnoty zrychleni kmitani

3. Frekvencni analyza nameéfenych dat for-
mou amplitudového spektra (pro pfechod
z Casoveé do frekvencni oblasti byl pouzit al-
goritmus rychlé Fourierovy transformace)

Prljezd kazdé vlakové soupravy byl také sni-
man pfipojenou rychlobéznou kamerou pro
snazsi definici ¢asového intervalu pro vypo-
Cet hladiny efektivni hodnoty zrychleni. Jeji
umisténi bylo v ose akcelerometrl a systé-
moveé byla propojena s meficim hardware
a software. Podotknéme, ze zaroven bylo ze
zaznamu z rychlobézné kamery analyzovano
pohybové chovani détského kocarku a dalsich
predmétd umisténych na ndstupisti zastavky
v blizkosti bezpecnostniho pruhu. Soucasné
byly ze ziskanych zdznamuU pfi zapalené dy-
movnici sledovany prabéhy tlakovych vin od
testované soupravy.

Dale jsou struc¢né shrnuty matematické defi-
nice jednotlivych parametrld pouzitych ke
srovnani obou konstrukci. Efektivni hodnota
zrychleni je definovana vztahem

Ao = \/% fOT a?(t) - dt [m-s?] (1)

kde a(t) je okamzita hodnota zrychleni a T je
doba, pro kterou je potfeba urcit efektivni
hodnotu zrychleni, tedy doba prijezdu vlako-
vé soupravy pred hodnocenou stavbou.
Z efektivni hodnoty zrychleni je mozné vypo-
Citat hladinu efektivni hodnoty zrychleni dle
vztahu

a,
L, , =20log— [dB],

0 (2)

kde a, je efektivni hodnota zrychleni a qa, je
referenéni hladina zrychleni (10 mes 2).
Pro potfeby srovnani namérenych dat v tomto
prlspevku byla celkova hodnota a_ vypoctena
jako soucet vyslednych efektivnich hodnot
zrychleninaméfenych v jednotlivych smérech
X,Y aZdlevzorce.
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effective acceleration values measured in the
individual X, Y and Z directions according to
the formula

Aef = \/agf,X +tazy +az; ©

The acceleration frequency spectra were cal-
culated by applying the Fourier transform ac-
cording to the relation,

AS,(f) = Ta(t)-e’jz’ﬁ di, )

—0

where fis the frequency, t the time, a(f)the
acceleration course in the time domain and
AS (f) its representation in the frequency do-
main, j represents an imaginary unit.

The evaluation of measurements

For the needs of this contribution, the meas-
ured data were processed into table and
graphs.ltshouldbenotedthatduetothelimita-
tion of the scope of the article, the graphs were
made only from data obtained from the pas-
sage of the train set at speeds of 160 km/h and
200 km/h.

Aef = \[agf.x + agf,y + agfz (3)

Frekvencni spektra zrychleni byla vypocitana
aplikaci Fourierovy transformace dle vztahu,

45,00 = Jato-e "

—0

(4)

kde fje frekvence, t Cas, a(t) pribéh zrychle-
ni v &asové oblasti a AS, (f) jeho reprezentace
ve frekvenc¢ni oblasti jpredstaVUJe imaginarni
jednotku.

Vyhodnoceni méreni

Pro potfeby tohoto pfispévku byly zpracovany
nameérend data do tabulek a graft. Podotkné-
me, Zze z dlUvodu omezeni rozsahu c¢lanku
byly grafy vyhotoveny pouze z dat ziska-
nych z prujezdu vlakové soupravy rychlostmi
160 km/h a 200 km/h.

L [dB]
Travel speed/ Rychlost pojezdu [km/h] | Rail/Kolejnice | Sleeper/Prazec | Platform 1/Nastupisté 1 | Platform 2/ Nastupisté 2
160 137 129 100 100
180 143 135 102 100
190 145 135 104 102
200 146 136 105 102

Tab. 1 The acceleration level at different sensor
positions and at different train speeds

From the attached table, it is clear that, ac-
cording to the assumption, the highest values
of the acceleration level L, were achieved on
the superstructure. And fhe calculated val-
ues for the sensor on the rail compared to the
sleeper are about 8 dB to 10 dB higher. This
factis evident at all driving speeds. Let's note
that the calculated values on the track sur-
face are not extreme.

Tab. 1 Hladina zrychleni na riiznych pozicich
snimacti a pri ruznych rychlostech vlakii.

Z pfilozené tabulky je zfejmé, ze dle pfedpo-
kladu nejvyssich hodnot hladiny zrychleni L ot
bylo dosazeno na kolejovém svrsku. Pricem?
vypoctené hodnoty pro senzor na kolejnici
oproti prazci jsou o cca 8 dB az 10 dB vyssi.
Tato skutecnost je zfejma pfi vSech rychlos-
tech pojezdu. Poznamenejme, Ze vypoctené
hodnoty na kolejovém svrsku nejsou nijak ex-
tremni.
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The calculated values on the platform are sig-
nificantly lower compared to the track sur-
face. At the same time, the fact that the val-
ues on the platform are almost comparable
for the individual travel speeds of the train
also applies. There is no need to worry about
significant extremes and therefore increased
damage to the platform of the stop for higher
travel speeds.

A moving train set causes pressure chang-
es near the track that affect nearby objects
and people. The pressure field moves along
with the train. Therefore, the pressure p will
vary with time at a stationary point next to the
track. The largest pressure change is usually
caused by the passage of the front of the train
set. We can see this fact from the graphin Fig.
5 and Fig. 6 in all four sensor positions. Oth-
er places where significant pressure chang-
es occur are at the end of the train set and at
the coupling level of individual cars. During
the passage, the pressure first increases to
a positive peak value and quickly drops to a
negative peak value. A very important param-
eter is the pressure difference between peak
values. It depends on the shape of the face of
the set. The time between peak pressure val-
ues corresponds to the passage of the front
of the train along the given track.

Vypoctené hodnoty na nastupisti jsou pod-
statné nizsi oproti kolejovému svrsku. Zaro-
ven plati skutec¢nost, ze hodnoty na nastupisti
jsou témer srovnatelné pro jednotlivé rych-
losti pojezdu soupravy. Neni tfeba se obavat
vyraznych extrému a tedy i zvySeného posko-
zovani nastupisté zastavky pro vyssi rychlost
pojezdu.

Pohybuijici se vlakova souprava vyvolava tla-
kové zmény v blizkosti koleje, které pusobi na
blizké objekty a osoby. Tlakové pole postupu-
je spolu s vlakem. Proto se bude tlak p ménit
v Case ve stacionarnim bodé vedle koleje. Nej-
vétsi tlakovéd zména je obvykle vyvolana pri-
jezdem Cela vlakové soupravy. Tuto skutec-
nost mUzeme vidét z grafu na obréazcich Obr.
5 a Obr. 6 ve vSech Ctyfech pozicich snimacu.
Dalsi mista, kde se vyskytuji vyznamné tlako-
vé zmeny, jsou na konci vlakové soupravy a na
Urovni sprazeni jednotlivych vozU. Pfi prdjez-
du se nejdfive tlak zvysi na kladnou spic¢kovou
hodnotu a rychle klesne na zapornou Spicko-
vou hodnotu. Velmi dUlezitym parametrem je
rozdil tlaku mezi Spickovymi hodnotami. Ten
zavisi na tvaru ¢ela soupravy. Doba mezi Spic-
kovymi hodnotami tlaku odpovidd prdjezdu
Cela vlaku po dané draze.

Testovana vlakova souprava, V=160 Km/h / Tested train set, V=160 Km/h
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Testovana vlakova souprava, V=200 Km/h / Tested train set, V=200 Km/h

Snimac P1 lSensor P1

180 .

p [Pa]
o

B i YR L

180 | | I |
0

0.25 0.5 0.75 1 1.25 15 175 2 225

90
PN, SV N
-90
3.25

Snimaé P2 l Sensor P2

2.5 2.75 3 3.5 3.75 4 425 4.5 4.75 5

120 T T T T
60 —

p[Pa]
o

-60 —
120 \ ! 1 ! ! !
0

0.25 05 0.75 1 125 15 225

Snimac P3 / Sensor P3

25 275 3 3.75 4 425 45 475 5

120 T T T

p [Pa]
o

120 | 1 \
0

T T T
60
M‘,\,J‘\WM-W_WM
.60 — -
\ l 1

Snimac P4 l Sensor P4

35 4 45 5

150 ‘ T

p [Pa]
[=]

-150 : !
0

Fig. 6 Time characteristics of pressure, passage of
a train set at a speed of 200 km/h

Note that the pressure difference between
the peaks is approximately proportional to the
square of the train speed. From the picture Fig.
5 and Fig. 6, it can be seen that higher pres-
sure changes were achieved for all sensors at
the speed of the train set moving at a speed of
200 Km/h. Let us note, however, that evenif the
pressure values from the train set at a speed
of 200 km/h are sometimes significantly high-
er, the evaluation of all the tests performed has
shown that it is safe behind the safety strip for
both standing objects and passengers.

In the next part, a comparison of the acceler-
ation time courses at the individual measured
locations and their frequency spectra for two
travel speeds of the test train transport is pre-
sented. Note that the vertical direction (Z) was
chosen due to the limited number of pages.
For the longitudinal direction X and the trans-
verse direction Y, lower values were achieved
in the case of both presented travel speeds.
Both two images are made up of two types of
graphs. On the left side are the time courses
of oscillation acceleration obtained from indi-
vidual sensors, on the right side are the corre-
sponding courses of their amplitude spectra.

It can be seen from the left graphs that the max-
imum acceleration values on the rail and sleep-
er are higher when traveling at a speed of 200
km/h (Fig. 8) than at a speed of 160 km/h (Fig.
7). However, the vibrations at both points of the
platform are essentially comparable at both
travel speeds. Thus, the transmission of waves

75
A\/\MJ\/—MW,WWWWMW S
75

5
t [51

Obr. 6 Casové charakteristiky tlaku, prijjezd via-
kové soupravy rychlosti 200 km/h

Podotknéme, ze rozdil tlaku mezi Spickami
je pfiblizné umeérny druhé mocniné rychlosti
vlaku. Z obrazku Obr. 5 a Obr. 6 je patrng, ze
vyssich zmén tlaku bylo dosazeno u vsech
snimacul pfi rychlosti viakové soupravy jedou-
ci rychlosti 200 Km/h. Poznamenejme vsak,
ze i kdyz jsou hodnoty tlaku od viakové sou-
pravy pfi rychlosti 200 Km/h nékdy vyrazné
vys$Si, vyhodnoceni vSech provedenych testd
prokazalo, ze za bezpecnostnim pruhem je jak
pro stojici predmeéty, tak pro cestujici bezpec-
no.

V dalsi ¢asti je uvedeno srovnani ¢asovych
prabéhd zrychleni na jednotlivych méfenych
mistech a jejich frekvenénich spekter pro
dvé rychlosti pojezdu zkusebni vlakové do-
pravy. Podotknéme, ze byl vybran svisly smer
(Z) z ddvodu omezeného poctu stran. U po-
délného smeéru X a pficného smeéru Y bylo
v pfipadé obou prezentovanych rychlosti po-
jezdu dosazeno nizsich hodnot. Oba dva ob-
razky jsou tvoreny dvéma typy grafd. Na levé
strané jsou ¢asové prubéhy zrychleni kmita-
ni ziskané od jednotlivych snimacu, na pravé
strané pak jsou odpovidajici prlibéhy jejich
amplitudovych spekter.

Zlevych grafl je patrné, Zze maximalnihodnoty
zrychleni na kolejnici a prazci jsou pfi pojezdu
rychlosti 200 km/h (Obr. 8) vyssi nez u rych-
losti 160 km/h (obr. 7). OvSem vibrace v obou
bodech ndastupisté jsou v obou pojezdovych
rychlostech v podstaté srovnatelné. Tedy,
pfenos vinéni z traté na plochu nastupisté
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from the track to the platform surface is equally
damped in both cases of travel. The amplitude
spectra have a similar course for both speeds.
Higher values of the spectrum, as expected,
were achieved again in the case of the track top
at a speed of 200 km/h. It should be noted that
the comparison shows that there was no signif-
icant increase in the vibration level.

je v obou pfipadech pojezdu stejné tlumen.
Amplitudova spektra maji pro obé rychlosti
podobny pribéh. Vyssich hodnot spektra dle
pfedpokladu bylo dosazeno opét v pfipadé
kolejového svrsku pfi rychlosti 200 Km/h. Po-
dotknéme, ze ze srovnani vyplyva, ze nedoslo
k nijak vyraznému ndrdstu Urovné vibraci.

Testovana vlakova souprava, V=160 Km/h / Tested train set, V=160 Km/h
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Fig. 7 Time and frequency characteristics of acceler-
ation, passage of a train set at a speed of 160 km/h,
direction Z
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Testovana vlakova souprava, V=200 Km/h / Tested train set, V=200 Km/h
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The conclusions

Dynamic effects acting on the superstructure
of railway tracks are a key aspect not only for
the design and construction of railway infra-
structure, but also play an important role in
their maintenance. These events include the
interaction between train sets with the railway
track, further vibration and dynamic loads
caused by different types of train sets. The
operation of trains at speeds above 160 km/h
requires a thorough understanding of the dy-
namic phenomena taking place on the tracks
of the railway network. The paper presents
the conclusions from the measurements and
analyses carried out, especially for research-
ers and experts involved in the design, main-
tenance and operation of railway infrastruc-
ture at speeds above 160 km/h.

On the basis of the performed analyses, it is
possible to state that the used methodolo-
gy provides good results and conclusions.
Measured and calculated quantities are char-
acterized by sufficient accuracy and telling
ability. The used means of time and frequen-
cy signal analysis contributed very well to
the high-quality processing of the measured
data.

The obtained results proved that in the tested
section, which was previously reconstructed,
an increase in travel speed from the current
maximum operating speed of 160 km/h to 200
km/h is possible without any problem on the
given railway track and its surroundings. It
should be noted that thanks to this measure-
ment campaign, important information was
obtained for the further development of our
railway network for gradually increasing the
operating speed of selected train sets up to a
speed of 200 km/h. The obtained results will
be further used to build and calibrate dynam-
ic and aerodynamic models.
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Zaveéry

Dynamické ucinky plsobici na svrsek zZelez-
ni¢nich tratijsouklicovym aspektem nejen pro
projektovani a vystavbu zelezni¢ni infrastruk-
tury, ale také hraji dalezitou roli pfi jejich udrz-
bé. Tyto déje zahrnuji interakci mezi vliakovy-
mi soupravami s zelezni¢ni trati, dale vibracni
a dynamickeé zatizeni zplsobené rlznymitypy
vlakovych souprav. Provoz viakd pfi rychlos-
tech nad 160 km/h vyZaduje ddkladné pocho-
penidynamickychjevl probihajicich natratich
zeleznicni sité. Prispévek prezentuje zavéry
z provedenych meéfeni a analyz zejména pro
vyzkumniky a odborniky zabyvajici se projek-
tovanim, udrzbou a provozem Zelezniéni in-
frastruktury pfi rychlostech nad 160 km/h.

Na zdakladé provedenych analyz je mozné
konstatovat, ze pouzitd metodika poskytuje
dobré vysledky a zavéry. Méfené a vypocitané
veli¢iny se vyznacuji dostatecnou presnosti
a vypovidajici schopnosti. Ke kvalitnimu zpra-
covani naméfenych dat velmi dobre pfispély
pouzité prostfedky casové a frekvencni sig-
nalové analyzy.

Ziskané vysledky prokazaly, Ze v testovaném
useku, ktery byl dfive rekonstruovan, je zvy-
seni rychlosti pojezdu ze souc¢asné maximalni
provozni rychlosti 160 Km/h na 200 Km/h na
daném Zzelezni¢nim svrsku i v jeho okoli bez
problému mozné. Podotknéme, Ze diky této
meérici kampani byly ziskadny dulezité infor-
mace pro dalSi rozvoj nasi zeleznicni sité pro
postupné zvysovani provozni rychlosti vybra-
nych vlakovych souprav az do rychlosti 200
Km/h. Ziskané vysledky budou dale vyuzity
k sestaveni a kalibraci dynamickych a aero-
dynamickych modeld.
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