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ANALYZA GEOMETRIE ZELEZNICNE]J KOTAJE
(Z POHTADU JEJ OPOTREBENIA V PREVADZKE)

RAIL GEOMETRY ANALYSIS

(FROM THE POINT OF VIEW OF WEARING IN THE OPERATION)

Analyza zeleznicnej kolaje z pohladu jej opotrebenia v previdzke je
otdzka je otdzka siicasnej praxe prevadzky kolajovych vozidiel. Désledky
negativneho pésobenia sa odrdzajii aj na stave Zivotného prostredia.
Na hodnotenie miery vplyvu sa pouzivajii rozne metody. Opotrebenie
Zeleznicnej trate je mozné hodnotit roznym sposobom. Jednou z metod
Jje vwhodnocovanie geometrickych charakteristik kontaktu kolesa a ko-
lajnice. Délezité informdcie o prevddzkovom stave Zeleznicnej trate si
Delta R funkcia, Tangens Gama funkcia, efektivna kuzelovitost, ekviva-
lentnd kuzelovitost, profil kolajnice pri analyze opotrebenia na zdklade
rozdielu polohy redlnej a teoretickej geometrie.

Zdklad pre dalsie hodnotenie stavu trate je vyhodnotenie polohy
Jednotlivych profilov kolesa a kolajnice a ich spolocné zobrazenie na
Zeleznicnej trati. Kvalitativne nedostatocny redlny stav trate je déovodom
pre potrebnil iidrzbu trate a zlepsenie kvality geometrie kolaje.

Kiliicové slova: kontakt Zeleznicného kolesa s kolajnicou, opotre-
benie kolaje, geometrické charakteristiky kolaje, Delta R funkcia,
Tangens Gama funkcia, efektivna kuZelovitost, ekvivalentna kuZelo-
vitost.

1. Uvod

Kolajova doprava je neoddelitelnou sucastou nasho bezného
Zivota. Je vyznamnym faktorom v oblasti hromadnej dopravy ces-
tujucich a prepravy nakladov. Popri nesporne pozitivnych javoch
ktoré prinasa prevadzka vozidiel, hlavne v oblasti ekonomicke;j,
prispieva svojim dielom aj na stav zZivotného prostredia.

V tomto ¢lanku zameriame svoju pozornost na oblast poten-
cialneho zdroja hluku, vibracii, opotrebenia kolies a kolajnic, ako aj
negativneho vplyvu na jazdny komfort cestujucich, posobisko kon-
taktu Zelezni¢ného kolesa s kolajnicou.

2. Zakladné pojmy

Geometricka os kolaje je spojnica bodov nachadzajucich sa
uprostred vzdialenosti medzi protilahlymi bodmi pojazdnych hran
v rovine priecneho rezu. Pojazdna hrana kolajnicového pasu je
spojnica bodov leziacich na vnutornej Casti hlavy kolajnice, 14 mm
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Rail geometry analysis is, from the point of view of wearing in the
operation, the question of present railway vehicles operation practice.
The sequels of negative influence are reflected on the environment
state. For the influence rate assessment various methods are used.
The wearing state of rail road track is possible to assess in different
manners. One of them is the assessment of geometric contact of railway
wheel and rail profile. The significant information on the rail track
operation state are Delta R function, Tangens Gamma function, effec-
tive conicity equivalent conicity, rail profile in the track wear analysis
on the ground of real and theoretic rail profile geometry position dif-

ference.

The fundament for another rail state assessment is the single
wheel/rail profiles position assessment and common displaying in the
railroad track. The poor real track quality state is the reason for nec-
essary track maintenance and rail geometry quality improvement.

Key words: railway wheel/rail contact, rail wearing, geometric rail
characteristics, Delta R function, Tangens Gamma function, effective
conicity, equivalent conicity.

1. Introduction

Rail transport is an inseparable part of our common life. It is
the important factor in the area of mass transport of passengers
and freight transportation. Simultaneously with the indisputably
positive phenomena brought about by railway vehicles operation,
mainly in the economy area, it contributes with its own deal to the
environment state too.

In this article, we would like to concentrate our interest to the
potential source of the noise, vibrations, rail and wheel wearing
and negative influence to the ride comfort of the passengers, the
centre of the wheel/rail contact.

2. Basic terms

The geometric axis of the rail is the joint of points located in
the middle of the distance between opposite points of the movable
edge in the area of a diagonal section. The movable edge of the
rail is the joint of the points lying in a position on the inner part
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pod temenom kolajnicového
pasa. Rovina prie¢neho rezu je

of the rail head, 14 mm under the

PulYwZsl crown of the rail head. The diagonal

zvisla rovina, v podoryse kolma
na os kolaje. Temena kolajni-
covych pasov su body dotyku
spolo¢nej doty¢nice k hornym
plocham oboch hlav kolajnico-
vych pasov leziacich v rovine
priecneho rezu. Geometrické
usporiadanie kolaje tvori rozchod kolaje, smerova a vyskova poloha
kolajnicovych pasov a ich sklon v rovine prie¢neho rezu. Rozchod
kolaje je vzdialenost pojazdnych hran kolajnicovych pasov merana
v rovine prieéneho rezu. Pozdizna vyska kolajnicovych pasov je
vyskovy priebeh temien kolajnicovych pasov. Smer kolajnicového
pasa je priebeh pojazdnej hrany kolajnicového pasa v podoryse.

14mm z4(y)

Ps[Ys.Zd]

3. Profil hlavy zZelezni¢nej kolajnice

Podla tvaru plochy obrazca v prie¢nom reze je mozné kolaj-
nice zaradit do dvoch skupin. Jednu tvoria kolajnice so Sirokou
patou, pouzivané v prevaznej miere pre Zelezni¢né trate, druhu
kolajnice zliabkové, pouzivané prevazne pri stavbe trati pre vozidla
mestskej hromadnej dopravy. Najexponovanejsimi ¢astami kolaj-
nice su hlava a pata. Hlava je zafazovana zvislymi, prieCnymi a poz-
diznymi silami, ktoré vyvodzuju kolesa vozidla, na pitu posobia
reakcné sily podpor. Zatial, co sa pata pocas svojej Zivotnosti
takmer vobec neopotrebuje, hlava kolajnice je zataZzena a opotre-
bovana vo zvislom aj priecnom smere. Kolajnica je opotrebena
v prie€nom smere hlavne v oblikoch na vonkajSich kolajnicovych
pasoch.

V dalsich uvahach sa budeme zaoberat geometriou a zmenou
geometrie hlavy kolajnice so Sirokou patou, typu UIC 60.

Zmena idealnej polohy kolajnicovych pasov pocas prevadzky
vozidiel, nie je na celej dizke rovnaka.

V niektorych miestach sa moze modifikacia prejavit ako ubytok
materialu = opotrebenie, v niektorych pripadoch ako lokalny pri-
rastok. Opotrebenie kolaje sa v niektorych pripadoch vyhodnocuje
on-line na realne;j trati pri experimentalnom urcovani geometrickej
polohy kolaje. V inych pripadoch sa moZe vykonat analyza off-line
na zéklade nameranych a zaznamenanych suborov priecnych pro-
filov kolajnic. V obidvoch pripadoch sa namerané hodnoty profilov
v urenom intervale prie¢nej suradnice porovnavaju s referencnym
teoretickym profilom kolajnice. DéleZitym parametrom pre urco-
vanie opotrebenia materialu kolaje je sklon kolajnicovych pasov.
Trate europskych Zeleznic su stavané hlavne so sklonom 1:40. Na
tratiach Slovenskych Zeleznic sa pouziva sklon 1:20.

4. Kontaktné body geometrického profilu zZelezni¢ného
kolesa a kolajnice

Oblastou intenzivneho posobenia sil spdsobujicich opotrebe-
nie kolajnic je oblast kontaktu kolesa a kolajnice.

Prvym krokom veducim k identifikacii rozsahu kontaktnej
oblasti je analytické urCenie kontaktnych bodov.

z

Obr. 1 Profil hlavy kolajnice
Fig. 1 Rail head profile

y section area is a vertical area in the
ground plan orthogonal to the rail
axis.

Rail head crowns are contact
points of the common tangent line,
with the upper surfaces of the rail,
lying in the diagonal section area. Geo-

metrical position of the track is created with the gauge of the rail-
ways, directive and altitudinal position and their declination in the
diagonal section area. The gauge of the railway is the distance of
the movable edges of the rails, measured in the diagonal section
area. The longitudinal height of the rail is the height course of the
rail crowns. Direction of the rail is the course of the movable edge
of the rail in the ground area.

3. Rail head profile

In accordance with the shape area in the diagonal section it
is possible to classify the rails to two groups. The first group is
created by the rails with wide foot which is used in overwhelming
rate for railway track, the second is created with the grooved rails
used in overwhelming rate for town mass transport. The head and
the foot are maximum force loaded parts of the rail. The head is
loaded with vertical, diagonal and longitudinal forces, acting from
vehicle wheels to rail heads. The reaction forces of the supports
act on the rail foot. Meanwhile the rail foot is not during its life
cycle practically worn, the rail head is forced and worn in the ver-
tical and diagonal direction. The rail is worn in the diagonal direc-
tion mainly in the curves on outer rails.

Further we will deal with the geometry and change of the foot
rail UIC60 geometry.

Change of the ideal position of the rails during vehicles oper-
ations is not iquel on the whole length. Change can be observed
in some places as a material shrinkage = wearing, in some cases
as a local material accumulation. Rail wearing is in some cases
assessed on-line on the real track with the experimental assess-
ment of the geometrical position of the track. In other cases the
off-line analysis on the ground of measured and saved lateral rail
profile files can be carried out. The measured values of the pro-
files will be in all cases determined with the lateral coordinate
interval compared with the reference rail profile. The canting of
rail is an important parameter for rail material wearing assess-
ment. The tracks of the European railways are built mainly with
the canting of rail of 1:40. The canting of rail of 1:20 is used on
the Slovak railways.

4. Wheel and rail profile geometry contact points

The forces inducing the rail wearing act intensively in the
wheel - rail contact area.

The first step leading to contact area range identification is
the analytical contact point assessment.
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Kontaktné body budeme hladat v rovine kolmej na os kolaje
posuvanim profilu kolesa po profile kolajnice v horizontalnom
smere v rozsahu + / — 10 mm.

Vstupné parametre pre urCenie kontaktnych bodov su:
e yg - posunutie dvojkolesia

» zg(y) - funkcia profilu kolajnice

» zx(y) - funkcia profilu kolesa

KOMNIKCCe

C O MMUNICATION:S

‘We will search the contact points in a perpendicular planet to
the rail axis by the shifting wheel profile over rail profile, in the
horizontal direction in the range of + / — 10 mm.

The input parameters for the contact points evaluations are:
* yg - lateral wheelset displacement
 zg(y) - rail head profile function
+ zz(») - wheel profile function

[Ysp) = .V]d=min(d) Yo [YsOr) = y]d=min(d)
ve(kolesoNkolajnica) ve(wheelNrail)
Zs(yg) = z5(¥s) R Zs(yg) = z5(¥s)
d(y, vo) I y
Ts(yg) = z5(Ys)' — v Ts(vp) = z5(¥s)'
PulYa Z, T %) ii\
PS YSY ZS’ TS
Yrrp) = Ys =y [ : Yrg) = Ys — yg
zy(y) 1z

Zr(vr) = zg(Yg)

Zr(yr) = zg(Y)

Obr. 2 Uréenie kontaktného bodu kolesa a kolajnice

Tr(yg) = zp(Yp)'
dmin(yR) = [d(yx yR)])’:Ys

d,.., - minimalna hodnota funkcie d(y, yz)

min
Vystupy:

PylYs, Zg, Tg] - dotykovy bod kolajnice
« Y - y-ova stiradnica dotykového bodu
» Zg - z-ova suradnica dotykového bodu
« Ty - smernica dotycnice v dotykovom bode

Pl Yy, Zg, Tg] - dotykovy bod kolesa

» Yr - y-ova suradnica dotykového bodu

e Zy - z-ova siradnica dotykového bodu

e Ty - smernica dotycnice v dotykovom bode

Fig. 2 Rail - wheel contact point assessment

TrOrg) = zp(Yg)'

dminO}R) = [dO}’ yR)]yZYS

- minimum value of the d(y, yz) function

d

min
Outputs:

PlYs, Zg, Tg] - contact point of the rail
» Y - y-coordinate of the contact point
» Zg - z- coordinate of the contact point
T - tangent slope in the contact point

P Yy, Zg, Tx] - contact point of the wheel
« Yy - y- coordinate of the contact point
 Zy - z- coordinate of the contact point
» T - tangent slope in the contact point

B

Obr. 3 Dotykové body Zelezni¢ného kolesa a kolajnice
Fig. 3 Railway wheel and rail geometry contact points

5. Geometrické charakteristiky kontaktu kolesa
a kolajnice

Na zaklade zistenych realnych dotykovych bodov kolesa a kolaj-
nice, ku ktorym by hypoteticky doslo pri prienom postvani profilu
kolesa po profile kolajnice, je mozné urcit geometrické charakte-
ristiky.

5. Geometric characteristics of the wheel and
rail contact

On the base of found real rail and wheel contact points infor-
mation, hypothetical contact points can be calculated. The geo-
metric characteristics can be determined as a result of the lateral
movement of the wheel profile along the transversal rail head profile.
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- Delta R

- Tangens Gama

- efektivna kuzZelovitost

- ekvivalentna kuzelovitost.

Delta R

Predpokladame, Ze sa dvojkolesie moZe pohybovat v Zeleznic-
nej kolaji len v smere jazdy vozidla. Os dvojkolesia zviera s osou
kolaje pravy uhol. Tento uhol sa méze odliSovat od hodnoty pravého
uhla o hodnotu uhla nabehu. V pripade centrovanej polohy dvojko-
lesia v kolaji pretina os trate pozdiznu os dvojkolesia v stredovom
bode. Vzdialenost od stredového bodu ku lavému kolesu je taka
ista ako vzdialenost od stredového bodu ku pravému kolesu.

Kolesa (Iavé a pravé) sa valia po trati s tym istym teoretickym
polomerom kolies. Priecna vzdialenost rovin stycnych kruznic je
2s = 1500 mm.

Ak sa dvojkolesie posunie v prieénom smere, vznika okamzity
rozdiel polomerov valivych kruZnic. Parameter rozdielu okamzitych
polomerov valivych kruznic pri priecnom posunuti profilu dvojko-
lesia po profile kolajnice sa oznacuje ako Delta R.

Vstupné parametre:

- Delta R,

- Tangens Gamma,

- Effective conicity,
- Equivalent conicity.

Delta R

We suppose that the wheelset can move in the railway track
only in the vehicle ride axis direction. The wheelset axis forms the
right angle with the rail axis. This angle can be different from the
right angle value by angle of attack. In the case of centered posi-
tion of the wheelset in the track, the axis of the track intersects
the longitudinal wheelset axis in the center point. The distance
from the center point to the left wheel is the same as the distance
from the center point to the right wheel. Wheels (left and right) are
rolled in the track with the same theoretical wheel radius. The
lateral distance of contact circles areas is 2s = 1500 mm.

If the wheelset moves in the lateral direction instantaneous
rolling circles radii difference arises. The difference parameter of
the immediate rolling circles by lateral wheelset profile displace-
ment on the rail profile is labeled as Delta R.

Input parameters:

S - polovica vzdialenosti valivych N

S - half of the rolling circles

kruznic

distance

£
£
R, - polomer pravého kolesa o
R, - polomer lavého kolesa =

R, - radius of the right wheel
R, - radius of the left wheel

zg/(y) - funkcia profilu pravého I e

e zp, () - right wheel profile function

kolesa

zg/(v) - left wheel profile function

Zg(y) - funkcia profilu lavého kolesa

z,(y) - right rail profile function
zg(y) - left rail profile function

zg,(y) - funkcia profilu pravej ;

@

kolajnice

- Ypmin -~ Minimum wheelset

zg/(y) - funkcia profilu lavej kolajnice
Vrmin - Minimalne posunutie

displacement
VRmax - Maximum wheelset

displacement

Ayy - wheelset displacement step

dvojkolesia
Vrmax - Maximalne posunutie dvojko-
lesia

fory from y = y,z, 10 Yginay With

Ayy, - krok posunutia dvojkolesia

step Ayg

PIC Y = VRrmin az YRmax S krokom AyR

1. Dotykovy bod (, z,, Zg,, Ps,, Pg,)
¢ PSr[y] = PSr
o Ppy] = Pg,

2. Dotykovy bod (v, zg;, zg;, Pgys Pry)
o Pglyl = Py
o Pplyl = Py

3. ARyl =R, + Zg, — (R, + Zg)
4 Tyl =Ty

5. Tglyl = —Tw

6.

Tglyl = Tg, ] + T,
AR[y]
Ek[y] = 2_y prey <>0, Ek[y] =0prey =0

Vystupné parametre

PS, - vektor dotykovych bodov pravej kolajnice
PS, - vektor dotykovych bodov lavej kolajnice
PR, - vektor dotykovych bodov pravého kolesa

delta-r = f(y)
Obr. 4 Funkcia Delta-R
Fig. 4 The Delta-R function

1. Contact point (3, z,, Zg, Ps,» Pr,)
« Pglyl = Py,
* PRr[y] = PRr

2. Contact point (y, zg, zg;» P, Pry)
+ Pglyl = Py
© Pplyl = Py

3. ARyl =R, + Zg, — (R, + Zg)
4. Tgr[y] = TRr
5. Tgvl = —Tw
6. Tyl = Tz, [yl + Tg,[v]
ARIy]
Ekly] = fory<>0,Ek[y] =0fory=0

2.y
Output parameters
PS, - the right rail contact points vector,
PS, - the left rail contact points vector,
PR, - the right wheel contact points vector,
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PR, - vektor dotykovych bodov

PR, - the left wheel contact

lavého kolesa

points vector,

AR - vektor Delta-R funkcie

AR - the Delta-R function vector,

Tg, - vektor Tan-ga funkcie pre pravé

Tg, - the Tan-ga function for right

koleso
Tg, - vektor Tan-ga funkcie pre lavé

wheel vector,
Tg, - the Tan-ga function for left

koleso

‘tan al-

wheel, vector

Tg - vektor Tan-ga funkcie

Tg - the Tan-ga function, vector

Ek - vektor efektivnej kuZelovitosti :

Ek - the Effective conicity vector

Tangens Gama

Tangens Gamma

Tangens uhla normaly dotykovej

Tangens of angle of the con-

roviny v mieste kontaktu kolesa s ko-

tact area normal line in the contact

Iajnicou, s vertikalnou osou oznacuje-

N

point of the wheel with rail, with

me nazvom Tangens Gama funkcia.

the vertical axis, is named Tangens

Tato funkcia vyjadruje mieru intenzity

Gamma function. This function ex-

vazby, ktora vracia dvojkolesie po
priecnom vychyleni do centrovanej,
rovnovaznej polohy v kolaji.

Efektivna kuZelovitost

Nenulova hodnota okamzitého rozdielu polomeru valivych
kruzZnic vedie ku snahe dvojkolesia vykonat otacavy pohyb okolo
osi prechadzajucej taziskom dvojkolesia, kolmej na horizontalnu
rovinu. Standardnym parametrom,
ktorym je mozné pri kolese s jedno-
duchym kuzelovym profilom defino-

tan-ga = f(y)

Obr. 5 Funkcia Tangens Gama
Fig. 5 Tangens Gamma function

presses the binding strength rate,
which is returning the wheelset
after its lateral deviation to the
centered position in the rail.

Effective conicity

Non zero value of the instant rolling circles radius difference
leads to the endeavor of the wheelset doing the rotational move-
ment, around the axis, coming through the centre of gravity of the
wheelset. The axis is perpendicular
to the horizontal area. The conicity
is the standard parameter, enabling

vat mieru schopnosti natacania, je
kuzelovitost.

Skutoény profil Zelezni¢ného
kolesa ma geometriu profilu presne
definovanu pre eurdpske drahy je
zauzivany profil S$1002 (UIC-ORE).
V priebehu prevadzky dochadza -
k opotrebeniu jazdnej plochy kolesa,
¢im sa aj profil modifikuje.

Efektivna kuzelovitost je hod-

to define the rotation ability rate by
the wheel with simple conus ride
{ —- wheel profile.

True railway wheel profile has
got the profile geometry strictly de-
fined. S1002 (UIC-ORE) profile is
used for the European tracks. Dur-

-- ing the vehicles operation the wheel
wearing occurs and subsequently, the
wheel ride profile is changed.

The effective conicity is the valid

nota kuzelovitosti vyhradne kuZelo-
vého profilu kolesa dvojkolesia,
ktort by dvojkolesie muselo mat, aby
vykonavalo rovnaky rotaény pohyb
bez preklzov v kolaji, ako skutocné
(merané) dvojkolesie.

Na Zeleznicné dvojkolesie po vychyleni jeho faziska z osi
kolaje v prienom smere pdsobia sily, ktorych ucinkom sa dvojko-
lesie vracia naspat do centrovanej polohy. Dvojkolesie vykonava
zaroven posuvny dopredny pohyb v smere kolaje. Vysledkom sucas-
ného pohybu v smere postupnom aj v smere priecnom je teore-
ticky pravidelny vlnivy pohyb dvojkolesia. Podobne, ako
porovnavaci parameter efektivna kuzelovitost, pre rotacny pohyb
sa zavadza parameter ekvivalentna kuzelovitost, pre pohyb vlnivy,

Obr. 6 Efektivna kuzZelovitost
Fig. 6 Effective conicity

conicity value only in case of conus

wheel ride profile of the wheelset
that the wheelset should have for
executing the same rotational move-
ment with-out slips in the rail as the
true, (measured) wheelset.

The forces act to railway wheelset in the lateral direction after
of center of gravity from the rail axis deviation. The wheelset is on
the base of these forces returned and centered in the rail.

The wheelset executes simultaneously the forward sliding
movement in the rail axis direction. The resultant hunting motion
is created by the simultaneous forward and lateral wheelset motion.
Rotational movement comparative parameter is effective conicity,
the equivalent conicity is the comparative parameter for periodi-
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kde zjednocujucim faktorom teoretického kuzelového profilu
dvojkolesia a realneho skumaného dvojkolesia su vinova dizka
a amplitida vlnivého pohybu.

6. Opotrebenie kolaje

Zatazujuce sily posobia v kontaktnych bodoch kolesa a kolaj-
nice. Sily vytvaraju v kontaktnych plochach vysoké lokalne napatové
zatazenie a material sa opotrebovava. Teoreticky profil kolajnice
UIC 60 je na obrazku 7. Profil ma sklon 1:40. Merany realny
profil je tieZ na obrazku 7. Obidva profily s umiestnené v spolo-
¢nom stradnicovom systéme, zarovnané na najvyssi bod profilu
kolajnice na urovni temena kolajnice. Z hladiska polohy profilov
ma vyznamnu tlohu parameter rozchodu kolaje, urcovany vo ver-
tikalnej vzdialenosti 14 mm pod temenom kolaje.

cal hunting motion. The common factors of the theoretical and
true wheel profile are wavelength and amplitude of hunting motion
of the wheelset.

6. Rail wearing

The loading forces act in the wheel and rail contact points.
The forces create the high local strength loads in the contact areas
and the material is being worn. Theoretical rail profile of UIC 60
is shown in Fig. 7. The profile has got inclination of 1:40. The
measured true rail profile is in Fig. 7 too. Both profiles are situated
in the common coordinate system. They are aligned in the highest
point of the rail profile, in the level of the rail head crown. From
the point of view of profiles position, the rail gauge parameter has
got an important function. The gauge parameter is determined in
vertical axis 14 mm under the rail head crown coordinate value.

P 0] vTK I R R . _ >
] e B
] — Y
g 5 o~ \\
£ 1 / UIC 60
3 ] 1:x((1:40, 1:20)
-10— \
L |
-15
] v
T A IR
-40 -35 -30 25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40
rozchod kolaje
° . z

gauge

\4

Obr. 7. Referencny a skutocny profil kolajnice
Fig. 7 Reference and true rail profile

7. Analyza opotrebenia profilu kolajnice

Opotrebenie kolaje tratovych tisekov mozZe byt hodnotené
viacerymi kritériami.

Pre urcenie spdsobu vyhodnocovanie, resp. vycislenie hodnot,
je rozhodujuce jednoznac¢né umiestnenie porovnavanych profilov
kolajnic v rovine YZ.

Vztazna poloha v horizontalnom
smere je zhodna pre viaceré vyhod-

Ref.profil

7. Rail profile wearing analysis

The railway track segments rail wearing can be assessed with
more criteria.

The strictly definite position of the compared rail profiles in
the YZ area is crucial for determination of the methode of
assessment and for wearing quantification.

The relative position in the hor-
izontal direction is identical for a lot

nocovacie systémy. Spolo¢ny bod
profilov je urceny do urovne pojazd-
nej hrany, vzhladom na ktory sa
urcuje rozchod kolaje. Vo vertikal-
nej osi je spoloCnym parametrom
pre zarovnanie polohy temeno hlavy
kolajnice.

rozchod kolaje
gauge

/| Prom X

Obr. 8 Umiestnenie profilov pre urcenie diferencie
Fig. 8 The position of the profiles for difference assessment

»
»

of assessment systems. The common
point of profiles is situated into the
z level movable edge, owing to gauge
of the railway. The rail head crown
is the common parameter for posi-
tion alignment in the vertical axis.
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Podmienkou spravneho vyhodnocovania diferenénych para-
metrov je
- dostatocny pocet nameranych a uloZenych bodov,
- pouzitie spravnej vyhladzovacej krivky, ktorou sa namerané body
preloZia,
- dostatocne vysoka numericka presnost vypoctov,
moznost grafického zobrazenia vysledkov.

Na nasledujtcich obrazkoch st profily hlav obidvoch kolajni-
covych pasov a referencny profil UIC 60. Referencny profil
(Cervena farba) je nakloneny v smere podla umiestnenia kolajnice:
lava / prava.

KOMNIKCCe

C O MMUNICATION:S

The conditions of the right difference parameter assessment
are:
- sufficient number of measured and stored points,
- right smoothing curve numerical algorithm usage,
- sufficient high numerical precision of the computations,
- possibility of graphical representation of results.

Both rail head profiles with reference profile UIC60 are shown
in the figures below. The reference rail profile is canted in the
direction owing to the vertical rail position: left / right side.

Obr. 9. Diferencia profilov lavych kolajnic
Fig. 9 Left rail profiles difference.

Vysledny rozdiel geometrie profilov je znazorneny zelenou
farbou. Vyskyt krivky ,,pod“ vodorovnou osou s nulovou suradni-
cou znamena ubytok materialu, ,nad“ znamena navalok mate-
rialu. Na obr. 11, v poradi 2. (pre pravu kolajnicu) a 3. (pre lava
kolajnicu) grafe si vynesené takéto rezy vedla seba. Parameter
vodorovnej osi z obrazkov 9 a 10 je v grafoch 2 a 3 obr. 11 vyne-
seny na zvislej osi, hodnota diferencie je uréena farebnou Skalou
a vodorovna os predstavuje vyhodnocovanu trat.

8. Vyhodnotenie diferencie geometrickej polohy
nameraného a referencného profilu

Gauge: Vzdialenost pojazdnych hran kolajnicovych pasov me-
rana v rovine priecneho rezu.

R Diff: Diferencia vzdialenosti bodov profilov hlav kolajnic
vzhladom na zaciatok spolocného stradnicového systému profilov
pravého kolajnicového pasu. Graf zobrazuje pre kazdu hodnotu
suradnice trate vSetky hodnoty diferencii geometrie profilov na
dizke zvoleného intervalu horizontalnej suradnice prieéneho rezu
pravej kolajnice. Farebna skala pomaha urcit oblasti od minimal-
nych aZ po maximalne diferencie geometrie na trati a na zaklade
farebnych ploch urcuje celkovy stav, pripadne zmenu stavu vyhod-
nocovanu po urcitom case.

L Diff: Diferencia vzdialenosti bodov profilov hlav kolajnic
vzhladom na zaciatok spolo¢ného suradnicového systému profilov
lavého kolajnicového pasu. Graf zobrazuje pre kazdu hodnotu surad-

Obr. 10. Diferencia profilov pravych kolajnic
Fig. 10 Right rail profiles difference.

The rail profiles geometry difference is shown in Fig. 9 and
Fig. 10 with green color. The green line “under” the horizontal axis
of zero level means the material decrement, the green line “over” axis
means local material addition. The second diagram (for the right
rail) and third diagram (for the left rail) in Fig. 11 show the railway
rail lateral cross sections. Parameters of the horizontal axis in Fig.
9 and Fig. 10 are in the second diagram and third diagram displayed
in the vertical axis. The color scale legend determines the difference
value and the horizontal axis is the assessed railway track.

8. Measured and reference geometry profile difference
assessment

Guauge: Distance of the rails movable edges, measured in the
cross section.

R Diff: Rails heads profile points distance difference owing to
the start of the right rail common coordinate system. The diagram
displays all profiles geometry difference values for each of coordi-
nate value in the selected track interval length of the horizontal
coordinate of the cross section of the right rail. The color scale
helps to locate the areas from maximum to minimum geometry
difference along the track and on the base of colored areas it is
possible to evaluate the overall rail state or the change of the rail
state under operation after some time.

L Diff: Rails heads profile points distance difference owing to
the start of the left rail common coordinate system. The diagram
displays all profiles geometry difference values for each of coordi-
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Crauge: roechod kolaje R Arca (+); P Plocha () L Arca {-): I, Plocha {-)
R DT diferencia prava kolajnica B Arga (-} P. Plocha (-}  Radii; Pelomery
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Obr. 11 Grafy vyhodnotenia geometrie profilov kolajnic na iiseku trate
Fig. 11 Diagrams of the rail profile geometry on the track segment assessment
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nice trate vSetky hodnoty diferencii geometrie profilov na dizke
zvoleného intervalu horizontalnej siradnice priecneho rezu lavej
kolajnice. Farebna skala pomaha urcit oblasti od minimalnych az
po maximalne diferencie geometrie na trati a na zaklade farebnych
ploch urcuje celkovy stav, pripadne zmenu stavu vyhodnocovanu
po urcitom Case.

R Area (+): Plocha ur€enad priebehom diferencnej krivky
a nulovou horizontalnou suradnicou - oblast menSej vertikalnej
suradnice meraného profilu, oproti referencnému profilu (opotre-
benie), na pravej kolajnici.

R Area (—): Plocha urcena priebehom diferencnej krivky
a nulovou horizontalnou stiradnicou - oblast vicSej vertikalnej
suradnice meraného profilu, oproti referenénému profilu (navalok),
na pravej kolajnici.

L Area (+): Plocha urcena priebehom diferencnej krivky
a nulovou horizontalnou suradnicou - oblast mensej vertikalnej
stradnice meraného profilu, oproti referenénému profilu (opotre-
benie), na lavej kolajnici.

L Area (—): Plocha urCena priebehom diferencnej krivky
a nulovou horizontalnou stiradnicou - oblast vicsej vertikalnej
suradnice meraného profilu, oproti referencnému profilu (navalok),
na lavej kolajnici.

Radii: Definicia trate pomocou polomerov oblukov. Priamu
trat predstavuje horizontalna siradnicova os, hodnota parametra
v grafe ma oznacenie G.

8. Zaver

Opotrebenie kolajnic predstavuje zavazny problém prevadzky
kolajovych vozidiel. Negativne dosledky priliSného opotrebenia
kolajnic sa prejavuju tak na zvySenom zatazZeni zivotného prostre-
dia od materialu rozptyleného do prostredia, parazitnych kmitani
Casti vozidiel, zvysenej hladine hluku, tak na sposobe jazdy Zelez-
ni¢ného vozidla. Opotrebena kolaj rozhodujiicim spésobom ovplyv-
nuje plynuly chod vozidiel, znizuje komfort jazdy, ako aj mieru
bezpecénosti proti vykolajeniu.

Nizka kvalita Zeleznicnej trate spdsobuje vyssi koeficient poru-

chovosti prevadzky vozidiel a problémy s dopravou osob a prepra-
vou materialu.

Literatiura - Reference:
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nate value in the selected track interval length of the horizontal
coordinate of the cross section of the left rail. The color scale helps
to locate the areas from maximum to minimum geometry differ-
ence along the track and on the base of colored areas it is possible
to evaluate the overall rail state or the change of the rail state
under operation after some time.

R Area (+): The area determined by the course of the differ-
ence curve and by zero horizontal coordinate line - area of the
lower value of the measured profile vertical coordinate against ref-
erence profile (wearing) of the right rail.

R Area (—): The area determined by the course of the differ-
ence curve and by zero horizontal coordinate line - area of the
higher value of the measured profile vertical coordinate against
reference profile (adding) of the right rail.

L Area (+): The area determined by the course of the differ-
ence curve and by zero horizontal coordinate line - area of the
lower value of the measured profile vertical coordinate against ref-
erence profile (wearing) of the left rail.

L Area (—): The area determined by the course of the difference
curve and by zero horizontal coordinate line - area of the higher
value of the measured profile vertical coordinate against reference
profile (adding) of the left rail.

Radii: Definition of the railway track with the help of curves
radii. The straight track is shown by the horizontal coordinate
axis, parameter value in the diagram is labeled G.

8. Conclusion

Wearing of the rail is important problem of the rail vehicles
operation. Negative consequences of the extreme wearing of the
rail can be demonstrated both on the loading of the environment
from the material dispersed into the environment, parasite vibration
of the parts of railway vehicles, high noise level and the manner of
the railway vehicle runnig quality. The worn rail profile influences
on a crucial manner smooth running of vehicles, decreases running
comfort and safety against derailment too.

The low quality track cases the higher failure coefficient of
vehicles and problems with passengers and freight transportation.

[1] UIC CODE 519 OR: Method for determining the equivalent conicity, International Union of Railways, Draft of December 2001.
[2] STN 73 6360: Geometrickd poloha a usporiadanie kolaje Zeleznicnych drah normdlneho rozchodu, September 2000.
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