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DYNAMICKE CHOVANIE ZELEZNICNE] TRATE -

EXPERIMENTALNE MERANIA

DYNAMIC BEHAVIOUR OF RAILWAY TRACK - EXPERIMENTAL MEASUREMENTS

Prispevok je venovany dynamickym meraniam konstrukcie trate
zataZenej prevddzkovym zatazenim a strucne prezentuje niektoré expe-
rimentdlne postupy hodnotenia dynamického chovania trate. Vertikdlne
kmitanie kolajnic, podvalov a povrchu Strkového l6zka vo vzdialenosti
1 m od kolajnic, ako aj meranie dynamickej interakcnej sily kolaj-
nice/podval su analyzované v ¢asovej aj frekvencnej oblasti. Ziskané
wsledky davaju uzitocné informdcie a udaje o dynamickej reakcii
kolajového rostu zatazeného pri prejazde viakov.

1. Uvod

Dynamicka reakcia konstrukcie trate je stale studovana v teo-
retickej aj experimentalnej oblasti ako prioritny problém mechaniky
Zeleznicnej trate, najméd s ohladom na zvySovanie prevadzkovych
rychlosti a zaistenie vysokej spolahlivosti sustavy pohybujuce sa
vozidlo - trat. NavySe pristupuju aj dalSie poziadavky, ako napriklad
podmienky kladené na stabilitu trate, udrzbu, presnost geometric-
kej polohy trate, resp. prenos vibracii a hluku do okolia trati. Jednym
z vyskumnych cielov Katedry stavebnej mechaniky SvF v tejto
oblasti je rozvoj metod hodnotenia dynamickych vlastnosti a dyna-
mického chovania konStrukcie trate, ktoré su zamerané najma na
klasicku konStrukciu trate ulozenu v Strkovom 16zku. V tomto duchu
bol spracovany aj program teoretickych a experimentalnych prac
zameranych na dynamicku interakciu vozidlo/trat, ktory zahfna:

« Rozvoj teoretickych vypoctovych modelov interakcie vozidlo -
- trat.

« Pocitacové simulacie a vypocCty sustredené na predpoved para-
metrov dynamickej odozvy trate - deformacie a napitost kom-
ponentov kolajového rostu a podlozia.

« Experimentalne meranie parametrov odozvy trate.

« Statické a dynamické testovanie komponentov trate - podvalov,
systémov pruzného upevnenia, pruznych podloziek, interakcie
podval - Strkové 16zko a pod.

Program experimentalnych merani je zamerany na:

« Vysetrovanie dynamického chovania komponentov trate (kolaj-
nic, podvalov, strkového 16Zka) v prevadzkovych podmienkach
zataZenia trate.

* Prof. Ing. Milan Moravc¢ik, CSc.

The objective of the paper is devoted to in situ dynamic measure-
ments on the track structure under traffic and briefly to present some
experimental approaches in order to appreciate the dynamic behaviour
of the track structure. The vertical vibration of rails, sleepers and free
ballast field at a distance of Im from the track and the direct dynamic
interaction force the rail / the sleeper were measured and analysed in
the time and frequency domain. Received results can give many useful
indications concerning the assessing of the superstructure dynamic
behaviour.

1. Introduction.

The dynamic behaviour of the railway track structure is still
studied both theoretically and experimentally as a primary problem
of the track mechanics, in particular because of increasing the
train speed and assuring the high reliability of the system vehicle
- track. Sometimes operational conditions, e.g. conditions in main-
lines, impose special requirements for stability of tracks, for main-
tenance, for positioning accuracy, for vibration transmission or
noise radiation to the surroundings which should be accepted. The
dynamic behaviour of railway tracks is directly related to most of
these items. One of the research goals of the Department of Struc-
tural Mechanics in this field is development of suitable methods
for the evaluation of dynamic properties and the dynamic behav-
iours of the track structure focused on the conventional ballasted
track. With this purpose the program of theoretical and experimen-
tal works studying the interaction dynamic problems of the vehicle
- track, with focuse on the track and the dynamic behaviour of track,
has been undertaken in our workplace. Generally, this program com-
prises:

« Development of theoretical and mathematical models for inter-
action problems of the vehicle and the track.

o Computer simulation and calculations to predict dynamic re-
sponse parameters - deformations and stresses in the super-
structure and in the substructure.

« In situ measurements of response parameters of the track struc-
ture.

« Static and dynamic tests for the track structure components -
sleepers, fastening systems, resilient pads, the sleeper - ballast
interaction, etc.
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« Porovnanie dynamickej reakcie trate na betonovych a drevenych
podvaloch.

« Hodnotenie zmien v dynamickej reakcii trate ako dosledku cel-
kového zatazenia trate, prevadzkovej rychlosti a pod.

« Testovanie trate na razového zataZenie.

Tento prispevok je venovany dynamickym meraniam trate
zatazenej v prevadzkovych podmienkach a strucnej prezentacii
pristupov rieSenia a hodnotenia dynamickej reakcie trate.

2. Dynamické merania in situ

Dynamicka odozva trate je vySetrovana pre typické usporia-
danie konstrukcii trate, pre charakteristické skladby vlakov a cha-
rakteristické sekcie trate:

« priame tratové tseky so zvaranymi kolajnicovymi pasmi mimo
zvarov a pri zvaroch kolajnic,

« v obltikoch,

« na vyhybkach.

Experimentalne merania prezentované v tomto prispevku st
venované meraniu v priamych tratovych tsekoch na hlavne;j trati
Zilina - Kosice v 331,7 km (usek Teplicka).

Trat

Merania sa uskutoc¢nili na klasickej konstrukcii trate so Strko-
vym 16zkom. Zvarané kolajnicové pasy UIC 60 s hmotnostou
m, = 60 kg/m a momentom zotrvacnosti I, = 0,3038.104 m* su
upevnené na betonovych podvaloch typu SB 8, s dizkou 2,42 m,
Sirkou 0,28 m, vySkou # = 0,20 m a hmotnostou m, = 272 kg.
Kolajnice su pripevnené k podvalom podkladnicovym systémom
zvierkami ZS 4 a pruznymi podlozkami hrubky ¢ = 0,01 m pod
kolajnicou.

Viaky

Merany usek bol zatazovany prevadzkovym zatazenim - osob-
nymi a nakladnymi vlakmi. Typické zostavy prechadzajicich vlakov
zahrnujice lokomotivu a osobné, resp. nakladné vagony su znazor-
nené na obr. 1. Schémy lokomotiv pre osobné a nakladné vlaky su
ukazané na obr. 2. Rychlost osobnych vlakov v meranom priamom
useku bola 90 km/h + 140 km/h. Rychlost nakladnych vlakov sa
pohybovala od 40 km/h + 70 km/h. Lokomotivy osobnych vlakov
(typy L350, L162, L163, L150, L363) st ulozené na dvoch podvoz-
koch. Lokomotivy nakladnych vlakov su typu 2 X L131 (2 X 85t),
L182 (851t), L183 (851t), L121 (88t) a L363 (87 t).

Zakladné charakteristiky lokomotiv a vagénov osobnych vlakov
- celkova dizka L,, vzdialenost podvozkov L,, vzdialenost naprav
L,, celkovd hmotnost vozidiel M, a hmotnost pripadajuca na 1
napravu M, si sumarizované v tab. 1.

3. Meracia zostava

Experimentalne meranie bolo sustredené na identifikaciu dyna-
mickej odozvy komponentov trate od ucinkov dopravy:

The programme of experimental measurements aimed to:

« Investigation the dynamic behaviour of track components (rails,
sleepers, ballast bed) for the dynamic track loading in opera-
tional conditions.

« Comparison of the dynamic behaviour of the track structure for
the track on concrete sleepers and on wooden sleepers.

« Investigation of changes in the dynamic behaviour of the track
structure as a function of load tonnage, train speed, etc.

« Impact of loading tests of the track structure.

This paper is devoted to in situ dynamic measurements on the
track structure under traffic and briefly presents some experi-
mental approaches in order to appreciate the dynamic behaviour
of the track structure.

2. In situ dynamic measurements

The dynamic response of the track is experimentally measured
for a typical arrangement of track structures, for some typical con-
figuration of passage trains and for characteristic track sections:
« straight sections out of rail welds and near welds,

« in curve sections,
« in turnouts.

Experimental measurements presented in this paper corre-
spond to in situ measurements at the straight section of the main
line Zilina - Kosice in 331.7 km (in site Teplicka).

The track

Measurements were performed on the conventional ballast
track in the section of straight track. Continuously welded UIC 60
rails with a mass per unit length of m, = 60 kg/m and a moment
of inertia I, = 0.3038.10~* m* are fixed on the concrete monoblock
sleepers of the type SB 8 with a length / = 2.42 m, a width
b =10.28 m, a high # = 0.20 m, and a mass m, = 272 kg. The rails
were fastened to the sleepers with steel baseplates and clip bolts
ZS 4. Flexible rail pads with thickness r = 0.01 m were placed
under the rail.

The trains

The measured line was loaded in operational conditions by pas-
senger trains and freight trains. The typical configuration of passage
trains, consisting of a locomotive and carriages or wagons is shown
in Fig. 1. Schemes of locomotives for passenger trains and freight
trains are shown in Fig. 2. The speed of passenger trains in the
measured section varied between 90 km/h =+ 140 km/h. The
speed of the freight trains varied between 40 km/h =~ 70 km/h.
The locomotives of passenger trains (types L350, L162, L163,
L150, L363) are supported by 2 bogies. The locomotives of freight
trains are of 2 X L131 (2 X 851t), L182 (85t) and L183 (85t)
and L121 (88 t), L363 (87 t) types.

The basic characteristics of locomotives and carriages for the
coaching traffic - the carriage total length L,, the distance between
bogies L,, the axle distance L,, the total masse M, and axle
masses M, are summarised in Table 1.

46 + KOMUNIKACIE / COMMUNICATIONS 3/2002



PASSANGER TRAIN
L3501/87 61

KOMNIKOCIe

C O M M UNICATI ON:S

Bte/34t « LOAD
L- 350

/w LW

\\l’/\]/j l+| \\,/)\\]U

\wu Wl WAl LJ

78

14,8 2.6], ’[,zeL 14.8 ,J&GL

17,24 m 24,5m

24,5m L 24.5m L

[ 32 2.6 %, 8 26
E

FREIGHT TRAIN
L 131/85t + 85t

AT

L3

AL

WMy . W

[ 32| Lo 132 32] 097 |32 6.0

17,27 m 17.27m 10,58m

Rerorad)

559,

15,7 m

bl

15,76 m 16,0 m

Obr. 1. Typickd zostava osobného a ndkladného viaku

Fig. 1. A typical configuration of a passenger train and a freight train

Scheme of locomotives

¢ Passenger trains

E183/85t, £ 152 /85¢

e Freight trains

E121/88¢
10.6¢ 0.6t 10,6t 10.5t 4 115? 71 Ot 1'!.0! 17,9\
L J NN
S PNV R YN Y, VRVERVEY
320 | 510 L 320 1 \ ‘ | l
J 830 E L33 ) 4se L o3moi |
i 1680 m ‘. Y 1604 m |
E 150/87t E 131/85t * 85t
5
10,86t 10681 1088t 10861 10,6t 10,6t 1051 061 H :[s/t fﬁ 105» \L«
YEREY, \ / \L v/ W
|
l Ja0 ] s0 s | Lwo | o ],320# I lan] wo  |am) '
] 1674 | 9 1727 17, 27
£ 350/87.6t E182/120t, E183/120 ¢
‘7/ 1ot Mot 10t Ot \’ )7/10 0t 0.0t 0.0t 10,0t 1001 10.%
b b Ll L
| Joem) osw L) l lﬂlu;.__l
17.26m , a2 m

Obr. 2. Schéma lokomotiv pre osobné a ndkladné viaky

Fig. 2. Scheme locomotives for

Vertikalne kmitanie kolajnic, podvalov a povrchu Strkového
16Zka vo vzdialenosti 1 m od trate. Merali sa vertikdlne posuny
w(t) a vertikalne zrychlenia w(7) tychto komponentov. Piezo-
elektrické akcelerometre B&K typu BK 4500 boli nalepované
na kolajnicu a podvaly. Na hodnotenie kmitania Strkového 16zZka
boli pouzité akcelerometre typu BK 8306. Vertikalne posuny
w(t) kolajnic a podvalov boli merané relativnymi snimacmi

passenger trains and freight trains

3. Measurement setup

The measurement focused on the identification of dynamic
response of the track components under traffic:
1. The vertical vibration of rails, sleepers and free ballast field at
a distance of 1 m from the track. They were measured as the
vertical displacement w(¢) and the acceleration w(t) of these

-
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Geometrické a hmotnostné charakteristiky kolajovych vozidiel pre osobnii dopravu na ZSR. Tab. 1
Geometrical and the mass characteristics of vehicles for coaching traffic in ZSR Table 1
Locomotives Axles Length [m] Mass [t]
L, L, L, M, M,
EL 162,163 4 16.80 5.10 3.20 85.0 10.625
EL350 4 17.24 5.10 3.20 87.6 10.950
EL 362,363 4 16.80 5.10 3.20 87.0 10.875
EL 150 4 16.74 5.10 3.20 87.0 10.875
Carriages Axles L, L, L, M, M,
Bte 4 24.5 14.6 2.6 34,0 ~ 44.0 4.25 = 5.50
Bai 4 24.5 14.8 2.4 38.0 + 46.0 4.75 +5.75
Ba 4 24.5 14.7 2.5 39.0 + 47.0 4.80 + 5.80

posunuti typu Bosh umiestenymi na pevne fixovanej meracej
konzole, obr. 3.

2. Dynamické interakéné sily kolajnica - podval Fy_(¢) sa merali
piezoelektrickym snimacom sily typu Kistler, ktory sa vkladal
medzi kolajnicou a podval namiesto vybranej podkladnice, pozri
obr. 3. Vlozeny snimac sily mdZe byt predpinany na zvolené
pritlacenie kolajnice a podvalu.

3. Dynamické pomerné pretvorenie &(¢) kolajnicovych pasov me-
rané pomocou prilozného piezoelektického tenzometra typu
Kistler osadeného na spodnej strane paty kolajnice medzi pod-
valmi.

Merané veliCiny boli zaznamenané ako elektrické signaly pomo-
cou analogovo-digitalneho 16-kanalového konvertora DAS 16 alebo
32-kanalového zaznamového systému Disys a tiez paralelne na
4-kanalovy magnetofon typu BK 7005. Skutocné rychlosti precha-
dzajucich vlakov boli urované zo zaznamov meranych signalov.
A/D prevodnik zaznamenava merané signaly so zvolenou vzorko-
vacou frekvenciou f; priamo do paméte pocitaca. Vzorkovacia frek-
vencia v tychto meraniach hra pritom vyznamnu tlohu najméa
vzhladom na rychlost meranych procesov (razové procesy). Pokial
dominantne frekvenéna skladba kolesovych sil a priehybov kolaj-
nic a podvalov zodpoveda nizkym frekvenciam, frekvenéna skladba
zrychleni tychto pohybov lezi v ovela §irSej oblasti.

Pri meraniach dynamickej odozvy trate sa vzorkovacia frek-
vencia f; voli nasledovne:

a) Pre hodnotenie nizkofrekvencnej odozvy komponentov trate:
f; = 200 Hz.

b) Pre hodnotenie stredne frekvenénej odozvy komponentov trate:
f, =500 + 1000 Hz.

4. Vysledky merani
Merané signaly odozvy trate zaznamenané do paméte pocitaca

pomocou meracich systémov Das alebo Disys, resp. Bk meracieho
magnetofonu sa spracovali aplikaciou modulov analyzy tychto sys-

components. The B&K piezoelectric accelerometers of the
type BK 4500 were glued to the rail and the sleeper. For the
ballast response the BK 8306 seismic accelerometers were
used. The vertical displacements w(¢) of rails and sleepers were
measured by the relative displacement transducers of the Bosh
type mount- ed on the fixed reference datum, see Fig. 3.

2. The direct dynamic interaction force the rail - the sleeper F_g(t)
were measured by a Kistler piezoelectric load cell inserted
between the rail and sleeper placed instead of the removed
baseplate, see Fig. 3. The inserted load cell is prestressed to
the selected value.

3. The direct dynamic strain &(t) of the rail was measured by
a Kistler attached piezoelectric tensiometer mounted on the
rail flange.

The measured quantities were recorded as electrical signals by
means of an analog-digital convector of a 16-channel DAS 16 type,
or the Disys 32 channel system for data acquisitions and they
were recorded in a parallel way with a BK 4-channel tape recorder
of a BK 7005 type. The actual train speed was derived from con-
tinuous records of passage trains. The A/D device records signals
with a chosen sampling frequency f, directly into the computer
memory. In track response measurements the sampling frequency
plays an important role because of speedy processes (impact
processes). While the dominant frequency composition of wheel
forces and deflection of rails and sleepers lie in the low frequency
range, the frequency content of accelerations of these motions lies
in a much wider frequency range.

In our dynamic response measurements the sampling frequency
f; were chosen as follows:

a) For appreciation of the low frequency response of track com-
ponents: f; = 200 Hz

b) For appreciation of the middle frequency response of track
components: f, = 500 Hz + 1000 Hz.

4. Measurement results
Measured signals of the track response recorded and stored

on the disk in Das and Disys systems and the BK recorder were
processed using an analyser modulus of these systems. Signals in
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témov, v ktorych merané signaly sa vhodne edituju, pracuju a vykres-
[uju. Signaly sa analyzuji v ¢asovej a nasledne frekvencnej oblasti.
Vseobecne mozeme povedat, ze v prevadzkovych podmienkach
kazdy prierez kolajnice alebo kazdy podval je zatazovany postup-
nostou impulzov alebo razov vyvodzovanych prechodom naprav
vozidiel vySetrovanym miestom. Toto dynamické zataZenie vyvolava
dynamicku napétost a pretvorenie v komponentoch trate a zodpo-
vedajuce dynamické priehyby a zrychlenia maju charakteristicky
priebeh, ktory v Casovej oblasti je ukazany na obr. 4 a obr. 5.

Fig. 3. Scheme of the measurement setup and

positioning transducers in the track

these modulus can be edited, plotted and managed (integration,
derivation, filter, FFT frequency analysis). Signals are analysed in
the time domain and next in the frequency domain. Generally, we
can say that in service conditions each rail cross-section or each
sleeper is loaded by a sequence of impacts or shocks from the
passage wheels of the train. This dynamic load induces a dynamic
stress and strain in rails, sleepers and subgrade and corresponding
dynamic deflections and accelerations of these components having
a characteristic shape in time domain, see Figs. 4 and 5.
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Casovy priebeh vertikalnej odozvy trate
Typické priklady casovych priebehov vertikalnej odozvy sle-

dovanych komponentov trate su prezentované na obr. 4 a obr. 5.

o Casovy priebeh vertikdinej odozvy trate pri prejazde osobného viaku
v sledovanom priamom useku (mimo zvarov kolajnic), rychlost
¢ = 115 km/h. Vzorkovacia frekvencia f; = 100 Hz. Casové
zaznamy sa analyzovali systémom Disys, obr.4.

- Dynamicka interakéna sila kolajnica/podvaly Fy_¢(f), zdznam
piezoelektrického snimaca sily Kistler zodpoveda nizkemu
predpétiu snimaca AFy_g = 1,5 kN, obr. 4a.

- Vertikalne posunutia kolajnice wg(?), filtrovany signal pre
f€ (0 -20 Hz), obr. 4b.

- Vertikalne zrychlenie kolajnice W (?), nefiltrovany zdznam pre
f€ (0 - 500 Hz), obr. 4c.

- Vertikalne premiestnenie hlavy podvalu wy(?), filtrovany zaz-
nam pre /€ (0 - 20 Hz), obr. 4d.

- Vertikalne zrychlenie podvalu W (?), nefiltrovany zdznam pre
f€ (0-500 Hz), obr. 4e.

« Casovy priebeh vertikdlnej odozvy trate pri prejazde ndkladného
vlaku sledovanym priamym usekom trate, ¢ = 57 km/h. Apliko-
vany je modul analyzy systému Disys. Na obr. 5 st prezentované
Casové priebehy rovnakych veli¢in odozvy ako v predchadzaju-
com pripade prejazdu osobného vlaku.

Z obr. 4 a obr. 5 vidiet, Ze Casové zaznamy umoznuju dobri
identifikaciu prejazdu podvozkov, resp. naprav kolajovych vozidiel,
aj korespondujice amplitudy meranych veli¢in. Tieto amplitudy
davaju dobry obraz dynamickych vplyvov kolies vozidiel na kons-
trukciu trate.

Frekvencna skladba vertikalnej odozvy

Transformacia meranych signalov do frekvencnej oblasti dava
podrobnu informaciu o kmitani trate a o koncentracii mechanic-
kej energie na jednotlivé frekvencné zlozky. Aplikovany systém
analyzy zaroven umoznuje spracovat dalSie informacie o odozve,
napr. frekvenénu odozvu (FRF), vzajomné spektrum, vzajomnu
korelaciu a pod. Frekvencna odozva hra v procesoch poskodenia
rozhodujucu tlohu a teda dynamika sustavy pohybujuce sa vozidlo/
trat musi byt znama. Pritom mozZno predpokladat, Ze nizkofrek-
vencna odozva vo frekvencnej oblasti 1 +~ 100 Hz ale aj stredne
frekvencna odozva v oblasti 100Hz + 500Hz hra v dynamike trati
doleziti ulohu. Dynamika komponentov trate - podvaly, podloz-
ky, strkové 10zko a podlozie v tychto frekvencnych oblastiach
vyznamne ovplyviuje celkové dynamické reakcie trate.

Pokial' spektralna analyza zaznamov kmitania zaloZena na
FFT poskytuje dobry popis stacionarnych a pseudostacionarnych
signalov kmitania, nestacionarne signaly by mali zohladfiovat ich
spektralne zloZenie vzhladom na Cas. Jedna z ciest rieSenia je apli-
kacia funkcie Casovych okien, ktorymi sa v zazname analyzuju
charakteristické casové useky, ktoré maju stacionarny charakter,
alebo ktoré popisuju charakteristické javy kmitania.

4.1. Nizkofrekven¢na analyza odozvy trate

Prezentovana je vertikalna odozva trate od ucinku prejazdu
vlakov v meranom priamom useku trate (mimo zvarov kolajnic),

Time history of the vertical track response
Typical examples of the time history of the vertical response

of track components are presented in Figs. 4 and 5.

o The Time history of the vertical track response for the passenger
train passage in a straight track section (out of rail welds), ¢ =
= 115 km/h. The sampling frequency f; = 1000 Hz. The analyser
modulus of the Disys system is applied, Fig. 4.

- The direct dynamic interaction force a rail - a sleeper Fj_g(?),
the Kistler piezoelectric load cell was prestressed to a low
value AFp_¢ = 1,5 kN, Fig. 4a.

- The vertical displacement of the rail wg(7), the filtered record
for f € (0 - 20 Hz), Fig. 4b

- The vertical acceleration of the rail wg(f), Fig. 4c

- The vertical displacement of the sleeper wy(¢), the filtered
signal for /'€ (0 - 20 Hz), Fig. 4d

- The vertical acceleration of the sleeper w¢(#), Fig. 4e.

o The Time history of the vertical track response for the freight train
passage in a straight track section (out of rail welds) of the line,
¢ = 57 km/h. The analyser modulus of the Disys system is
applied. In Fig. 5. are presented identical measured time histo-
ries of the vertical track response as in the foregoing case of the
passenger train passage.

As we can see from Figs.4 and 5 time histories allow well detec-
tion passages of bogies and axles of vehicles and the corresponding
detection peaks of the measured value. Amplitudes of the measured
values give a good picture of dynamic effects of the wheel load on
the track structure.

Frequency content of the vertical track response

Transformation of measured signals to the frequency domain
provides comprehensive information about track vibration and
gives a picture of concentration of energy on frequency compo-
nents. The analyser module of an applied system enables, at the
same time, to process additional information of the response, for
example, the frequency response function (FRF), the cross spec-
trum, the cross correlation, etc. The FRF plays a meaningful role
in the damage process where the full train - track dynamics has to
be taken into account. Moreover, it is expected that the low-fre-
quency response range 1 Hz + 100 Hz and the mid-frequency
range between 100 Hz = 500 Hz play an important role in the
track dynamics. In these frequency ranges the track components
- sleepers, pads, the ballast and subsoil have a strong influence on
the track system behaviour.

While traditional spectral analysis techniques based on FFT
provide a good description of stationary and pseudostationary
signals, non-stationary signals should be analysed with considera-
tion of spectral information in time. One of the techniques applied
here uses a window function to window out short sections of the
overall signal which are near stationary or which contain isolated
events.

4.1. The low-frequency analysis of the track response

The vertical track response for the passenger train passage in
a straight track section (out of rail welds), ¢ = 115 km/h is pre-
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Teplicka ITI/2000 | The time history of the vertical track response for the passenger train
passage in a straight track section (out of rail welds), c=115 km/h,.

w g The direct dynamic interaction force a rail - a sleeper Fr.s(t)
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Obr. 4. Casové priebehy meranej vertikdlnej odozvy
trate pri prejazde osobného vlaku meranym
priamym tratovym tisekom, ¢ = 115 km

Fig. 4. Time histories of the measured vertical
track response for the passenger train passage in

a straight track section (out of rail welds) of the
line, ¢ = 115 km/h
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Teplicka IIL/2000 | The time history of the vertical track response jor the freight train
passage in a siraight track section (out of rail welds), c=57 km/h,.
j’if/he direct dynamic interaction force a rail - a sleeper Fg.s(t)
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Obr. 5. Casové priebehy meranej vertikdlnej odozvy
trate pri prejazde ndakladného vlaku v meranom
priamom useku trate, ¢ = 57 km/h

Fig. 5. Time histories of the measured vertical
track response for the freight train passage in

a measured straight track section (out of rail
welds) of the line, c = 57 km/h
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rychlost ¢ = 115 km/h. Vzorkovacia frekvencia f, = 100 Hz.
Frekvencna analyza zodpoveda nizkofrekvencnej odozve trate pre
f€ (0 - 100 Hz). Na obr. 6 su prezentované vybrané priemero-
vané spektra odozvy zodpovedajuce prejazdu celého vlaku. Na
obr. 7 a obr. 8 su ukazané okamzité spektra vybranych casovych
okien odpovedajucich prejazdu lokomotivy a charakteristickych
podvozkov prejazdu meraného vlaku. Aplikovana je analyza zazna-
mov vyuZitim modulu analyzy BK systému.

4.2. Stredne frekven¢na analyza odozvy trate

Analyzovany je prejazd rovnakého osobného vlaku prechadza-
jiceho priamym usekom trate ako v kap. 4.1, rychlost ¢ = 115 km/h.
Vzorkovacia frekvencia f; = 1600 Hz. Frekven¢nd analyza je apli-
kovana na oblast strednych frekvencii odozvy f € (1 - 800 Hz). Na
obr. 9 a obr. 10 su prezentované okamzité spektra vybranych ¢aso-
vych okien zodpovedajucich prejazdu podvozku lokomotivy a pod-
vozkov vagonov meranym miestom. Aplikovany je modul analyzy
BK systému.

5. Zavery

Cielom experimentalnych merani bolo hodnotenie dynamic-
kej reakcie kolajnic, podvalov a interakénych sil kolajnica/podval
pri prejazde vlakov v prevadzkovych podmienkach. V prispevku
su prezentované niektoré vysledky merani a ich analyza pre pre-
jazdy osobného vlaku.

« Casové zdznamy vertikdlnej odozvy komponentov trate - kolajnic,
podvalov a interak¢ne;j sily kolajnica-podval, ktoré davaju za-
kladnu informaciu o vplyve dynamického zatazenia na reakciu
tychto komponentov. Ukazuju celkovy vplyv prejazdu lokomotivy
a osobnych vagonov na dynamicku odozvu tychto komponentov.
Zvolena vzorkovacia frekvencie f; meranych signalov a rychlost
prechadzajucich vlakov su hlavné faktory ovplyviujice amplitudy
meranych zrychleni. Pre vzorkovaciu frekvenciu f; = 100 Hz
a rychlost vlakov ¢ = 100 <+ 130 km/h (osobné vlaky) amplitady
vertikalnej odozvy dosahuju hodnoty:

- Vertikalne zrychlenia kolajnicovych pasov w, = 150 - 350 m/ s%

- Vertiklne zrychlenia podvalov w, = 50 - 90m/s’.

- Vertikalne zrychlenia povrchu §trkového 16zka w, = 0,2 az
2 m/s>.

Pre vzorkovaciu frekvenciu £, = 100 Hz a pre rychlost pohybu
vlakov ¢ = 100 + 130 km/h sa tieto hodnoty redukuju priblizne
12-krat.

- Amplitady vertikalnej interakcnej sily Fp_g = 40 - 60 kN.

Pre vzorkovaciu frekvenciu f, = 1000 Hz a rychlost pohybu
vlakov ¢ = 40 + 60 km/h (nakladné vlaky) amplitudy vertikal-
nych zrychleni su tiez redukované.

Potom pre dobre udrziavanu trat su vplyv rychlosti a kvalita
kolajovych vozidiel najddlezitejSie faktory ovplyviujice dynam-
ické chovanie systému vozidlo/trat.
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sented. Sampling frequency f; = 1000 Hz. The frequency analysis
is made for low frequencies of the response, f € (0 - 100 Hz). In
Fig. 6 there are chosen average spectra corresponding to the passage
of the whole passenger train. In Figs. 7 and 8 there are instanta-
neous spectra of the chosen time windows corresponding to the
passage of the locomotive and characteristic bogies of the mea-
sured passenger train. The analyser modulus of the BK system is
applied.

4.2. The mid-frequency analysis of the track response

The same passenger train passage in a straight track section
(out of rail welds), as in chapter 4.1, speed ¢ = 115 km/h, is
analysed. Sampling frequency f, = 1600 Hz. The frequency analy-
sis is made for mid frequencies of the response f & < 1-3800 Hz).
In Figs. 9 and 10 there are instantaneous spectra of the chosen
time windows corresponding to the passage of the locomotive bogie
and the coach bogie through a measurement site. The analyser
modulus of the BK system is applied.

5.Conclusion

The purpose of experimental measurements was to assess
dynamic behaviour of the rail, sleepers and the interaction force the
rail - the sleeper under the passage of trains in operational condi-
tions. In this paper are presented some results of the measurement
and their analysis for the typical passenger train passage only.

« Time histories of the vertical response of track components - rails,
sleepers and the interaction force the rail - the sleeper, that give
the basic information about the effect dynamic load on behaviour
of these components. They show a total effect of the locomotive
and coaches on the dynamic response of these components.
The chosen sampling frequency fs of the measured signals and
the train speed influence absolute values of the measured accel-
eration considerably. For the sampling frequency f, = 1000 Hz
and the train speed ¢ = 100 =+ 130 km/h (passenger trains) peaks
of the vertical response reach value:

- Peaks of the vertical rail accelerations reach values w; = 150
- 350 m/s%,

- Peaks of the vertical sleeper accelerations reach values g =~
~ 50 - 90m/s?,

- Peaks of the vertical ballast accelerations reach values w, =~
~02-2m/s%

For the sampling frequency f, = 100 Hz and the train speed

¢ = 100 + 130 km/h these peak values are reduced approxi-

mately 12 time.

- The vertical peak interaction forces reach values Fp_g = 40 -
- 60 kN.

For the sampling frequency f; = 1000 Hz and the train speed
¢ = 40 + 60 km/h (freight trains) vertical acceleration peaks
of the response are reduced. Then on a well maintained track
the train speed and a quality of vehicles are the most important
factors affecting the dynamic behaviour of the vehicle/track
system.
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Teplicka II/2000 | The vertical track response for the passenger train passage in a straight
track section (out of rail welds), c=115 km/h,.
Analysis for the passage of the whole train - the low-frequency analysis f (1-100Hz)
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Vertical acceleration of the sleeper head g (/)
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Teplicka 1112000 | The vertical track response for the passenger train passage in a straight
track section (out of rail welds), c=115 km/h,.

Analysis for the passage of the locomotive L350/85t - the low-frequency analysis
f € (1-100Hz)
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« Premiestnenia merané na kolajovych pasoch a podvaloch potvr-
dzuju, Ze napravy a podvozky prechadzajucich vozidiel st jasne
identifikovatelné a su proporcionalne dynamickym zatazenim
vozidiel.

Frekvencna analyza zaznamenanych signalov dava podrobné
informacie o kmitani komponentov trate a dava obraz o kon-
centracii energie na frekvencné zlozky. Pokial dominantna frek-
venéna skladba dynamickych sil a priehybov kolajnic a podvalov
zodpoveda nizkym frekvenciam f € (1 - 20 Hz), frekvenc¢na
skladba zrychlenia kmitania leZi v ovela SirSej oblasti. Pritom
stredné frekvencie zrychleni kmitania v oblasti 100 Hz + 500 Hz
hraju délezitu ulohu v dynamike trati.

Frekvencna analyza pre nizke frekvencie odozvy, f € (1 - 100 Hz):

- Zrychlenie vertikdlneho kmitania kolajnicovych pasov g ()
ma kvazi diskrétne spektrum (spriemerované spektra) rozde-
lené takmer rovnomerne, bez vyraznych $piciek.

- Zrychlenie kmitania podvalov w¢(?) ma tieZ kvazi diskrétne
spektrum ale rozdelené nerovnomerné s vrcholmi v oblasti
frekvencii f;, =~ 10 Hz a f,,~ 50 + 60 Hz.

- Okamzité spektra zodpovedajiice vybranym ¢asovym oknam
zrychlenia kolajnic W, (#) a zrychlenia podvalov wg(#) pre
prejazd lokomotivy a podvozkov vagonov potvrdzuju vysledky
analyzy prejazdu celého vlaku.

Frekvencna analyza pre stredné frekvencie odozvy, f € (1 -
800 Hz):

Obr. 7. Okamczité spektrd vybranych

casovych okien zodpovedajiicich

prejazdu lokomotivy.

Fig. 7. Instantaneous spectra of the

chosen time windows corresponding
Hz to the passage of the locomotive

» The displacements measured on rails and sleepers showed that

individual axles and bogies of passage vehicles are clearly dis-
tinguished in displacement records and that they are propor-
tional to the dynamic wheel load of passage vehicles.
The frequency analysis of recorded signals gives comprehensive
information about the track component vibration and gives
a picture of concentration of the energy on frequency compo-
nents. While the dominant frequency composition of interaction
forces and deflection of rails and sleepers corresponds to a low
frequency range, say to f € <1 -20 Hz), the frequency content
of accelerations of these motions lies in a much wider frequency
range. At the same time the mid-frequency range between 100 Hz
=+ 500 Hz plays an important role in the track dynamics. In this
frequency range the track components - sleepers, pads, ballast
and subsoil have a strong influence on the track system behav-
iour.

The frequency analysis for low frequencies of the response, f € (1 -

- 100 Hz):

- The vertical rail acceleration Wy has a quasi discrete spec-
trum (average spectrum) distributed in a nearly uniform way.

- The vertical sleeper acceleration g has a quasi discrete spec-
trum distributed in a non-uniform way with peaks at the fre-
quencies f;;, = 10 Hz and f,, =~ 50 - 60 Hz.

- Instantaneous spectra of the chosen time windows of the rail
acceleration W, and the sleeper acceleration g, correspond-
ing to the passage of the locomotive and characteristic bogies
of passenger trains, confirm the analysis results for the passage
of the whole train.

The frequency analysis for mid frequencies of the response, f € (1 -

- 800 Hz):
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Teplicka ITL/2000 | The vertical track response for the passenger train passage in a straight
track section (out of rail welds), c=115 km/h,.

Analysis for the passage of characteristic coach bogies - the low-frequency analysis
S €(1-100Hz)
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Teplicka 111/2000 | The vertical track response for the passenger train passage in a straight
track section (out of rail welds), c=115 km/h,. ‘
Analysis for the passage of characteristic locomotive bogies - the mid-frequency analysis
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Teplicka IIL/2000 | The vertical track response for the passenger train passage in a straight
track section (out of rail welds), c=115 km/h,.

Analysis for the passage of characteristic coach bogies - the mid-frequency analysis
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- Okamzité spektra vybranych ¢asovych okien zrychlenia kmi- - Instantaneous spectra of the chosen time windows of the ver-
tania kolajnic wg(f) maju tiez kvazi diskrétne spektrum tical rail acceleration Wy, have a quasi discrete spectrum
s dominantnymi zlozkami na frekvenciach v oblasti f = 600 + (average spectrum) with dominant components on frequen-
700 Hz. cies f= 600 - 7 00 Hz.

- Okamzité spektra vybranych ¢asovych okien zrychlenia kmi- - Instantaneous spectra of the chosen time windows the sleeper
tania podvalov Wg(7) ma tiez diskrétne spektrum s dominant- acceleration W have a quasi discrete reduced spectrum with
nymi frekvenciami v pasme £, = 400 + 700 Hz. dominant components on frequencies f;, = 200 - 300 Hz and

distributed in a nearly uniform way for f,, =~ 400 - 700Hz.
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