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TEPELNE NAMAHANIE ZELEZNICNEHO KOLESA PRI BRZDENI

THERMAL LOADING OF THE RAILWAY WHEEL DURING DOWNHILL BREAKING

Cldnok sa zaoberd jednotlivymi faktormi tepelného namdhania
Zeleznicnych kolies pri brzdeni kldtikovou brzdou a désledkoch take-
hoto namdhania. Hovori o niektorych javoch teplotnej interakcie
medzi brzdenym kolesom a brzdovym kldtikom. Pozornost je veno-
vand vzniku a Sireniu sa teplotnych poli do kolesa a taktiez do brz-
dového kldatika. V dalsom je poukdzané na spésoby a moznosti rieSenia
priebehu nestaciondrneho teplotného pola. Vzhladom na ndrocnost
analytického riesenia je doraz kladeny na vysledky experimentdlnych
merani na brzdovom stave. Samostatnii kapitolu tvori prehlad jedno-
tlivpch konstrukcénych variantov monoblokovych Zeleznicnych kolies
a zhodnotenie ich vhodnosti po napdtovej a deformacnej stranke.

1. Uvod

Brzdenie Zelezni¢ného kolajového vozidla predstavuje proces
premeny kinetickej energie vozidla na energiu iného druhu. Klati-
kova brzda s liatinovymi alebo umelohmotnymi brzdovymi kla-
tikmi, ktoré su v radialnom smere pritlaCané k jazdnej ploche
kolesa je na zaklade svojej jednoduchosti, spolahlivosti, brzdnej
ucinnosti a ekonomickej vyhodnosti stale prevladajuci brzdny pro-
striedok nakladnych vagonov. Predbezne na tej skutocnosti nic
nemeni ani vysokorychlostna nakladna doprava.

The paper deals with the particular factors of railway wheels heat
loading while braking with a brake block and consequences of that
stressing. There are discussed some phenomena of thermic interac-
tion between the bracked wheel and the brake block. The attention is
aimed to the rising and spreading of thermic fields into a wheel and
brake block too. Next, there are pointed out the manner and possibi-
lities of solution of nonstationary thermal field course. Considering
the difficulty of an analytical solution the emphasis is given to the
results of the experimental works on the brake bench. A compendium
of the particular design variants of the monoblock railway wheels and
the assessment of their suitability from the point of view of stress and
deformation creates the individual chapter.

1. Introduction

The braking of railway vehicles represents a process in the
transformation of kinetic energy to another kind energy. The block
brake with cast-iron or plastic shoes (blocks), which are in the
radial direction pressed to a wheel thread, is on the grounds of
simplicity, reliability, brake efficiency and economic lucrativeness
prevailing braking means of goods carriages. This fact is expected
to remain unchanged even with the future existence of high-speed
goods transport.
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Obr. 1. Faktory suvisiace s brzdenim Zeleznicnych vozidiel
Fig. 1. The factors that depend on railway vehicles braking
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Brzdny proces zavisi od viacerych faktorov, ktoré maju
vyznamny vplyv na vystupny efekt. Ten sa prejavi ako trecia sila
medzi brzdovymi klatikmi a Zeleznicnym kolesom. ZvySenie opo-
trebenia klatikov sa premietne v ekonomickej narocnosti pri ich
vymene. Je mozZné analyzovat jednotlivé vlastnosti aj samostatne,
ale ak je cielom vysledny brzdovy efekt, je nevyhnutné ich chapat
v suvislostiach ako celok.

Z hladiska studia namahania Zeleznicnych kolies je nutné
riesit otazky tepelného namahania Zelezni¢ného kolesa, ktoré
vznika ako nevyhnutny dosledok brzdenia klatikovou brzdou.
Znac¢né namahanie kolesa, ktoré vznikne ako doésledok dilatacii
sposobenych nerovnomernym ohrevom pocas intenzivneho brz-
denia klatikovou brzdou je ovela vacsie ako zatazenie od radial-
neho silového zataZenia kolesa. Dosledkom tohto namahania su:
vznik trvalej deformacnej zmeny (zmeny rozkolesia), vznik tepelne
unavovych trhlin a pretoZe plastické deformacie vznikaju aj v oblasti
privodu tepla na venci, aj na doske, dokonca az pri naboji kolesa,
meni sa hodnota a rozloZenie merného tlaku v lisovanom spoji
naboja kolesa a sedla napravy a to mozZe sposobit zniZenie bez-
pecnosti vedenia dvojkolesia v kolaji. V stvislosti so Zeleznicnymi
kolesami sa objavuju otazky materialov, tvaru konstrukcie a sposobu
prevadzky, ktory by bol optimalny. Do popredia zaujmu pricha-
dzaju otazky mozného znizenia prevadzkového hluku, rovnomer-
nejsieho rozloZenia napiti, prediZenia Zivotnosti a to vietko ma
zabezpeCit zvySeny brzdny ucinok.

2. Tepelné namahanie pri brzdeni

Vlastny proces brzdenia pdsobi v styku Zelezni¢cného kolesa
a brzdového klatika, ale skutocné brzdenie je v kontakte jazdného
povrchu kolesa a kolajnice. Je znamou skutoc¢nostou, Ze v procese
brzdenia trie brzdovy klatik o koleso a vznika teplo. Cast vznika-
juceho tepla je odvadzané kolesom, ¢ast brzdovymi klatikmi a Cast
tepla unika salanim do ovzduS$ia. Trecia teplota oboch bezpros-
tredne sa dotykajucich povrchov je rovnaka, ale vzhladom na roz-
dielny material je brzdovy klatik liatinovy alebo umelohmotny
zohrievany intenzivnejsie.

Brzdové klatiky su vyrabané z roznych materialov, ako Seda
liatina, umela hmota, spekané materidly a drevo. Pri liatinovych
klatikoch zavisi koeficient trenia, ako miera potencialu brzdnej ¢in-
nosti hlavne od chemického zloZenia materalu klatikov a kolesa,
okamyzitej obvodovej rychlosti kolesa, merného tlaku medzi klati-
kom a kolesom, doby brzdenia a opotrebenia klatika a kolesa.
Chemické zlozenie klatika vyznamne ovplyviuje trecie vlasnosti
a tym aj priebeh brzdenia a zabrzdnu drahu. Délezitou zlozkou je
fosfor (P). Vyssi obsah P znacne zniZuje opotrebenie v porovnani
s normalnym obsahom fosforu v Sedej liatine (byva 0,7 %) a zaroven
zvysuje suéinitel brzdového trenia. To moze ovplyvnit dizku brzdnej
drahy a tvorbu tepla pri brzdeni.

Pouzitie nekovovych brzdovych klatikov vedie k zvySeniu
teplot na jazdnej ploche a to nasledkom ich zlej tepelnej vodivosti.
Vicsina mechanickej energie premenenej na teplo prejde teda do
kolesa. V sucasnosti existujice moderné technoldgie pouzivaju

The braking process depends more on factors that have
a major impact on the general output effect. This can be rebound-
ed like a friction force between a brake shoe and a railway wheel.
Brake blocks increasing wears screens to the economics efficiency
of their change. It is possible to analyze the individual properties
separately, too, but if the aim is the consequential brake effect, it
is necessary to deal with them as a complex entity.

From the point of view of loading of railway wheels it is neces-
sary to solve questions of heat-loading railway wheels, which
grows as an unavoidable result of braking with the block brake.
The considerable stressing of the wheel, which grows due to dila-
tations from irregular heating during the intensive brake block
breaking, is much more stressed than from radial force-loading of
the wheel. The results of these stresses are: permanent deforma-
tion change formation (the change of the inside distance between
wheels), the source of fatigue-fire cracks and because the plastic
deformations rise in either area of heat supply on the wheel rim,
or on the wheel disc (even near the wheel hub), where the level
and the specific pressure distribution in the molded joint of the
wheel hub-axle seat change. This can cause the decreasing of the
axle in rail-guiding safety. In context with railway wheels, the ques-
tions of the materials, a design shape and an operation manner
would appear optimum. The questions of possible decrease dope-
rational noise, smoother distribution of stresses, and improvement
of durability come to the forefront in interest and all that it has to
guarantee the increased brake effect.

2. The thermal loading during the braking process

The self-brake process acts within the railway wheel and the
brake block contact, but the ultimate braking is situated in the
wheel thread and rail contact. It is a known matter of fact that
during the breaking process the brake block rubs together with the
wheel and the heat rises. A wheel absorbs a part of the incipient
thermal; a part by the brake block and a part of this one dissipa-
tes by the radiation into the surrounding air. The friction tempe-
ratures of the briefly connected surfaces are both the same, but
with regard of different materials, the cast-iron or plastic brake
blocks are heated more intensively.

The brake shoes are made from different materials, such as
gray cast iron, plastic materials, sinter materials and wood. The
friction coefficient of the gray cast-iron shoe, similar to the degree
of the braking activity potential, depends mainly on the chemical
composition of the shoe and the wheel material, the immediate
circumferential velocity of the wheel, the specific pressure between
the brake shoe and the wheel, the braking time and the wear of the
braking shoe and wheel. The chemical composition of the brake
block has a major impact on the friction characteristic and, con-
sequently, also on the braking process and braking distance. The
essential component is phosphorus (P). A higher content of P in
comparison with the standard content of P (default 0.7 %) highly
reduces the wear and, at the same time, advances the brake fric-
tion coefficient. It can influence the brake distance and the degree
of the heat created during braking.

Usage of a non-metallic brake shoe causes increase of heat on
the wheel thread due to the bad heat conductivity of this brake
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kovové primesy rozptylené
v hmote klatika. Tieto techno-
logie vyrazne zvysSuju tepelnu
vodivost nekovovych klatikov
a tepelné zafazenie kolesa je
ovela lepSie ako bolo pri star-
sich technoldgiach vyroby. Ako
uvadza literatura [9], je moZné
pri prvom priblizeni pocitat
s tym, Ze vyvinuté teplo pri brz-
deni prejde do kolesa v mnoz-
stve od 66 % pre liatinové klati-
ky, aZ po 90 % pre klatiky ne-
kovové.

Pri brzdeni sa najviac ohrie-
va povrch jazdnej plochy. Roz-
delenie teploty po priereze kole-
sa zavisi od materialovych a pre-
vadzkovych pomerov. Energiu
premenenu na teplo mdzZeme
pocitat podla [9] a pre vstupné
podmienky znazornit na obr. 2.

Je potrebné upozornit na
nestacionaritu tepelného pola
brzdeného kolesa v oblasti kon-
taktu klatika s povrchom jazd-
nej plochy, ¢o vedie k vzniku
nestacionarnych napéatovych
poli. Pri kazdej otacke je koleso
zatazované postupne tepelnymi
razmi od brzdovych klatikov,
chladenim od styku s kolajni-
cou, chladenim od ofukujuce-
ho vzduchu a salanim do pries-
toru. So zvysujucou sa rychlos-
tou rotacie kolesa sa doba pre-
chodového deja skracuje. Pri
nizSich rychlostiach a vyssich
brzdnych vykonoch prenika
pole hlbSie a podsobi silnejSie
ako pri rychlostiach vyssich. Vo
vzdialenosti cca 4 mm od povr-
chu je vplyv vykyvov tepelného
toku v povrchovej vrstve kolesa
znacne utlmeny. VSeobecne sa
predpoklada, Ze teplota dalej
narastd rovnomerne (obr. 3).

Jednym z prvkov, ktory vy-
razne ovplyviuje tepelné nama-
hanie je umiestnenie brzdového
klatika na kolese. Najnepriazni-
vejSimi moznostami su presah
klatika cez okolesnik a presah
klatika na vonkajsej strane kole-
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(e Fen] 1 Wheel thread quality coefficient of 0,7
1 Brake block width of 80 mm
oo Friction coefficient by SLM Winterthur
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Obr. 2. Energia premenend na teplo vstupujiica do kolesa
brzdeného kldtikovou brzdou
Fig. 2. The mechanical energy changed to a termal one, that
is ingoing to brake wheel with the brake shoe
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Obr. 3. Pomernd velkost amplitiidy tepelnych rdzov ako funkcia
vzdialenosti od povrchu [9]
Fig. 3. The relative rate of amplitudes of - termal beats as a function
of the distance from a surface of the wheel thread [9]
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Obr. 4. Umiestnenie termocldankov (brzdovy kldtik 013P-10,
obsah P 0,5 - 0,8 %, 16 termocldnkov Fe - Ko) vo vzdialenosti
15; 8,5 a 45 mm od trecej plochy
Fig. 4. The distribution of the thermocouples (a brake block (a brake
shoe) 013P-10, the content of P 0,5 - 0,8 %, 16 thermocouples of
Fe - Ko) in the distance of 1.5, 8.5 a 45 mm from the friction area
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shoe material. The wheel absorbs
a major quantum of mechanical
energy. The currently existing modern
technologies use tramp metals spread
in the brake block mass. The above-
mentioned ones dramatically in-
crease the thermal conductivity of the
non-metal blocks, and the thermal
stressing of a wheel is much better
than had the older production tech-
nologies. It is calculated that the
evolved heat is absorbed by a wheel
in a value of 66 % for the gray cast-
iron brake shoe to 90 % for the non-
metallic brake shoe as cited in [9].
The wheel thread is the most heated
part during breaking. The distribu-
tion of temperature on a wheel cross
section depends on the material and
operational conditions. We can cal-
culate energy converted to heat
according to [9] and to show for
input condition in Fig. 2.

It is necessary to give attention
to the nonstationary thermal field in
the area of the brake shoe and the
wheel thread, which leads to the rise
of the nonstationary stress fields.
The wheel stresses gradually by the
brake shoe heat bursts, the cooling
from a contact with a rail, the cooling
by an air stream and the cooling by
heat radiation. The increase of the
wheel-turning speed causes the trun-
cating of the transient process. At
the lower speed and the higher brake
power a field penetrates deeper and
acts more intensive than at the higher
speed. The effect of the heat fluctua-
tion is 4 mm under the surface highly
attenuated. It can be widely expected
that the heat below is growing uni-
formly (Fig. 3).

One of the elements that has high
influence on heat loading is a posi-
tion of the brake shoe at the wheel.
The most negative alternatives are
the overlapping of the brake shoe
over the wheel rim and the overlap-
ping of the brake shoe outside of the
wheel. That causes the big thermal
flows and stresses, and increases the
possibility of the wheel damage.

The important component that
affects the rising of heat during
braking is a coefficient of friction
between the brake shoe and the
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sa. To sposobuje velké tepelné 1000
toky, napdtia a moznost po-
Skodenia kolesa sa prudko zvy-
Suje.

Down hill braking
Velocity = 80 km/h
8923 Power = cca 30 kW

T [°c)

Dolezitym cinitelom, ktory
ovplyviuje tvorbu tepla pri brz-
deni je koeficient trenia medzi 400
klatikom a jazdnou plochou
kolesa. S dobou brzdenia suvi-
si oteplenie brzdovych klatikov.
Dlhsie brzdenie sposobuje za-

- -~ Thermocouple No. 14
rrrrrr Thermocouple No. 3

wheel thread. The time of braking
has impact on the temperature in-
creases of the brake shoe. The long
braking time causes a temperature
increase of the brake shoe. The
brake blocks modify their own
shape, owing to heat changes, and
this causes warping of the bearing
surface together with the conserva-
tion of brake power. That means
the growth of the specific pressure
and that causes decreasing of the

Thermocouple No. 8

hriatie klatikov. Klatiky menia ol 1 o
svoj tvar v dosledku tepelnych
zmien a tym dochadza k zbo-
reniu dosadacej plochy pri za-
chovani brzdnej sily. To zna-

Obr. 5. Priebeh teplot z troch termocldankov na vertikdlnej osi v rovine
rovnobeZnej s rezom a prechddzajiicej stredom kldtika
Fig. 5. The temperatures courses taken from three thermocouples

friction coefficient. The value of
the friction coefficient is decreased
with the heating of a brake shoe.

1200 1600 2000
Time [s]

The results of tests at the brake

mena zvySenie merného tlaku, placed in the vertical axis in the plane parallel with the cross-section and bench [6] show that the surface is

¢o sposobuje pokles sucinitela
brzdového trenia. Velkost su-

Cinitela trenia klesa s oteple-

nim zdrze.
T[]
Vysledky skuSok na sku- o 600
Sobnom brzdovom stave [6] 5
ukazuji, Ze cela trecia plocha 3
nie je v tom istom Case rovna- 54%7

ko teplotne zatazovana. Pocas
brzdenia sa prejavilo intenziv-
ne prijimanie tepla brzdovym
klatikom s naslednym natavo-
vanim povrchu v sty¢nych plo-
chach. Roztaveny kov a necis-

200

going through the center of the block

T = 88.34+0.258944%t-3.84330%107°+t*

non-uniform heat charged at the
same time. During the braking
process the brake shoes were inten-
sively heated. They absorbed a lot
of thermal energy, which causes
the contact area surface to be par-
tially melted.

The melted metal and its
contamination is some type of the
fluent lubricant that decreases the
friction. Owing to the wear-out and
the thermal expansion, the ends of
the brake block are only in action.
These ends are absorbing all the
friction heat. Following to the

toty predstavuju uréity druh
tekutého maziva, ktoré znizuje
trenie. Pri posobeni opotrebe-
nia a teplotnej roztaznosti pri-
chadzaju do Cinnosti len konce
klatika. Tieto konce preberaju
celé trecie teplo. Ohnutim a oderom trecej plochy sa postiva
nosna plocha do stredu brzdnej plochy. Po ochladeni koncov a po
zna¢nom opotrebeni v strede sa dotykova plocha znova presunie
ku krajom klatika. Dej sa odohrava periodicky asi po 400 s (obr.
5) [1]. Silne prehriate miesta putuju aj v smere jazdného profilu
kolesa, ¢o naznacuje, Ze nestacionarita je vSeobecne priestorova.
Skutoc¢ny pritlak vyvodzovany na zdrz sa neprenasa na koleso rov-
nomerne. Plocha posobiaca pri brzdeni sa meni o do velkosti aj
tvaru, z ¢oho vyplyva, Ze trecia sila posobiaca v kontakte sa tiez
meni a brzdny vykon je rozloZeny nepravidelne.

Na obr. 6 je priebeh kriviek ohrevu a chladnutia klatika
v mieste termoclanku €. 8, v strede, najblizSie pri trecom povrchu.
Su to teploty klatika ako Zziarica tepla, (ohrev) pri brzdenom
kolese a krivka chladnutia (odlahnuty klatik od kolesa) by prav-
depodobne mala prudsi ubytok, ak by klatik chladol v zabrzde-
nom stave, ¢im by sa zatazenie kolesa zvacsilo.

Obr. 6. Priebeh ohrevu a chladnutia
Fig. 6. The fuel and cooling off courses. Thermocouple No. §.,
V = 80km/h, P = 20 kW

bending and the friction wear of the
friction surface, the bearing area is
moved to the center of the braking
surface. When the block ends are
cooled off and the breaking area in
the center of the brake block is very
friction worn, the bearing area is moved again to the ends of the
braking shoe. The process is periodic, about 400 s per period (Fig.
5) [1]. Very hot areas are also moving in wheel thread direction.
That means that the nonstationary is generally three-dimensional.
The real pressure acting on the brake shoe is transferred non-
uniformly. The form and dimension of friction surface are changing
during braking, consequently, friction power acting upon the
contact is changing, and the braking power is distributed non-
uniformly.

In Fig. 6 we can see temperatures’ courses of the heating and
the cooling curves of brake shoe in area of thermocouple No. 8 in
the middle, nearest to friction surface. They are the temperatures
of the brake blocks when it is working like a heat radiator (fuel) if
the wheel is braked and the cooling curve, (when the block is
separated). If the block is at the wheel, the curve of cooling off
would probably be a stronger declination, and loading of the
wheel would be more intensive.
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3. Nestacionarne teplotné pole

Z obrazkov €. 5 a 6 je zrejmé, Ze dej je viacnasobne nestacio-
narny. Jednu nestacionaritu vnasa postupny narast teplot, dalSiu
oscilacia okolo tychto v ¢ase sa meniacich zakladni.

Teplotna nestacionarita sa z klatika prenaSa na povrch kolesa
ako tepelne zatazujuci ziari¢. Nestacionarita teplotného pola brz-
deného kolesa v oblasti kontaktu klatika s povrchom jazdnej plochy
vedie k vzniku nestacionarnych napétovych teplotnych poli.
Vzhladom na skuto¢nost, Ze tu posobi periodické kontaktné nor-
malové namahanie povrchu kolesa, nemozno hovorif o Cistom
tepelnom namahani. Nestacionarne radialne teplotné pole kolesa
pri danych okrajovych a zaciatocnych podmienkach pozostava zo
suctu osovo symetrického nestacionarneho pola s teplotou na
povrchu a neosovo symetrického nestacionarneho radialneho pola.
Pri neosovo symetrickom poli pristupuje zavislost na otackach. So
zvySujicou sa rychlosfou rotacie kolesa sa doba prechodového
deja skracuje. Pri nizsich rychlostiach a vysSich brzdovych vyko-
noch prenika pole hlbsie a pdsobi silnejsie, ako pri rychlostiach
vyssich. Tam je to priblizne len do cca 1 - 3 mm od povrchu (obr.
3). Z toho vyplyva potreba Studia spravania sa samotného zdroja
teplotného zataZenia = klatika. Analyza tychto dejov vedie k zaveru,
Ze pri nespravnom brzdeni je mozné teplotne zniCif alebo posko-
dit akékolvek koleso a hladanie vychodisk moze napomoct k cel-
kovému zlepseniu kvality prevadzky zelezni¢nych vozidiel.

Pri brzdeni zZelezni¢ného kolesa klatikovou zdrzovou brzdou
dochadza k uprave a prisposobeniu tvaru povrchu brzdového
klatika jazdnému profilu kolesa, takZe zjednoduSene sa Zelezni¢né
koleso pre teplotnii analyzu moze povazovat za valec.

Problematiku Sirenia sa teplot v zelezniénom kolese je mozné
skumat viacerymi sposobmi. Z hladiska pristupu a vyuzitia dostup-
nych metdd su tieto moznosti:

« Analytické rieSenie diferencialnej rovnice Sirenia tepla pomocou
matematického aparatu.

« Priblizné analytické metddy - rieSenie v tvare sumy Clenov neja-
kého matematického radu.

« Numerické metddy - rieSenie sa hlada v niektorych uzlovych
bodoch skumane;j oblasti, napriklad metody kone¢nych prvkov.

« Metody fyzikalneho modelovania.

« Metody matematického modelovania - analogové metddy -
davaju dostatocne presné vysledky pri pomerne malych nakla-
doch na rieSenie.

» Experimentalna metdda.

Zriedkakedy sa pre analyzu pouzije jedina metoda, CastejSie
ich kombinacia. Nie je mozné hovorit o vynimo¢ne presnych hod-
notach vysledkov, pretoze tie st do znac¢nej miery zavislé od zacia-
tocnych a okrajovych podmienok.

Matematické metody vedu k rieseniu nelinearnych diferencal-
nych rovnic, ktorych koeficienty su viacnasobne funkéne zavislé
od vstupnych podmienok. Riesenie je zloZité a bez vierohodnych
vstupov nema samotny vypocet realne opodstatnenie.
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3. The nonstationary temperature field

From Figs. 5. and. 6, it is obvious that the process is multi-
nonstationary. The continuous gradient of temperature carries in
the process one nonstationary, and another nonstationary carries
the oscillation of temperature around different time bases.

The thermal nonstationary is transferred from a brake block
to a wheel tread as a heat-stressing element. The nonstationary of
a thermal field of a braked wheel in the contact area of the brake
block with a surface of the wheel tread leads to the rising of the
nonstationary stress thermal fields. With regard to the reality, the
periodic contact normal loading of the surface of a wheel is here,
and we can’t speak about the pure thermal loading. The nonsta-
tionary radial thermal field of a wheel with given boundary and
start conditions consists of the algebraic sum of the axis-symme-
tric nonstationary field with the temperature on the surface and
from a nonstationary non-axis-symmetric radial field. The non-
axis-symmetric radial thermal field depends on a wheel revolu-
tion, when the rapidity rises the duration of a transient regime will
be shorter. If the wheel revolution is lower and the brake power is
higher, the nonstationary field will penetrate deeper at higher
rapidity. The effect of that field at a higher rapidity is only to the
distance of 1 - 3 mm from the surface. (Fig. 3). It results to the
necessity of the behavior study of the source of that thermal
loading = the brake shoe. The analysis of these processes leads to
the conclusion that bad braking process can thermally destroy or
damage any railway wheel, and the investigation of the right solu-
tion can help to improve the quality of all rail operation.

On the braking of railway wheel by a block brake, the adapta-
tion of brake block to wheel tread arises the real railway wheel can
be simplified to the cylinder for thermal analysis.

The railway wheel temperature spread can be investigated by
more methods. From the point of view of usage of the accessible
methods are these possibilities:

« The analytical solution of a differential equation of the tempe-
rature spreading by the mathematical apparatus.

« The approximate analytical methods - the solution in the form
of any mathematical queue sum.

« The numerical methods - the solution is analyzed in some node
points of the investigated area, as the Finite Element method.

« The physical modeling methods.

« The mathematics modeling - analogue methods - they often
give sufficient, precise results, and the experiments are not too
expensive.

» The experimental method.

Only one method is rarely used, man often uses more methods
or a combination. The strictly precise data cannot be discussed
because they often depend on start and boundary conditions.

Mathematical methods lead to the nonlinear differential equa-
tions solution; their coefficients are more times functionally
dependent on the input conditions. The solution is difficult and
without true and trustworthy input, the solution can’t give good
results.
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Podobne plati napr. aj pre metodu koneénych prvkov, pouZi-
tie ktorej uz predpoklada, ze prvky urcitého typu uz maju vlast-
nosti, ktoré su tiezZ predmetom skumania.

Analégové metody (napr. elektroanalogia) vyzaduju Specificky
pristup, ktory vo svojom dosledku ma charakter rieSenia matema-
tického modelu.

Velmi ucinnym pristupom sa javi experimentalna metoda.
Tato nielen Ze moze dat konkrétnu predstavu a kvantifikovat kva-
litativne veliCiny, ale ak je nevyhnutné aj porovnanie a verifikaciu
aplikacie analytickych metéd.

Vysledky sa porovnavaju a overuje ich platnost experimentmi,
na realizaciu ktorych nevyhnutne potrebujeme trecie skusobné
brzdové stavy, kvalitnu meraciu a vyhodnocovaciu techniku spolu
s vypocCtovym programovym vybavenim. PrevadzkovateImi brzdo-
vych stavov byvaju vyrobcovia zel. dvojkolesi, brzdovej vybavy, pre-
vadzkovatelia Zelezni¢nej techniky (Statne drahy), vyskumné alebo
certifikacné zariadenia. Podla ucelu a praktickych potrieb st aj
brzdné stavy rozne, od modelovych zariadeni, cez skusobné stavy
pre jedno koleso, dvojkolesie alebo cely podvozok.

4. Dosledky posobenia tepelného namahania
na Zelezni¢né koleso

Hlavnym cielom je najst taky tvar kolesa, ktory pri nezmenenej
alebo dokonca vyssej unosnosti poskytuje lepSie materialovo-eko-
nomické rieSenie pri zachovani minimalnych hodnot deformacii
a napiti. Dal§im moznym kritériom je radialna poddajnost kolesa,
ktora je potrebna na zniZenie zvislych razov medzi kolesom a kolaj-
nicou, s ¢im priamo suvisi aj snaha o zniZenie hmotnosti kolesa
a teda v konecnom dosledku zniZenie neodpruZenej hmotnosti
vozidla. Ako samostatnu problematiku je mozné uviest hluk vzni-
kajuci odvalovanim kolesa po kolajnici. RieSenie spoc€iva jednak
vo vhodnej volbe geometrického tvaru kolesa, jednak vo volbe
materialu a pripadne jeho tepelného spracovania.

Velky vplyv na velkost napdti a deformdcii ma tvar a hrubka
dosky zelezni¢ného kolesa. Zakladné tvary kolies su na obr. 7:
« kuzelovity - VARIANT I,
o zvlneny v jednom smere - VARIANT C alebo S,
« zvlneny v dvoch smeroch.

VARIANT I

e

+w

VARIANT C

Similar prerequisites are given for the finite elements method,
where the method algorithm awaits, where the elements have their
own properties - that are the target points of investigation, too.

The analog methods (as an electroanalogy) want special access
that, in the final, have the property of the equation solution.

The experimental method (if it is possible to do it) appears to
be a most suitable method. It can give a good problem solution
outline. To define quantities of the qualities, it can analyze and
compare and verify of the different analytical method of the inves-
tigation.

The results are assessed, and their validity is verified by expe-
riments. For the experiment realization the friction test stands, the
quality measurement and the data assessment equipment together
with the computer hardware and software are needed. The test
stands are in the company manufacturers’ operation of the railway
wheel sets, the breaking equipment, and the railway operational
guarantee (the state railway organizations, the research and quality
certification approval companies.) The brake stands are different
by means of their operation. They can be designed as a construc-
tion of model size, test stand rigs for one wheel, a wheel set, or the
whole bogie.

4. The implications of heat loading acting upon
the railway wheel

The finding of the ideal shape of the wheel, that allows better
material - the economic design together with the minimum value
of the deformation and the stress is the main target. Another
target is the radial flexibility of the wheel that is necessary for the
decrease of vertical bursts between wheel and rail. With that is
connected the aspiration for wheel mass decreasing - decrease of
the non-dumped mass of the vehicle. As an independent theme we
could reflect a problem of noise that is generated by a rolling
wheel on a rail. A solution is the right choice of the wheel geo-
metric shape and the right choice of wheel material and the even-
tually heat processing.

The intensity of the deformation and the stress dramatically
depends on the shape and the thickness of the wheel disc. The
basic wheel shapes are in Fig. 7.

« conic shape - VARIANT of 1
« waved in one direction - VARIANT of C or S
« waved in two directions.

VARIANT S

Obr. 7. Schematické zndzornenie jednotlivych variantov tvarov monoblokovych Zeleznicnych kolies
s naznacenymi kladnymi smermi moznych deformdcii (v, w)
Fig. 7. The schematic layout of the different shape variant of the monoblock railway wheels with the

outlined positive directions of the possible deformations (v, w)
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Zakladné varianty C a S mo6zu byt superponované s variantom
1. Okrem toho je tvar charakterizovany este sklonom kuzela alebo
smerom zakrivenia k vnutornej alebo vonkajsej strane kolesa.

S doskou kuzZelovitého tvaru je mozné sa stretnut len vyni-
mocne. Zvlnenim dosky sa dosahuje urcita radialna poddajnost.
Pri kolesach odporuc¢anych ORE je zvinenie dosky urobené tak,
aby stredy pripojenia dosky k naboju a dosky k vencu kolesa lezali
v jednej rovine kolmej na os naboja. Tym sa obmedzuje uz zmieneny
vznik zmeny rozmerov dvojkolesia ucinkom tepelnych namahani
pri brzdeni. V snahe ¢o najviac znizit hmotnost kolies, vyrabaju
niektori vyrobcovia dosku tensiu a zvlnenu v dvoch smeroch, ¢im
sa zvysi jej odolnost voci priecnym silam pdsobiacim na koleso.

Porovnanie jednotlivych tvarov z hladiska napéti a deformacii,
vplyv hrubky dosky pri zachovani ostatnych rozmerovych a tvaro-
vych parametrov boli uz aj v minulosti predmetom viacerych
vyskumov [13]. Smerodajné a pre pouzitelnost urcujiuce su hodnoty
vnitornych napéti (oy,,,,) a deformacii v axidlnom smere na
venci kolesa (w) a v radialnom smere na naboji kolesa (v). Jednot-
livé priebehy napéti a deformacii v zavislosti od geometrickych
parametrov tvaru dosky a, ¢, d st vdy pre tri rozne hribky kotica
h =15, 22 a 30 mm znazornené na obr. 8, 9 a 11. Co sa tyka
napiti, je pri vSetkych variantoch najpriaznivejSie rieSenie, ak je
doska kolesa rovna (a, ¢, d = 0). Podobnu tendenciu je mozné
vidiet aj pri axialnej deformacii. Radialna deformacia naboja,
ktora vplyva na bezpecnost lisovaného spoja a tym na bezpecnost
prevadzky sa vsak sprava uplne inak. Popisany pripad (a, ¢, d = 0)
predstavuje najnepriaznivejsie rieSenie.
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The basic variants of C and S can be superimposed with the
alternative of I. Moreover the shape is defined even by the bevel
of the cone or the direction of the curvature to the inside or outside
site of the wheel. The wheel disc with the cone shape is very rare.
The waved shape of the wheel disc enables some radial flexibility.
The wheels recommended by ORE have the waved discs manu-
factured such way, to be the center of the disc - hub connections
and the center of disc - rim of the wheel connections lie on same
plane that is perpendicular to the hub axle line. This limits the
above-mentioned influence of the wheelset dimension changing
from the heat loading during the braking. In order to the wheel
mass decrease, the producers make wheel discs more thin and
waved in the both directions consequently wheel is more hardness
against the lateral forces acting to the wheel.

The comparison of the individual shapes from the point of
view of the stresses and the deformations and from the point of
view of the impact on the disc thickness if other dimension are
untouched was already researched [13].

Important and usable are the values of the internal stresses
(Opmay) and the deformation in the axial direction on the rim of
the wheel (w) and the deformation in the radial direction on the
hub of the wheel (v). Individual stresses and deformations distri-
butions following geometric dimensions of wheel disc a, b, d for 3
different thicknesses of wheel disc # = 15, 22, 30 mm are shown
on Figs. 8, 9 and 11. If we want to receive the minimum stress, the
most appropriate solution for all variants is if the wheel disc is flat
(a, ¢, d = 0). We also receive the similar tendency in the case of
axial deformation. This is not valid for radial deformation of the
hub. That has an impact on the safety of the pressed joint. The
case described here (a, ¢, d = 0) represents the worst solution.
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Obr. 8. Vypocitané hodnoty napdti a deformdcii kolies s kuzelovitym tvarom dosky v zdvislosti
od geometrického parametra a charakterizujiiceho sklon kuZela
Fig. 8. The calculated values of the stresses and the deformations of the wheels with the disk of the I shape
in dependence on the geometric parameter of a defines the intensity of conicity

Varianty C a S (obr. 9 a 11) pri velkych zakriveniach a malych
hrubkach dosky poskytuju akceptovatelné rieSenie po vSetkych tu
spomenutych strankach. Hrani¢na hodnota pre extrémne znizenie
hrubky vyplyva zo zatazitelnosti sustredenymi silami. Hrani¢na
hodnota zvlnenia je dana technologickymi moznostami pri valco-

Variants C and S (Figs. 9 and 11) with strong curvatures and
the small thickness of the wheel disc allow an acceptable solution
for all mentioned aspects. The boundary value for extremely
decreased thickness following concentrated forces capacity. The
boundary value of waving is given by technological possibilities of
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Obr. 9. Vypocitané hodnoty napiti a deformdcii kolies s doskou tvaru C v zavislosti
od geometrického parametra c charakterizujiiceho velkost zakrivenia
Fig. 9. The calculated values of the stresses and the deformations of the wheels with the disk of the C shape
in dependence on the geometric parameter of ¢ that defines the intensity of curvature
Wheel ORE ¢ 920 mm Wheel VMS ¢ 920 mm
Wear 25 mm Wear 25 mm
Axle load 22.5 t Axle load 25 t
Mass 343 kg Mass 347 kg

Obr. 10. Kolesd typu UIC - ORE a VMS
Fig. 10. The wheels of the type of: UIC - ORE and VMS
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Obr. 11. Vypocitané hodnoty napiti a deformdcii kolies s doskou tvaru S v zavislosti
od geometrického parametra d charakterizujiiceho velkost zakrivenia
Fig. 11. The calculated values of the stresses and the deformations of the wheels with the disk of the S shape
in dependence on the geometric parameter of d that defines the intensity of curvature
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vani. Ako nazorny priklad takto tvarovanych kolies je mozné
uviest unifikované koleso UIC - ORE alebo Franctuzskymi stat-
nymi Zeleznicami (SNCF) a jej priemyselnymi partnermi na
zaklade numerickej simulacie mechanického spravania sa navrh-
nuté a na brzdovom stave a v prevadzke uspesne odskusané VMS
koleso (Valdunes Montagne Securite) [12]. Treba dodat, ze nové
VMS koleso je uz navrhované pre napravové zatazenie 25 ton.

Neda sa jednoznacne tvrdit, Ze ta ¢i ona varianta je najpriaz-
nivejsia, ich vhodnost pri vopred stanovenych prioritach je nutné
posudzovat komplexne aj so zohladnenim druhu a charakteru pre-
vadzky.

5. Experimenalny vyskum na KKVMZ

Na experimentalny vyskum sa na KKVMZ vyuziva brzdovy
stav KKVMZ umiestneny v tazkom laboratoriu katedry. Povodna
konstrukcia a komponenty brzdového stavu sa postupne moderni-
zovali, brzdovy stav bol doplneny zotrva¢nikmi pre simulaciu
brzdenia vlaku do zastavenia [4]. Brzdovy stav je v procese akre-
ditacie pre certifikaciu vybranych brzdovych skuSok v zmysle
UIC, projekt ERRI (B 126.11 Acceptance testing of friction rig
(ZSR)).

Pre zabezpecenie zdznamu, uloZenia a vyhodnotenia namera-
nych dat bol na KKVMZ naprogramovany meraci, a vyhodnoco-
vaci meraci systém LaGer [8].

6. Zaver

Posobenie kolesa a brzdového klatika je dolezita stranka bez-
pecnosti systému Zeleznic. Nové vyskumy a doteraz ziskané sku-
senosti k problematike popisanej v prispevku maju umoznit
nasledovné:
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rolling process of the wheel production. The wheel made with this
shape is the unified wheel of UIC - ORE or French state railways
(SNCF) and their industry partners developed the wheel VMS
(Valdunes Montagne Securite) [12]. This wheel was made on the
base of numeric simulation of mechanical behavior, tests on brake
bench and tests in operation. It must be said that a new wheel
VMS is designed for axle load 25 tons. It is hard to say if any of
these variants are better. Their aptitudes must be ad-judicated with
ahead determined priorities and taken into consideration with the
branch and character of operation.

5. The experimental research on the Department
of Railway Vehicles, Engines and Lifting
Equipment (KKVMZ)

The experimental research uses brake bench of the KKVMZ
installed in the heavy laboratory of the department. The original
design and components of the brake bench were continuously
upgraded. The brake bench was made up with flywheels for
braking simulation [4]. The brake bench is now in the process of
accreditation for the certificate chosen brake tests according to
UIC, the project ERRI (B 126.11 The acceptance testing of friction
rig (ZSR)).

For the data storage and the evaluation of measured data, the
system was programmed for measuring and evaluating LaGer [8]
in the department of the KKVMZ.

6. Conclusions
The interaction between the wheel and brake shoe is an

important aspect of a railways security system. New investigation
and acquired knowledge of this question allow:

Obr. 12. Brzdovy stav KKVMZ, pohlad na motor a sistavu zotrvacnikov
(prostredny zotrvacnik je pre lepsiu vizudlnu informdciu nakresleny s vyrezom)
Fig. 12. The brake test stand of the KKVMZ, the look at the driving engine and the flywheel set
(the flywheel in the middle is for better visual information drawn with the cut)
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Obr. 13. Pohlad na celny panel riadiaceho programu LaGer v rezime aktivneho dizajnéra - ndstroja, pomocou ktorého
Jje mozné definovat, resp. modifikovat vzhlad a ¢innost programu
Fig. 13. The view of the front panel of the control program of the LaGer in the mode of the active designer - the tool,
with its help, it is possible to define or modify the appearance and functionality of the program

« vyvoj matematickych modelov, najmid na vyskum mechanic-
kého a termomechanického spravania sa Zeleznicného kolesa,

» vyvoj kolies a Casti brzdového vystroja na zvysenie dopravnych
vykonov (rychlost, napravové zataZenie), na zniZenie hluku
vznikajiceho odvalovanim kolesa po kolajnici a hluku vznikaji-
ceho pri brzdeni, ako aj na zniZenie obstaravacich nakladov
a nakladov na udrzbu.

« the development of new mathematical models, especially for the

mechanical and thermomechanical behavior of the rail wheel
research,

» the development of the wheel and brake devices for the in-

crease of the carriage power (speed, axle load), decrease of the
rolling wheel noise and braking noise and decrease of first costs
and operating expenses.

86 + KOMUNIKACIE / COMMUNICATIONS 1/2001



KOMNIKOCIe

C O MMUNICATION:S

7. Literatura - References

[1] GERLICI J., HLAVNA V., REZNICEK R.: Simulation of down-hill braking with a shoe brake, Proceedings of the 4™ mini confe-
rence on vehicle system dynamic, identification and anomalies held at the TU of Budapest, Hungary, 1994.
[2] HLAVNA V., REZNICEK, R.: Brake Linings for Road Vehicles, Proceedings of the 5™ mini conference on vehicle system dyna-
mics, identification and anomalies, TU of Budapest, Hungary 1996
[3]1 HLAVNA V.: Testing of spare brake linings on a test brake bench, The 7™ International Scientific Conference on SimulationRese-
arch in Automotive Engineering, PL Lublin, Polska1999
[4] REZNICEK R., VALJIENT G.: Setrvacnikovy brzdovy stav Zilinské university, ZDB a.s. zavod Zelezniéni dvojkoli, Zpravodaj Tech-
nické informace, konstrukce zZelezni¢nich dvojkoli, ¢. 11, Bohumin, 1997.
[5] GERLICI J., LACK T.: Phenomena of thermic interaction between loaded brake shoe and rail wheel, In: Faculty of mechanical engi-
neering 2nd Scientific Conference, Proceedings of Lectures, Editing Centre UTC Zilina 1995.
[6] GERLICI l.: Javy teplotnej interakcie medzi Zeleznicnym kolesom a brzdovym kldtikom, Scientific Papers of the University of Par-
dubice, Edi¢ni stfedisko Univerzity , Pardubice 1996.
[7] LACK T., GERLICI J.: Tvorba systémov pre programovo riadené meranie, vypocet a vyhodnotenie tidajov; In: Zbornik: XII. Medzina-
rodna konferencia ,Stiéasné problémy v kolajovych vozidlach - PRORAIL'95%, Zilina, VSDS Zilina, 1995.
[8] LACK T., GERLICI J.: Aplikdcia programového systéemu LAGER-EXPERIMENT na brzdovy stav, 2. Védecka konference Dopravni
fakulty Jana Pernera, DFJP UP, Pardubice, 1999
[9] MITURA K., MATUSEK P., FAJA R.: Tepelné poskozovini Zeleznicnych kol zpiisobené intenzivnim brzdénim, S. 175-184, In: Zelez-
niéni technika 10/1980, Pfiloha Z 30/80.
[10] EDEL K. O.: Bruchmechanische Analyse und Bewertung der Rifausbreitung im Radkranz von Eisenbahnvoliridern (Teil 2), S. 308-
316, In: ZEV+DET Glas. Ann. 117 (1993) Nr.9
[11] KALOC R.: Ovérovdni viastnosti Zeleznicnich kol, In.: Hutnické aktuality, Vyzkumny ustav hutnictvi Zeleza 1981.
[12] RAISON J.: Thermomechanisches und akustisches Verhalten der Réder von Eisenbahn-Fahrzeugen, S. 375-384, In: ZEV+DET Glas.
Ann. 122 (1998) Nr. 9/10
[13] REICH O., VILLA U., WERNECKE H., MAHRHOLZ G.: Entwicklung optimaler Radformen fiir Eisenbahnrdder, S. 296-298, In:
DET - Die Eisenbahntechn. 29 (1981) Nr.7

KOMUNIKACIE / COMMUNICATIONS 1/2001 87





