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Vizeni citatelia,

stalo sa uz dobrym zvykom, Ze s urcitou periodicitou sa jedno c¢islo Komunikdcii venuje doprave a dopravnym
prostriedkom vo vztahu k Zivotnému prostrediu. Tento fenomén je v centre pozornosti zaujmov Zilinskej univerzity,
ktord to ddva najavo aj tym, Ze prvé cislo Komunikdcii v jubilejnom roku svojej pdtdesiatrocnej historie venuje prdve
tejto téme.

Skupina Europskeho spolocenstva ,Doprava 2000 plus” konstatovala v sprdave ,Doprava v rychle sa meniacej
Eurdpe’, Ze sektor dopravy je jeden z hlavnych cinitelov problémov energetickych a problémov Zivotného prostredia,
pretoZe patri k najvacsim spotrebitelom fosilnych energetickych zdrojov a je zodpovedny za podstatné ovplyviiovanie
a zatazZovanie Zivotného prostredia.

Otdzky hodnét Zivotného stylu, spésobu Zivota a hospoddrenia urcujii dalsi vyvoj dopravy. Dopravnd politika musi
preto zohladnovat globdlne a regiondlne podmienky. Perspektivu majii tie stratégie, ktoré uvazujii so zmenou dopravnych
systémov a s obmedzenim neefektivnej dopravy. Skodlivé iicinky dopravy na zivotné prostredie musia byt obmedzované
presadzovanim rychlejsich, bezpecnejsich a pohodinejsich dopravnych prostriedkov verejnej dopravy, ako aj obmedzova-
nim individudlnej dopravy hlavne vo velkych mestdch.

Prudky vyvoj takmer vsetkych hospoddrskych odvetvi okamcZite ovplyviiuje oblast dopravy. Automobilovy priemysel
produkuje vozidld vybavené novymi technologiami a prevadzkovatelia dopravy tiito oblast financujii prostrednictvom
ndkupu novych dopravnych prostriedkov. V siicasnej ,modernej priemyselnej spolocnosti” sa citi podstatnd cast oby-
vatelstva obtaZovand najmd emisiou hluku a vyfukovych plynov. Aj preto si rieSenie problému rastiicej hustoty dopravy
vyZaduje vystavbu novych rychlostnych ciest a obchvatov miest. Ak produkcia emisii v ustdlenych stavoch prevdidzky
vozidla je viac-menej iispesne rieSend, tak neustdlené rezimy prevadzky sposobujii podstatne vicsie zataZenie Zivot-
ného prostredia. O simuldcii neustdlenych reZimov prevddzky vozidiel sa mozno dozvediet z prispevku pracovnikov SjF
Zilinskej univerzity. Dodatocné vstrekovanie paliva do valca vznetového motora je jednou z metéd znizovania produk-
cie NO,. O vysledkoch pouZitia tejto metddy sa piSe v prispevku prof. Szlachta.

ZniZenie hlucnosti kolajovych vozidiel moZe byt dosiahnuté vhodnou konstrukciou ich podvozkov a pojazdov.
Dvojkolesia natdcané do radidlnej polohy zamedzujii piskanie v oblitkoch kolaje. Analyza geometrie Zeleznicnej kolaje
z pohladu jej opotrebenia v prevdadzke je otdzkou siicasnej prevdadzky kolajovych vozidiel. Dosledky negativneho poso-
benia sa odrdzajii aj na stave Zivotného prostredia.

Dalsim neprijemnym fenoménom prevadzky dopravnych prostriedkov sii vibrdcie a otrasy. Na riesenie tohto problému
Jje mozné vyuzit aj pseudostochasticky model terénu, o ktorom sa piSe v prispevku panov Harmana a Ferenceya.

Bezpecné a spolahlivé zdsobovanie palivami a zber odpadov je doleZité pre nepretrzitii plavbu a ochranu Zivotného
prostredia. Na tieto iicely bolo navrhnuté a postavené zdsobovacie plavidlo. Projekt bol vyhotoveny na Katedre auto-
mobilov, lodi a motorov Slovenskej technickej univerzity v Bratislave.

Dear Reader

1t has become good practice that one volume of the university scientific letters is periodically devoted to transport
and means of transport and their relation to the environment. This fact clearly shows that the topic is not on the periph-
ery of the university interests. On the contrary, the fact that the very first volume published in the year when the uni-
versity celebrates 50 years of its existence focuses on the above mentioned issues clearly shows that they are given
appropriate attention.

The EU Group Transport 2000 plus” in its report “Transport in the rapidly changing Europe” mentiones that the
branch of transport is one the main domains responsible for problems with energetic sources and impacts on the envi-
ronment as it ranks among the greatest consumers of fossile sources of energy and those that substantially negatively
influence the environment.

Prevailing values of lifestyles and economy are decisive for further development of transport. Transport policy has,
therefore, to take into account global and regional conditions. Those strategies which will implement changes in trans-
portation systems and reduce ineffective traffic will have a good chance of success in the future. Negative impacts of
transport on the environment will have to be reduced by introducing faster, safer and more comfortable means of public
transport and by reducing individual transport mostly in large towns.

Huge development of almost all industrial branches immediately affects transport. Automobile industry produces
vehicles equipped with new technologies and transport operators finance the sector by purchasing new vehicles. In the
present “modern industrial society” a considerable part of population complains mostly of noise and emissions. This
may be one reason why to solve the issue of ever-growing transport by building new fast highways avoiding centers of
towns. While the production of emissions in steady-state operations has been more or less successfully solved, unsteady
regimes of operations are to be solved as they result in a considerably significant impact on the environment. The topic
of simulation of unsteady regimes of vehicle operation is approached in the paper of colleagues from the Faculty of
Mechanical Engineering of the University of Zilina. Additional injection of fuel into the diesel engine cylinder is one
of the methods leading to reduction of NO, production. Professor Szlachta writes about some results from the imple-
mentation of this method in his article.

Reduction of noise from operation of railways vehicles can be achieved by a suitable desing of their bogies and
running gears. Radial steering wheel sets avoid curve squeal. Geometry analysis of rails from the point of view of their
wear in operation is another topical issue of railway vehicle operation. The results of negative impacts can again be
noticed on the environment.

Another unplesant phenomenon connected with the operation of means of transport are vibrations. A pseudo-sto-
chastic model of terrain described by Mr Harman and Mr Ferencey offers a solution to the problem.

Safe and reliable supply of fuels and waste collection are vital for continuous navigation and environmental pro-
tection. In order to meet this objective a supply vessel was constructed. The design was made in the Department of
Cars, Ships and Engines of the Slovak University of Technology in Bratislava.

Viadimir Hlavia
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POSUDZOVANIE VPLYVU AUTOMOBILOVE) DOPRAVY

NA ZNECISTENIE, OVZDUSIA

ASSESMENT OF THE IMPACT OF ROAD TRAFFIC ON AIR POLLUTION

Negativny vplyv dopravy na znecistenie ovzdusia je vSeobecne
znamy. Automobilovd doprava mad velky podiel na znecistovani pri-
zemnej vrstvy atmosféry, v ktorej sa rozvija zivot, Specidlne imisii, t. j.
koncentrdcie emitovanych znecistujiicich latok. Dovodom je emisia
hlavnych znecistujucich latok z automobilovej dopravy tesne nad povr-
chom zeme (CO - oxid uhlicity, NO, - suma oxidov dusika a VOC -
prchavé organické zliiceniny).

Prispevok sa zaoberd vplyvmi automobilovej dopravy na znecis-
tovanie ovzdusia a metodikou na vypocet mnozstva produkovanych
znecistujiicich latok, ktord sa pre tento ucel pouZiva.

1. Uvod

Problém znecistenia ovzdusia od automobilovej dopravy nie je
mozné riesif zvySenim vysky vypustania znecistujucich latok, ako sa
to riesi pri priemyselnych zdrojoch, kde sa dosiahnutie pripustnych
imisnych limitov riesi stanovenim tzv. minimalnej vysky komina.
Znizit dopad automobilovej dopravy na znecCistenie ovzdusSia pri-
zemnej vrstvy atmosféry znamena znizit emisie zneCistujucich latok
automobilov technickym zdokonalenim spalovania, zachytenim,
popripade transforméaciou zneéistujucich latok katalyzatormi. Dal-
§im rieSenim moze byt odklonenie alebo presmerovanie automo-
bilovej dopravy v oblasti s najviac zneCistenym ovzdusSim.

2. Vplyv dopravy na znecistenie ovzdusia

Zatazenie Zivotného prostredia ludskou ¢innostou - dopravou -
- vznika vnasanim chemickych, fyzikalnych a biologickych prvkov.
Dolezité je neprekrocit mieru inosnosti izemia, neposkodit ho.
Doprava zatazuje zZivotné prostredie pocas vystavby a prevadzky,
najviac hlukom a emisiami. V sucasnosti v§ak uz existuju také tech-
nologické postupy a technické vybavenie cestnych komunikacii,
ktoré dokazu zabezpecif neprekrocenie predpisanych hygienickych
limitov.

Doprava a dopravny priemysel v Europe spotrebovava 20 %
celkovej energie, z tohto mnozstva az 83 % spotrebovava cestna

The negative impact of traffic on air pollution is a generally known
Jact. Automobile traffic has a great share in polluting the ground layer
of the atmosphere where life develops and this applies especially to
emissions, I. e. concentrations of polluting substances being emitted.
This is the result of emissions of the main polluting substances pro-
duced by automobile traffic (CO - carbon monoxide, NO, - sum of
nitrogen oxides and VOC - volatile organic compounds) just above the
surface of the earth.

The article deals with the influence of automobile traffic on air
pollution using the methodology of calculating the volume of gener-
ated pollutants applied for this purpose.

1. Introduction

The problem of air pollution caused by traffic cannot be solved
by increasing the volumes of air polluting substances release as it
is solved in industrial sectors, where permitted emission limits are
secured by specifying the minimum chimney height. To reduce the
impact of automobile traffic on pollution of the ground layer of the
atmosphere, it means to reduce the emissions of pollutants coming
from vehicles by means of technical enhancement of the combus-
tion process, by means of interception or transformation of the pol-
luting substances with catalysts. Another solution can be to deflect
or redirect traffic from the areas with the most polluted air.

2. Impact of Traffic on Air Pollution

The burden laid on the environment by human activity - by
the traffic - is the result of bringing chemical, physical, and bio-
logical components into the environment. It is important not to
exceed the rate of sustainability of a territory and not damage it.
The traffic has had a bad impact on the environment already when
new roads are constructed and exploited, mostly due to noise and
emissions. Nowadays, technological methods and technical equip-
ment have been developed that can ensure that the specified
hygienic limits will not be exceeded.

Traffic and traffic industry in Europe consumes up 20 % of the
overall energy, and 83 % out of this amount is consumed by road

* Assoc. Prof., MSc., Daniela Duré¢anska, Ph.D., MSc. prof. Ing. Milan Morav¢ik, Ph.D.
University of Zilina, Faculty of Civil Engineering, Department of Highway Engineering, Komenského 52, Zilina, E-mail: durcan@fstav.utc.sk
University of Zilina, Faculty of Civil Engineering, Department of Construction Management, Komenského 52, Zilina, E-mail: milanm@fstav.utc.sk
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doprava, ktora vsak tieZ vyprodukuje 81 % oxidu uhol'natého CO
a 51 % oxidov dusika NO,. Dialnice dokaZu tento priemer zniZit
priblizne o 25 % [1].

Na znecCistovani ovzdusia na Slovensku sa doprava podiela asi
23 %, najvacsim znecistovatelom je energetika so svojimi cca 42 %.
Podiel mobilnych zdrojov na tvorbe zakladnych znecistujucich
latok v ostatnom obdobi je uvedeny v tab. ¢. 1 [2].

traffic, which also produces 81 % of CO and 51 % of NO, nitrogen
oxides. Highways can decrease this amount by about 25 %. [1]

In Slovakia, the share of traffic in air pollution is about 23%,
while the main polluter, power engineering has a 42% share in air
pollution. The share of mobile sources in production of basic pol-
luting elements in the last years is shown in Table 1 [2].

Emisie zakladnych znecistujucich latok od mobilnych Tab. 1 Emissions of basic polluting substances coming Table 1
zdrojov za obdobie 1995 - 1999 from mobile sources in 1995-1999
Roky Znecistujuce latky [tis.t/rok] Year Polluting substances [1000.t/year]
oxid uhol'naty| oxid dusika | oxid siriCity | tuhé emisie carbon nitrogen sulphur
CO NO, SO, monoxide oxides dioxid particles
1995 181.1 52.9 24 32 co NO, S0,
1996 154.3 43.4 23 25 1995 181.1 52.9 24 32
1997 1442 445 24 27 1996 154.3 43.4 2.3 2.5
1998 144.6 46.3 27 29 1997 144.2 44.5 2.4 2.7
1999 1325 2.9 11 27 1998 144.6 46.3 2.7 2.9
1999 132.5 42.9 1.1 2.7

Na znecistovani ovzduSia v okoli cestnych komunikacii sa
podielaju hlavne skodliviny z vyfukovych plynov vozidiel a zvySena
prasnost sposobena virenim usadenych Castic na povrchu vozovky
a v jej blizkosti.

3. Moznosti minimalizacie vplyvov automobilovej
dopravy na zZivotné prostredie

Dalsi vyvoj dopravy je neoddelitelne spojeny s otazkami hodnot
Zivotného $tylu, sposobu Zivota a hospodarstva. Verejnym zaujmom
uréeny ramec, v ktorom sa mozu dopravné koncepcie pohybovat,
zavisi od meniaceho sa postoja spolo¢nosti k tymto otazkam.
Dopravna politika musi preto zohladnovat globalne aj regionalne
podmienky. Perspektivu maju tie stratégie, ktoré uvazuji so zmenou
dopravnych systémov a s obmedzenim neefektivnej dopravy. Skod-
livé u€inky dopravy na Zivotné prostredie musia byt obmedzované
presadzovanim rychlejsich, bezpecnejSich a pohodlnejsich doprav-
nych prostriedkov verejnej dopravy, ako aj obmedzovanim indivi-
dualnej dopravy hlavne vo velkych mestach.

Vplyv trasovania na rozptyl emisii

Kvalita a Cistota ovzdusia sa stali vaZnym problémom pri navr-
hovani dopravnych sieti v mestach i mimo nich, pri organizovani
dopravy a izemnom planovani. Dopravné kolapsy v mestach zna-
menaju zvysenie koncentracie skodlivin.

Oxidy dusika patria ku skodlivinam, ktoré pri sicasnom zlozeni
pohonnych hmot predstavuju jednu z najzavaznejsich zloziek vyfu-
kovych plynov, pretoze dosahuju pomerne vysoké koncentracie
Skodlivych latok produkovanych do ovzdusSia, su dobre zistitelné
monitorovanim a daju sa ur¢ovat vypoctom. Preto sa spravidla
pouzivaju ako indikator znecistenia ovzdusia vyfukovymi plynmi
od dopravy.

Air pollution in the vicinity of roads is the result of pollutants
coming from vehicle exhaust gases and the increased amount of
dust caused by whirling of sedimentary particles on the surface of
pavements and around the pavements.

3. Possibilities of Minimizing the Impact of Traffic
on the Environment

Further traffic development is inseparably connected with the
issue of life style values, living conditions and the level of economy.
The framework defined by the public interest within which traffic
concepts can be developed, depends on changing the attitude of
the society towards these issues. A traffic policy must therefore
consider global and regional conditions. Such strategies that involve
changes in traffic systems and some reduction of ineffective traffic
seem to be perspective. Harmful effects of the traffic on the envi-
ronment must be reduced by implementation of faster, safer and
more comfortable public traffic service, as well as by limitation of
individual traffic, in large cities in particular.

Influence of Layout on Emissions Dispersion

The quality and cleanness of the atmosphere has become
a serious problem in traffic network planning in and outside cities,
in traffic organization and regional planning. Traffic collapses in
cities lead to higher concentration of pollutants.

Nitrogen oxides belong to such pollutants that represent one of
the crucial components of exhaust gases coming from the current
fuels, because they reach relatively high concentrations of pollu-
tants produced into the atmosphere. They are also easy to monitor
and can be estimated by calculation. Therefore they can be used
as an indicator of air pollution caused by emissions coming from
the traffic exhaust gases.
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Poloha komunikacie je po vystavbe nemenna, preto jej treba
venovat pozornost pri rieSeni komunikacnych systémov sidiel.
Podla [3] bol sledovany rozptyl skodlivin v zavislosti od polohy
nivelety komunikacie (v zareze, na teréne, v nasype) a vysledky
poukazuju na fakt, Ze tato zavislost sa prejavuje len pri rychlosti
vetra mensej ako 3 m/s, kedy sa zemné teleso v nasype javi ako
vhodnejsie pre rozptyl emisii. Koncentracie NO, namerané pri
komunikacii v nasype boli 2-krat mensie ako pri komunikacii
vedenej v urovni terénu.
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C O MMUNICATION:S

The position of the road is permanent after it is constructed,
S0 it is necessary to pay attention to the design of communication
systems. According to [3], dispersion of pollutants dependent on
the vertical alignment position (in the cut, in the field, on the
embankment) was monitored and the results show that this depen-
dence is seen only when the wind velocity is under 3 m/s, and in
this case the formation level seems to be more suitable for emis-
sion dispersion. NO, concentrations monitored near a road on the
embankment were twice lower than the concentrations near a road
located at the ground level.

NOx concentrations dependent on the wind velocity
(p =4 %, v=_80 km/h)
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Obr. 1 Vplyv rychlosti vetra na rozptyl emisii
(p - pozdizny skion nivelety, v - rychlost vozidla)
Fig. 1 The influence of the wind velocity on the emission dispersion
(p - longitudinal gradient of the vertical alignment, v - vehicle velocity)

Na obr. 1 a 2 su uvedené porovnavacie udaje vypocCitané pre
rovnako smerovo orientovany usek komunikacie dlhy jeden km,
sirkové usporiadanie MS 21,5 pre mestsky rezim jazdy vozidiel, ¢o
zodpoveda zbernej komunikacii (MS) a R 22,5 pre mimomestsky
(plynuly) rezim jazdy na rychlostnej komunikacii (R). Uvazovany
pocet osobnych vozidiel bol 10 000 / 24 h, nakladnych 1000 / 24 h,
$pic¢kova polhodinova doprava bola uvazovana hodnotou 5 % z celo-
dennej 24-hodinovej dopravy.

Cestna zelen

Ucelné pouzitie cestnej zelene moze velkou mierou zmiernit
negativne vplyvy automobilovej dopravy. V minulosti sa u¢inok
zelene nevyuzival dostatoCne. V sucasnosti sa ochrana a tvorba
Zivotného prostredia i jeho skvalitnovanie davaju do suvislosti
s problémom rovnovahy medzi civilizaénou a biologickou zlozkou
Cloveka. Jedna z mnohych funkcii zelene je aj filtracna a v suvislosti
s tym sa uplatiiuje vysadba zelene pozdiz komunikacie

Nie kazda forma vysadby vedie k zlepSeniu situacie. Dolezita
je hibka vysadby a jej filtraéna ucinnost. Vysadba moze zachytavat
prasnost a rovnomerne rozptylovat plynné emisie.

Regulovanie rychlosti prudenia vetra hustou vysadbou vedie
k zvySeniu prasnosti v tesnej blizkosti komunikacie. LepSie uc¢inky
sa dosiahnu vysadbou drevin, cez ktoré vietor prechadza.

NO dispersion dependent on the position of the
vertical alignment

NO, concentrations in
%

wind velocity in m/s

1
cut embankment
]

ground

Obr. 2 Vplyv polohy zemného telesa [3]
Fig. 2 The influence of the construction limits position [3]

Figures 1 and 2 show comparative data calculated for a 1 km
long road section with the same directional orientation with the
wideness category of MS 21.5 for urban driving mode, which cor-
responds to a local distributor road and R22.5 for rural (fluent)
driving mode on an expressway (R) . The assumed number of pas-
senger cars was 10,000 / 24 hours, trucks 1,000 / 24 hours, the
peak traffic in half an hour was assumed to be 5% out of the total
all-day long 24 hours traffic.

Road Greenery

Effective usage of the road greenery can considerably reduce
the negative impact of automobile traffic. In the past, the effect of
greenery was not utilized sufficiently. Nowadays, the protection
and creation of the environment and its enhancement is associated
with the problem of balance between the civilization and biologi-
cal aspects of a man. One of the various functions of the greenery
is filtration, so greenery is planted along roads.

However, not every form of planting results in improved situ-
ation. Depth of the planting and its filtering efficiency are very
important. The greenery can capture dust and equally disperse
gaseous emissions.

Regulation of wind velocity by dense planting increases the
volume of dust in the vicinity of the road. The species that allow
the wind to blow through are more effective.

KOMUNIKACIE / COMMUNICATIONS 1/2003 7
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Obr. 3 Husty porast
Fig. 3 Dense greenery
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Obr. 4 Listnaty porast
Fig. 4 Deciduous greenery
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Obr. 5 Zmiesany porast

Fig. 5 Mixed greenery

Krovity listnaty husty porast Sirky 5 m (obr. 3) sposobuje
redukciu rozptylu skodlivin do okolia asi 20 %. Porast Sirky 10 m
(obr. 4) sposobuje v lete redukciu rozptylu Skodlivin az 60 %. Naj-
vhodnejsia je kombinacia listnatych a ihlicnatych stromov. Nie st
vykyvy v ucinnosti vysadby v lete a v zime (obr. 5) [3].

Pri listnatych a ihli¢natych stromoch sa prejavuje zachytavanie
prachu produkciou kyslika a spotrebou kysli¢nika uhli¢itého. Pri
plynnych exhalatoch je ucinok zelene len pri malych koncentra-
ciach. V opac¢nom pripade dochadza k vysychaniu hlavne ihlicna-
tych stromov.

Z uvedenych porovnani vyplyva, Ze problematiku dopadu
dopravy na znecistenie ovzdusSia v mestach je potrebné riesit uz
na urovni Uzemnoplanovacej dokumentacie, kde sa rozhoduje
o umiestneni komunikacii.

A bushy, dense deciduous greenery with the width of 5 m (see
Fig. 3) reduces the dispersion of the pollutants to the surrounding
by approximately 20 %. The greenery with the width of 10 m (see
Fig. 4) reduces the dispersion of the pollutants by up to 60 % in
the summer. The most proper is the combination of deciduous
and coniferous species. There is no oscillation in the efficiency of
the planting between summer and winter (see Fig. 5) [3].

The effect of capturing the dust by oxygen production and
carbon dioxide consumption can be seen in deciduous and conif-
erous trees. Considering gaseous pollutants, greenery is effective
only in case of low concentrations, otherwise coniferous trees in
particular dry up.

It can be seen from the presented comparisons that the ques-
tion of the impact of traffic on air pollution in urban agglomera-
tions should be solved already at the stage of land planning

documentation, where the location
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nej a biologickej zlozky Cloveka

civilization and biological aspects of

/|

sa vyraznejSie prejavuje v mest-

man is manifested especially in urban

skom intravilane, kde sa na zhor-
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agglomerations, where automobile
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diela aj automobilova doprava.
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traffic makes the environment worse.

The noise from the traffic is felt

V intravilane miest je citli-

l —— free dispersion, no greenery === reduced dispersion, green belt l

as a sensitive issue in urban agglom-

vo vnimany aj hluk od dopravy.

erations. The greenery mutes this

Zelen popri komunikacii tlmi
hluk od dopravy v zavislosti od

Obr. 6 Vplyv Sirky zelene na redukciu imisii
Fig. 6 The influence of the green belt on emission reduction

noise depending on the width of the
green belt. More significant muting
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Sirky zeleného pasu. VyraznejSie timenie sa prejavuje od Sirky 15 -
- 20 m. V zelenom pase je vhodna kombinacia stromov a krikov,
aby hluk prenikal co najmenej. Odporuca sa kombinacia listnatych
a ihli¢natych drevin, nakol'ko listnaté vo vegetacnom klude nemaju
vplyv na znizenie hluku. ZniZenie hlukovej energie spociva vo vel-
kom mnozstve odrazov od listov, konarov a ihli¢ia, teda nie v po-
hlcovani.

Protihlukové clony

Osadenie protihlukovych clon, stien a valov pozitivne posobi
aj na rozptyl emisii. Stena sice tvori bariéru, ktora ovplyvni koncen-
traciu plynnych latok v blizkosti komunikacie, ale pri jej vhodnom
umiestneni redukuje tito hodnotu v oblasti za stenou, kde docha-
dza k znizeniu koncentracie. Pokial je teda vybudovany chodnik
pre pesich za protihlukovou stenou, su dosahované koncentracie
v ovzdusi nizsie.

KOMNIKOCIe
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can be seen starting from the width of 15 - 20 m. In the green belt
it is appropriate to combine trees and bushes, so that as little noise
passes through as possible. It is recommended to combine decid-
uous and coniferous species, because the deciduous species have
no effect on noise protection during their vegetative standstill. The
reduction of noise energy is the result of the large amount of noise
reflected on the leaves, branches and needles, not of absorption.

Noise Barriers

Construction of noise barriers has got positive influence also
on the emission dispersion. A wall makes a barrier that affects the
concentration of gaseous substances near the road, however, if it
is properly situated, it reduces this value in the area behind the
wall. Therefore, if footpaths are constructed behind noise barriers,
the concentrations in the air are lower.

b \
50
3 5 10 15 20 25 30 35 40 45 50

distance from the road axis (m)

NOx concentrations (%)

no barrier

barrier, 4m high

Obr. 7 Vplyv protihlukovej steny na redukciu imisii
(rychlost vetra > 2m.s~")
Fig. 7 Effect of the noise barrier on the emission reduction
(wind velocity > 2m.s™")

Z uvedenych porovnani vyplyva, Ze problematiku dopadu
dopravy na znecistenie ovzduSia v mestach je potrebné riesit uz
na urovni uzemnoplanovacej dokumentacie, kde sa rozhoduje
0 umiestneni komunikacii, priCom je nevyhnutné porovnavanie
variantnych rieseni.

4. Moznosti ovplyvnenia produkcie emisii

Redukovanie zdroja Skodlivin predstavuje ovplyviiovanie inten-
zity dopravy zmenou dopravnych tokov, znizovanim podielu naklad-
nych vozidiel, obmedzovanim rychlosti, o mozno dosiahnut do-
pravnym znacenim a zosuladenim rezimu dopravy v ramci komu-
nika¢ného systému (zelené viny).

V grafoch na obr. 10 a 11 su uvedené porovnavacie udaje vypo-
Citané pre rovnako smerovo orientovany usek komunikacie dlhy
jeden km, Sirkové usporiadanie MS 21,5 pre mestsky rezim jazdy vo-
zidiel, ¢o zodpoveda zbernej komunikacii (MS) a rychlostnej komu-
nikacii R 22,5 pre mimomestsky (plynuly) rezim jazdy. Uvazovany
pocet osobnych vozidiel bol 10 000/24 h, nakladnych 1000/24 h,
$pickova polhodinova doprava bola uvazovana hodnotou 5 % z celo-
dennej 24-hodinovej dopravy. Vypocet je uskuto¢neny podla meto-
diky SAV [4].

138 TS—— e
60 AN

3 10 20 30 40 50 60 70 80 90 100
distance from the road axis (m)

NOx concentrations (%)
N
=]

wall, h=4m = cmbankment, h=4m = = = greenery, $=4m, h=4m

Obr. 8 Porovnanie uicinku zelene, protihlukovej steny
a zemného valu [3] (5 - Sirka, h - vyska)
Fig. 8 Comparison of the effect of greenery, noise wall
and embankment [3]

It can be seen from the presented comparisons that it is nec-
essary to solve the impact of the traffic on air pollution already at
the stage of land planning documentation, where the location of
the roads is determined.

4. Possibilities of the Influencing the Production
of Emissions

To reduce sources of pollutants means to influence traffic
intensity by changing traffic flows, reducing the number of trucks,
limiting speed, which can be achieved by road signs and synchro-
nization of the traffic mode in terms of the communication system
(green waves).

Figures 9 and 10 show comparative data calculated for a 1 km
long road section with the same directional orientation with the
wideness category of MS 21.5 for urban driving mode, which cor-
responds to a local distributor road (MS) and a R22.5 expressway
for rural (fluent) driving mode. The assumed number of passenger
cars was 10,000/24 hours, trucks 1,000/24 hours, the peak traffic
in half an hour was assumed to be 5 % from the total all-day 24 hours
traffic. The calculation was done according to the SAV (Slovak
Science Academy) methodology. [4]
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NO, concentration depending on the driving speed
(slope 4 %)
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Obr. 9 Vplyv rychlosti jazdy vozidiel
Fig. 9 Effect of the driving speed

Vplyv reguldcie dopravy na produkciu emisit

Pri skvalitiovani Zivotného prostredia v mestach zohrava vyz-
namnu ulohu preventivny pristup k rieSeniu problémov. Doprava
ako taka je v sicasnosti problémom kazdého mesta. Jednym z pri-
kladov, ako mozno riesit problém z hladiska zne€istovania ovzdusia
z dopravy, je rozsiahla $tudia pracovnikov Technickej univerzity
v Grazi [5].

Pracovnici Technickej univerzity v Grazi vypracovali na zaklade
testovania dopravy vo vopred zvolenej oblasti mesta studiu, v ktorej
vyhodnotili spotrebu pohonnych hmét a vznik plynnych emisii od
dopravy v neregulovane;j oblasti, pri zavedeni obmedzenej rychlosti
na 30 km.h ! a pri rychlosti 50 km.h ™' v tej istej oblasti.

Sledované boli emisie oxidov dusika NO,, oxid uhol'naty CO,
produkcia nespalenych uhlovodikov C,H, (resp. HC), spotreba
pohonnych hmét a cestovna rychlost. Uvedené faktory boli sledo-
vané a prepocitavané na tzv. jednotkové osobné vozidlo, ktoré
vychadza zo zlozenia dopravného prudu zo 67 % vozidiel s benzi-
novym motorom (zazihovym) bez katalyzatora, 21 % vozidiel s ben-
zinovym motorom s katalyzatorom a 12 % vozidiel s dieselovym
motorom (vznetovym).

CO [mg/s}

ol
e
SIS
5

S :‘. Pt
e
oI

Obr. 11 Produkcia oxidu uholnatého CO
pre uvazZované jednotkové vozidlo
Fig. 11 CO production per PCU

Vzhladom k zavislosti na praci motora, ktora tizko suvisi s pro-
filom komunikacie, s miestom pred a za krizovatkou resp. medzi

Obr. 10 Vplyv pozdizneho sklonu komunikdcie
Fig. 10 Effect of the slope

Effect of Traffic Regulation on Emission Production

When enhancing the environment in urban agglomerations,
preventive approach to problem solving plays a significant role.
Traffic is a problem of every city nowadays. One of the examples
how to solve this problem in terms of air pollution caused by traffic
is a large study of the Technical University of Graz. [5]

Research workers from the TU Graz worked out a study based
on testing the traffic in previously selected parts of the town, where
they evaluated fuel consumption and emissions coming from traffic
in an uncontrolled zone, when the speed was limited to 30 km/h
and 50 km/h within the same zone.

Emissions of NO, nitrogen oxides, carbon monoxide CO, pro-
duction of non-combusted hydrocarbons C,H, (or HC), fuel con-
sumption and traveling speed were monitored. These factors were
calculated per passenger car unit (PCU), which is based on the
traffic flow composition, where 67 % are the vehicles with gasoline
engines (petrol engine) without catalyst, 21 % the gasoline engines
with catalyst and 12 % are the vehicles with diesel engine (oil
engine).

NOImg/s]

Obr. 12 Produkcia oxidov dusika NO,
pre uvazované jednotkové vozidlo
Fig. 12 NO, production per PCU

Because engine work depends on road profile, location in
a place in front of or behind or between crossroads, where con-
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krizovatkami, kde mozno hovorit o konsStantnej rychlosti jazdy,
bola vyhodnotena tvorba emisii jednotkového vozidla (pozri obr.
11 - 14).

Tvorba emisii oxidu uhol'natého je silne zavisla od cestovnej
rychlosti, produkcia uhlovodikov je tiez zavisla od rychlosti, ale pri
oxidoch dusika sa cestovna rychlost pri ich tvorbe neprejavuje.

[OVINIKOCIE
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stant driving speed can be presumed, production of the emissions
per a passenger car unit was evaluated (see Figs. 11 - 14).

Production of the carbon monoxide emissions strongly depends
on the traveling speed, production of hydrocarbons depends on
the speed, too, however, the driving speed is not significant for the
production of nitrogen oxides.

Obr. 13 Produkcia uhlovodikov HC
pre uvazované jednotkové vozidlo
Fig. 13 HC production per PCU

5. Matematické modelovanie znecistenia ovzdusia

V prvom priblizeni mdZeme povazovat cestu za linearny zdroj
znecistujucich latok, na ktorom st produkované znecistujuce latky
rozdelené rovnomerne. Existuje niekol'ko principidlne odli§nych
metod matematického modelovania znecistenia ovzdusia z automo-
bilovej dopravy [4, 9, 10]. Struéne popiSeme analyticky model.

Analyticky model - linedrny zdroj

Najjednoduchsi model automobilového znecistenia ovzdusia
je zaloZeny na jednoduchom poloempirickom gaussovskom vztahu
pre distribuciu znecistujucich latok v dymovej vlecke z linearneho
zdroja. Pre prizemnu koncentraciu znecistujucej latky bude platit:

2q
3, 0) = o o B0 7). (1
7 U singo,

kde ¢ je emisia linearneho zdroja v mg.m ™ 's~!, U je rychlost

vetravm.s !, ¢ je uhol medzi smerom vetra a osou komunikacie,
o je empiricky parameter, charakterizujuci rozptyl zne€istujucich
latok vo vertikalnom smere. Funkcia E(y,, y,) vyjadruje vplyv kone¢-
nosti linearneho zdroja na distribuciu koncentracie znecistujicich
latok v okoli koncov komunikacie

P, 1 2
Eov0) = | mexp<—%>dp=erﬂﬂz) —erflp)). ()

kde p; = y,/0,, p; = ¥,/0,, 0, je parameter, charakterizujiici
rozptyl znecistujucich latok v horizontalnom smere.

Pre nekonecny zdroj, pre ktory y, = — =, y, = » bude E(y,,
) =1L

Uvedeny model je velmi jednoduchy, spolahlivy a pouZiva sa
na vypocet znecistenia ovzdusia z automobilovej dopravy nad roz-
siahlou oblastou. Podrobne bol popisany v [6].

Obr. 14 Spotreba pohonnych hmaot
pre uvazované jednotkové vozidlo
Fig. 14 Fuel consumption per PCU

5. Mathematical Modeling of Air Pollution

In the first approximation, a street may be taken as a linear
source of pollutants, where the produced pollutants are distributed
equally. There are several principally different methods of mathe-
matical modeling of air pollution caused by traffic [4, 9, 10]. The
analytical model will be described briefly.

Analytical Model - Linear Source

The easiest model of the air pollution caused by traffic is based
on the elementary semi- empirical Gauss relationship for pollu-
tant distribution in a smoke tow coming from a linear source. The
following will apply for the ground concentration of a pollutant:

2q
C(X,y, O): 2 . 'E(yl’yZ)’ (1)
Vo Usingo,

where ¢ is emission from the linear source (mg.mfl.sfl), Uis
wind velocity (m.s™ 1), @ is the angle between the wind direction
and the road axis, o, is the empirical parameter characterizing ver-
tical dispersion of the pollutants. The E(y,, y,) function expresses
the effect of the linear source finality on the distribution of the
pollutants near the ends of the road.

E(y )_FZ 1 ex _p_z dp = erf(p,) — erfp"), (2)
VAT ), v2_7T p 5 D 7D . s
where p; = y,/0,, p; = ¥,/0,, 0, is the parameter characterizing

horizontal dispersion of the pollutants.

For an unlimited source, where y;, = — %, y, = o, the E(y,,
»,) function will be E(y,, y,) = 1.

The presented model is a simple and reliable one and is used
to compute air pollution caused by traffic over large areas. A detailed
description of this model is in [6].
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Popis programu pre modelovanie produkcie emisii

Matematické modelovanie sa vykonava na zaklade dopravnej
progndzy. Trasa komunikacie musi byt umiestnena do stiradnico-
vého systému. Studované uzemie okolo trasy alebo objektu sa rozdeli
na siet bodov so vzajomnou vzdialenostou 10 az 100 m, podla vel-
kosti uzemia pre ktoré sa vypocitava produkcia emisii a koncen-
tracie oxidov dusika.

Predpoklady a neurcitosti modelového vypoctu

« odhadovana priemerna rychlost dopravného prudu,

« §pecifické emisie automobilov st uvazované pre vseobecné zlo-
Zenie dopravného prudu pre sicasnu intenzitu dopravy a vyhlad
na dalsie roky,

« veterné pomery o prevladajucom smere vetra vychadzaju z prie-
mernych udajov podla dlhodobého sledovania SHMU, priemerna
rychlost vetra je urena zo vSetkych merani vratane bezvetria,

« uvazuje sa s najnepriaznivejSou stabilitou ovzdusia, kedy docha-
dza k najsilnejSej zatazi dychacej zony.

Vstupné tidaje modelovania

V numerickom modeli pre modelovanie emisii od mobilnych

zdrojov su zohladnené:

- emisné faktory pre sicasny a buduci vozidlovy park,

- objem dopravy a jej zlozenie podla druhov vozidiel,

- pozdizny sklon komunikacie,

- mestsky resp. mimomestsky rezim dopravy (plynulost jazdy vo-
zidla, zastavba v okoli cesty),

- Casovy interval hodnotenia produkcie emisii,

- rychlost jazdy vozidla,

- poveternostné podmienky (smer a rychlost vetra),

- klimatické podmienky (podla Pasquill-Giffordovskych kategorii
stability).

Vystupy programového riesSenia

« vypocet celkovej produkcie §kodlivin do vol'nej atmosféry (kg/
den),
« vypocet koncentracie $kodliviny v ovzdusi (p,g.mf3 ).

Najvyznamnejsim vstupnym udajom vsetkych matematickych
modelov zneéistenia ovzdusia je emisia zdroja Q. Ako je vidiet,
napr. zo vzfahu (1) je koncentracia znecistujicej latky priamo-
umerna emisii zdroja. Emisiu komunikacie nie je mozno merat
priamo, ako je to napriklad pri stacionarnych zdrojoch. Pocitame
ju na zaklade znalosti emisie automobilov, ktoré prejdi komuni-
kaciou, podla vztahu

PO - EMO + PN - EMN

0= 3600 T- S : ()

Description of the Program for the Emission
Production Modeling

Mathematical modeling is done on the basis of a traffic prog-
nosis. Horizontal alignment of the road must be placed into a system
of coordinates. The studied area around the road or the object is
fit into the grid of the size of 10 or 100 meters between the points,
according to the size of the area, for which the emission produc-
tion and nitrogen oxides concentration are calculated.

Assumptions and Indefinite Aspects of the Model Calculation

« Estimated average speed of the traffic flow,

« Specific emissions are considered for general composition of the
traffic flow, for the current traffic volume and the prospective
for the next years,

« Windy conditions related to the dominant wind direction are
based on the average data from long-term monitoring of SHMU
(Slovak Institute of Hydro-Meteorology), the average wind veloc-
ity is determined from all the measurements, including dol-
drums,

« The most unfavorable air stability is assumed, when there are
the highest demands on the breathing zone.

Modeling Input Data

In a numerical model for modeling the emissions coming from
mobile sources, the following is considered:
- Emission factors for the current and future fleet,
- Traffic volume and its composition according to a vehicle type,
- Longitudinal gradient of the road,
- Urban or rural traffic mode (driving fluency, buildings along
the road),
- Period of the evaluation of emission production,
- Driving speed,
- Meteorological conditions (direction and velocity of the wind),
- Climatic conditions (according to Pasquill-Gifford categories of
stability).

Modeling Output Data

« Calculation of the overall production of the pollutants into the
atmosphere (kg/day),

« Calculation of the concentration of the pollutants in the atmos-
phere (ug.m ™).

The most significant input data for any mathematical model of
air pollution is the source of an emission. For example, in formula
(1) the concentration of the pollutant is directly proportional to
the source of the emission. Emission of the road cannot be measured
directly as it is in the case of a stationary source. The calculation
is based on knowing the emissions coming from the vehicles running
through the road according to the following relationship:

PO - EMO + PN - EMN

0= 3600 T-S : )
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kde PO, PN - pocet osobnych, resp. nakladnych vozidiel za ¢as T,
EMO, EMN st emisné faktory pre osobné, resp. nakladné auto-
mobily v mg.m ™!, S je sirka komunikacie v m.

I ked vieme stanovit PO, PN s vysokou presnostou, je prakticky
nemozné stanovif presne emisné faktory EMO a EMN. Mozeme
predpokladat, Ze prakticky kazdé vozidlo ma inu emisiu znecistu-
jucich latok i v pripade, ak ide o ten isty typ vozidla. Vozidla sa
mozZu navzajom liSif zatazenostou, technikou jazdy, rychlostou
a nastavenim motora. V slovenskej vypoctovej metodike su vsetky
osobné a nakladné vozidla charakterizované jedinym priemernym
emisnym faktorom EMO a EMN.

6. Vyuzitie modelu v praxi

Ako priklad uvadzame modelovanie znecistenia ovzdusia od
dopravy v meste Zilina.

Mesto Zilina ma rozlohu 8 652 ha a 88 tisic obyvatelov [2].
Okres Zilina ma hustotu cestnej siete 0,378 km/km?, resp. 2 km/
1000 obyvatelov podla udajov Slovenskej spravy ciest - Cestnej
databanky.

Zakladny komunikacny systém mesta je radialno-okruzny. Je
vytvoreny z 3 mestskych okruhov, radialy tvoria cesty I. a II. triedy
a mestské komunikacie.

Matematické modelovanie je vykonané na zaklade dopravnej
progndzy pre sledované tizemie mesta. Prognoza sucasného stavu
vychadza z celoStatneho scitania dopravy v roku 1995 a 2000.
Dalsie udaje o intenzite dopravy su prevzaté z dopravno-inZinier-
skych podkladov, ktoré sa spracovavali v rdmci pripravy trasy dial-
nice D1 a D18 v okoli Ziliny [3]. Hodnoty intenzit pre rok 2015
su odvodené prepoctom hodnot ziskanych z celostatneho scitania
dopravy pomocou vyhladovych koeficientov.

Studované tizemie komunikaéného systému mesta bolo rozde-
lené na siet bodov so vzajomnou vzdialenostou 100 m, pre ktoré
boli modelované koncentracie oxidov dusika.

Predpoklady a neurcitosti modelového vypoctu

« priemerna rychlost dopravného pridu v meste bola uvaZzovana
50 km/h,

« uvazované Specifické emisie automobilov st uvedené v tab. 2,

o priemerna Castost smerov vetra bola dlhodobo sledovana na
letisku v Dolnom Hricove, priemerna rychlost vetra je urena
zo vsetkych merani vratane bezvetria a je uvedena v tab. 3,

KOMNIKOCIe
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where PO, PN - the number of passenger cars and/or trucks in the
period T; EMO, EMN are emission factors for passenger cars
and/or trucks in [mg.m ™ ']. S is the road width in m.

Although we can determine the PO and PN with high accu-
racy, it is practically impossible to determine the exact emission
factors for EMO and EMN. We can assume that every vehicle has
got different emissions of pollutants, even if these are the vehicles
of the same type. Vehicles can differ in load, driving technique,
speed and engine setting. In the Slovak calculation methodology,
every passenger car and every truck is characterized by the only
one average emission factor EMO and EMN.

6. Utilisation of the Model in Practice

As an example, the modeling of the air pollution caused by
the traffic in the city of Zilina is presented.

The area of Zilina is 8,652 ha and the city has got 88,000
inhabitants [2]. Road density of the Zilina district is 0.378 km/h?,
or 2 km/1000 inhabitants according to the data from the Slovak
Road Administration - the Road Databank.

The basic road network of the city is a radial-circular one. It
is made of 3 urban circles; the radials are the I. and II. class roads
and urban communications.

Mathematical modeling is done on the basis of a traffic prog-
nosis for the monitored area. The prognosis of the present state is
based on the national traffic census from 1995 and 2000. Further
data on traffic volume are taken from traffic-engineering materi-
als, which have been processed for the project of the D1 and D18
highway around Zilina. The values for traffic volume for 2015 are
derived from the conversion of the values obtained in the national
traffic census using the prognosis coefficients.

The communication system of the city was fitted to a grid
with the point interval of 100 m, where concentrations of nitrogen
oxides were modeled.

Assumptions and Indefinite Aspects of the Model Calculation

« Average speed of the traffic flow in the town was considered to
be 50 km/h,

« Considered specific vehicle emissions are given in Table 2,

« Average frequency of wind direction was used from long term
monitoring in the Dolny Hricov airport, average wind velocity
is estimated from all the measurements, including doldrums and
it is presented in Table 3.

Specifické emisie automobilov Tab. 2 Specific vehicle emissions Table 2
Emisny faktor [g.km ™! Emission factor
v v
Rok (kmh~'] Cco NO, Year [kmh ] Cco NO,
08. nakl. 0. nakl. passanger car| truck | passanger car| truck
50 17,0 13,0 1,5 9,0 50 17.0 13.0 L5 9.0
2000 80 8,0 7,0 1,8 8,0 2000 80 8.0 7.0 1.8 8.0
50 3,7 6,6 0,7 73 50 3.7 6.6 0.7 7.3
2015 80 2,2 2,8 0,9 6,8 2015 80 22 2.8 0.9 6.8
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Priemerna Castost smerov vetrov za rok v % Tab. 3 Average frequency of wind direction in one year [%] Table 3
Stanica S SV VI|IV]| T |JZ| Z | SZ| Rych. vetra Station N [NE| E [SE| S |SW| W [NW| Wind veloc.
Dolny Hricov| 14,9( 10,4] 9,7 | 11,1 13,4] 13,9]13,1| 13,5 0,9 m/s Dolny Hricov|14.9(10.4] 9.7 | 11.1|13.4| 13.9[ 13.1| 13.5] 0.9 m/s

Ocakavané vplyvy dopravy v meste

Pri modelovani znecistenia ovzdusia boli posudzované mnoz-
stva celkovej produkcie znecistujucich latok do ovzdusia (t/rok)
od celodennej 24-hodinovej dopravy, taktiez boli porovnavané kon-
centracie oxidov dusika NO, ( ,LLg/m3 ) na jednotlivych najviac zata-
Zenych tusekoch komunikaéného systému mesta, vznikajice od
priemernej dennej intenzity dopravy a boli porovnané s pripustnou
priemernou dennou koncentraciou NO,, ktora je 100 p,g/m3.

Na zaklade matematického modelovania [8] pre roky 2000
a 2015 bolo, zistené, 7e v meste Zilina sa od automobilovej dopravy
pre rok 2000 vyprodukovalo v priemere 660,01 kg NO, za den, o je
v prepocte 240 t/rok. Z toho 132,9 t/rok (55 %) vyprodukovala osob-
na doprava. Pre rok 2015 sa predpoklada, Ze automobilova doprava
vyprodukuje 575,45kg NO, za den, ¢o je v prepocte 210 t/rok.
Z toho 107 t/rok (51 %) vyprodukuje osobna doprava. Maximalna
predpokladana dennd koncentracia NO, v roku 2015 by po dobu-
dovani planovanych komunikacii nemala prekro¢it 15 Mg/m3.
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Obr. 15 Zndzornenie priemernej dennej koncentrdcie NO,
v meste Zilina pre rok 2000
Fig. 15 Average daily concentrations of NO, in Zilina in 2000

7. Zaver

Ukazkou vysledkov pomocou matematického modelu chceme
naznacit Siroké moznosti vyuzitia.

V prispevku nie je priestor na prezentovanie celej Sirky ziska-
nych udajov z alternativnych rieSeni modelu.

Kvalita a Cistota ovzdusSia sa stali vaZnym problémom pri navr-
hovani dopravnych sieti v regionoch i mimo nich, pri organizovani
dopravy aj uzemnom planovani.

Expected Effects of the Traffic in the City

In the air pollution modeling, the amounts of the total pro-
duction of pollutants into the air (t/year) were evaluated as based
on the all-day long 24-hour traffic, and concentrations of nitrogen
oxides NO, (mg/m~?) at the sections with the highest traffic
volumes that originate from the average daily traffic were compared
and these were compared to the permitted daily concentration of
NOX, which is 100 ug/m~>.

Based on the mathematical modeling [8] for 2000 and 2015,
it was found out that in the city of Zilina the traffic produced
660.01 kg of NO, per day in 2000, equal to 240 t/year. Out of this
volume 132.9 t/year (55 %) was produced by individual traffic. In
2015 it is expected that vehicles will produce 575.45 kg of NO, per
day, what equals to 210 t/year. Out of this volume 107 t/year (51 %)
will be produced by individual traffic. Maximal assumed daily
concentration of NO, in 2015 after the planned communications

are constructed should not exceed 15 ug/m>.
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Obr. 16 Zndzornenie priemernej dennej koncentrdcie NO,
v meste Zilina pre rok 2015
Fig. 16 Average daily concentrations of NO,. in Zilina in 2015

7. Conclusion

The demonstration of the results obtained through the math-
ematical model is meant to indicate a wide range of its utilization.
The length of the article does not allow us to present the whole
scope of the data acquired from alternative model solutions.

Quality and cleanliness of the air have become a serious
problem in projecting transport networks within and beyond regions,
in transport organization and territorial planning.
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Metody matematického modelovania v sulade s dopravnymi
progndzami s vel mi i€innym nastrojom v tomto procese a v pro-
cese hodnotenia vplyvov na zivotné prostredie.

Imisna Studia by preto mala byt sucastou nielen projektovej
dokumentacie cestnych komunikacii na urovni variantného roz-
hodovania o vybere vhodného umiestnenia cestnych tahov, ale aj
neoddelitelnou sucastou rozhodovacich procesov na urovni regio-
nalneho rieSenia dopravnych problémov. Aby splnila svoj ucel, mala
by obsahovat modelovanie tvorby imisii z automobilovej dopravy
v takom rozsahu, aby bolo mozné porovnavat rézne varianty riese-
nia a posudit prinosy alebo rizika, ktoré do regioénu prinesu.
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Methods of mathematical modeling, in accordance with traffic
prognoses, are a very effective tool in this process and in the
process of evaluation of the effects on the environment.

An emission study should therefore form a part not only of
aroad project documentation at the level of variant decision-making
about choosing a suitable location for road routes, but it should also
be an inseparable part of a decision-making processes at the level
of finding regional solution for problems with traffic. In order to
achieve this aim, the study should comprise a model of emission
production coming from automobile traffic to such extent that it
would be possible to compare various alternatives to the solution
and to evaluate the benefits or the risks brought about into the
region.
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Vladimir Hlavna - Rastislav Istenik *

NIEKTORE PROBLEMY KONSTRUKCIE A PREVADZKY
AUTOMOBILU VO VZTAHU K ZIVOTNEMU PROSTREDIU

POSSIBILITIES OF SOLUTION OF AN AUTOMOBILE DESIGNING AND OPERATION

IN RELATION TO THE ENVIRONMENT

ZataZenie Zivotného prostredia prevadzkou automobilov nie je
malé. Ak produkcia emisii v ustdlenych stavoch prevddzky je viac-
-menej tspesne riesend, tak neustdlené rezimy previdzky sposobujii
podstatne vdcsie zataZenie Zivotného prostredia. Ide najmd o Start
motora a rozbeh automobilu. V prispevku je analyzovany rozbeh auto-
mobilu a su uvedené niektoré cesty znizovania zataZenia Zivotného
prostredia pocas jeho rozbehu.

1. Uvod

Zmena zivotného prostredia je povaZovana za prirodny proces,
pretoze vsetky organizmy svojou existenciou menia svoje okolie.
Clovek ma vsak velku schopnost menit okolie v kratkom case.
Vela inych organizmov uz nema potom Sancu prisposobit sa tymto
novym Zivotnym podmienkam a aj sam ¢lovek ma niekedy s tymto
prisposobenim sa problémy.

Zivotné prostredie mozno charakterizovat ako hmotné okolie
Zivych organizmov vratane Cloveka a zahrnuje zakladné prirodné
zlozky a zdroje - podu, ovzdusie, vodu, organizmy, ich spoloCenstva,
ekosystémy a krajinny priestor, vratane ¢lovekom ovplyvnenych
Casti. Zivotné prostredie tak predstavuje zlozity komplex ekologic-
kych systémov, v ktorych sa vyvija a realizuje Zivot.

Doteraz vyvijal clovek svoje aktivity tak, aby uspokojil svoje
potreby. Pritom vyuzival v§etky danosti Zeme, aby rozvijal hospo-
darstvo a priemysel bez ohladu na to, Ze poskodzoval Zivotné pros-
tredie. Teraz sa nachadzame vo faze uvedomovania si tejto ne-
priaznivej skuto¢nosti a hladame cesty ako ju zmenit pozitivnym
smerom. Nazorne to ukazuje obrazok 1. Kazdé vnasanie chemic-
kych, biologickych a fyzikalnych Cinitelov do zivotného prostredia,
vyvolané ludskou ¢innostou, sa poklada za jeho zataZenie - zne-
Cistenie ¢i poSkodenie.

V davnej minulosti v rozhodujticej miere urcovalo Zivotné pros-
tredie Cloveku potrebu jeho mobility i vlastnu technicku i tech-
nologicku realizaciu tohto procesu. V sucasnosti je tento vztah
opacny - spoloc¢enskymi, hospodarskymi a ekonomickymi pod-
mienkami vyvolané potreby mobility - vyZadujuce rychlejsie, Cas-

* prof. Ing. Vladimir Hlavia, PhD., Ing. Rastislav Istenik, PhD.

The impact on the environment caused by operation of automo-
biles is obvious. Although production of emissions in steady-state oper-
ations is more or less successfully solved, unsteady operational modes
result in a substantially greater impact on the environment. They are,
in particular, an engine start and an automobile start up. The article
deals with an analysis of an automobile start up and offers some ways
of reducing the impact on the environment during the start up.

1. Introduction

Any change in the environment is considered a natural process
because all living organisms change their environment due to their
existence. Human beings also have a great ability to change the
surrounds within a short period of time. Then there is not a chance
for many other organisms to accommodate to these new living con-
ditions and human beings themselves sometimes find it difficult to
get used to changes.

The environment can be characterized as material world sur-
rounding living organisms including human beings. It includes the
basic natural components and sources - land, air, water, organisms,
their communities, ecosystems and countryside including those
parts which are influenced by human beings. The environment thus
presents a complex of ecologic systems in which life is developed
and realized.

So far human beings have developed their activities in such
a way as to meet their needs. Doing so they have used all the gifts
of the Earth to develop economy and industry paying no attention
to the fact that the environment has been damaged. We are now
at the stage of getting gradually aware of the unfavorable fact and
looking for new ways of changing it positively. Fig. 1 illustrates the
above-mentioned situation. Every entry of chemical, biological,
and physical agents induced by human activity to the environment
can be seen as its loading - pollution or damage.

In the past it was the environment that decisively limited needs
of ancient people for mobility as well as technical and technolog-
ical realization of the process. At present the relation is opposite
- social and economic conditions call for mobility - requiring

SiF Zilinska univerzita, Velky diel, 010 26 Zilina, Tel.: ++421-41-5132670, 5132660 Fax: ++421-41-5253016
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tejSie a dlhSie cesty - a k nej nevyhnutna dopravna technika, t. j.
dopravné prostriedky a dopravné cesty, vo velkej miere ovplyviuju
Zivotné prostredie Cloveka. Tym si prekonavané ekonomicke,
socialne, narodnostné, etnické a geografické bariéry. Preto plati aj
v mobilite uz nastolena otazka: ,Ako presmerovat sicasny kruh

na ekologicky?“.
NA URN.
HUMA )BEING

Ak sa zoberie do uvahy skutoc-
nost, Ze jednou z vlastnosti, ktora
je v ludoch zakorenena, je snaha
po vol'nosti pohybu, t. j. mobilita,
tak jedna z moznosti, ktorou sa
problém presmerovania spomina-
ného kruhu moéze riesif je postupné
zvySovanie efektivnosti energetic-
kych zdrojov (hlavne fosilnych) pri
minimalizacii zataZenia Zivotného
prostredia uplatnenim najnovsich
technickych a technologickych
rieSeni pri zachovani primeranosti nakladov.

ENVJIRONMENT

ECONOMY
INDUSTR

Doprava ovplyviuje zZivotné prostredie v podstate dvojakym
sposobom:
« pozitivne tym, Ze ucelnym premiestinovanim osob, surovin a tovaru
zabezpecuje potreby spolocnosti i vykon niektorych sluzieb
a vyrazne prispieva k rastu turistiky,
« negativne tym, Ze svojou existenciou, t. j. prevadzkou a zariade-
niami ho poskodzuje a znehodnocuje.

Z dopravy je v suCasnosti podstatna Cast obyvatelstva obtazo-
vana najma vyfukovymi plynmi a hlukom. Biologické posobenie
emisii sa hodnoti z hladiska:

« toxicity, ked produkované emisie vyvolavaju otravy,

« genetiky, kedy sa pozornost venuje latkam s karcinogénnymi
a mutagénnymi uc¢inkami,

« ekologie, sledujuce biotické a abiotické faktory. Z tohto hla-
diska vel'ké nebezpecCenstvo predstavuju nespalené resp. odpa-
rené uhlovodiky a oxidy dusika.

Za ucelom znizenia rizika biologického posobenia emisii vyfu-
kovych plynov dochadza k sprisnovaniu predpisov povolenej pro-
dukcie emisii pre vyrobcov i uzivatelov - pozri tabul'ku 1. Vyfukové
plyny vznetovych motorov su pre ludi zaradované ako latky prav-
depodobne karcinogénne a vyfukové plyny zazihovych motorov su
mozno karcinogénne.

Z obrazka 2 (Statistické udaje) a tabul'ky 2 vyplyva, ze Zivotné
prostredie najviac zatazuje cestna - automobilova doprava. Podiel
ZelezniCnej a leteckej dopravy na zataZeni Zivotného prostredia je
priblizne rovnaky, ale ovela mensi ako automobilovej. Vplyv vodnej
dopravy vychadza zanedbatelny. Avsak, porovnanie jednotlivych
odvetvi doprav je problematické a zavisi od vol'by kritérii.

Mnozstvo emitovanych Skodlivin vo vyfukovych plynoch spalo-
vacich motorov zavisi aj od mnozstva spotrebovaného paliva. So
zniZujlicou sa celkovou spotrebou paliva - obrazok 3 - sa znizuje
aj produkcia skodlivych emisii.

PRESENT CIRCLE — ECOLOGICAL CIRCLE

Obr. 1. Sicasny a ekologicky kruh
Fig. I Present and ecological circle
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faster, more frequent and longer journeys - and inevitable trans-
portation technology, i.e. means of transport and routes, which
considerably influence the environment. In this way economic,
social, national, ethnic and geographical barriers are overcome.
That is why also in mobility the following question “How to trans-
fer the present circle to the ecological one?” holds.

If we take into consideration

NATURE~ the fact that one of the properties

HUMA\N.BEING rooted deeply in human beings is
ENVIRONMENT \‘ the desire for freedom of move-
\ ) ment, i.e. mobility, then one of the
ECONOMY  possibilities of solving the trans-
INDUSTRY.____~~ formation of the mentioned circle

will be a gradual increase in effi-
ciency of energetic sources (mainly
fossils) at minimal impact on the
environment implementing sophis-
ticated technical and technological
solutions within reasonable costs.

Transportation, in fact, influences the environment in two
ways:

« In a positive way - thanks to its purposeful displacement of people,
raw materials and goods it realizes needs of society and some ser-
vices and considerably contributes to the growth of tourism,

« In a negative way - due to its existence, i.e. by means of its oper-
ation and equipment it damages and deteriorates the environ-
ment.

Present negative impacts of transportation on majority of pop-
ulation are mostly emissions and noise. Biological impact of emis-
sions can be approached from the following points of view:

« toxicity, when produced emissions result in poisons,

« genetics, when attention is paid to substances featuring carcino-
gen and mutagen effects,

« ecology, focusing on biotic and abiotic factors. From this point
of view great potential danger is represented by unburned or
evaporated carbon dioxides and nitrogen oxides.

In order to reduce risks of biological impact of exhaust emis-
sions there are more strict limits on allowable production of emis-
sion imposed on both manufacturers and users - see Table 1.
Diesel engines emissions are referred to as substances probably
carcinogen for people and spark ignition engines emissions maybe
carcinogen.

Referring to Fig. 2 (statistical data) and Table 2 we can see
that road - automobile transport has the greatest negative impact
on the environment. The share of railway and air transport is rel-
atively similar but considerably lower that the share of automobile
transport. The share of water transport is negligible. Though, the
comparison of individual branches of types of transport is prob-
lematic and depends on the choice of criteria.

Amount of emitted pollutants in emissions of combustion
engines also depends on amount of consumed fuel. With a decreas-
ing total amount of fuel - Fig. 3 - there is also a decrease in pro-
duction of harmful emissions.
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Vyvoj podielu karcinogénnych latok pre vznetové motory Tab. 1 Share of carcinogen substances for diesel engines Table 1
Vznetovy Zazihovy motor bez . Spark ignition engine
motor | EUROT | EUROILEUROTIL) = oty ztorom. ggefi EUROT | EUROTI | EUROIT|  without and with
100 % 60 % 30% 15% 20-49% a catalytic converter
100 % 60 % 30 % 15% 20-4%
Relativne porovnanie vplyvu emisii jednotlivych druhov dopravy Tab. 2
Emisie
Doprava . Spolu
(6[0] Co, HC SO, NO, PM Pb Hluk Vibracie
Cestna - osobné automobily 3 1 2 3 1 2 1 13
Cestna - uzitkové vozidla 1 1 3 3 3 3 14
Zeleznicna 1 1 1 2 1 6
Vodna 1 1 1 3
Letecka 1 1 1 3 6
Relative comparison of influence of emissions of different types of transport Table 2
Emissions
Transport X S Total
CcOo Co, HC SO, NO, PM Pb Noise | Vibrations
Road - passenger cars 3 1 2 3 1 2 1 13
Road - utility vehicles 1 1 3 3 3 3 14
Railway 1 1 1 2 1 6
Water 1 1 1 3
Air 1 1 1 3 6
co, co NO,
Railway Other Railway + Other Railway Other
Road Road Road
Soot so, VOC
Railway Other Railway Other Railway + Other
Road Road Road

Obr. 2. Podiel vyprodukovanych emisii jednotlivych doprdv v SR roku 2001
Fig. 2. Share of emissions of types of transport in the Slovak Republic in 2001
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Obr. 3. Orientacne - vyvoj spotreby paliva cestnych europskych vozidiel so zazihovym motorom (ECE)
Fig. 3. Development of fuel consumption for road European spark ignition engines (ECE)

2. Moznosti zniZovania zatazenia Zivotného prostredia
prevadzkou automobiloy

Nosné smery v znizovani zatazenia Zivotného prostredia pre-

vadzkou automobilov vSeobecne spocivaju v:

« technickych rieSeniach v kons-
trukcii i v prevadzke,

« technologickych rieSeniach v ko-
nStrukcii a prevadzke,

« systémovych opatreniach v orga-
nizacii a riadeni prevadzky auto-
mobilov,

« legislativnych, ekonomickych
a osvetovych opatreniach.

20

15

2000

Nielen tlak legislativy - obraz-
ky 4 a 5, ale aj vztah k Zivotnému
prostrediu vynucuje riesit problém
ekologi¢nosti a hospodarnosti auto-
mobilov technickymi a technologic-
kymi rieSeniami. Co umoznili nie-
ktoré takéto opatrenia je ukazané na obrazku 6.

2005

NA g/kWh
OA g/km

Obr. 4. Vyvoj medznych hodnot emisii pevnych Castic pre osobné
a nakladné automobily so vznetovym motorom
Fig. 4. Development of limit values of solid particles for passenger
and goods vehicles with diesel engines

can be seen in Fig. 6.
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Obr. 5. viavo: Vivoj medznych hodnét emisii v g.km™" pre lahké ndkladné

automobily so vznetovym motorom (test ECE+ EUDC); vpravo: Vyvoj

medznych hodnot emisii v g.kW ™~ U™ pre tazké ndkladné automobily
so vznetovym motorom (test ECE R49)

Fig. 5. left: Development of limit values of emissions in g.km™ " for light trucks
with diesel engines (test ECE+EUDC); right: Development of limit values
of emissions in g.kW ™ "h™" for heavy duty trucks with diesel engines

(test ECE R49)

DICETR

DICEPC

2. Possibilities of reducing negative impact on the
environment caused by automobile operation

Main trends in reducing negative impact on the environment
caused by automobile operation generally lie in:

« Technical solutions in designing
and operation,

« Technological solutions in de-
signing and operation,

« System measures in organization
and management of automobile
operation,

» Legislative, economic and cul-
tural measures.

It is not only legislation - Fig. 4
and 5 - but also the relation to the
environment that forces us to
solve issues of automobile ecology
and economy by means of technical
and technological solutions. What

has been achieved implementing some of the mentioned measures

1962

1982

2002
SIICEPC

Obr. 6. Vyvoj mernej spotreby paliva pre rozne

spalovacie motory v gkW ™ 'h™!

Fig. 6. Development of specific fuel consumption for
different combustion engines in gkW 'h™!
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3. Simulacia rozbehu vozidla so spalovacim motorom

V tejto Casti je na zaklade numerickej simulacie posudeny vplyv
zmeny tvaru momentovej krivky motora v jeho rychlostnej charak-
teristike na niektoré parametre vozidla pocas jeho rozbehu. Tato
zmena bola dosiahnuté uplatnenim ventilového rozvodu s variabil-
nym ¢asovanim. Posudzovanie (dynamickych vlastnosti vozidla) sa
obycajne vyjadruje v charakteristikach rozbehu a dobehu vozidla.
Uvedené parametre nasledne tizko suvisia s hospodarnostou a zata-
Zovanim Zivotného prostredia prevadzkou automobilu. Prechodovy
rezim motora pocas rozbehu vozidla nie je definovany iba zvySo-
vanim jeho otacok a zataZenia. Z pohladu zataZenia Zivotného
prostredia vyfukovymi plynmi st velmi vyznamné Casové Useky
v obdobi preradovania rychlostnych stupniov. Ako jedno z kritérii
hodnotenia mdze byt Cas potrebny na dosiahnutie danej rychlosti
vozidla, resp. ¢as potrebny na dosiahnutie potrebnej drahy.

Definovanie problému

Uplatnenim ventilového rozvodu s variabilnym ¢asovanim
(VT - variable timing), napriklad hydraulicky ovladaného rozvodu
VARROZ - KKVMZ, je mozné optimalizovat ¢innost motora
v §irokom rozsahu pracovnych otacok. Takyto rozvod umoznuje
priamo ovplyviiovat napriklad tvar momentovej krivky v otackovej
charakteristike motora. Zmena tvaru momentovej krivky a tiez
absolutnych hodnot dosahovaného momentu ovplyviuje jazdné
vlastnosti vozidla. Pri sui¢asnom rozvoji dopravy nastava najma vo
vacsich mestach problém so zvladnutim dopravnej situacie na pre-
plnenych cestnych komunikaciach a krizovatkach. Na vozidlo su
teda kladené Coraz vacSie naroky na dosahovanie vysokych zrych-
leni pri rozjazdoch v kriZovatkach a v neposlednom rade aj pri
predchadzani inych vozidiel, ¢o ma priamu nadvéznost na bez-
pecnost posadky.

Cielom je na zaklade numerickej simulacie posudit vplyv zmien
tvaru momentovej krivky otackovej charakteristiky (dosiahnutych
pomocou variabilného ¢asovania rozvodu) na niektoré vybrané
veli¢iny pri rozjazde vozidla.

Standardné vstupné parametre priblizne zodpovedaju vozidlu
Skoda Felicia 1,3MPI. Parametre potrebné pre vypoéet, ktoré nie su
uvadzané vyrobcom, resp. neboli k dispozicii ani z inych zdrojov,
boli odhadnuté. Vypoctovy model zohladnuje odpor valenia kolies
po vozovke, odpor vzduchu a odpor

3. Simuation of start up of the vehicle with
a combustion engine

In this part we examine the influence of a torque curve shape
in the speed engine characteristic on some vehicle properties during
its start up. This shape change was achieved by an application of
the valve gear with variable timing in the vehicle. The evaluation
(of dynamic characteristics) is usually expressed in characteristics
of the vehicle start up. The mentioned parameters consequently
closely relate to economy and pollution of the environment due to
operation of the vehicle. The unsteady operational mode of the
engine during the vehicle start up is not defined only by increase
in its speed and loading. From the point of view of the pollution of
the environment caused by exhaust emissions are highly important
time intervals between the gear ratio changes. One criterion for
the evaluation can be time needed for achieving the given speed of
vehicle or time needed for covering the necessary distance.

Problem defining

The engine operation optimization in a wide range of rotational
speed interval may be realized by application of the valve gear with
a variable timing, for instance hydraulically controlled valve gear
VARROZ - KKVMZ. This valve gear allows a direct affecting of
the torque curve shape in the engine speed characteristic. A change
of the torque curve shape as well as a change of absolute values of
the achieved torque has influence on the vehicle driving proper-
ties.

The present expansion of transportation induces, mostly in
large towns, some problems resulting from inability to cope with
situations on crowded roads and crossroads. There are more require-
ments put on a modern vehicle, namely to achieve high accelera-
tions during start-ups at crossroads and, last but not least, during
overtaking which is closely related with safety of passengers.

One objective is to evaluate - on the basis of a numeric simu-
lation - influence of the torque curve shape change (achieved by
means of variable timing of the valve gear) on some chosen para-
meters during the vehicle start-up.

The standard input parameters are similar to those of the
Skoda Felicia 1.3MPI vehicle. The parameters needed for the cal-
culation but either not provided by the manufacturer or otherwise
unfeasible, were estimated. The computational model considers
resistance of the wheel rolling on

7o stupania. Tvary momentovych
kriviek vonkaj$ej otackovej charak- 95 ®
teristiky (VOCH) dosiahnutych va-
riabilnym ¢asovanim rozvodu mo-

the roadway, air drag and elevation
resistance. Shapes of the speed
characteristic curves (VOCH)
achieved by the valve gear variable

—

tora (obrazok 7) boli zvolené ako
extrémne pripady, aby boli vo vy-
sledkoch dobre viditelné rozdiely 75

Torque M (N.m)

—— 1.3MPI

—A— VTnMax
—e—VTnMin

timing (Fig. 7) were chosen as ex-
treme cases so that the distinctions
among individual cases would be

VTmax

medzi jednotlivymi pripadmi. 70

clearly seen.

1000 1500 2000 2500 3000

Engine speed n (min”)

3500 4000 4500 5000 5500

Pripad 1,3MPI zodpoveda real-
nej nameranej vonkajSej otackovej
charakteristike motora. Krivka
VTnMax plati pre pripad motora
naladeného na maximalne otacky.

Obr. 7. Momentové krivky vonkajsej otackovej charakteristiky
motora pre simuldciu
Fig. 7. Considered torque curves of outer engine speed
characteristic for simulation

The case of the engine 1.3MPI
corresponds to a real measured
engine speed characteristic. The
curve VTnMax holds for a case
when the engine is tuned on the
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Krivka VTnMin zodpoveda motoru s ¢asovanim rozvodu nalade-
nym na otacky minimalne. Krivka oznacena VTmax odhadovo
zodpoveda idealnemu stavu, dosiahnutému aplikovanim variabilného
Casovania pre uvazovany motor 1.3MPI. Tento idealny stav moze
dosiahnut regulovany systém rozvodu s variabilnym Casovanim,
ovladany pocitatom. Parametre riadenia rozvodu urcuje pocitac
priebezne podla aktualneho stavu motora (otacky, zataz, teploty...),
napriklad pri nizkych otackach zabezpeCi parametre zodpovedaju-
ce krivke VTnMin a pri vysokych otackach zabezpeCi nastavenie
prisluchajuce krivke VTnMax.

Wpoctovy model vozidla so spalovacim motorom

Model rozjazdu vozidla je do istej miery zjednoduseny. Pri
definovani valivého odporu je zanedbana vztlakova sila vznikajica
v désledku prudenia vzduchu okolo vozidla. Tiez je zanedbané, Ze
vektor vyslednice sily odporu vzduchu nepdsobi presne vo vyske
taziska vozidla, ¢o mdze v skutocnosti sposobif moment sposo-
bujuci zmeny v hodnotach pritlacnych sil jednotlivych kolies.

Specialne je namodelovana Ginnost spojky pri tarte vozidla.
Vo vypocte sa uvazuje, ze vodi¢ pri rozbehu udrzuje plynovy pedal
v polohe maximalneho stlacenia (t. j. motor pracuje v reZime na
vonkajSej charakteristike) a spojku ovlada tak, Ze udrziava motor
na konStantnych otackach 3500 min~! az do okamihu uplného
spojenia klukového hriadela s hriadelom prevodovky. Stratovy vykon
premienany na teplo, vznikajuci v spojke v dosledku rozdielnych
uhlovych rychlosti klukového hriadela a vstupného hriadela prevo-
dovky (preSmykovanie) postupne klesa a nulovi hodnotu nadobuda
v okamihu spojenia spojky, ktoré nastane, ked vozidlo dosiahne

rychlost zodpovedajiicu uvazovanym otaékam motora 3500 min™~ .

kY
/ "'} G.sina,
hnacia ’ -h",' ! "
G.coso - G a ( Mo

a) vSeobecnd poloha vozidla
a) general vehicle position
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maximal rotational speed. The curve VTnMin holds for an engine
which is tuned on the minimal rotational speed. The curve VTmax
responds to an absolutely ideal case achieved by the valve gear vari-
able timing for the considered combustion engine 1.3MPI. This
ideal state may be achieved, for instance, by the variable timing sys-
tem with a computer regulation. The computer determines para-
meters of regulation on the basis of a real engine state (rotational
speed, load, temperatures...), for instance, in the area of low RPM
the computer provides parameters responding to the curve VTnMin
and, on the other hand, in the area of high RPM it provides para-
meters responding to the curve VTnMax. The result is the curve
VTmax.

The computational model of a vehicle with combustion engine

The model of a vehicle start up is to a certain extent simplified.
On defining the roll resistance the uplift force resulting from air
streaming along the vehicle is neglected. Another neglected thing
is that the vector of the resultant force of air drag is not acting in
the gravity center height, which may, in fact, induce a moment
causing changes in values of compressive forces of individual
wheels.

The function of the clutch during the vehicle start up is spe-
cially modeled. In the computation the driver is considered to main-
tain the accelerator pedal in the maximal position, (i.e. the engine
works on the outer speed characteristics) and to control the clutch
so that the engine has a constant rotational speed of 3500 min !
until the clutch joins the crankshaft with the gearbox shaft. Power
losses in the clutch (due to different angle speeds of the crank-
shaft and input gearbox shaft) are transformed into heat and grad-
ually decrease. They achieve the zero value at the moment when
the clutch joins, which is when the vehicle achieves the velocity

corresponding to the engine speed of 3500 min~".

b) vodorovnd poloha (analyzovand)
b) analyzed horizontal position

Obr. 8. Vypoctové polohy vozidla
Fig. 8. The vehicle positions for calculation

Zakladné vstupné parametre a niektoré definicné vztahy:

Celkova hmotnost vozidla m 7, = 1065 kg, prevodové pomery
Igary = 3833333333, i) = 3,461538462; i, = 1,956521739; i3 =
= 1,310344828; i, = 0,975; is = 0,755555556; polomer kolesa
0,262 m (vzdialenost osi od vozovky); ¢as na preradenie prevodo-
vého stupnia 7,,,,,,. = 0,4 s; mechanicka ucinnost prenosu vykonu
z motora na kolesa 7,,, = 0,93; merna hmotnost vzduchu p,, =

The basic input parameters and some definition formulas:

The total vehicle mass m,,z, = 1065 kg, gear ratios i, =
= 3.833333333, i, = 3.461538462; i, = 1.956521739; iy =
= 1.310344828; i, = 0.975; is = 0.755555556; wheel radius
0.262 m (distance of center from the roadway); time of gear ratio
shift 7,,4.,... = 0.4 s; mechanical efficiency of mechanism from

engine to wheels 7, = 0,93; specific air mass p,, = 1.16 kg.m™3;
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= 1,16 kg.m ™ >; sucinitel' odporu vzduchu ¢, = 0,35; ¢elna plocha
vozidla 1,94 m? suinitel valivého odporu pri malej rychlosti £, =
= 0,01; zaciatoéné otacky motora 7,,,,,, = 3500 min~; otacky
motora po spojeni spojky 7,,;,, = 3500 min ! otacky motora pri

preradeni na vyssi stupen 7,7,y = 5500 min ™~ L

Hodnota rychlosti vozidla pri spojeni spojky pocas rozjazdu:

_ 2 Mynin
'min = Tkolesa m .
lsmly

v —.
I
Sucinitel valivého odporu zavisly od rychlosti:

Sot = Fro(1 + 4+ 1075 -1?), kde v je rychlost vozidla
vkmh ™",

Sila odporu valenia

Fude‘iL = fval ’naum g

Sila odporu vzduchu

_ . 2
FodeZ - chc 2 Pz Y auto
Sila odporu zo stipania

F,

stipania = Maura " 8° SIH(CZ)

Vysledna odporova sila

F,

odporovd = FodeiL + depVZ + Fsuipania

Moment na kolesach

M kolesd — M :

motora lce/kovy : nmp

Hnacia sila

kolesa

Redukovana hmotnost rotujucich hmot

. 2 2
IkorTikor T I Lprey t Tcotkons Ixir

MROTrea = r;%
kde i, -pocet kolies vozidla,
l,,,, -moment zotrva¢nosti jedného kolesa,
ir - prevodovy pomer rozvodovky,
1., -moment zotrvacnosti vystupného hriadela prevodovky,
Icetkovy ~ CEIkOVY prevodovy pomer mechanizmu od motora az
po kolesa,

Iyy -moment zotrvacnosti klukového hriadela motora,
vratane zotrvacnika.

Pohybova rovnica vozidla:
d>x()

dtz = tha(‘ia(t) - Fodp()mm’(z) .

(Myurs + Mroged) *

air drag coefficient ¢, = 0.35; vehicle frontal area 1.94 m?; small

velocity resistance of roll f,,,, = 0.01; initial engine speed 7,,,, =
= 3500 min~'; engine speed at clutch join #,,, = 3500 min~",

gear shift change rotational speed 7,7,y = 5500 min~ .

The vehicle velocity value for the clutch join moment (during
the vehicle start up):

Nin
21 -

min = Tkolesa * . .
lsmly

v .
I

The roll resistance coefficient dependent on velocity:

Sour = Foaro(1 + 4+ 107° - v?), where v is velocity of the
vehicle in km.h ™.

The roll resistance force

Fode!L = fval Mauo 8

Air drag force

_ 2
FodeZ - CXS(, 2 Pz Vauto
Elevation resistance

F,

stiipania = Maua " 8 Sln(a)

Resultant resistance force

F, odporovd = odpVAL +F, odpVZ + F, stupania

Torque on the wheels

M, kolesd — M, o

motora  ‘celkovy ! nmp

Motive force

kolesa

Reduced rotation masses

. 22 2
lkolllkol + IR Iprev + lcelkovy IKH

MROTrea = 2
Tk
where i,,, -number of wheels,
1, -one wheel moment of inertia,
i - permanent gear ratio,
1 - moment of inertia of output gearbox shaft,

prev

Iceirony ~ TESUltant gear ratio,
Iy -the crankshaft moment of inertia, including fly-
wheel.

Equation of the vehicle motion:
a*x(1)

dlz = thac[a(z) - Fod/mmva’(t)

(Myyra + Mroged) *

2) + KOMUNIKACIE / COMMUNICATIONS 1/2003



Wsledky simuldcie a prislusné analyzy

Vysledky su pocitané pre vSetky Styri uvazované pripady tvaru
momentovej krivky vonkajSej otackovej charakteristiky motora
(obrazok 7), danej parametrami ¢asovania rozvodu. Na obrazku 9
su znazornené priebehy rychlosti vozidla do ¢asu 120 s po Starte.
Priblizne po 90 s nastava vo vSetkych pripadoch ustalovanie rych-
losti a v case 120 s uz takmer nadobuda ustalent hodnotu. Z prie-
behov vidno nezanedbatelny vplyv ¢asovania na vel’kost maximalne;j
dosiahnutel'nej rychlosti vozidla. Do ustalenia maximalnej rychlosti
prejde vozidlo viac ako 4 km. Zmenu rychlosti z 0 na 100 km.h ™!
(obrazok 10) dosiahne vozidlo podla vypoctu najskor v pripade
VImax za Cas 14,3 s, najneskor v pripade VTnMin za as 17,3 s.
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Simulation results and appropriate analyses

The results are calculated for all four considered shapes of the
outer speed characteristics torque curve (Fig. 7), given by para-
meters of variable timing. In Fig. 9 there are velocity behaviors
covering time interval of 120 s after the vehicle start. Approxi-
mately after 90 s in all cases there is velocity conditioning and
within 120 s the velocity values are nearly conditioned. Variable
timing has an obvious influence on the maximal achieved velocity
value of the vehicle. The vehicle covers more than 4 km until it
achieves the maximum velocity. A change of velocity from 0 to
100 km.h ! (Fig. 10) is achieved - according to the calculations
- in the case of V'Tmax in the quickest time interval of 14.3 s and
in the case of VTnMin in the longest time interval of 17.3 s.

160 110 1
140 =
- 100
120 i Velocity in time 120 s VTmax 901
e 100 VTmax: 159,02 km.h™ — VTnMax -; 80 1 Time of achieving
E 80 VTnMax:158,25 km.h”" — 1.3MPI x 707 VTmax || velosity 100 km.h!
T 60 1.3MPI: 151,46 km.h'" — VTnMin > 601 — VTaMay|| VTMax: 14.3s
40 / VTnMin: 145,46 km.h'" 50 VTnMax:14,8 s
/ — 13MPl || 1.3MPI: 158's
20 40 1 il —VTnMin || VTnMin: 17,3 s
0 : : : ; 30 : : :
0 10 20 30 40 50 60 70 80 90 100 t(s) 120 0 5 10 15 t(s)
Obr. 9. Priebehy rychlosti vozidla aZ po dosiahnutie ustdlenej hodnoty Obr. 10. Detail z oblasti dosiahnutia 100 km.h™" pri réznych
Fig. 9. Velocity behaviors until the conditioned state c¢asovaniach rozvodu
Fig. 10. Detail from the zone of achieving 100 km.h™" for various
valve gear timing
5500 -
VTmax 5000
— VTnMax ]
— 1.3MPI o 4500 S Rl
— VTnMin E 1
= 4000 1 VTmax
: 5. — VTnMax
H H 3500 —1.3wPI
— VTnMin
3000 : : : : ; ;
0 10 20 30 40 50 t(s) 60 0 10 20 30 40 50 60 70 80 90|
Obr. 11. Priebehy zrychleni vozidla pri roznych Obr. 12. Casovy priebeh otdcok motora pri réznych
casovaniach rozvodu c¢asovaniach rozvodu
Fig. 11. Acceleration behaviors for various valve gear timing Fig. 12. Engine rotational speed time behaviors
for various valve gear timing
100 6E+4
5 r —— ea |
80 Ll —
- __4E+4 1
5 60 VTmax E —
= — VTnMax = 3E+4 7 VTmax
o JE—
40 — 1.3MPI 2E+4 VTnMax
— VTnMin — 1.3MPI
20 1E+4 1 — VTnMin
0 | 0E+0 +— L
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Obr. 13. Casovy priebeh kriitiaceho momentu motora pri réznych
casovaniach rozvodu
Fig 13. Torque of engine time behavior for various valve
gear timing

Obr. 14. Casovy priebeh efektivneho vykonu motora pri réznych
casovaniach rozvodu
Fig. 14. Engine power time behavior for various valve
gear timing
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Obr. 15. Radenie prevodov (1.3MPI) Obr. 16. Radenie prevodov (1.3MPI)
Fig. 15. Gear ratio changes (1.3MPI) Fig. 16. Gear ratio changes (1.3MPI)
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Obr. 17. Hnacia a odporovd sila
Fig. 17. Motive and resistant force

Zrychlenie vozidla (obrazok 11) sa postupne zniZuje az na
nulovu hodnotu pri dosiahnuti maximalnej rychlosti. Pocas pre-
radovania rychlostnych stupnov je zrychlenie zaporné z dévodu
spomalovania, sposobeného odpormi posobiacimi proti pohybu
vozidla. Spomalovanie pri preradovani ma tym vac§iu absolutnu
hodnotu, ¢im je vysSia rychlost. Toto je dané rastucou zavislostou
odporovych sil od rychlosti, znazornenou na obrazku 12.

Priebehy parametrov motora ako su otacky, krutiaci moment
a vykon st na obrazkoch 12 az 16. Preradovanie rychlostnych
stupnov v pripade 1.3MPI je na obrazkoch 15 a 16. Priebeh hnacej
sily pre pripad 1.3MPI je uvedeny na obrazku 17. Hodnota hnacej
sily je pri maximalnej ustalenej rychlosti rovna hodnote sily odpo-
rovej. Celkova odporova sila je rieSenom pripade dana suctom sily
odporu vzduchu a sily odporu valenia (obrazok 18).

Vyhodnotenie simuldcie

Pouzity model umozuje analyzovat vplyvy variabilného ¢asova-
nia rozvodu motora (napr. VARROZ KKVMZ) a inych zaujimavych
parametrov. Z numerickej simulacie vyplyva ocakavany vysledok,
ktorym je dosiahnutie najpriaznivejSich parametrov pre pripad roz-

Obr. 18. Priebeh odporovych sil od rychlosti
Fig. 18. Resistance forces behavior

The vehicle acceleration (Fig. 11) gradually decreases until it
reaches the zero value at achieving the maximum velocity. The
acceleration is negative during gear ratio changes as a result of
deceleration, which is caused by resistance forces acting against
the vehicle motion. The higher is the velocity the higher is the value
of deceleration during gear ratio changes. This is given by the
increasing dependence of resistance forces on the vehicle velocity,
which is illustrated in Fig 12.

The engine parameter time dependencies, as rotational speed,
torque and power, are shown in Figs. 12-16. The gear ratio chang-
ing in the case of the 1.3MPI engine is in Figs. 15-16. The moving
force behavior for thel.3MPI engine is in Fig. 17. The value of the
moving force at the maximum vehicle speed is equal to the value
of resistance force. The total resistance force is, in this solved case,
given by a sum of air drag force and roll resistance force (Fig. 18).

Assessment of simulation

The used model enables to analyze influences of the engine
valve gear variable timing (for instance VARROZ KKVMZ) and
other interesting parameters. The numeric simulation has provided
the expected result, which is the achievement of optimal parame-
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vodu s variabilnym ¢asovanim, vo vypoctoch oznaceny ako pripad
VTmax. Cas na dosiahnutie rychlosti 100 km.h™' sa v pripade
variabilného Casovania rozvodu VTmax skratil oproti Standardnému
nastaveniu Casovania motora 1.3MPI o rovnych 1,5 s, ¢o ¢ini
v percentualnom vyjadreni skratenie ¢asu az o0 9,49 %.

Tento vysledok je veImi vyznamny, ak si uvedomime, Ze je
dosiahnuty iba lepSou regulaciou vymeny naplne motora prostred-
nictvom variabilne ¢asovaného rozvodu, bez zmeny hlavnych roz-
merov motora, bez zmeny kompresného pomeru a bez zvySenia
otacok.

4. Zaver

Starostlivost o Zivotné prostredie prostrednictvom legislativnych
krokov nuti vyrobcov dopravnych prostriedkov znizovat hladinu
plynnych i hlukovych emisii. K ich zniZovaniu mozno v podstate
pristupovat dvoma spésobmi, a to:

« aktivne - zniZovanie a odstranovanie emisii priamo v zdroji,
« pasivne - dodato¢né zniZovanie a odstranovanie.

V prispevku je analyzovana jedna mozna cesta (pouzitie varia-
bilného Casovania rozvodu) aktivneho sposobu zniZzovania zataze-
nia Zivotného prostredia plynnymi emisiami.

Centralnym problémom nie je len obava z vyCerpatelnosti
energetickych zdrojov, ale velmi aktualna i nalichava je otazka
zataZenia Zivotného prostredia. Tento fakt je sposobeny tym, Ze
emisie produkované dopravnymi prostriedkami ovplyviuju Zivot
na zemi nielen priamo, ale aj nepriamo. Je dokazané, Ze pre ludi
neskodné plyny ako oxid uhli¢ity CO,, metan CH,, oxid dusika
N, 0 ako aj halogénove uhlovodiky ovplyviiuju zemsku atmosféru.
Riesenie konkrétnych uloh sa potom dotyka nielen vyrobcov
dopravnych prostriedkov, vystavby dopravnych ciest, ale aj doprav-
nej prevadzky. Na dopravnych cestach sa pohybuje velké mnoz-
stvo dopravnych prostriedkov. Ich zdrojom energie je v prevaznej
vicsine spalovaci motor. Tieto dopravné prostriedky nielenze zne-
Cistuji ovzdusie, podu a vody, sposobuji hluk a otrasy, zaberaju
podu, produkuju dalSie odpady z dopravnej prevadzky i pri ich
vyrobe, ale aj spotrebuvaju neobnovitelné zdroje energie a niekedy
maju rusivé estetické a psychologické ucinky. Na druhej strane
treba poukazat aj na pozitivne pdsobenie dopravy. Tieto skutoc-
nosti vyZaduju venovat sa so vsetkou vaznostou a zodpovednostou
problematike dopravnych prostriedkov v stvislosti so zivotnym
prostredim.
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ters for valve gear variable timing for calculations related to VTmax.
Time needed for achieving 100 km.h-1 has been reduced by 1.5 s
in the case of VTmax when compared with the standard timing of
the 1.3MPI engine, which amounts to 9.49 per cent.

This result is very significant when we take into consideration
that it has been achieved only due to a better regulation of the
engine cylinders filling by means of a variable timed valve gear,
without any change of the engine dimensions, compression ratio
or maximum value of rotational speed.

4. Conclusions

Attention paid to the environment through legislative measures
forces manufacturers of means of transport to reduce levels of
gaseous and noise emissions. The reduction can be, in fact, ap-
proached in two ways:

« Actively - reduction and elimination of emissions directly in
the source,
« Passively - additional reduction and elimination.

In the article one possible active way (use of variable timed
valve gear) of reducing negative impact on gaseous emissions on
the environment is analyzed.

The core issue is not only fear that sources of energy can be
exhausted but really topical and urgent is the question of environ-
mental pollution. This has been caused by the fact that emissions
produced by means of transport influence life on the Earth not
only directly but also indirectly. It is proved that gases being harm-
less to people as carbon dioxide CO,, methane CH,, nitrogen
oxide N,O as well as halogen hydrocarbons influence the atmos-
phere. The solution of particular tasks thus concerns not only
manufacturers of means of transport, constructions of transport
routes but also operation. There are many means of transport on
roads and highways. The source of energy, for most of them, is
a combustion engine. The means of transport not only pollute the
air, land and water, cause noise and vibrations and occupy land,
produce other waste from their operation and also in their pro-
duction but they also consume energies that cannot be recycled
and sometimes produce harmful esthetic and psychological effects.
On the other hand, it is necessary to underline the positive role of
transport too. All the above facts emphasize the need to solve the
issues of means of transport and the environmental protection
with utmost seriousness and responsibility.

[1] ANONYM: prospekty, katalogy a webovske stranky firiem automobilového priemyslu

[2] CAP J., FREIBAUER L., HLAVNA V.: Teorie vozidel, Alfa, Bratislava, 1985.

[3] HLAVNA, V. a kol.: Dopravny prostriedok a Zivotné prostredie, ES VSDS Zilina 1996, ISBN 80-7100-306-9

[4] ISTENIK, R.: Simuldcia mechanickych a termomechanickych procesov v spalovacich motoroch a vozidldch, SiF ZU Zilina, habilitaéna

praca 2002

[5] ISTENIK R., FITZ P: Programovy systém DYNAST - rieSené priklady z dopravnej a manipulacnej techniky, vysokoskolskd ucebnica,

EDIS, Zilinska univerzita, ISBN 80-7100-829-X, Zilina, 2001

KOMUNIKACIE / COMMUNICATIONS 1/2003 + 2)



KOMNIKOCIe

C O M MUNICATION:S

Zygmunt Szlachta - Jerzy Cisek *

DODATOCNE VSTREKOVANIE PALIVA DO VALCA VZNETOVEHO
MOTORA AKO METODA ZNIZOVANIA NO,

THE DIESEL FUEL POST-INJECTION INTO ENGINE CYLINDER AS METHOD
OF NO, REDUCTION

Moznosti obmedzovania emisii NO, vo valci vznetového motora pri jeho konstrukcii alebo prostrednictvom prevadzkovych parametrov su
limitované. Preto sa robia stidie efektivnosti roznych metdd znizovania NO, vo vyfukovych plynoch. Metoda, ktorii pouZili autori, vyuziva redukc-
ného cinitela vo forme chemicky aktivnych uhlovodikov (radikdlov) z paliva. Aby sa ziskali ciastocne oxidované a tepelne rozlozené uhlovodiky,
aplikoval sa dodatocny vstrek (vstreknutie dalsej casti paliva) do valca vznetového motora v priebehu expanzie. Na vykonanie tejto funkcie sa
skonstruoval Specidlny system na doddavku paliva skladajiici sa z dvoch vstrekovacich cerpadiel. Jedno z cerpadiel vstrekovalo hlavnii (primdrnu)
davku paliva, druhé vstrekovalo dodatocnu davku paliva. Vstrekovanie oboch ddvok paliva bolo realizované rovnakym vstrekovacom. Vo vyfu-
kovom systéme jednovalcového testovacieho motora sa pouzil katalyticky konvertor a vsetky vyfukové plyny vytvorené spalovanim hlavnej ddvky
paliva a chemicky aktivované uhlovodiky pochddzajiice z dodatocnej davky paliva prechddzali cez konvertor. Na vyhodnotenie dosiahnutych
vysledkov sa definovali rézne postupy zamerané na efektivne znizovanie NO,. Pocas testov sa menil uhol vstreku hlavnej i dodatocnej ddvky
paliva (vzhladom na hornii wivrat) ako aj teplota, priestorova rychlost vyfukovych plynov prechddzajiicich cez konvertor a druh paliva.

Zistilo sa, Ze ak sa pouZije metdda redukcného Cinitela, je celkovy efekt redukcie NO, kombindciou efektov ziskanych vo valci selektivnou
nekatalytickou redukciou a ucinkov v katalytickom konvertore ziskanych selektivnou katalytickou redukciou.

The possibilities of limiting the emission of nitrogen oxides in the cylinder of the diesel engine by means of its design and operating para-
meters are limited. This is why studies of the effectiveness of various methods for NO,. reduction in exhaust gases are being undertaken. The
method used by the authors involves the utilization of a reducing agent in the form of chemically active hydrocarbons (radicals) from the fuel.
In order to obtain partially oxidized and thermally decomposed hydrocarbons, the post-injection of fuel (the injection of an additional portion
of fuel) into the diesel engine cylinder during the expansion stroke was implemented. To perform this function, a special fuel supply system
consisting of two injection pumps was designed. One of the pumps was injecting the main (primary) fuel dose, and the other one - the addi-
tional fuel dose. Injection of both fuel doses was accomplished by the same injector. A catalytic converter was used in the exhaust system of the
one-cylinder test engine, and all the exhaust gases produced in the combustion of the main diesel fuel dose and chemically activated hydrocar-
bons coming from the fuel post-injection (additional fuel dose) were passing through the converter. Various NO, reduction efficiency measures
were defined to evaluate the results obtained. During the tests, the additional diesel fuel dose and post-injection angle (relative to the TDC), as
well as temperature, space velocity of exhaust gases through converter and sort of diesel fitel were changed.

1t was found that using that method of the reducing agent dosage, the total effect of nitrogen oxide reduction was a combination of the
effects obtained in the engine cylinder by Selective Non-Catalytic Reduction (SNR) and the effects obtained in the catalytic converter by Selec-
tive Catalytic Reduction (SCR).

1. Introduction

The issue of NO, emission reduction pertains not only to diesel
engine exhaust gases, but also to the spark ignition, petrol-fuelled
engine. However, in the conventional spark-ignition engine, the
problem of particulates emission is not so important as in the
diesel engine, where particulates are produced during the com-
bustion of heterogeneous mixtures, specific to the diesel engine.
Nitrogen oxide emission in petrol engines has been limited to the
level imposed by the relevant standards by the common use of three-
way catalytic converters, reducing also other toxic constituents of

the exhaust gases (CO, HC). This concept is not useful in the
diesel engine whose exhaust gases contain a significant amount of
oxygen [4]. For this reason, research projects initiated currently
aim to develop efficient NO, emission reduction methods, based
on the proven technologies for NO, elimination from exhaust gases
typical for the chemical industry and power industry.

According to the results of tests [19, 22, 23], nitrogen oxides
generated in the process of burning diesel fuel in the diesel engine
can be reduced by two methods: Selective Non-Catalytic Reduc-
tion (SNR) and Selective Catalytic Reduction (SCR). The former

* Zygmunt Szlachta, Assoc. Prof., D.Sc., Ph.D., M.E., Jerzy Cisek, Ph.D., M.E.,
Institute of Automobiles and Internal Combustion Engines, Cracow University of Technology, 31-155 Krakow, ul. Warszawska 24, Poland.
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one is a thermal method, and it can be employed in the processes
of reduction taking place in the engine cylinder and partially in the
exhaust system owing to a relatively high temperature of exhaust
gases to which the reducing agent is added. However, outside the
cylinder, the effectiveness of this method is low because of a rapid
drop in the exhaust gas temperature. This temperature depends on
the diesel engine operating conditions and, in the exhaust systems,
ranges from 373 to 423K when the engine is idling, from 423 to
623K in urban traffic (low and medium loads and engine speeds),
and from 623 to 1023K on a highway. In order to employ the SNR
method to reduce nitrogen oxides it would be necessary to heat up
exhaust gases, which involves energy losses.

In the engine exhaust system it is more favourable to use a cat-
alytic converter which reduces NO, emissions by means of the
SCR method. An extensive development of this method, with an
application to engine exhaust gases, started in the eighties. Simi-
larly as in the chemical industry and stationary power plants, nitro-
gen-containing compounds, such as ammonia or urea, are usually
considered as nitrogen oxide reducing agents. Various test results
indicate that ammonia used in a catalytic converter to reduce the
concentration of nitrogen oxides in the diesel engine exhaust gases
provides high reduction efficiency exceeding 90%. The use of this
reducing agent is, however, not practical owing to its toxicity, explo-
siveness in a mixture with air, and also by a sharp and unpleasant
odour. Additionally, it would be necessary to use pressure vessels
for the transportation of ammonia. Consequently, urea as an indi-
rect source of ammonia seems to be more useful in this applica-
tion.

Urea used as a non-toxic source of ammonia is a safe reducing
agent. Additionally, its good solubility in water facilitates trans-
portation in diluted form. As a result of injecting urea into hot
exhaust gases (having a temperature above 430K) before the cat-
alytic converter, the first reaction taking place is the hydrolysis of
urea, during which ammonia and other compounds such as NH,
are produced (one kilogram of urea yields 0.566 kg of ammonia).
Assuming the NO to NO, ratio of 9:1, which is valid for the diesel
engine exhaust gases, it can be calculated that to reduce 1 kg of
NO,, about 0.67 kg of urea is needed [9]. The efficiency of NO,
reduction depends both on the reduction process conditions and
on the amount of urea used.

It must be emphasised that in order to use urea and/or ammonia
in traction engines it would be necessary to employ a costly system
dosing these reducing agents adequately to engine operating con-
ditions (NO, content of exhaust gases), and periodically replenish-
ing the tank with the reducing agent. It would be also necessary to
build a complete distribution system for ammonia or urea, and to
take protective measures against the effects caused by a potential
escape of toxic ammonia to the atmosphere from the engine
exhaust system. Thus the use of the selective catalytic reduction of
nitrogen oxides by means of nitrogen-based compounds is better
justified in industrial diesel engines or in engines installed on
ships, while for traction diesel engines powering motor vehicles it
is more appropriate to focus research activities on the use of other
reducing agents, such as hydrocarbons.
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2. Studies of NO, Reduction with Hydrocarbons

Publications on that subject usually describe the results of tests
conducted in laboratory conditions. Such tests usually involve the
reduction of nitrogen oxides contained in a mixture prepared from
gases stored in pressure gas vessels and having similar composi-
tion to that of the actual diesel engine exhaust gases. To investigate
the effects of NO, reduction by the SCR method, hydrocarbons
(also from a pressure gas vessel) were introduced into such gaseous
mixtures flowing through a catalytic reactor. Less results of tests
conducted with actual diesel engine exhaust gases are available. In
such tests, the following substances were used to reduce nitrogen
oxides: hydrogen H,, gaseous hydrocarbons CH,, C2H,, C;Hg,
etc. [7, 10, 12, 13], alcohols [4, 7, 14, 15] and hydrocarbons con-
tained in diesel fuel. Diesel fuel was usually injected into the exhaust
system, before the catalytic reactor [5, 10, 12, 13, 17, 18].

Because of its temperature, the location where hydrocarbons
are added to exhaust gases has a considerable influence on the
process of nitrogen oxide reduction, as it is related to the amount
and chemical activity of radicals generated during the initial decom-
position of hydrocarbon molecules. The most favourable solution
seems to be the injection of an additional hydrocarbons directly
into the cylinder, where they would be subjected to the initial
decomposition. High temperature of the working medium and longer
time of the initial decomposition of hydrocarbon molecules would
be the advantages of such a solution. Considering possible engi-
neering applications, the method of dosing the reducing agent into
the cylinder has more advantages. This method was used in the tests
described here, where additional hydrocarbons (contained in diesel
fuel) were introduced directly into the engine cylinder, as a result
of the post-injection of an additional, small portion of fuel, during
the expansion stroke. Contrary to the main fuel dose injected during
the compression stroke, the additional fuel dose did not have any
influence on the engine output power.

In order to chemically activate the hydrocarbons, the addi-
tional fuel dose injected into the cylinder should undergo a similar
physical and chemical transformation as in the autoignition delay
period, i.e. it should produce the so-called cool flame, without
reaching the hot flame state (i.e. autoignition and combustion). In
such conditions, as a result of thermal decomposition of hydrocar-
bon molecules and their initial reactions with oxygen contained in
the exhaust gases, chemically active molecules of hydrogen H,,
radicals R* (hydrocarbon molecule after loosing one hydrogen
atom), HO,, ROO" and atomic hydrogen H' are produced, demon-
strating strong NO,-reducing properties. This method of injecting
additional fuel dose into the cylinder causes some portion of the
products of partial oxidation of hydrocarbons to react with nitro-
gen oxides yet in the engine cylinder (because of high temperature
inside it). Consequently, a part of nitrogen oxides is subjected to
thermal reduction. It must be noted that the radicals taking part in
the process of nitrogen oxide reduction may be also contained in the
products of water, carbon monoxide, and carbon dioxide dissoci-
ation, generated by burning the main fuel dose [19, 22, 23].

Reactions of NO, reduction taking place in a catalytic reactor
have different course than thermal reactions, and their mechanism
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depends not only on the reducing agent type, but also on the
reactor type used. Iwamoto, who first started to use hydrocarbons
for NO, reduction in the diesel engine exhaust gases by the SCR
method, proved that in the Cu/ZSM-5 zeolitic reactor, reducing
agents such as C,H,, C;H¢, C,Hy and alcohols demonstrate selec-
tive reducing capability, while H,, CO and CH, are non-selective
reducing agents with respect to nitrogen oxides [ 11]. This indicates
that the level of NO, reduction depends on the selective capabil-
ity of particular reducing agents. In the case when diesel fuel is
used as the reducing agent source it is difficult to determine its
selective capability, because it depends on the percentage of par-
ticular hydrocarbons or hydrocarbon groups in the fuel. According
to [6, 14], aromatic hydrocarbons are the best reducing agents, fol-
lowed by olefins, paraffins, and aldehydes. It must be remembered
that depending on the engine operating conditions, the composi-
tion and amount of unburned hydrocarbons change continuously.
Apart from the selective capability of the reducing agent and the
exhaust gas temperature, at the same relative volumetric flow rate
of exhaust gases SV, the efficiency of NO, reduction is influenced
also by H,0, SO,, and O, [13]. The mechanisms of NO, reduc-
tion in a catalytic converter have been investigated in many papers
summarized in [23], especially interesting being the model pre-
sented by Hamada, proposing two ways of NO, reduction [8].

In view of the above, it may be stated that the final effect of
NO, reduction in the diesel engine exhaust gases combines the
results of both thermal (SNR) and catalytic (SCR) reduction.
Partial effects depend not only on the volume of the additional
injection of fuel being the source of the reducing agent, but also
on the time and temperature at which hydrocarbons are present in
the cylinder before the exhaust valve opens. In order not to burn
the hydrocarbons additionally introduced into the cylinder, the fuel
post-injection (effected during the expansion stroke) must not be
too early in relation to the injection and combustion of the main
fuel dose. It cannot be effected too late, either, since the tempera-
ture in the cylinder may be too low and the time mentioned above
may be too short. Thus the total NO, reduction efficiency may be
influenced by the following factors: volume of the additional fuel
dose, timing of fuel post-injection (relative to the expansion stroke),
engine speed and engine load, exhaust gas temperature, oxygen
concentration in the exhaust gases, etc. Diesel fuel composition, i.e.
the content of hydrocarbon groups influencing thermal decompo-
sition of molecules, may also have a significant effect on the reduc-
tion efficiency.

The idea presented in the paper is based on the simultaneous
implementation of diesel fuel post-injection and a catalytic con-
verter. It does not require any additional dosing system for injecting
hydrocarbons before the converter. The method could be imple-
mented quite easily in widely used common-rail injection systems
which allow the fuel dose injected to be divided into freely adjusted
portions. Such a system of hydrocarbon dosage has been already
indicated in [16], but without any detailed information.

The possibility of using fuel-contained hydrocarbons in the
process of thermal and catalytic reduction of NO, in the diesel
engine exhaust gases has been investigated in the Cracow Univer-

sity of Technology [3, 19, 20, 21, 22, 23]. Tests were done on the
single-cylinder test engine. For the purpose of tests, a special fuel
supply system was built, consisting of two injection pumps: a main
injection pump delivering fuel necessary for engine operation, and
an additional injection pump delivering additional amount of fuel
(hydrocarbons) used for NO, reduction. The pumps were con-
nected in a row by means of a clutch providing continuous change
of angle between injection the main fuel dose and the additional
fuel dose. Fuel from both pumps was delivered to the engine cylin-
der through the same injector. To eliminate unnecessary interaction
between fuel pressures generated by both pumps, a double check
valve was installed before the injector. A catalytic converter was
installed in the exhaust system. Exhaust gas samples were taken
for analysis before and after the catalytic converter. Temperature
was measured at the points where samples were taken.

3. NO, reduction efficiency definitions

As it has been mentioned before, owing to a high temperature
in the cylinder and a longer time of initial decomposition of mol-
ecules, first effects of radicals and hydrogen reducing action may
be observed yet in the engine cylinder, and also in the exhaust
manifold between the cylinder and the catalytic converter. The
resultant NOx reduction has the form of Selective Non-Catalytic
Reduction (SNR). In the catalytic converter, however, NO, reduc-
tion is accomplished by Selective Catalytic Reduction (SCR). To
evaluate the effects of both NO, reduction methods, and to evalu-
ate the total effect, three definitions of NO, reduction efficiency
have been introduced. Auxiliary quantities used for calculations,
together with the points where the exhaust gases were sampled for
analysis, are shown in Fig. 1.

Ci Cyp

Fig. 1. Quantities used for the calculation of NO, reduction efficiency

Cop Cop

SCR

where:

CIb - NO, concentration before the catalytic converter, the engine
being supplied only with the main fuel dose (without fuel
post-injection),

Clp - NO, concentration before the catalytic converter, the engine
being supplied with the main and additional fuel dose (with
fuel post-injection),

C2b - NO, concentration after the catalytic converter, the engine
being supplied only with the main fuel dose (without fuel
post-injection),

C2p - NO* concentration after the catalytic converter, the engine
being supplied with the main and additional fuel dose (with
fuel post-injection).
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For the purpose of a test results analysis, several definitions
of NO, reduction efficiency can be applied:
nsnr -the efficiency of thermal Selective Non-Catalytic Reduction
between the cylinder and the catalytic converter.
n _ Clb - Clp
SNR —
Ci

Nscr -the efficiency of Selective Catalytic Reduction in the cat-
alytic converter.

C,— G

Tiscr = %
1p
nr - the total efficiency of NO, reduction, combining the effects
of both Selective Non-Catalytic Reduction (SNR) before
the catalytic converter and Selective Catalytic Reduction
(SCR) in the catalytic converter.

Clb - Czp

Nr=
Cyy

4. Results and discussion

4.1. The influence of fuel post-injection timing during
the expansion stroke

Efficiency of NO, reduction measurements were made at two
engine speeds: at 1600 r.p.m., and 2000 r.p.m. The torque devel-
oped by engine was constant (7= 60 Nm) in both cases. The main
fuel dose was adjusted so as to obtain the assumed operating para-
meters of the engine, and its volume was ¢, = 60 mm3/cycle at
1600 r.p.m., and ¢, = 63 mm?/cycle at 2000 r.p.m. The ratio of the
reducing agent to nitrogen oxides before catalytic reactor was kept
at a constant level (HC,/NO, = 3). This value was determined by
analyzing the results of tests conducted in other research centres.
These results were obtained for direct introduction of hydrocar-
bons before the catalytic converter, and the optimum HC,/NO,
ratio in terms of NO, reduction efficiency and reducing agent uti-
lization was determined at a level of 3 [1, 2, 4].

The start angle of fuel post-injection (injection of additional fuel
dose) (was varied from 60 to 200° ATDC - after the top dead centre
(the exhaust valve of the test engine starts to open at 140 ° ATDC).
It was not possible to use smaller angle values because, in spite
of considerably increased additional fuel dose, it was impossible
to obtain the assumed ratio HC;/NO, = 3. It is generally known
that the amount of nitrogen oxides produced in the combustion
chamber is constant at constant engine speeds and constant engine
loads. However, when the start angle of fuel post-injection was
changed, the concentration of hydrocarbons before the converter
also changed, and it was necessary to adjust the additional injec-
tion fuel dose in order to maintain a constant HC,/NO, ratio.
Changes in the concentration of hydrocarbons were mainly due to
the utilization of some hydrocarbons in the process of NO, reduc-
tion between the cylinder and the converter (Selective Non-Cat-
alytic Reduction, SNR), and due to the fact that some hydrocarbons
from the additional injection fuel dose were burnt in the engine
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cylinder, when the fuel post-injection took place too early after the
TDC.

Fig. 2 shows the influence of the fuel post-injection angle on
the efficiency of NOx reduction between the engine cylinder and
the catalytic converter. The highest value of ngyz = 24% was
obtained for 1600 r.p.m. and o = 60° ATDC. For a > 140° ATDC,
the efficiency was around 10%. At 2000 r.p.m., for « = 80° ATDC,
Nsnvr Was 22%, and for o > 120° ATDC, (SNR was about 4%. It
is clear that the efficiency of NO, reduction depends on the fuel
post-injection angle only for low values of this angle.

A drop in the efficiency of NO, reduction by the SNR method
for the increasing values of the fuel post-injection angle « (valid
for low « values only) can be explained by the fact that less reduc-
ing agent was delivered to the cylinder when the delay of fuel post-
injection relative to the TDC was longer. In such conditions the
amount of chemically activated hydrocarbons decreased as well,
also as a result of decreasing temperature inside the cylinder. At
higher « values the efficiency of thermal NO, reduction did not
change, which may be explained by a stable amount of chemically
activated hydrocarbons, although the total amount of hydrocarbons
was different.

50 1
—+H— n=1600 [r.p.m.]
40 A —O— n=2000[r.p.m.]
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Fig. 2. The influence of the fuel post-injection angle on the efficiency
of thermal NO, reduction

The total efficiency of NO, reduction 7, combining all
processes of NO, reduction before and after the catalytic converter
as a function of the fuel post-injection angle, is presented in Fig.
3. The functions showing this relationship are increasing for both
engine speeds. A stronger influence of the fuel post-injection angle
is visible at 2000 r.p.m. and for a < 120° ATDC. At 1600 r.p.m.
similar values of 1 (about 20%) were obtained in the whole range
of variability of the fuel post-injection angle. At 2000 r.p.m., n,
was around 18% in the « range from 120 to 200 oATDC, but when
the start of fuel post-injection was closer to the TDC, the values
of n; decreased, reaching 10% for & = 80 oATDC. This decrease
in the total conversion efficiency was caused by lower NO, reduc-
tion efficiency in the converter, dropping down to even negative
values (the amount of nitrogen oxides in the converter increased)
- see Fig. 4.

Fig. 4 shows an increase in the NO, reduction efficiency in
the catalytic converter along with the increasing fuel post-injection
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angle, mainly for low values of that angle (a < 120° ATDC), and
for both engine speeds. For higher values of «, a stabilization of
NO, reduction efficiency can be observed. It should be noted that
for the lowest « values the efficiency ngqx drops below zero. Pos-
itive aspects of catalytic converter utilization can be noticed only
for a exceeding 80° ATDC at 1600 r.p.m., and for « exceeding
120° ATDC at 2000 r.p.m., because in that range the NO, reduc-
tion efficiency is greater than zero.
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Fig. 3. The influence of the fuel post-injection angle on the total
efficiency of NO, reduction
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Fig. 4. The influence of the fuel post-injection angle
on the efficiency of catalytic NO, reduction

Negative values describing NO, reduction efficiency demon-
strate that the catalytic converter does not reduce nitrogen oxides
effectively. This is caused by the fact that at high exhaust gas tem-
peratures (exceeding the activation temperature of the converter by
200 K) the converter becomes inactive and loses its selective capa-
bility including the capability of NO, reduction. Probably because
of high exhaust gas temperatures and an excess of oxygen, further
reactions of nitrogen oxidation take place in the converter (the
exhaust gas temperature after the converter is lower, and the reac-
tion of nitrogen oxidation is endothermic), and the concentration
of nitrogen oxides inside the converter increases.

4.2. The influence of the additional diesel fuel dose

Tests were conducted at two engine speeds: 1600 and 2000
r.p.m., with two constant parameters: the engine torque (7= 60 Nm),

and the fuel post-injection angle (« = 100° ATDC). The volumes
of additional fuel dose were relatively high, reaching 26% of the main
fuel dose at 1600 r.p.m. and 33% of the main dose at 2000 r.p.m.
Such volumes were necessary to obtain the required maximum
HC,/NO, ratio of 10 before the converter. It was expected that by
using diesel fuel as a reducing agent source (diesel fuel is a mixture
of hydrocarbons having various selectivity in terms of NO, reduc-
tion), the optimum level of that ratio in terms of NO, reduction
efficiency would be much higher than 3.

The curves shown in Fig. 5 prove that with higher volumes of
additional fuel dose, the efficiency of NO, reduction in the SNR
process increased. This increase was, however, not uniform, being
higher for 1600 r.p.m. and lower for 2000 r.p.m. One can suspect
that at 1600 r.p.m. more chemically active hydrocarbons were used
in the SNR reactions. The volumes of fuel injected as the addi-
tional dose were smaller, but most of the hydrocarbons were not
burnt. Initially decomposed and partially oxidized (chemically acti-
vated) hydrocarbons acted as an effective NO, reducing agent. The
maximum efficiency (SNR in test conditions reached about 34%
at 1600 r.p.m. and about 10% at 2000 r.p.m.
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Fig. 5. The influence of the additional fuel dose on the efficiency of
thermal reduction of nitrogen oxides

The total efficiency of NO, reduction 1, as a function of the
additional fuel dose volume is presented in Fig. 6.
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Fig. 6. The influence of the additional furel dose
on the total efficiency of NO, reduction

The shape of both curves (for both engine speeds) is identical
as those of the SNR process efficiency curves. The reason for
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higher 7 values for the corresponding volumes of the additional
fuel dose are additional processes of NO, reduction taking place
in the catalytic converter. For the maximum volume of the addi-
tional fuel dose, the efficiency n,reached about 42% at 1600 r.p.m.
and about 21% at 2000 r.p.m. From the comparison with the results
of the SNR process (Fig. 5) it is clear that the gain is relatively
small. This is caused by low conversion efficiency in the catalytic
converter.

Fig. 7 shows the influence of the additional fuel dose volume
on the efficiency of NO, reduction in the catalytic converter
(mscr)- Attention must be drawn to the small influence of the addi-
tional fuel dose volume on the efficiency of the SCR process in the
catalytic converter. The fuel post-injection results in a slight ten-
dency towards higher efficiency numbers only at 1600 r.p.m.
A reason for this insignificant sensitivity of the NO, reduction
efficiency to the additional fuel dose volume may be the fact that,
irrespective of the variation in the amount of hydrocarbons intro-
duced into the converter, only a constant portion of hydrocarbons
demonstrate selective reducing capability suitable for the converter
being used. With the fuel post-injection, slightly better average effi-
ciency of the SCR process in the converter (about 13%) was reached
at 2000 r.p.m., while at 1600 r.p.m. the efficiency was about 8%.
The reason for this may be higher exhaust gas temperature before
the converter at 2000 r.p.m. resulting in gaining selective capabil-
ities by more hydrocarbons contained in exhaust gases.
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Fig. 7. The influence of the additional fuel dose on the efficiency
of NO, reduction in the catalytic converter

4.3. The influence of the space velocity of exhaust gas
flowing through the converter

The space velocity of exhaust gas SV is defined as the ratio of
volumetric flow rate of exhaust gas flowing through the converter
to the converter volume. As it can be seen in Fig. 8, the influence
of this parameter on the efficiency of NO, selective catalytic
reduction turned out to be very strong. While at the highest SV of
78 x 10> h™! the NO, reduction efficiency of 22% was obtained,
at SV = 30 x 10° h™! even 68% reduction efficiency was found.
As during the tests the proportion of the reducing agent to the
NO, volume did not change (HC,/NO, = 5), it must be stated
that the reduction of NO, concentration after the converter was
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caused by better conditions for the adsorption of nitrogen oxides
and the reducing agent in the active cells of the converter due to
prolonged contact time. Because of lower velocity of exhaust gas
flowing through the converter, particles of nitrogen oxides and
those of the reducing agent, due to their low kinetic energy, were
deposited easier, increasing the level of adsorption in the active
cells of the converter.
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Fig. 8. The influence of space velocity SV on the efficiency
of catalytic NO, reduction

Fig. 9 shows the total efficiency of NO, reduction as a func-
tion of the space velocity of exhaust gas flowing through the con-
verter. This includes NO, reduction accomplished by selective
non-catalytic (thermal) method (SNR) and by selective catalytic
reduction (SCR).
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Fig. 9. The influence of space velocity SV on the total efficiency
of NO, reduction

The concentration of nitrogen oxides in the natural exhaust
gas was 710 ppm. As a result of thermal reduction between the
engine cylinder and the converter it decreased to 500 ppm. Con-
sequently, (SNR was 29.5% and this value did not change during
the investigation of the influence of SV on the NO, reduction effi-
ciency in the converter. The total efficiency of NOx reduction was
determined assuming the concentration of nitrogen oxides in
natural exhaust gas, i.e. 710 ppm, as a reference value. With this
assumption it was possible to determine the efficiency of NO,
reduction from the whole volume of nitrogen oxides contained in
the natural exhaust gas of the engine. As it can be seen, the
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minimum reduction efficiency of 42% was registered at the highest
SV of exhaust gas flowing through the converter, namely at 78 X
X 10° h™!. The total efficiency of NO, reduction was higher at
lower SV values, and at SV of 30 X 10° h™! an efficiency of 77,5%
was obtained.

The results obtained lead to a conclusion that both methods
implemented, i.e. the SNR and the SCR have a significant influ-
ence on the total efficiency of NO, reduction in the exhaust gas
of the engine. As at certain conditions of NO, reduction process
(with the post-injection of diesel fuel into the engine cylinder)
there are some limitations affecting the possibility of influencing
the efficiency of thermal reduction, the development work on the
optimisation of catalytic converters, and consequently on the
improvement of the SCR process, should be intensified.

4.4. The influence of exhaust gas temperature
at the converter

The investigation of the influence of exhaust gas temperature
on the efficiency of NO, reduction was conducted at a constant
engine velocity n = 1600 r.p.m., and at a constant engine torque
T = 80 Nm. The following parameters were also fixed: static injec-
tion timing of main fuel dose (27° BTDC), start angle of fuel post-
injection & = 100° ATDC), the main fuel dose ¢, = 76 mm®/cycle,
and the additional fuel dose ¢, = 20 mm?/cycle. The test stand was
equipped with an exhaust gas cooler to adjust the temperature of
exhaust gas before the converter in the range of 260 to 460 °C.
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Fig. 10. The influence of exhaust gas temperature before the converter
on the efficiency of NO,, catalytic reduction in a Cu/ZSM-5 converter

Fig. 10 shows that the converter used in the investigation fea-
tured the highest catalytic activity in terms of NO, reduction at
exhaust temperatures approximately between 380 °C and 460 °C,
providing the highest NO, reduction efficiency ranging from 25%
to 44%. At temperatures between 260 °C and 360 °C, however, the
efficiency of NO, reduction in the converter was negative, which
means that the converter lost its catalytic function in the NO,
reduction process and became an NO, “generator”. This was caused
by reactions opposite to the NO, reduction, intensified at lower
exhaust gas temperature. Nitrogen oxides were produced mainly
from diesel fuel constituents containing nitrogen (additives aug-

menting the cetane number) and from radicals such as, for example,
CH,, CNO", HCN".

4.5. The influence of diesel fuel group composition

Three diesel fuel grades differing in chemical composition
were analysed. The properties of the fuels are collected in Table 1.
Three main groups of hydrocarbons were distinguished in the diesel
fuel: aromatic hydrocarbons, ethylenic hydrocarbons (olefins), and
saturated hydrocarbons (paraffins and naphtenes).

An investigation of the influence of diesel fuel group compo-
sition on the NO, reduction in the exhaust gas was conducted at
a constant engine velocity » = 1600 r.p.m. and a constant torque
T = 60 Nm. The main fuel dose ¢, = 60 mm®/cycle, the post-injec-
tion fuel dose ¢, = 20 mm?>/cycle, the static injection timing of main
fuel dose was 27° BTDC, and the start angle of fuel post-injection
a = 100° ATDC.

Fig. 11 shows percentages of these hydrocarbons in the fuels
used. The highest value of the total efficiency of NO, reduction
ne = 54 % was obtained for fuel “3”, and the lowest value (48%)
was obtained for fuel “1” (Fig. 12). The reason was a high NO,
reduction efficiency achieved in the converter for fuel “3” due to
NOx selective catalytic reduction, as shown in Fig. 13.

90 (T [aromatic [ paraffin + naphtene [l olefiry
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Fig. 11. Contents of hydrocarbon groups in the fuels used
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Fig. 12. The influence of diesel fuel type on the total efficiency
of NO, reduction

The highest efficiency of NO, reduction in the catalytic con-
verter nger = 42% was obtained for fuel “3” (Fig. 13).
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Fig. 13. The influence of diesel fuel type on the efficiency
of NO, reduction in a catalytic converter

Table 1
Parameter Unit Fuel
“1” “275 “375
1. Composition: [% vol.]
aromatic hydrocarbons (arenes) 8.75 13.64 16.23
ethylenic hydrocarbons (olefins) 1.08 1.19 1.96
saturated hydrocarbons (paraffins + naphtenes) 90.17 85.17 81.81
2. Aromatic hydrocarbons [% mass] 9.85 14.96 17.68
3. Average molecular weight 254 189 214
4. Structural composition:
Carbon content of:
aromatic structures C, [%] 5.63 11.20 12.34
naphtene structures Cy 3321 24.93 25.26
paraffin structures Cp 61.16 63.87 62.40
contents of rings in an average molecule:
total P 1.24 0.86 1.01
aromatic hydrocarbons P, 0.17 0.26 0.32
naphtene hydrocarbons Py 1.07 0.60 0.69
5. Density at 20 °C [kg/m’] 0.837 0.8165 0.8305
6. Sulphur content [% mass] < 0.001 < 0.001 0.07
7. Normal distillation: [°C]
Start of distillation: 140 85 111
5 190 120 155
10 224 149 179
20 250 176 202
30 268 194 220
40 282 210 239
50 297 228 257
60 309 249 273
70 320 273 294
80 331 296 314
90 350 330 337
95 356 355 359
97 359 370 367
8. Mass balance of distillation process:
distillation below 250 °C [% mass] 13.11 51.6 39.3
distillation 250 - 300 °C 31.73 22.3 24.6
distillation 300 - 350 °C 35.77 20.5 24.1
distillation residue 19.29 5.4 11.9
distillation losses 0.1 0.2 0.1
9. Cetane number 58.078 47.713 50.151
50 The mgcx Was 34% and 36% for fuels “1” and “2” respectively.
| /n=1600 [r.p.m.] . . .
60 [Nm] w _ Taking into account the properties of fuels collected in Tables 1,
40 TN 100 [*ATDC] — it may be concluded that the efficiency of selective catalytic reduc-
c’_\o" 30 A [ ] tion of nitrogen oxides in the catalytic converter depends on the
= i aromatic hydrocarbon content of the fuel used. This is caused by
Q
2 20 the fact that aromatic hydrocarbons feature better selective prop-
1 erties in the NO, reduction process taking place in the converter
10 + . ; P
| used in the experiment than other hydrocarbons contained in diesel
0 - fuel. Such dependencies are also described in the literature on the

subject discussed [6, 11, 14]. For example, according to [6], hydro-
carbon groups can be ordered according to their selectivity as
follows: arenes > olefins > paraffins, while according to [14] the
order is: arenes > olefins > n-paraffins > aldehydes. This explains
why the 74 was the lowest for fuel “1” containing 9.85% of aro-
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matic hydrocarbons by weight (the lowest content), and the highest
for fuel “3” containing 17.68% of aromatic hydrocarbons by weight
(the highest content).

5. Conclusions

It has been found that, as a result of fuel post-injection in the
engine cylinder, nitrogen oxides are reduced not only in the cat-
alytic converter, but also in the exhaust manifold between the
cylinder and the converter. Two methods of NOx reductions were
isolated: the SNR process (Selective Non-Catalytic Reduction)
taking place outside the converter, and the SCR process (Selec-
tive Catalytic Reduction) in the catalytic converter. To evaluate
the effects of NOx reductions, several definitions of various NO,
reduction efficiency measures have been introduced. The main
conclusions drawn from the experiments are as follows:

1. The results indicate that the total efficiency of the NO, reduc-
tion depended mainly on the efficiency of Selective Non-Cat-
alytic Reduction (SNR). The additional fuel dose volume,
engine speed and engine load were influential factors. Better
effects were observed at lower engine speeds.

2. The influence of the fuel post-injection angle on the NO,
reduction efficiency was the strongest when the additional fuel
dose was injected close to the TDC. In such a case better
effects were obtained from the SNR process, but with a nega-
tive effect in the converter. As a result, the total effect of the
reduction practically did not depend on the fuel post-injection
angle. Injection of the additional portion of fuel too close to
the TDC is, however, not allowed because of the possible auto-
ignition of diesel fuel. This would lead to a rapid increase in
the exhaust gas temperature and possible damage to the con-
verter. In view of the above, and considering also an effective
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0 KONSTRUKCII POJAZDOV S RADIALNE NATACANYMI

DVOJKOLESIAMI

ON THE DESIGN OF RUNNING GEARS WITH RADIAL STEERING WHEEL SETS

ZniZenie hlucnosti kolajovych vozidiel mozZe byt dosiahnuté vhodnou konstrukciou ich podvozkov a pojazdov. Dvojkolesia natdcané do
radidlnej polohy zamedzujii piskanie v obliikoch kolaje. Okrem toho zniZujii priecne sily medzi kolesom a kolajnicou aj ich opotrebenie. Kons-
trukcéné zdsady pre vyvoj vzdjomne viazanych, samocinne sa natdcajiicich dvojkolesi sii uvedené na prikladoch podvozkov pre nové clankové
vozidld TEZ a spojené jednondpravové pojazdy FEBA pre predmestské siipravy NSB Class 72 firmy Bombardier Transportation Winterthur.

Noise reduction of railway vehicles can be reached by suitable design of their bogies and running gears. Radial steering wheel sets avoid
curve squeal. Besides they reduce lateral forces between the wheel and rail and their wear. Design principles for the development of inter-
connected self-steering wheel sets are introduced on examples of bogies for new articulated vehicles TEZ and coupled single-axle running gears
FEBA for commuter trains NSB Class 72 from Bombardier Transportation Winterthur.

1. Environmental design of bogies and running
gears for railway vehicles

The influence of railway vehicles on the environment has to
be considered in their design. Noise reduction is an important issue,
which can be influenced by the design of bogies and running gears
[1]. More than the rolling noise and impact noise on crossings,
high level curve squeal in tight curves with a small curve radius
annoys people who live in the vicinity of a railway line. Curve
squeal is the intense tonal noise caused by wheel vibration when
entering the curve [2]. The modelling and calculation of curve
squeal noise generation is referenced in [3]. The excitation mech-
anism essentially generates lateral forces due to frictional instabil-
ity. It is connected with lateral stick-slip motion between wheel
and rail when running through a curve. The lateral creep (slip) s,
is proportional to the angle of attack (Fig. 1)

u, y - tan
j,=—=—T——=tana=a (1)
v v

with u, lateral creep (slip) velocity
v vehicle speed
«a angle of attack.

Reducing the angle of attack, lateral slip is reduced and the
curve squeal can be avoided or at least reduced. Even when a con-
ventional bogie does not squeal in a curve, the wheel-rail noise of
a radial steering wheel set is lower than of a conventional one. The
measured difference in a curve with 400 m radius reaches 3-4 dB(A)
[1]. Wheel sets steered in curve into the radial position not only
prevent curve squeal, they also lower track fatigue reducing the

* Doc. Ing. Oldfich Polach, PhD.

lateral wheel-rail forces and reduce the wear of wheels and rails,
which is proportional to the friction work A related to one meter
of rail length

Ap =0 50+ 0Y 5,0+ 00 - 00 2)
with X longitudinal force between the wheel and rail
Y lateral force between the wheel and rail
sy (s,) longitudinal (lateral) creep in the wheel-rail contact
(€] moment around the normal axis to the contact plane
w spin creep in wheel-rail contact (rotation around the

normal axis to the contact plane).

To achieve radial adjustment of wheel sets, passive or active
systems can be used. Less expensive passive systems can be divided
into
« self-steering wheel sets with soft guidance
« inter-connected wheel sets
« force-steering wheel sets.

The self-steering wheel sets are characterised by soft wheel set
guidance between the axle and bogie frame. The steering effect is
based on the longitudinal creep forces between the wheel and rail
due to differences in the rolling path and rolling radius of the left
and right wheel. The steering effect is sensitive to the conditions
in the wheel-rail contact. Because of conflicting demands of self-
steering and stability, the steering effect of wheel sets with soft
guidance as well as maximum speed of vehicle are limited.

Inter-connected wheel sets use the same effect, but increased
by the forces and moments in their coupling. They can achieve

Bombardier Transportation Ltd, Ziircherstraie 41, CH-8401 Winterthur, Switzerland, oldrich.polach@ch.transport.bombardier.com
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higher speed and better steering ability compared with soft guided
wheel sets without coupling.

The steering mechanism of force-steering wheel sets uses the
movement between the bogie frame and carbody or between two
carbodies to adjust the wheel sets. The system is sensitive to the
exact geometry of steering mechanism.

Bogies and running gears with radial steering wheel sets reduce
maintenance costs caused by wear and track fatigue and meet
recommendations for an environmental friendly design. Design
principles and construction of self steering inter-connected wheel
sets will be introduced on examples of bogies for articulated vehicles
GTW and coupled single-axle running gears FEBA of Norwegian
commuter trains Class 72 from Bombardier Transportation Win-
terthur.

2. Bogies with coupled wheel sets

The longitudinal axle guidance of self-steering wheel sets has
to be very soft to allow radial adjustment by creep forces in the
wheel-rail contact. In spite of this, the transmission of traction
and braking forces should not lead to large longitudinal wheel set
movement. Besides, a conventional bogie design with soft axle guid-
ance reduces the stability limit significantly.

These contradictions can be solved by the coupling of wheel
sets as shown symbolically in Fig. 2. The bending stiffness k,
acts in parallel to the equivalent bending (steering) stiffness kp, of
the axle guidance and primary suspension

kg = W123' kpy (3)

with kp, - longitudinal stiffness of axle guidance and primary
suspension (per wheel)
wp - half distance of axle guidance in lateral direction.

The lateral coupling stiffness kg, acts in parallel to the equiv-
alent shear stiffness kg, of the axle guidance and primary suspen-
sion

kg * kp,

k - - 0
SU kgy + b7 ki,

(4)
with kp, - lateral stiffness of axle guidance and primary suspen-
sion (per wheel)
b - half wheel set base in longitudinal direction.

To achieve good self steering ability together with high stabil-
ity, the bending stiffness kg, must be very low or zero, but the
lateral (shear) coupling must be very stiff. In addition, the trans-
mission of traction and braking forces should be separated and
should not influence the steering of the wheel sets.

There are various examples of bogies with self steering wheel
sets which are coupled with each other. A steering mechanism
with transverse shaft transmitting the longitudinal forces between
the wheel sets and bogie frame [4], [5] is implemented in loco-
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motives Re 460 of the Swiss Federal Railways (SBB) for maximum
speed of 230 km/h. An application of a similar mechanism in
newly developed modular locomotive bogies is described in [6].

In Slovakia, coupled self-steering wheel sets are used in the
new vehicles series 425.95 (Fig. 3) on TEZ metre-gauge line in the
High Tatras. The articulated vehicles are produced by ZOS Vrutky
in co-operation with the Swiss manufacturer Stadler and Bom-
bardier Transportation works in Switzerland. The bogies are deliv-
ered by Bombardier Transportation Winterthur. This type of vehicle
called GTW was first produced by Stadler in 1995. The GTW
vehicles with the bogies from Bombardier Transportation [7], [8],
[9] are now in service in Germany, USA, Switzerland and Slova-
kia on standard and narrow gauge lines.

The trailer bogies (Fig 4a) are particularly suited to extreme
track distortion because their torsionally elastic bogie frame means
lower wheel unloading. The braking forces are transmitted by
a traction rod which connects the wheel set directly with carbody
without acting on the primary suspension. Two secondary air
springs and lateral and longitudinal dampers ensure a quiet ride
comfort. The lateral coupling of wheel sets by axle-hung supports
results in their good radial alignment with less wear of wheel as
well as smooth negotiation of narrow curves without squeal. The
traction running gear (Fig. 4b) is especially designed to fit short
traction modules of articulated vehicles like the GTW. The innov-
ative lightweight construction allows eliminating bogie frame. The
body of traction unit is suspended by helical springs directly on
the axle boxes. Two axle-hung motor gear units, suspended from
the carbody, are connected by lateral coupling. In this way the
lateral coupling of wheel sets is realised and its self-steering ability
improved similar as on the trailer bogie. A traction rod between
the motor gear unit and the body of the traction unit transfers the
tractive and braking forces.

B/2

Fig. 1 Bogie with stiff axle guidance in a curve
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Radial adjustment of GTW wheel sets in curves was proven
by measurement of steering angle 3 between the wheel sets of the
trailer bogie. The ideal steering angle can easily be calculated from
the curve radius and bogie geometry (assuming a tangential bogie
position, Fig. 1) as

2-b

a=——

B=2a="

with R - curve radius.

2wp

B2

>
>
F

kp

X

2b

Fig. 2 Bogie with inter-connected wheelsets

angle comes to the ideal steering angle, the better the wheel sets
align themselves. The measurements statistically confirm a good
radial alignment of the wheel sets. The slope of the regression line
of all measured points for the curve range between the radius of
100 m and infinite (straight line) reaches 70% of the ideal value
compared with rigid axle guidance bogies.

3. Coupled single-axle running gears

The coupled single-axle running gears called FEBA have been
developed by Bombardier Winterthur as a modern solution for
regional service. They were chosen by the Norwegian State Rail-
ways for the new electrical units Class 72 (Fig. 6). The four-part
commuter train with a top speed of 160 km/h was built by a con-
sortium of ANSALDOBREDA (Italy) and Bombardier Transporta-
tion Winterthur. The coupled single-axle running gears FEBA are
used similarly to Jakob-bogies of articulated vehicles. Two each
running gears are coupled beneath the coach ends of the centre
coach. On the ends of the composition, motor bogies enabling
radial steering of the wheel sets by way of soft wheel set guidance
are used.

The coupled single-axle running gears ideally unite the charac-
teristics of bogie and single-axle. They can be utilised independent
of the type of carbody coupling. In difference to Jakob-bogies, easy

Traction modul

g — M e

(™ i - B 1711 ;
i = |—le| -
— 8 - o
1600 1800 \ \
Traction running gear Trailer bogie

Fig. 3 Vehicle GTW (from German “Gelenktriebwagen”) TEZ series 425.95 (drawing Stadler)

-

b)

Fig. 4 Bogies of GTW-vehicles: trailer bogie (a) and traction running gear (b)

Values of steering angle measured on GTW-vehicles of metre-
gauge Swiss private railways BTI [8] are shown in Fig. 5. The mea-
sured vehicles have the same design and similar running conditions
as the vehicles TEZ 425.95. The closer the measured steering

and fast uncoupling of the individual cars for maintenance purposes
is still guaranteed without the necessity of auxiliary bogies.

The design of the running gears is based on components already
extensively tried and utilised in railway vehicles (Fig. 7). The
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Fig. 5 Measured steering angles between the wheelsets
of the metre-gauge GTW trailer bogie on BT line in Switzerland
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carbody, and also support it against pitching. The vertical, lateral
and longitudinal dampers ensure quiet running behaviour.

The technical principle of the coupling of single-axle running
gears is shown in Fig. 8. The running gears are coupled by way of
two horizontal parallel-aligned traverse rods, so that the single
running gears can move towards each other in a longitudinal and
vertical direction. The yaw stiffness &, of the running gears cou-
pling around the vertical axis is determined by the radial stiffness
of the spherical rubber elements k,,, and by the longitudinal dis-
tance / of the coupling rods

/2
k(pz = T ' krad (%)

The lateral stiffness k, of the running gears coupling is
ky = kmd (6)

Apart from the important parameters given in the equations
(5) and (6), the torsional stiffness of the spherical rubber element
and the flexibility of the frames of both running gears should be
taken into account in the exact layout of the yaw stiffness and the
lateral stiffness of the running gears coupling.

CCOO0 T T T 00 (i Cr

u\u (1]

u\u 1]

16 350

2600

17 525

N Vel

Coupled single-axle running gears FEBA

Fig. 6 A half of the four-part commuter train Class 72 of Norwegian Railways

primary suspension is constituted by rubber Chevron springs. Air
springs with an auxiliary air volume serve as the secondary sus-
pension. The braking force transmission is realised by two traction
rods (Fig. 9), which couple each running gear longitudinally on its

Fig. 7 The serial single-axle running gear
of NSB commuter train Class 72

The coupling of the running gears enables optimum running
behaviour during curving and increases the running stability [10].
In comparison with a Jakob-bogie, both running gears demonstrate
a high torsional flexibility towards each other, providing better
safety against derailment on bad track quality.

Cﬁl@j

Fig. 8 Principal of the single-axle running gears coupling using
two parallel lateral rods
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Fig. 9 Simulation model of coupled single-axle running gears
FEBA in SIMPACK

Through the coupling of the single-axle running gears, a com-
bination of force-steering and inter-connected steering of the wheel
sets is achieved. Due to yawing of the running gear versus the
carbody during curving the longitudinal stiffness of the secondary
suspension acts in one direction, the yaw stiffness of the coupling
k. in the opposite direction. The single-axle running gear balances
itself out in a position which lies between the stiff steered wheel
set of a two-axle-vehicle and the wheel set of a Jakob-bogie with
rigid axle guidance. If a sufficiently soft yaw stiffness of the running
gear coupling is chosen, the wheel sets possess additional freedom
to steer themselves even better in the radial position through the
effect of the longitudinal creep forces between wheel and rail.
Fig. 10 illustrates the forces and moments acting on the single-axle
running gear. The longitudinal stiffness of the primary suspension
is assumed as being very high (approx. rigid). Let us assume that
the wheel set is in a radial position and no creep forces are influ-
encing the wheels in a longitudinal direction. Without the effect
of the forces between wheel and rail, the wheel set would remain

25

20r

15¢

K, [kN/mm]

0 5 10 15 20 25
Kg [KNm/mrad]
a)

centre of
carbody

/2

Fig. 10 Forces and moments acting on the coupled single-axle
running gears during curving

in the radial position if the effective moments in the secondary
suspension and in the coupling M, are balanced out

M,=2"Fs wg )

with Fg - longitudinal force in secondary suspension
wg - half lateral distance of secondary suspension.

If the secondary suspension is of symmetrical design, the lon-
gitudinal stiffness resembles the lateral stiffness, whereby the lateral
stiffness is determined as a result of running comfort optimisa-
tion. For the given longitudinal and lateral stiffness, we can deter-
mine from equation (7) the optimum yaw stiffness of the running
gear coupling from the curving point of view

25
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Fig. 11 Influence of the coupling of single-axle running gears (a) and their primary axle guidance stiffness (b) on the critical speed
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k<pz Opt = ﬁ : W.Sz‘ : ka (8)

with kg, - longitudinal stiffness of secondary suspension.

If the equation (8) is fulfilled, the single-axle running gears
will be radially steered during curving by the forces in the secondary
suspension and in the wheel set coupling.

The coupling of the single-axle running gears increases the
running stability too. The influence of primary suspension and of
running gears coupling was investigated by parameter analysis on
a half train simulation model (Fig. 9). The analysis results are rep-
resented with stability contour plots for a residual damping D =
= 0% at a conicity of 0.4 (upper conicity limit for the testing and
acceptance of the vehicle according to UIC-518 for a maximum
speed between 140 and 200 km/h), see Fig. 11. The stability
increases with the gaining of yaw stiffness k. and the lateral stiff-
ness k, of the running gear coupling. In order to achieve a radially
steering design, the yaw stiffness &, should be in the vicinity of
the value according equation (8), therefore relatively low. Under this
condition the stability can only be increased changing the lateral
coupling stiffness k. In the primary suspension, a more important
role is played by the longitudinal stiffness &, of the axle guidance.
The lateral stiffness kp, has a subordinate role.

12

N

Steering angle f§ [mrad]
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Fig. 12 Measured values of steering angle between the wheelsets
of coupled single-axle running gears in comparison with calculated
ideal value

The theoretical analyses carried out determine the design phi-
losophy of the coupled single-axle running gears. The stiffness of
the secondary suspension kg, = kg, defined by running comfort
properties, can be used for calculating the yaw stiffness &, of the
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running gears coupling required in respect to curving according
equation (8). Looking on the coupling of running gears, an increase
of the critical speed can be achieved by increasing the lateral stiff-
ness of the coupling k.. An increase of the yaw stiffness &, would
improve stability as well, but the value of k. is limited by the
curving properties as already mentioned. The longitudinal axle guid-
ance and primary stiffness kp,, should be stiff. The lateral axle
guidance and primary stiffness kp, can be relatively soft to reduce
the lateral dynamic forces between wheel and rail.

Prior to series application of the coupled single-axle running
gears FEBA, two prototype running gears were subjected to exten-
sive tests [11], [12]. The test runs have completely confirmed the
anticipated running characteristics. The capability of the running
gears to steer themselves radially in a curve was judged by measur-
ing the steering angle (Fig. 12) between the wheel sets of the
coupled running gears. The measurements confirmed almost ideal
radial steering ability in curves with radii between 300 m and
500 m. The slope of the regression line reaches 84% of the ideal
value. Subsequently, the wheel-rail forces are low as described in
[12]. The vehicle type tests in autumn 2000 and summer 2001
demonstrated the fulfilment of the anticipated design results and
the compliance with the limit values.

4. Conclusion

Bogies and running gears with radial steering wheel sets reduce
maintenance costs caused by wear and track fatigue and meet rec-
ommendations for environment friendly design. To achieve steer-
ing ability of a two-axle bogie, the longitudinal guidance between
the axle and bogie frame have to be soft. A lateral coupling between
the wheel sets increases the stability and improves the curving
properties of soft guided wheel sets. Traction and braking forces
between the axle and bogie frame have to by-pass the axle guid-
ance to avoid a negative influence on the self-steering effect. The
principles mentioned were used by Bombardier Transportation
Winterthur when developing the bogies for articulated GTW-vehi-
cles. In Slovakia, these bogies are used in the new vehicles TEZ
series 425.95.

The coupled single-axle running gears FEBA developed by
Bombardier Transportation Winterthur for the four-part commuter
trains Class 72 of the Norwegian State Railways ideally unite the
characteristics of bogie and single-axle. Through the coupling of
the single-axle running gears, a combination of force-steering and
inter-connected steering of the wheel sets is achieved with almost
ideal radial steering ability in curves with radii between 300 m and
500 m. They can be utilised similarly to Jakob-bogies of articu-
lated vehicles, but in contradiction to them they are independent
of the type of carbody coupling and guaranty a fast uncoupling of
the individual cars for maintenance purposes.

Bogies and running gears with radial steering wheel sets clearly
surpass the conventional design solutions, particularly on track
with a high number of curves.
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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 prevdidzke je
otdzka je otdzka siicasnej praxe prevadzky kolajovych vozidiel. Désledky
negativneho pésobenia sa odrdzZajii 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 vvhodnocovanie geometrickych charakteristik kontaktu kolesa a ko-
lajnice. Délezité informdcie o prevddzkovom stave Zeleznicnej trate si
Delta R funkcia, Tangens Gama funkcia, efektivna kuzelovitost, ekviva-
lentnad 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 potrebnii uidrzbu trate a zlepSenie kvality geometrie kolaje.

Kliicové 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 Zivotného 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 asti hlavy kolajnice, 14 mm

* Dr. Ing. Juraj Gerlici, Ing. Tomas Lack

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

Faculty of Mechanical Engineering, Department of Railway Vehicles, Engines and Lifting Equipment. University of Zilina, Moyzesova 20.
SK-01026 Zilina. E-mail: juraj_gerlici@kkvmz.utc.sk, tomas_lack@kkvmz.utc.sk
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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 pddoryse 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. PozdiZzna 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 Zelezni¢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 Zeleznicné 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
reakcéné sily podpor. Zatial, Co sa pata pocas svojej Zivotnosti
takmer vObec neopotrebuje, hlava kolajnice je zatazena a opotre-
bovana vo zvislom aj prienom smere. Kolajnica je opotrebena
v prienom smere hlavne v oblukoch 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 realnej trati pri experimentalnom urcovani geometrickej
polohy kolaje. V inych pripadoch sa moze vykonat analyza off-line
na zaklade nameranych a zaznamenanych suborov priecnych pro-
filov kolajnic. V obidvoch pripadoch sa namerané hodnoty profilov
v urCenom intervale priecnej suradnice porovnavaju s referenénym
teoretickym profilom kolajnice. DoleZitym 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 zelezni¢ného
kolesa a kolajnice

Oblastou intenzivneho pdsobenia sil spdsobujucich 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 yr - posunutie dvojkolesia

 zg() - funkcia profilu kolajnice

o zx(y) - funkcia profilu kolesa

[YS(yR) = Y]dzmin(d)

ye(kolesoNkolajnica)

Zs(yp) = z5(¥s)

Yr
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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:
» yr - lateral wheelset displacement
* zg(y) - rail head profile function
» zz(») - wheel profile function

[Ys(rg) = J’]dzmin(d)
ye(wheelNrail)

Zs(vp) = z5(Xs)

d(y, =)

Ts(yp) = zs(Ys)' )

PylYs, Zs, Td]

PelYr Ze, Tsl

Yrr) = Ys =y

Zx(y)

Y

Zp(yg) = zp(Yg)

z,d

Tg(vp) = z5(Ys)'
Yr(g) = Ys — yr

Zp(yr) = zp(Yg)

Obr. 2 Uréenie kontaktného bodu kolesa a kolajnice

TrOg) = zx(Y)'

dinVr) = (A0, YRy,

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

PylYs, Zg, Tg] - dotykovy bod kolajnice
« Y - y-ova suradnica dotykového bodu
« Z - z-ova suradnica dotykového bodu
« T - smernica doty¢nice v dotykovom bode

Py Yg, Zg, Tg] - dotykovy bod kolesa

e Yr - y-ova suradnica dotykového bodu

e Zy - z-ova stiradnica dotykového bodu

o Ty - smernica doty¢nice v dotykovom bode

Fig. 2 Rail - wheel contact point assessment

TrOr) = zg(Yp)'
) = 10 ¥Ry,
d,,;, - minimum value of the d(y, yg) function
Outputs:

Py[Ys, 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

PrlYr, Zg, Tg] - contact point of the wheel
» Y - y- coordinate of the contact point
» Zy - z- coordinate of the contact point
» Ty - tangent slope in the contact point

Obr. 3 Dotykové body Zeleznicného 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 prieénom 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 (lavé 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 priecnom 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

S - half of the rolling circles

kruZnic

distance

R, - polomer pravého kolesa
R, - polomer lavého kolesa

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

zg(y) - funkcia profilu pravého

zgy) - right wheel profile function

kolesa

zp;(v) - left wheel profile function

Zg/(y) - funkcia profilu lavého kolesa

zs,(y) - right rail profile function

zg(y) - funkcia profilu pravej , —=

zg(y) - left rail profile function

=3

kolajnice

Vrmin - Minimum wheelset

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

displacement
VRmax - Maximum wheelset

displacement

Ayp - wheelset displacement step

dvojkolesia
Yrmax - Maximalne posunutie dvojko-
lesia

for y from y = g,y 10 Yrax With

Ayy, - krok posunutia dvojkolesia

step Ay

PI€ Y = Yemin 42 Vpiax S krokom Ay
1. Dotykovy bod (, z,, Zg,, Ps,, Pg,)
. Pyl =Py,
* P Rr[y ] = P Rr

2. Dotykovy bod (, zg, zgss Pss» Pr))
o Pgly] = Py,
o Pplyl = Py
3. ARl =R, + Zg, — (R, + Zg)
4. Tg[y] = Ty,
5. Tglyl = —Tg
6. Tglyl = Tz Iyl + Tg1y]

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,)
¢ PSr[y] = PSr
¢ PRr[y] = PRr

2. Contact point (y, zg, Zg;s Ps;» Pry)

+ Pglyl =Py

* Pply] = Py
3. AR[YI =R, + Zg, — (R, + Zg)
4 Tl =Ty,
5. Tl = —Ty
6. Tglyl = Tg,ly] + Tl

AR[y]

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 [ 7 iU PR B N 1 Tg, - the Tan-ga function for right
koleso wheel vector,
Tg, - vektor Tan-ga funkcie pre lavé § 1 Tg, - the Tan-ga function for left
koleso T B 00O O T R O wheel, vector
Tg - vektor Tan-ga funkcie =~ 7 Tg - the Tan-ga function, vector
Ek - vektor efektivnej kuzelovitosti , ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; Ek - the Effective conicity vector
4007 5 3 10
Tangens Gama 7] R /Imnl- Tungens Gamma
1

Tangens uhla normaly dotykovej ...l i Lod i b 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- 2 ! ; point of the wheel with rail, with
me nazvom Tangens Gama funkcia. N O O the vertical axis, is named Tangens
Tato funkcia vyjadruje mieru intenzity Gamma function. This function ex-
vazby, ktora vracia dvojkolesie po \ presses the binding strength rate,

tan-ga = f(y)

priecnom vychyleni do centrovanej,
rovnovaznej polohy v kolaji.

Efektivna kuZelovitost

Nenulova hodnota okamzitého rozdielu polomeru valivych
kruznic 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-

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

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 S1002 (UIC-ORE).
V priebehu prevadzky dochadza --+---+-1
k opotrebeniu jazdnej plochy kolesa,
¢im sa aj profil modifikuje.

Effective conicity [-] .

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 naspit 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 zjednocujicim faktorom teoretického kuzelového profilu
dvojkolesia a realneho skumaného dvojkolesia su vlnova 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 st umiestnené v spolo-
¢nom stradnicovom systéme, zarovnané na najvyssi bod profilu
kolajnice na urovni temena kolajnice. Z hladiska polohy profilov
ma vyznamnu ulohu 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.

e 01 vIK I I . _ >
] e T
] — Y
£ - 1 \\
gl " [Uic g0 \
< : - . .
I /| 1:x/(1:40, 1:20) \
NI |
-15
] v
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40
hod kolaj
rozcno oaje= Z

gauge

\4

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

7. Analyza opotrebenia profilu kolajnice

Opotrebenie kolaje trafovych usekov moze byt hodnotené
viacerymi kritériami.

Pre urcenie sposobu 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 spoloénym parametrom
pre zarovnanie polohy temeno hlavy
kolajnice.

rozchod kolaje
gauge

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 nasledujucich 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.

KOMNIKOCIe
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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 st 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 spolo¢ného stradnicového systému profilov
pravého kolajnicového pasu. Graf zobrazuje pre kazdi 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: rovchod kolaje
R DT diferencia prava kolajnica
L DY diferencia lava kolajnica

R Arca (+) P Plocha (+)
B Arga (-} P, Plocha (-}
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Obr. 11 Grafy vvhodnotenia 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 vietky hodnoty diferencii geometrie profilov na dizke
zvoleného intervalu horizontalnej siradnice prie¢neho rezu lavej
kolajnice. Farebna skala pomaha urcif 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 urCena 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 stradnicou - oblast vicSej vertikalnej
suradnice meraného profilu, oproti referencnému profilu (navalok),
na pravej kolajnici.

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

L Area (—): Plocha uréend priebehom diferen¢nej krivky
a nulovou horizontalnou stiradnicou - oblast vacsej vertikalnej
suradnice meraného profilu, oproti referencnému profilu (navalok),
na lavej kolajnici.

Radii: Definicia trate pomocou polomerov oblukov. Priamu
trat predstavuje horizontalna suradnicova 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 spdsobe jazdy zelez-
ni¢ného vozidla. Opotrebena kolaj rozhodujucim spésobom ovplyv-
nuje plynuly chod vozidiel, znizuje komfort jazdy, ako aj mieru
bezpecnosti proti vykolajeniu.

Nizka kvalita ZelezniCne;j trate sposobuje vyssi koeficient poru-

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

Literatura - 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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Jozef Gnap - Vladimir Konec¢ny *

PREHLADY / REVIEWS

DOPRAVNA POLITIKA VO VZTAHU K CESTNE]J DOPRAVE

A TRVALO UDRZATEI'NY ROZVO)

TRANSPORT POLICY RELATED TO ROAD TRANSPORT AND SUSTAINABLE DEVELOPMENT

Vyvoj takmer vo vSetkych hospoddrskych odvetviach okamZzite
ovplyvni oblast dopravy. Inymi slovami, rast hospoddrstva vedie auto-
maticky k rastu v oblasti cestnej dopravy. Automobilovy priemysel pro-
dukuje vozidld vybavené novymi technologiami a prevdadzkovatelia
dopravy tiito oblast financuju prostrednictvom ndakupu novych ndaklad-
nych vozidiel a autobusov. Tento proces je plynuly. Sprisnuje sa legisla-

tiva pre cestnii dopravu, sii vypracované koncepcie v EU ako dosiahnut

trvalo udrzatelny rozvoj. Stdtna dopravnd politika SR musi uvedené
visledky a koncepcie reflektovat, inak sa cestnd doprava v SR stane
brzdou trvalo udrzZatelného rozvoja nasej spolocnosti.

1. Uvod

Na zaklade ,, Aktualizacie a rozpracovania zasad Statnej doprav-
nej politiky SR®, ktoré boli schvalené uznesenim vlady SR ¢. 21
dna 12. 1. 2000, je suCasna Statna dopravna politika dlhodobo
cielovo zamerana na vytvaranie predpokladov na:

« racionalne vyuZivanie zdrojov a uzemia Statu zabezpeCenim
trvalo udrzatel'nej mobility podporou environmentalne ohladu-
plnych, bezpecnejSich a z celospolocenského hladiska efektiv-
nejSich dopravnych systémov,

« vyuzivanie komparativnej vyhody geografickej polohy Statu so
zodpovedajucim kvalitnym prepojenim dopravnej infrastruktury
s eurdpskou dopravnou sietou,

« proporcionalitu rozvoja dopravy vzhladom na prepravny dopyt
spolocnosti a dopravnu obsluhu uzemia,

« ochranu zivotného prostredia, premietnutu do vol'by dopravnych
tras a dopravnych prostriedkov na baze stanovenych environ-
mentalnych kritérii,

« trvalé udrziavanie a zvySovanie bezpecnosti dopravy a jej spo-
lahlivosti,

« technicki vyvazenost, zodpovedajiicu parametrom uplatiova-
nym v dopravno-vyspelych Statoch,

« dlhodobost, previazanost a stabilitu legislativnych zamerov roz-
voja dopravy.

Slovenska republika je vzhladom na Struktiru zahrani¢ného
obchodu zavisla od medzinarodnej dopravy a je tiez tranzitnym

* Prof. Ing. Jozef Gnap, PhD., Ing. Vladimir Konecny

Development in almost all sectors of economy will immediately
affect the transport sector. We can say that growth in economy leads
automatically to growth in road transport. As a continuous process
the road transport industry produces vehicles by new technologies
and transport operators finance this section by purchasing new trucks
and coaches. There is a continual and tightened process in the road
transport legislation, the EU has elaborated conceptions for achieving
sustainable development. The state transport policy of the Slovak
Republic has to reflect specified results and conceptions, otherwise road
transport in the Slovak Republic becomes the brake of sustainable
development.

1. Introduction

On the basis of the “Updating and elaboration of state trans-
port policy principles of the Slovak Republic”, that were ratified by
the government decree n.21 of the Slovak Republic on 12 January
2000, the actual state transport policy is in the long term deliber-
ately directed to creation of assumptions for:

« Rational exploitation of sources and state territory through
securing the sustainable mobility by the support of the transport
systems which are environmental considerate, safer and more
effective in the term of society,

« Exploitation of the comparative advantage of geographic loca-
tion with appropriate quality interconnection of the traffic infra-
structure and European transport network,

» Transport proportionality development in regard to transport
demand of society and the territory transport maintenance,

« Protection of the environment removed into the option of routes
and means of transport in pursuance of specified environmen-
tal criterions,

« Permanent care and increasing the transport safety and its reli-
ability,

+ Technical flexibility corresponding to the enforced parameters
in traffic-advanced states,

« Longtime, cohesion and stability of the legislative intents in
the transport development.

The Slovak Republic depends on the international transport
with regard to the structure of foreign trade and is also a transit

University of Zilina, Faculty of Operation and Economics of Transport and Communications, Department of Road and City Transport, Velky diel,
010 26 Zilina, Slovak Republic, Tel.:++421-41-5133295, Fax:++421-41-5651499, E-mail: gnap@fpedas.utc.sk, konecny@fpedas.utc.sk
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Statom najma v smere sever-juh a opacne. Jej geograficka poloha,
hospodarska situacia a obchodna politika vyZaduje aj medzinarodnu
perspektivu - dimenziu dopravnej politiky. Slovenska republika
musi pokracovat v uzkej medzinarodnej spolupraci za ucelom
vyuzitia vyhodnej polohy v regione strednej Europy. Perspektivne
Clenstvo Slovenskej republiky v Eurdpskej tnii znaci aj moznost
pre Slovensko, Ze sa bude moct vyznamnejSou mierou podielat na
tvorbe a realizacii europskej dopravnej politiky.

Vzhladom na Bielu knihu - Eurdpska dopravnd politika do
r. 2010 - cas rozhodnutia [5], ktoru vydala Europska komisia
v roku 2001, mozno ocakavat v celej Europe stazenie podmienok
podnikania pre cestnych dopravcov. Ulohou Bielej knihy sice je
odbremenit zafazenost mnohych tizkych cestnych usekov a zlepsit
europsku infrastrukturu, tieto ciele vsak budu ospravedliované
sériou opatreni, ktorych priamym alebo nepriamym cielom bude
podpora inych druhov dopravy, ¢asto aj na ukor cestnej dopravy
pri nereSpektovani efektivnosti tychto rozhodnuti [3].

Medzinarodna unia cestnej dopravy (IRU), ktorej ¢lenom je
aj CESMAD Slovakia (ZdruZenie cestnych dopravcov SR), vypra-
covala svoju vlastnt §tudiu pre rozsirenie EU v cestnej doprave,
ktora ma kore§pondovat s predstavami institucii, ako je Eurdpska
komisia a ECMT (Rada europskych ministrov dopravy). V tomto
smere sa IRU spolu s EU usiluju o to, aby harmonizacia doprav-
ného acqius communautaire (jednotny systém legislativy EU) bola
v ¢ase vstupu do EU vo vietkych kandidatskych krajinach na rov-
nakej urovni a aby nedochadzalo k znevyhodnovaniu niektorej
z uchadzacskych krajin.

Stratégia IRU pogita pri rozsireni EU s dvoma moznymi sce-
narmi v oblasti cestnej dopravy:

Scenar ,,velkého tresku“

Tento scenar pocita s uplnou implementaciou legislativy
z oblasti dopravy zo strany kandidatskych krajin a nasledné¢ho
uplného otvorenia trhu individualne pre dopravcov z jednotlivych
krajin hned od prvého diia od podpisania zmluvy o vstupe do EU.
Tento scenar vyzaduje vysSie naroky a viac Casu na pripravu
a podla IRU ma niekol'ko vaznych nedostatkov:

« umely vznik docasnej, ale zavaznej krizy vyplyvajtcej z nadbytoc-
nych kapacit okamzite potom, ako nové Clenské §taty vstupia na
osobitny dopravny trh,

« vznik problémov a vyrazny tlak na dopravné spoloCnosti na
oboch stranach, obzvlast z krajin strednej a vychodnej Eurdpy,
kvoli okamzitému prisposobeniu ich internej Struktiry a ich
fungovaniu novovzniknutej situacii, v tomto smere moze dojst
aj k odporu otvorit sa zo stany priemyslu,

« redukované mozZnosti poskytovat sluzby na osobitnom doprav-
nom trhu,

« mozZnosti investicii (napr. pre obnovu vozidlového parku) by boli
v buducnosti pre nové Clenské Staty vyrazne obmedzené.

Scenar ,,krok za krokom*
Pri tomto scenari by doslo k rozsireniu bez dlhSieho onesko-
renia, ale na druhej strane by sa postupne upravovali kvoty na ude-
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state in the north - south and opposite directions. Its geographic
location, economic situation and business policy requests also an
international prospect - the dimension of transport policy. The
Slovak Republic has to continue in close international coopera-
tion in order to exploit amenity in the Central Europe region. The
prospective membership of the Slovak Republic in EU is also an
opportunity for the Slovak Republic, which would be able to par-
ticipate more markedly on creation and realization of the Euro-
pean transport policy.

With regard to the White Paper - European transport policy to
year 2010 - the time of decision [5], issued by the European Com-
mission in 2001 it can be expected that the conditions for road
carriers will become more difficult in all of Europe. The role of the
White Paper is to decrease the burden on many road bottlenecks
and to improve the European infrastructure, however these goals
will be excused by a series of measures, the direct or indirect goals
of which will be to support other types of transport, often at the
expense of road transport irrespective of effectiveness of these
decisions [3].

The International Road Transport Union (IRU), where
CESMAD Slovakia is also a member, drafted its own study on the
EU enlargement in road transport that should correspond with the
ideas of institutions such as the European Commission and ECMT
(European Conference of Ministers of Transport). In this respect
the IRU along with the EU try to make sure that the harmoniza-
tion of the transport acquis communautaire (EU legislation) be
upon accession to the EU at the same level in all candidate coun-
tries, in order to prevent disadvantages to any of the applicant
countries.

The IRU strategy considered two possible scenarios of EU
enlargement in the area of road transport:

The “Big Bang” scenario

This scenario assumes a full implementation of legislation by
the candidate countries in the area of transport and the following
full opening of the market individually for the hauliers from all coun-
tries, at once from the first day of signing the EU Accession Treaty.

This scenario is more demanding and requires more time for the

preparation and according to the IRU has several serious defects:

« Artificial emergence of a temporary but serious crisis, resulting
from overcapacity, immediately upon the new member states
entering the special transport market,

« Problems inception and significant pressure on transport com-
panies on both sides, mainly in countries of Central and Eastern
Europe, due to immediate adaptation of their internal structures
due to having an effect in accordance with the new situation, in
this respect also resistance may be put up by the industry for to
open up,

« Reduced possibility to provide services on the special transport
market,

« Possibilities of investment (e. g. the renovation of the vehicle
fleet) would be strongly restricted in future for the new member
states.

The “step-by-step” scenario
This scenario supports the enlargement without longer delays,
but on the other hand, quotas for granting transport permits (either
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lovanie prepravnych povoleni (¢i uz na trovni ECMT, alebo bila-
teralnej, nie vSak pre kabotaz). Kabotaz je vykonavanie vnutro-
Statnej cestnej dopravy na uzemi Statu, v ktorom nie je vozidlo
dopravcu registrované.

Treba uviest, Ze SR uzavrela kapitolu ,Doprava“ v ramci pri-
stupovych rokovani s EU a prijala sa ,kombinovana“ alternativa.
To znamena, Ze sa predpoklada okrem kabotaze uplné uvolnenie
v medzinarodne;j cestnej doprave. V oblasti kabotaze sa prijalo pre-
chodné obdobie dva roky s tym, Ze je mozné ho predizit o dalsie
dva roky a po vyhodnoteni este o rok.

Je mozné ocakavat, Ze po vstupe SR do EU nastane narast
medzinarodnej cestnej nakladnej dopravy. Ako je na tom vlastne
cestna doprava? Plni cestna doprava poziadavky na trvalo udrza-
tel'ny rozvoj?

2. Poziadavky na cestnu dopravu
a trvalo udrzatel'ny rozvoj

Trvalo udrzatel'ny rozvoj je forma
hospodarenia a rozvoja, ktora zodpo-
veda potrebam sucasnych generacii
bez toho, aby boli ohrozené Sance
a moznosti buducich generacii uspo-
kojovat ich potreby.

—>
~ > . . E i it
Trvalo udrZatelny rozvoj je L —°°nome@seecs

mozno chapat ako zloZity mechaniz-
mus, ktorého jednotlivé aspekty su
vzajomne previazané (pozri obr. 1).

2.1 Cestna doprava a ekonomické aspekty
trvalo udrzateI'ného rozvoja

Obchod je zZivotne dolezity pre spoloCensky blahobyt a cestna
nakladna doprava je nenahraditelnym prvkom obchodu vsetkych
ekonomik. V ramci dopravného sektora dosahuje cestna nakladna
doprava najvacsi trhovy podiel, ten rastie zasluhou kvalitnejSich
sluzieb cestnej dopravy z hladiska vacsej flexibility, spolahlivosti,
rychlosti dodania, menSich narokov na balenie tovaru a mensej
pravdepodobnosti poskodenia zasielky. Hospodarstvo krajin je
zavislé od cestnej nakladnej dopravy, tato zavislost mozno dalej
zvyraznit nasledujucimi faktami:

« vozidla cestnej nakladnej dopravy prepravia takmer 80 % vset-
kych tovarov vo vyspelych krajinach,

« kazdy den cestné nakladné vozidla prepravia 70 kg tovaru na
kazdého obyvatela Zijiceho vo vyspelych krajinach,

« cestné nakladné vozidla platia na daniach a poplatkoch v Europe
ro¢ne 40 bilionov eur.

Pri pohlade na ulohu autobusovej dopravy v hospodarstve
krajiny je jasné, Ze autobusova doprava nie je len nosnou ¢astou
verejnej dopravy, ale tiez hra dolezitu tlohu v oblasti turistiky.
Pomaha obstarat zamestnanie pre miliony obyvatelov. Od Lisabonu

Ekologické aspekty
Ecological aspects
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at the level of ECMT or bilateral, however not for cabotage) would
be gradually adapted. The cabotage means realization of national
road transport on the territory of the state where the carrier’s
vehicle is not registered.

It is to be said here that the Slovak Republic closed the chapter
“Transport” within entry proceedings with the EU and the “com-
bined” alternative was accepted. It comes to this that it expects
entire release in the international haulage transport except for the
cabotage. In the area of cabotage a transformational period for 2
years was accepted, which can be extended for another 2 years
and another one year after the evaluation.

It is possible to expect the growth of the international road
haulage transport after incorporation of the Slovak Republic into
the EU. What is the position of the road transport? Does the road
transport serve sustainable development requirements?

2. Road transport requirements
and sustainable development

Sustainable development means
a form of management and develop-
ment that fills the bill of present
generations without threat for
chances and possibilities of future
generations to meet their needs.

Social te .
oclal aspects Sustainable development can be

Source: IRU, 200 viewed as complicated mechanism

Obr. 1. Aspekty trvalo udrzatelného rozvoja a ich vzdjomny vztah with cohesion of individual aspects
Fig. 1. Aspects of sustainable development and their relationship (fig. 1).

2.1 Road transport and economic aspects
of sustainable development

Trade is vital for our well-being and road transport is an irre-
placeable component of trade in all economies. Within the trans-
port sector, road transport’s market share is the largest and is
increasing due to its superior service, in term of greater flexibility,
reliability, speed and lower probability of damage. The whole
economy depends on road transport that can be further highlighted
by the following enumeration:

« Trucks carry nearly 80 % of all goods in industrialized coun-
tries,

« Everyday trucks deliver 70 kg of goods for every person living
in industrialized countries,

« Trucks in Europe pay about 40 billion euro in taxes per year.

Looking at the role of the coaches and buses in the economy
it becomes clear that buses and coaches are not only the backbone
of public transport, but also play an important role for the Euro-
pean tourist industry. They help to provide employment for millions
of citizens. From Lisbon to Moscow, from Istanbul to Stockholm,
bus and coach operators employ about 1.8 million drivers, mechan-
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po Moskvu, od Istanbulu po Stokholm zamestnavaju prevadzkova-
telia autobusovej dopravy okolo 1,8 miliona vodicov, mechanikov,
uctovnikov, marketingovych expertov a pod. Okrem toho poskytuju
tiez pracu pre veducich svetovych vyrobcov, spolo¢nosti doda-
vajuce suciastky vozidiel, pre dilerov a dalSie suvisiace aktivity ako
servisné sluzby a poistovanie. Okrem toho dalSich paf milionov
Iudi v Eurdépe funguje v oblasti podnikania, ktoré je vyrazne zavislé
od autobusovej dopravy ako cestovné kancelarie, hotely, restaura-
cie, muzea alebo drobné podnikanie [1].

Obrazky 2 a 3 znazornuju rastuce podiely objemu vykonov
cestnej nakladnej dopravy v Slovenskej republike a Eurdpskej tunii.

SR 1993

4%

27%

69 %

[ Rail - Zelezniéna doprava M Road - Cestna doprava

OWaterway - Vodna doprava O Air - Letecka doprava
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ics, accountants, marketing experts, etc. Furthermore, they also
give work to the world’s leading manufacturers, companies sup-
plying vehicle components, to dealers and to other bus- or coach-
related activities, such as inspection and insurance. In addition to
that, another five million people in Europe earn their living in
businesses that are strongly dependent on bus and coach services,
such as travel agencies, hotels, restaurants, museums or the retail
business [1].

Figures 2 and 3 present growing share of the road haulage
transport performance in the Slovak Republic and in the European
Union.

SR 2000

7%0%

57 %

[ Rail - Zelezniéna doprava B Road - Cestna doprava
O Waterw ay - Vodna doprava [ Air - Letecka doprava

Source: Statistical yearbook of Slovak Republic, 1997, 2000

Obr. 2. Porovnanie podielu jednotlivych dopravnych odborov v SR na prepravnom vykone v rokoch 1993 a 2000
Fig. 2. Comparison of individual modes share on transport performance in Slovak republic in 1993 and 2000

EU 1970

21%
35%

5% g o 31%

O Rail - Zeleznigna doprava

B Road - Cestna doprava

O Inland waterways - Vnutrozemska
vodna doprava

OPipeline - Potrubna doprava

M Intra-EU shipping - Namoma doprava
medzi krajinami EU

EU 1997

8%

41%

449
3% °

4%

[ERail - Zelezniéna doprava

B Road - Cestna doprava

Olnland wateray s - Vnutrozemska

v odna doprava
O Pipeline - Potrubna doprav a

M Intra-EU shipping - Namorna doprava
medzi krajinami EU

Source: European Commission, EU Transport in Figures, 1998

Obr. 3. Porovnanie podielu jednotlivich dopravnych odborov v EU na prepravnom vykone v rokoch 1970 a 1997
Fig. 3. Comparison of individual modes share on transport performance in European union in 1970 and 1997
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2.2 Ekologické aspekty trvalo udrzatelného rozvoja,
vplyv cestnej dopravy na Zivotné prostredie

Vyvoj takmer vo vSetkych hospodarskych odvetviach okamzite
ovplyvni oblast dopravy. Inymi slovami, rast hospodarstva vedie
automaticky k rastu v oblasti cestnej dopravy. Automobilovy prie-
mysel produkuje vozidla vybavené novymi technolégiami a pre-
vadzkovatelia dopravy tuto oblast financuji prostrednictvom na-
kupu novych nakladnych vozidiel a autobusov. Tento proces je
plynuly. Na zaklade takto zavislej spoluprace cestna doprava ziskala
vedenie v zavadzani opatreni na zachovanie
trvalo udrzatelného rozvoja a je mozné 50+

PREHLADY / REVIEWS

2.2 Ecological aspects of sustainable development,
environmental impact of the road transport

Trends in almost all sectors of economy will immediately affect
the transport sector. In other words, growth in economy leads
automatically to growth in transport. As a continuous process the
road transport industry provided new vehicle technology and the
transport operators financed it by purchasing new trucks and
coaches. With this mutual dependent partnership road transport

took the lead to introduce measures for maintenance of sustain-
able development and a lot of
noteworthy successes can be

1970 - 2000: -36 %

shown. Over the past 30 years,
fuel-economy measures caused
the average diesel consumption
of a new 40-tonne truck to drop
from 50 to 32 litres per 100 km.

Considering the weights

poukazat na viacero pozoruhodnych vysled- E 451
kov. Za ostatnych 30 rokov prostrednic- 8 40
tvom opatreni tykajucich sa uspory paliva f gg
doslo v priemere k zniZeniu spotreby nafty 2 2 251
pri novom 40-tonovom cestnom nakladnom % E 201
vozidle z 50 na 32 litrov na 100 km. 8%
20 s

Vzhladom na prislusné hmotnosti to 0

. .. , 1970
zZnamena, Ze cestna nakladna doprava sa

uz dopracovala k 0,9-litrovému vozidlu, ¢o
predstavuje spotrebu 0,9 litra pohonnych
hmot na prepravu 1 tony celkovej hmot-
nosti vozidla na vzdialenost 100 km. Vycha-
dzajiic zo zniZovania spotreby paliva a emisii
CO, sa ukazuje, Ze takyto vyvoj tieZ zniZuje Uroven nakladov vozi-
diel vo vztahu k Zivotnému prostrediu. Tazko mozno najst lepsi
priklad toho, ako mézu ist ruka v ruke hospodarnost a ekologia.
Vdaka obrovskym investicidm automobilového priemyslu do
novych technoldgii sa v devatdesiatych rokoch minulého storocia
podarilo zniZit mieru znecistenia zivotného prostredia nespalenymi
uhlovodikmi (HC) a oxidmi dusika (NO,) na polovicu. Dalsie
zavazné znecCistujuce latky - ako pevné Castice (PM) a oxid uhol-
naty (CO) sa podarilo znizit o 75 %. Existuje viacero dovodov
takéhoto vyvoja. V sucasnosti vyrabané cestné nakladné vozidla su
uspornejsie vo vztahu k spotrebe paliva ako starSie vozidla. Nové
vozidla musia spifiat oraz prisnejsie emisné predpisy ako starsie
vozidla. Vyvoj emisnych predpisov mozno sledovat na obrazku 5
a uroven emisii v statoch EU na obrazku 6 [2].

1975

Obr. 4. Vyvoj spotreby pohonnych hmét ndvesovej supravy
s celkovou hmotnostou 40 ton
Fig. 4. Evolution of fuel consumption 40-tonne truck

involved, this means that the
road haulage business has
already caught up to the 0,9-
litre car with its 0,9 litres of
fuel consumption per one
tonne of vehicle weight and
for a distance of 100 km. The
resulting decrease in energy consumption and in CO, emissions
shows that this development has also dropped the vehicle expenses
related to the environment. There can hardly be a better example
of economy and ecology going hand in hand. Thanks to the giant
road transport industry’s investment into the new technology, the
1990s have seen pollution from trucks - hydrocarbons and nitro-
gen oxides - cut by half. The other major pollutants, such as smoke
known as particulate and carbon monoxide have been cut by up
to 75 %. There are several reasons for the above developments.
Firstly, trucks built today are much more fuel-efficient than older
ones. Secondly, new trucks have to meet increasingly stringent
emission norms, which means they are far cleaner that older vehi-
cles. Fig. 5 illustrates evolution of emission norms and fig. 6 illus-
trates emission levels in EU countries [2].

1995 ‘ 2000 ‘
Source: IRU, 2001

1980 1985 1990

Co sa tyka situacie v Sloven-

skej republike, k 1. 8. 2002 bol MEURC 0 (1930)

OEURO 3 (2000)

BEORO 1(1993)
BWEURO 4 (2005)

For situation in the Slovak Repub-

HIEURO 2 (1996) lic, number of members in CESMAD

HEURO 5 (2008)

pocet lenov CESMAD Slovakia
zaoberajucich sa podnikanim

Slovakia undertaking in international
road haulage transport was 1530, in

v medzinarodnej cestnej naklad-

buses and coaches 85 to 1st August

nej doprave 1 530, v autobusove;j

2002. These operators have renewed

doprave 85. V roku 2001 tito

their fleets by purchasing 149 vehicles

(1990 = 100 %)

dopravcovia obnovili vozidlovy
park 149 vozidlami spifiajucimi
predpisy EURO 2 a 1 051 vozid-
lami spinajucimi predpisy EURO
3. Uz z tychto Cisel vyplyva, zZe
v medzinarodnej cestnej naklad-
nej doprave nastala ,mohutna®
obnova vozidlového parku ekolo-
gicky prijatelnymi vozidlami.

Percentage
Percenta

co HC

B e e e

Source: EU Commission, Auto Oil IT

Obr. 5. Vyvoj emisnych predpisov cestnych ndakladnych
vozidiel v EU
Fig. 5. Evolution of commercial vehicle standards in the EU

that meet the emission norm EURO 2
and 1 051 vehicles that meet the emis-
sion norm EURO 3 in 2001. These
numbers talk about “massive” renewal
of fleets in international road haulage
transport by purchasing of feasible vehi-
cles for environment. It relates with
changing of legislation, with preferring
of feasible vehicles for environment and

NOx PM
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Suvisi to aj so zmenou legislativy a pre- [+—Nox—=—PM O — HC ——co2 with age of vehicles by dispatch-
ferovanim ekologickych vozidiel a vek g 140 ing of licences in international
do 6 rokov pri pridelovani zahranic- ? 120 /M road haulage transport too. The
nych prepravnych povoleni. g 10 <\ age of vehicles should be no older
= 8 — than 6 years.
. N .. 3% 60
TaktieZ pokracujica obnova vozid- 3 € w0 \:\\_\_
— o
lového parku cestného dopravcu dalej § 5 20 Moreover, the ongoing fleet
znizuje dopad cestnej dopravy na zivot- 'E.% o renewal within the transport indus-

né prostredie. Cestna doprava je pripra- 1990 1995
vena plynulo dosahovat dalSie zniZova-
nie jej vplyvu na Zivotné prostredie pro-
strednictvom obrovskych investicii. Do
roku 2015 bude znecistenie Zivotného
prostredia nakladnymi vozidlami cestnej dopravy znizené o dal-
sich 30 %.

Specialna zvukova izolacia a metody regulacie hluku robia
sucasné vozidla podstatne tich§imi v porovnani s vozidlami vyro-
benymi pred niekolkymi rokmi. Rozsiahle investicie automobilo-
vého priemyslu, napriklad do novych motorov alebo pneumatik,
pomohli zniZit uroven vibracii o 25 %, ¢o je znacny uspech pri
naraste cestnej nakladnej dopravy o 40 % za ostatnych desaf
rokov.

2.3 Socialne aspekty trvalo udrzatelného rozvoja
vo vztahu k cestnej doprave

Ludia maju vo zvyku do istej miery zvelicovat, pokial ide
0 nebezpecenstvo alebo riziko. Vztiahnuté na oblast cestnej do-
pravy, ak nastane dopravna nehoda medzi nakladnym vozidlom,
autobusom a osobnym automobilom, verej-
nost sa pravdepodobne domnieva, Ze prie-

Obr. 6. Vyvoj emisii v cestnej doprave v EU
Fig. 6. Evolution of emissions from road transport in EU

2000 2005 2010 2015
Source: EU Commission, Auto Oil I1

try reduces its impact on the envi-
ronment even further. The road
transport industry is prepared to
continue with heavy investments
to be able to achieve further
reductions on the environmental impact. By the year 2015, pollu-
tion from trucks will be reduced by another 30 %.

Special insulation and other noise-control techniques make
nowadays trucks substantially quieter than those built just a few
years ago. Huge investments by the road transport industry in, for
example, new engines and tyres have helped reduce annoyance
levels by 25 % a considerable achievement in the light of an
increase of trucking by over 40 % in the last ten years.

2.3 Social aspects of sustainable development
and their relationships with the road transport

People tend to associate largeness with danger or risk. Trans-
ferred to road traffic, if an accident occurs between a truck, a bus
and another vehicle, the public is likely to presume that the truck

was at fault. The poor image
does not correspond with re-

stupku sa dopustilo nakladné vozidlo. Tato . 1 ality. In industrialized coun-
mylna predstava nezodpoveda skutocnosti. E£3 ° tries with proper infrastruc-
Vo vyspelych krajinach s nalezitou infra- gé 51 ture only 5 % to 10 % of acci-
strukturou v skutoc¢nosti len 5 az 10 % do- E% 49 dents actually involve trucks,
pravnych nehdd zapriGinia nakladné vozidla, 4% 3 whereas 90 % to 95 % involve
zatial' ¢o 90 az 95 % nehdd je zapriCinenych %% 21 private cars and other road
osobnymi automobilmi a ostatnymi ucast- ““BE 1 5 g users. Transport by private
nikmi cestnej premavky. Doprava osobnym 0 g‘ : : ‘ car represents the most risk
Air Buses & coaches Rail Passenger cars

automobilom je najviac rizikova, pokial ide
o vznik dopravnej nehody (pozri obr. 7).
I ked' cestné nakladné vozidla predstavuju

Letecka doprava

Zeleznitna
doprava

Autobusova
doprava

Doprava osobnym
automobilom

Source: EU Energy & Transport in Figures, 2001

for creation of accident (fig.
7). Even though trucks repre-
sent a much smaller propor-

omnoho mensiu Cast z celkového poctu cest-
nych vozidiel ako osobné vozidla, napriek
tomu je pravdou, Ze nakladné vozidla su
menej ¢asto ucastnikom dopravnych nehod v pomere k poctu
nehdd na cestnych komunikaciach. V porovnani s rokom 1970
doslo k znizeniu poc¢tu dopravnych nehod nakladnych automobi-
lovaz o 63 %.

Pokial ide o autobusovu dopravu Statistiky hovoria, Ze autobu-
sova doprava predstavuje jeden z najbezpecnejsich sposobov pre-
pravy osob. Podiel sucasnych autobusov na smrtel'nych dopravnych
nehodach je mensi ako 1 %.

Vo vseobecnosti je ako faktor Cislo jedna pri dopravnych
nehodach chapané ludské zlyhanie. Akokolvek dokonala cestna

Obr. 7. Bezpecnost prepravy 0s6b v krajindch EU v roku 1998
Fig. 7. Safety in passenger transport in EU

tion of total road traffic than
private cars, it is nevertheless
true that trucks are less often
involved in traffic accidents in proportion to their number on the
road. The accident rate of trucks has been reduced by over 63 %
compared with rate levels in the 1970s.

When it comes to buses and coaches, the statistics show that
they represent the safest mode of transport. Today buses and
coaches are involved in less than 1 % of all road accidents result-
ing in casualties.

Human failure is generally viewed as being the number one
factor in traffic accidents. No matter what accomplished the road
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infrastruktura, akokolvek optimalizované vozidlo st zbyto¢né, ak
vodi¢ nie je dostatoCne spdsobily, existuje velké riziko vzniku
dopravnej nehody. Nachylnost k dopravnym nehodam je mozné
odvratit alebo odstranit prostrednictvom dvoch druhov ¢innosti:
vycvikom a vzdelavanim. IRU vydala prirucky pre vycvik profesi-
onalnych vodi¢ov urCené inStruktorom pre vycvik vodiov cest-
nych nakladnych vozidiel i autobusov, tym sa kladie doraz na
potrebu praktického vycviku pre mladych vodicov na typoch vozi-
diel, ktoré budu pouzivat. Je tu tieZ pod¢iarknuta prospesnost sku-
pinového pristupu k vycviku.

Eurépska komisia hodnoti vyvoj
v doprave ako nerovnomerny. Kon-
Statuje, Ze niektoré oblasti v dopra-
ve sa poziadavkam moderného hos-
podarstva prisposobili lepsie, iné
horsie. Toto plati predovsetkym pre
cestnu dopravu, ktora od zavedenia
volného pohybu tovaru a osob za-
znamenala rapidny narast. Na dru-
hej strane Biela kniha spomina aj
vyrazné pretaZenie nielen viacerych
hlavnych ciest a dial'nic, ale aj Ze-
lezni¢nych trati a uzlov, najma
v mestach a pri letiskach.

Vehicle technology
Vozidlo a jeho technolégia

Environmental regulations
Predpisy
pre Zivotné prostredie

Fuel quality
Kvalita pohonnych hmot

Vydanie Bielej knihy v roku 1993 varovne hodnotilo: ,Dopravné
zapchy nestoja len nervy, ale aj produktivitu. Uzke miesta a chy-
bajuce pripojenia v infrastrukture, slabé miesta pri interoperabilite
medzi dopravnymi nosiémi a systémami, ako aj chybajuce prie-
seCniky medzi mnohymi do seba uzavretymi a daleko rozptyle-
nymi telekomunikacnymi systémami. Siete su vdaka vnutornému
trhu pretazené. Prejavuje sa to v zniZenej schopnosti konkurovat
a v tom, Ze sa premeskavaju Sance na vytvorenie novych trhov
a utvara sa menej pracovnych miest, ako by bolo za inych pod-
mienok mozné.“

Napriek tomu, Ze va¢Sina zazZenych miest sa vztahuje na mesta,
je transeuropska siet trvalo pretazena. Podla tidajov Europskej
komisie vznikaju denne na 7 500 kilometroch (o predstavuje 10 %
celkovej siete) dopravné zapchy. Spolu 16 000 kilometrov Zelez-
nicnej siete (20 % celej siete) sa povazuje za zuZené miesta. Na 16
najvacsich letiskach Europskej unie dochadza pri 30 % letov
k meskaniam dlhsim ako $tvrt hodiny. Co sa tyka cestnej dopravy,
prognozy Europskej komisie na rok 2010 zneju dost dramaticky.
Ocakava sa narast nakladov sposobenych jednotlivym firmam kvoli
dopravnym zapcham az o 142 %, Co predstavuje 80 miliard eur
rocne, CiZe priblizne percento hrubého domaceho produktu ¢len-
skych krajin EU.

Pocet dopravnych nehdd je zavisly od kapacity a kvality cestnej
infrastruktury. KapacitnejSia a kvalitnejSia cestna infrastruktura
sa prejavi znizenim poctu smrtelnych dopravnych nehod (pozri
obr. 10). Samozrejme, na znizeni poctu smrtelnych dopravnych
nehod sa vyrazne podiela aj automobilovy priemysel prostrednict-
vom novych technoldgii pre zvySovanie bezpecnosti vozidiel [4].

Road infrastructure
Cestna infrastruktara

Emissions
and safety
Emisie a
bezpeénost

Vehicle fleet
Vozidlovy park

Obr. 8. Kliicové faktory pre ochranu Zivotného prostredia
a bezpecnost cestnej premavky
Fig. 8. Key factors for environmental performance
and road safety
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infrastructure is, no matter what optimisation of the vehicle is, the
driver had to be competent for elimination a high risk of to cause
the accident. Accident-prone behaviour can be averted or
remedied by two types of action: training and education. IRU has
produced professional driver training handbooks for truck driving,
as well as for coach driving instructors, thereby stressing the need
for young drivers to be given practical training on vehicles of the
type they would be using, and also underlining the usefulness of
a group training approach.

European Commission considers
the development in transport imbal-
anced. It notes that some areas of
transport have adapted to the require-
ments of modern economy better than
others. This applies mainly to the road
transport, which has recorded a rapid
development since the introduction of
free movement of goods and persons.
On the other hand the White Paper
mentions also an excessive burden not
only of several main roads and high-
ways, but also railways and nods,
mainly in cities and close to airports.

Transport performance
Realizécia prepravy

Driver and his
competences
Vodi¢ a jeho schopnosti

Operation and
maintenance
Prevédzka a udrzba

Source: IRU, 2001

The publication of White Paper in 1993 warned: “The traffic
congestions do not cost us only nerves, but also productivity.” The
bottleneck and missing links in infrastructure and weaknesses in
interoperability between transport carriers and systems, as well as
lacking intersections between many closed and dispersed telecom-
munication systems. Due to the single market the networks are
congested. This is reflected in the reduced capacity to compete
and in missing the chances to create new markets, hence less new
jobs are created than would be possible under different circum-
stances.

Despite the fact that most bottlenecks relate to cities, the
trans-European network is permanently congested. According to
data of the European Commission there are traffic congestions on
7 500 kilometres a day (which is 10 % of the total network). A total
of 16 000 kilometres of railways (20 % of the total network) is con-
sidered bottlenecks. At 16 of the largest airports of the European
Union some 30 % of flights are delayed by more than 15 minutes.
As regards road transport, the projections of the European Com-
mission for the year 2010 sound quite dramatic. A growth of costs
incurred by companies due to traffic congestions by as much as
142 % is expected, which is 80 billion euro a year, i. e. approximately
one percent of the gross domestic product of the EU member
states.

The number of the road accidents depends to capacity and
quality of the road infrastructure. More capacitive and qualitative
road infrastructure will manifest by reduction the number of fatal-
ities (fig. 10). Of course, the road vehicle industry markedly partic-
ipates on reduction of number of fatalities by new vehicle techno-
logies for vehicle safety rising too.
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Ziadne zastavenie 1 zastavenie/lkm 2 zastavenia/km

Source: IRU, 2001
Obr. 9. Vplyv pretaZenosti cestnej siete na spotrebu pohonnych hmot
vozidla cestnej ndakladnej dopravy
Fig. 9. Road congestion increases fuel consumption of road haulage
transport vehicle

Udrzatel'nost = prospesnost
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Source: EU Energy & Transport in Figures, 2001

Obr. 10. Vztah medzi vyvojom dialnicnej infrastruktiiry
a bezpecnostou cestnej premdvky v EU
Fig. 10. Evolution of motorway infrastructure
and road safety in EU

Tab. 1

Moduly IRU

Vyhody pre Zivotné prostredie

Vyhody pre prevadzkovatela cestnej dopravy

Vzdelavanie a vycvik vodi¢ov

Menej dopravnych nehod
Nizsia spotreba pohonnych hmot
Nizsia miera emisii CO,

Mensie prestoje vozidla

Nizsie naklady na poistenie
Vicsia spolahlivost

Nizsie naklady na pohonné hmoty

.

Systémy riadenia Zivotného prostredia

Nizsia miera emisii (CO, NOx, HC, PM)
Mensie mnoZstvo odpadov

Niz8ia spotreba vody, pohonnych hmot

a dalSieho materialu

Nizsie poplatky a dane

Nizsie naklady na pohonné hmoty
Nizsie ucty za vodu

Nizsie naklady na energiu

Sustainability = profitability

Table 1

IRU Modules

Benefits for the environment

Benefits for the road transport operator

Education and training of drivers Less accidents

Lower fuel consumption « Lower insurance costs
Less CO, emissions

Less vehicle downtime

More reliability
Lower fuel costs

Environmental management systems

Less waste

other resources

Less emissions (CO, NOx, HC, PM) « Lower taxes and charges

Less consumption of water, fuel and

Lower fuel costs
Lower water bill
« Lower power cost

3. Zaver

Podla zaverov Europskej komisie by bolo najjednoduchsim
rieSenim stlmit celkovi mobilitu 0sob a tovaru. Takato predstava je
nerealna uZ len preto, lebo EU nedisponuje ani dostatoénymi pra-
vomocami, ale ani prostriedkami predpisovat obmedzenia dopravy
v jednotlivych mestach, pripadne na cestach. Okrem toho sa viaceré
Clenské staty zasadne vyslovili proti spolocnému zakazu jazd pocas
vikendov - o je aj z hladiska na individualne podmienky a situa-
ciu v regionoch pochopitel'né.

Biela kniha si do roku 2010 stanovila Styri hlavné ciele:
1. premiestnit rovnovahu medzi jednotlivymi druhmi dopravy,

Source: IRU, 2000

3. Conclusion

The conclusions of the European Commission suggest that the
easiest solution would be to slow down the total mobility of people
and goods. This idea is unrealistic, since the EU does not have suf-
ficient powers nor means to stipulate transport restrictions in indi-
vidual cities or on roads. Apart from that several member states
have clearly expressed themselves against the common prohibi-
tion of driving at weekends - which is understandable also given
the individual conditions and situations in the regions.

The White Paper has set four main goals until the year 2010:
1. Relocate the equilibrium among individual modes of transport,
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2. eliminovat uzke miesta,

3. umiestnif pouzivatela do centra dopravnej politiky, ktoré sa
tiez zaobera zataZzenim infrastruktury,

4. riadit globalizaciu dopravy.

Z ekonomického hladiska a pri prihliadnuti na pravomoci
Euroépskej unie su na uskuto¢nenie tychto cielov pripravené tri
varianty:

a) Najvacsi doraz sa bude klast na cestni dopravu, ktora by sa
stala hlavnym predmetom restriktivnych opatreni, ako napri-
klad zvysenie dani, poplatkov.

b) Stredobodom pozornosti by bolo opit spoplatiovanie cestnej
dopravy a sprievodné opatrenia, ktoré by zvySovali efektivnost
inych dopravnych odvetvi (napr. zlepsenie kvality sluzieb a logis-
tiky, presadenie technickych opatreni). Tento variant vsak
nezahfna dalSie investicie do novej infrastruktury.

c) Treti variant, o ktory sa opiera Biela kniha, zahrfiuje rad opat-
reni, ktoré podporuji spoplatiiovanie aj revitalizaciu inych
dopravnych odvetvi nielen cestnej dopravy. Sucasne sa pocita
s cielenymi investiciami do transeuropske;j siete. Tato verzia sa
deli na 60 opatreni do roku 2010, ktoré by mali zabezpecit
rovnomernost medzi rastom v hospodarstve a v doprave bez
toho, aby sa obmedzila mobilita osob a tovaru (jeden z pilierov
EU). Narast v cestnej doprave by vzhladom na lepsie vyuZitie
inych dopravnych odvetvi nemal vyvrcholift do obavanych
Cisel (namiesto +50 % by to v obdobi medzi 1998 a 2010 bolo
+38 %).

Z iniciativy IRU vznikol dokument ,,Smerovanie k trvalo udrza-
telnému rozvoju®“, ktory pripravuje cestu pre prijimanie konkrét-
nych opatreni vSetkych stran zucastnenych na dosahovani tohto
spolo¢ného ciela. Smerovanie k trvalo udrzatelnému rozvoju defi-
nuje tri nevyhnutné podmienky pre realizaciu trvalo udrzatelného
rozvoja.

I. Inovacia

Ekologickejsie a tichsie vozidla s uspornejSou spotrebou paliva,
kvalitnejsie pohonné hmoty a zlepSena organizacia prepravy, to je
len niekol'ko opatreni pre zlepSenie vplyvu cestnej dopravy na
Zivotné prostredie.

II. Motivacia

Automobilovy priemysel potrebuje iniciativnu podporu pri
zavadzani technologii a postupov trvalo udrzatelného rozvoja zo
strany jednotlivych krajin. Pri poznani vyznamnych minulych
a buducich vysledkov, automobilovy priemysel bude pokracovat
v znizovani jeho vplyvov na Zivotné prostredie siibezne s rozvojom
hospodarstva. AvSak za dosahovanie trvalo udrzateIného rozvoja
budu musiet zobrat na seba svoj diel zodpovednosti obchodni
partneri a vlada vo vztahu k cestnej doprave.

II1. Infrastruktira

Dopravné zapchy spdsobuju skody hospodarstvu, spolo¢nosti
i Zivotnému prostrediu. LepSie vyuZzivanie existujucej cestnej infra-
Struktury zahfiajuce uprednostinovanie dopravy pre obchodné tcely

PREHLADY / REVIEWS

2. Eliminate bottlenecks,

3. Place the user at the centre of transport policy, that is also
dealing with the burden on infrastructure,

4. Manage the globalisation of transport.

From the economic point of view and taking account of the
powers of the European Union three alternatives were prepared
for the implementation of these goals:

a) Most emphasis will be placed on road transport that should
become the main subject of restrictive measures, such as taxes
or fees increases,

b) The tariffs on road transport and accompanying measures
should be at the centre of attention, to enhance the efficiency
of other transport sectors (e. g. enhancing the quality of ser-
vices and logistics, implementation of technical measures).
This alternative however does not include investment into
new infrastructure.

¢) The third alternative, supported by the White Paper
includes a series of measures favouring the tariffs on roads and
revitalisation of other transport sectors, not only road transport.
At the same time, targeted investments into the trans-European
network are expected. This version is subdivided into 60 mea-
sures until the year 2010, which should ensure a balanced
growth in the economy and transport without restricting the
mobility of persons and goods (one of the pillars of the EU).
Given the better use of other modes of transport, the growth
in road transport should not culminate in those feared figures
(instead of + 50 % it would only be + 38 % between 1998 and
2010).

The proactive IRU initiative “Driving towards sustainable
development”, which paves the way for concrete actions to be taken
by all parties concerned in achieving this common goal. Driving
towards sustainable development defines the three prerequisites
to implement sustainable development.

1. Innovation

More ecological, more quiet and more fuel-efficient vehicles,
better fuel quality and improved logistics are just a few measures
for improving environmental performance of road transport.

II. Incentive

The road transport industry needs governments to encourage
rapid implementation of sustainable development technologies
and practices with positive incentives. Recognizing the significant
past and future successes of these efforts, the road transport indus-
try will continue to reduce its environmental effects while driving
economic development. However, to achieve sustainable develop-
ment, road transport’s commercial and governmental partners
will have to take responsibility for their fair share.

II1. Infrastructure

There are a lot of damages caused by the traffic congestions for
the national economy, the society and the environment. Making
better use of the existing road infrastructure, including giving pri-
ority to commercial traffic for economic reasons, and investing in
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z hospodarskych dovodov a investovanie do nevyhnutného rozvoja
cestnej infrastruktury st nevyhnutné podmienky pre dosiahnutie
vseobecnych cielov a zasad trvalo udrzatelného rozvoja [4].

Je potrebné, aby sa tieto ciele rozpracovali do konkrétnych
uloh naplfiajucich aktualne zasady §tatnej dopravnej politiky SR.
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the necessary road infrastructure development, are sine qua non
conditions for achieving the general goals and principles of sus-
tainable development [4].

It is necessary to elaborate these goals into the concrete
problems that respect actual principles of state transport policy of
Slovak Republic.
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PLAVIDLO PRE KOMPLEXNE ZASOBOVANIE
A ZBER ODPADOV LODI NA DUNAJI

A VESSEL FOR THE COMPLEX SUPPLYING AND WASTES COLLECTION

OF INLAND SHIPS ON THE DANUBE

Bezpecné a spolahlivé zdsobovanie palivami a zber odpadov je
dolezité pre nepretrzitii plavbu a ochranu Zivotného prostredia. Na
tieto ucely bolo navrhnuté a postavené zdsobovacie plavidlo. Investo-
rom je Slovenskd plavba a pristavy Bratislava a stavitelom HA.WK.
Bratislava. Projekt a konstrukcia boli vyhotovené na Katedre auto-
mobilov, lodi a motorov Slovenskej technickej univerzity v Bratislave.
Prispevok predstavuje projekt a celkové riesenie takéhoto plavidla.

1. Uvod

Terminal bol navrhnuty a postaveny na baze ¢lna DEIIb -
rekonstrukcia na tankovy ¢ln ako Cerpacia stanica palivovej nafty
(trieda K3, i. ¢. 1202) a mazacich olejov a kompletny odber
a Uprava tekutych a pevnych odpadov, obr. 1, 3. Rekonstrukcia na
hladkopalubovy €ln (sily si odrezané v tirovni paluby) bola pro-
jektovana v zmysle pravidiel GL, CSLR a ADN. Plnenie tankov je

Safe and reliable outgoing/filling of fuels and collection of sewage
is important for continuous navigation and environmental protection.
The supply vessel on the base of DEIIb barge was designed and built up

for these purposes. The investor is the Division Port of Slovak Naviga-

tion and Ports Comp. and the builder is HA.-W.K. Comp. in Bratislava.
The design and construction are made by the Department of Cars,
Ships and Engines, Slovak University of Technology in Bratislava.
This contribution demonstrates the project and general arrangement
of this vessel.

1. Introduction

The supplying terminal was designed and built up on the base
of the barge DEIIb as a reconstruction to the tank barge for sup-
plying the ships with diesel fuel (Class K3, i.number 1202) and
lubrication oils and for complex collection of liquid and solid
wastes, Fig. 1, 3. Reconstruction to the trunkless barge (hatch
coamings were cut on the deck level) was projected by GL, CSLR
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Obr. 1 Celkova dispozicia plavidla
Fig. 1 General arrangement of the vessel,
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ako zakladné riesené z brehu ako aj s moznostou plnenia nafty aj
z lodi na navodnom boku, obr. 2.

Ku korme je pripojeny zasobovaci ponton pre malé plavidla
tak, aby vyska boku cca 0,6 m bola stabilna bez ohladu na naloze-
nie hlavného €lna. Tento pontdn sluzi hlavne pre malovydaj nafty
a benzinov.

Pristup na terminal zabezpecuju dve lavky Sirky 1,0 a 2,5 m
z lavého brehu rieky.

BENZIN FEKALIE 1/L SESJTREBOVANY OLEJ1
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and ADN rules. Tanks filling (diesel and lubrications) is designed
from the river bank connection primarily and from tankships on
the water side of vessel secondary, Fig. 2.

The supplying pontoon for small craft is connected with aft
with condition: the pontoon freeboard of approximately 0.6 m must
be constant regardless of the main vessel loading. This pontoon
serves for the supplying of mainly small craft with diesel and petrol
fuel.

The access to the terminal vessel is provided by two foot-
bridges 1.0 and 2.5 m beam from the left bank of the river.
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Fig. 2 Tanks arrangement
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Obr. 3 Obsluzné plavidlo v Bratislavskom pristave
Fig. 3 Supply vessel in Bratislava port

2. Hlavné udaje

2. Main data

Hlavné rozmery Tab. 1 Main dimensions Table 1

Dizka maximalna Loa 76,5 m Length over all Loa 76.5 m

Dizka na HVR pri ponore T = 2,5 m Lyve 749 m Length on CWL at drought T = 2,5 m Lyvg  749m
KOMUNIKACIE / COMMUNICATIONS 1/2003 =+ 03
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Sirka maximalna B 11,0 m Maximal beam B 11.0 m
Vyska boku / telesa trupu H 32/37m Depth (side)/ hull body H 32/37m
Vyska maximalna Him 83l m Maximal high from BL Hyim 831 m
Ponor (max.) T 2,2m Drought (max.) T 22m
Vytlak €Ina pri stred. ponore 2,2 m D 1710 t Displacement at mid. drought 2,2 m D 1710 t
Vytlak prazdneho ¢lna Do 523t Displacement light Do 523t
Stredny ponor prazdneho ¢lna To 0,71 m Light drought of barge To 0.71 m
Vol'ny bok pri plnom naloZeni FB 0,96 m Freeboard at full load FB 0.96 m
Plavebna zona 2 Navigation zone 2
Celkovy objem tankov, podla ciach. Vianks 1394,3 m? Total tank capacity, by the gauge Vianks 1394.3 m?
Objemy tankov Tab. 2
Z celkového objemu 1394,3 m: nafta 1093,4 m® 8 tankov
oleje 55,0 m® 3 tankov - 3 druhy
benzin 55m’ pre jachty
opotreb. oleje 31,9 m®
drenazne vody 141,8 m*
fekalie 61,3m’ 2 prepojené tanky
odlicené oleje 54m’
pevné odpady 6 nadob
Tanks capacity Table 2
From total capacity 1394.3 m>: diesel 1093.4 m* 8 tanks
lubrication oils 55.0m’ 3 tanks - 3 kinds
petrol 55m’ for small craft
used oils 3.9 m?
bilge waters 141.8 m®
black&gray waters 61.3 m*° 2 connected tanks
separated oils 5.4 m?
solid wastes 6 contain.

3. Celkova koncepcia

I 1

| 3. General conception
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Obr. 4 Koncepcia hlavného rebra a nadstavby
Fig. 4 Midship section and superstructure conception

Plavidlo bolo postavené z trupu tlaéného ¢Ina DEIIb juhoslo-
vanskej vyroby (prieCny systém vystuZenia dna) na tankovy ¢ln
dvojplastovej konstrukcie typu N (ADN) pre latky triedy K3 (GL).
Vnitro pdvodného priestoru je rozdelené sustavou priecnych a poz-
diznych predelov na 17 tankov. Doplnené su koferdamy na Gele

The vessel was built up from the hull of the Jugoslavian push
barge DEIIb (transversal bottom construction system) as a recon-
struction to a twoskin tank barge, ADN type N for goods GL
Class K3 (diesel fuel). The inner space of the original hatch com-
partment was divided by a system of longitudinal and transversal
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a korme, nadstavba na korme, pristreSok na cele a kompletna Cer-
pacia a signalizacna technoldgia. Navrh zabezpecuje aj komplexny
odber a spracovanie odpadov z plavidiel ako aj predaj prevadzko-
vych tovarov.

Terminal je bez elektrocentraly a zdroj elektrickej energie
a privod vody sa zabezpecuje brehovou pripojkou.

Plavidlo je navrhnuté pre trvalé vyviazanie k brehu s napoje-
nim na potrubné sustavy nafty a olejov z brehu.

4. Konstrukcia trupu

Prebudovanie trupu ¢lna spociva vo vytvoreni nakladového
priestoru tankov jednym centralnym predelom od r. €. 40 po r. C.
138 a Styrmi prieCnymi predelmi
v hlavnom nakladovom priestore.
Takto vznikne 8 tankov na naftu s ob-
jemom do 1110 m®. Predely tankov
st rozmiestnené s cielom dosiahnu-
tia priblizne rovnakého objemu kaz-
dého tanku.

Tanky olejov st v rozsahu r. €. 35
po r. ¢. 40 rozdelené dvoma pozdiz-
nymi predelmi v rozstupe 6400 mm
na tri tanky.

V rozsahu r. ¢. 32 az 35 je po
celej Sirke povodného nakladového
priestoru tank na opotrebované oleje.

Usek 1. &. 6 az 32 je vy¢leneny na
zber tekutych odpadov. Pozdizne
predely v rozstupe 6400 mm vy-
Clenuju trup na stredovy tank zberu
drenaznych vod a priestor pre Cistic-
ky. Po bokoch po vnutorné boky su
rozmiestnené tanky fekalii, tank na
odlucené oleje a nadrZ na benzin. Fe-
kalne tanky po bokoch st vzajomne
prepojené dvoma potrubiami DN
300.

Povodné teleso je rieSené v zmieSanom type vystuZenia: dno -
prieény systém, boky a paluba/ochodze - pozdizny systém. Korma
a Celo su v prieCnom systéme vystuzenia. VSetky predely a kofer-
damy st z plechov hribky 6 mm a vystuzené su zvislymi vystu-
hami L80X60X6 mm po 500 mm. Hladka paluba tankov (bez
tronku) je z listkového plechu v strednej asti 8 mm a ku koncom
zniZena na 6 mm. VystuZenie paluby je riesené v pozdiznom
systéme profilmi L80X 60X 6. Palubniky v rozstupe a, = 2000 mm
po celej palube su tvorené zhranenymi profilmi L260X100X6.
Po6vodny sil bol zrezany v irovni paluby.

Celkové rieSenie je vidiet na obr. 1 a 3. Na deviatich velkych
tankoch su umiestnené expanzné Sachty s objemom po 1,06 m
(min 0,75 % objemu tanku) s obrubnicou 6 mm vysky 800 mm.

Nadstavba je riesena ako dvojpodlazna, klasickym lodnym spo-
sobom z plechu 4 mm. Spodné podlazie v urovni hlavnej paluby

Obr. 5 Paluba plavidla
Fig. 5 Vessel deck,
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bulkheads to 17 tanks. There are: fore and aft cofferdams, super-
structure on aft, porch on fore and complete pump, control and
signal technology. The design ensures the complex collection of
wastes from ships and the sale of other operational goods, too.

The terminal has no generators and electricity source and fresh
water conduction is ensured from the left bank connections.

The vessel is designed for permanent bank mooring with con-
nections with pipe systems of diesel fuel and lubrication oils from
the river bank.

4. Hull construction

The barge hull reconstruction is based on the performance of
tanks cargo compartments with one central longitudinal bulkhead
from fr. No. 40 to fr. No. 138 and
four transversal bulkheads in a cargo
compartment. The result is 8 tanks
for diesel fuel with a total capacity of
1100 m’®. Transversal bulkheads are
located for approximately equal capac-
ity of each tank.

The tanks for lubrication oils are
located between fr. No. 35 to fr. No.
40 and they are divided by two long.
bulkheads with spacing of 6400 mm
to three tanks.

There is a tank for used oils on
full original cargo space between fr.
No. 32 to fr. No. 35.

The compartment fr. No. 6 to fr.
No. 32 is designed for liquid wastes
collection. The longitudinal bulkheads
with spacing of 6 400 mm divided hull
to the central tank for bilge waters
collection and compartment for two
sewage plants. The tanks for black&
gray waters, separated oils and petrol
tank are located on both sides. Black&
gray tanks on sides are connected with
two DN300 pipes.

The original hull was built up in a mixed construction system:
bottom - transversal system, sides and deck/gangboards - longi-
tudinal system. The fore and aft are in a transversal construction
system. All bulkheads are made from 6 mm thickness plates and
reinforced with vertical L§0X60X6 mm in 500 mm spacing. The
smooth deck (without trunk) is welded from leaf plates of 8§ mm
in the mid part and on the ends the thickness is reduced to 6 mm.
The deck reinforcement is made in a longitudinal construction
system with profiles of L80X60X6. The deck beams from bend
profiles of L260X 100X 6 have spacing a, = 2000 mm, original
hatch coamings were cut on the deck level.

The general arrangement is in Figs. 1 and 3. The expansion
hatches with a capacity of 1.06 m’ (min. 0.75 % capacity of the
tank) and 800 mm high coaming are located on nine large tanks.

The two-deck superstructure is designed as a classical ship
construction from 4 mm plates. The down deck in the main deck

KOMUNIKACIE / COMMUNICATIONS 1/2003 =+ 0}



KOMNIKOCIe

C O M M UNICATI ON:S

PREHLADY / REVIEWS

Obr. 6 Prestavba lode
Fig. 6 Rebuilding of the ship

kryje priestor CistiCiek a druha paluba sluzia ako klimatizovany
velin, sklad a WC. Oba boky su prepojené priebeznou chodbou
§. 1000 mm. Hrubé riesenie je vidief na obr. 1. Cisticky st umiest-
nené vo vyreze hlavnej paluby 6400X4500 mm v zvySenej Grovni
nad vnutornym dnom pre zabezpecenie odtoku Cistej vody za
pravy bok.

Okolo nadstavby je zvySena ochodza 650 mm nad palubou,
z ktorej je pristup na 3 schodistia nadstavby. Vytvorena je pororos-
tami 1000 mm.

V dosledku zvyseného sustredeného zatazenia pod vydajnym
ramenom su dobudované prislusné zaklady a zosilnena konstruk-
cia paluby v mieste uchytenia zakladov profilmi 260X 100X 6 a sti-
pikmi TR.114X6,3.

5. Potrubné sustavy

Projektové riesenie potrubnych stistav bol projek¢nou dodav-
kou firmy EXPRO, s.r.o. Sala a tu bude vymenované sihrnne.
Ostatna technoldgia stacania a vydaja pozostava z nasledujucich
prevadzkovych suborov.

Technologia plnenia
a vydaja nafty

Vydaj nafty sa uskutocnuje cez
tankovacie rameno Marine Loader
B0028 - 4% (DN 100) firmy
EMCO WHEATON GmbH, Ger-
many. Dosah ramena cca 8§ m na
dizke cca 12 m, manipulacia s ra-
menom mozZe byt vdaka protiza-
vaziu rucna. Kapacita cca 1000
I/min cez dve Cerpadla, snimaciu
a meraciu automatiku s vyhodno-
tenim do centralneho PC. Vydajné
potrubie je DN 100. Stacanie
z brehu resp. z lodi je cez cen-

Obr. 8 Piniace a vydajné potrubie
Fig. 8 Filling and issuing pipes

Obr. 7 Poloha cerpadiel olejov
Fig. 7 Position of lubrication oil pumps

level covers the compartment of sewage plants, the upper deck is
an air-conditioned control station, storage and toilette. Both sides
are connected with a transversal passage of 1000 mm breadth.
The conception is in Fig.3. The sewage plants are located in the
deck cut with 6400X4500 mm in position approx. 800 mm from
inner bottom.

There is a higher gangboard of 650 mm around the super-
structure over the main deck and from there three stairways are
accessible to the superstructure. This gangboard is made from
pore grates of 1000 mm.

Deck under the marine loader is reinforced due to high loading
forces. Foundations are made from profiles 260X 100X6 and
pipes 114X6.3.

5. Pipes systems

The project solution of pipes systems was delivered by EXPRO,
s.r.0. Sala and it will be generally described here. Technology of
the filling and issuing is assembled from these operational files.

Technology of diesel fuel filling
and issuing

Diesel fuel issuing is made
over issuing arm of Marine Loader
B0028 - 4” (DN 100) EMCO
WHEATON GmbH, Germany.
The arm range is 8 m on the port-
side vessel at the length of 12 m
approximately and with manual
handling. The maximal flow capac-
ity is 1000 I/min through two
pumps with automatic detection
and measuring devices and evalu-
ation to the central PC. The diam-
eter of issuing pipe is DN100. The
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tralne potrubie DN 150. Ovladanie a regulacia je pomocou gulo-
vych servoventilov. Pohon servoventilov je pneumaticky, kompre-
sor je v nadstavbe v priestore COV.

Technologia plnenia a vydaja olejov, malovydaj nafty
a benzinu pre malé plavidld

Oleje troch druhov (2 motorové a 1 hydraulicky) su vydavené
z troch stojanov hadicami na bubnoch. Stojany s Cerpacou tech-
nikou st umiestnené v rozsahu r. ¢. 35 - 40 priamo nad tankami
olejov O1 az O3. Privod z brehu potrubim DN 80.

Malovydaj nafty a benzinu pre malé plavidla je umiestneny na
korme dvojhadicovym stojanom cez dva bubny, prietok 40 1/min.

KOMNIKOCIe
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filling pipe from the bank or tankers has DN 150 central pipe. The
control and regulations are performed by servo ball-valves with
pneumatic driving. The compressor is located under superstruc-
ture in sewage plants compartment.

Technology of lubrication oils and filling and issuing, diesel
and petrol issuing for smal craft

Lubrication oils of three kinds (2 engine and 1 hydraulic) are
issued from three oil pumps with hoses on drums. The oil issue
station is located in range fr.No. 35 - 40 over oil tanks O1 - O3.
The pipes connections from the bank have DN 80.

The small diesel and petrol issuing for small craft is located
on aft with two hoses pumps and drums, capacity of 40 1/min.
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Obr. 9 Dispozicia vyviazania terminalu v prevddzke (pristav Bratislava)
Fig. 9 Terminal mooring arrangement in operation (Bratislava port)

Technologia zberu tekutych a pevnych odpadov

Zahtna zber tekutych odpadov (drenazne vody, opotrebované
oleje, odlucené oleje, fekalie) a pevné odpady. Drenazne vody su
z lodi stacané do tanku drenaznych vod a odtial vedené do odlu-
¢ovaca ropnych latok AS-TOP 3 S1. Vykonnost cca do 3 1/s zaruka
koncentracie pod 5 mg/l s AS-Fibroilom do az do 1 mg/l. Vycis-
tena voda pojde za bort do rieky a odlucené oleje do tanku odluce-
nych olejov 5 m>. Prikon s derpadlami cca 1,0 kW.

Fekalie su odoberané do dvoch vzajomne prepojenych fekal-
nych tankov 2X30 m>. Z pravého fekalneho tanku st vedené do
biologicke;j cisticky odpadovych vod splaskového charakteru AS-
-ANACOMB 50s vykonnostou 8 m>/defi. Na vystupe su garanto-
vané nasledovné parametre vycCistenej vody: BSK5 do 20 mg/l,
CHSK do 80 mg/l, NL do 20 mg/l, N-NH4 do 15 mg/l. V takom
stave je vodu mozné viest za bort (Nar. vlady 242/1993 Zb. z).
Prikon aj s cerpadlami je cca 1,2 kW. Obe Cisticky st v uzavretom
priestore nadstavby, polozapustené do hlavnej paluby.

Technology of liquid and solid wastes collection

The system contents collection of liquid wastes (bilge waters,
used oils, separated oils and black&gray waters) and collection of
solid wastes. Bilge waters are collected to the bilge waters tank
and from there they are led to the sewage plant - oils separator AS-
TOP 3 S1. The separator cleaning capacity is 3 1/s approx. and con-
centration is maximum 5 mg/l and with AS-Fibroil is max. 1 mg/l.
Cleaned water is led overboard and separated oils are led to 5 m’
separated oils tank. Electricity consumption is 1.0 kW approxi-
mately.

Blacké&gray waters from ships are collected in two sewage tanks
2%30 m>. From the starboard tank they are led to a biology sewage
plant AS-ANACOMB 50s with a maximal capacity of 8 m? per day.
Cleaned water at the output guarantees the following parameters:
BSKS5 to 20 mg/1, CHSK to 80 mg/l, NL to 20 mg/l, N-NH4 to
15 mg/1. Water can be led overboard (Gov. decree 242/1993 Zbor.z.).
Electricity consumption is 1.2 kW approx. Both sewage plants are
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Projekt, dodavka a montaz Cistiacich stanic si predmetom firmy
ASIO-SK, s. r. 0. Bytca. Odvoz zvyskov a opotrebovanej biomasy
sa predpoklada cca raz za mesiac.

Pevné odpady su ukladané do kontajnerov (KUKA - kontaj-
nery) v pristreSku na ¢ele ¢lna. Navrhnuté bolo triedenie pevnych
odpadov (kapacita cca 6 kontajnerov) a odvoz podla potreby.

Meracia a registracnd cast tankov

Obsahuje kontinualne meranie hladin, max. stavu 97 % s hava-
rijnou signalizaciou a odpojenim Cerpania, teploty naplni tankov,
systém centralneho riadenia vydaja a stacania, systém GSM datovej
pripojky pre platobné karty, fakturaciu a dialkovy prenos udajov
obsluznej polohy PMO pre centralne riadenie. Obsluha je sustre-
dena do klimatizovaného velina v kormove;j Casti lode s dobrym
vyhladom na celu palubu.

ProtipoZiarna sustava plavidla

Zakladom je centralna protipoziarna magistrala DN 50 po
celej dizke plavidla s hadicovymi rychlospojkami, napojena na
vodovodné potrubie. Na palube su umiestnené dva poziarne hyd-
ranty PH 52(C) s hadicami 20 m, dalej to je 6 ks penovych pristro-
jov 91,3 protipoZiarne supravy a 3 debny s pieskom a poZiarnymi
plachtami.

6. Ponton pre malé plavidla

Vydaj pohonnych latok benzinu a nafty pre malé plavidla
umoznuje maly pontén vykyvne a vyskove posuvne uchyteny na
zrkadle hlavného plavidla. Uchytenie riesia 4 kladky vedené v HEB
profiloch. Tym je zabezpeCena zhruba konstantna vyska volného
boku cca 600 mm pre moznost pristivania malych plavidiel cca
do dizky 12 m. Podlaha je po celej ploche vytvorena pororostami,
pristup umoznuje zavesena lavka. Dvojhadicovy stojan pre naftu/
benzin je umiestneny na hlavnom
plavidle. Zemnenie je vyvedené na
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in the closed insulated compartment of the superstructure, half-sank
to the main deck.

The project, delivering and mounting of sewage plants were
performed by ASIO-SK, s.r.o. Bytéa. The pick-up of rests of
biomass is approximately once a month.

Solid wastes are collected in KUKA containers in a porch on
the fore. The sorting of solid wastes and their removal was designed
by requirement.

Measuring and recording systems of tanks

This system includes: continual gauge of the tanks volumes,
97% levels gauge with disconnecting of the pumping, emergency
signalization, devices for measuring temperature of tanks contents,
system for central controlling of issuing and filling, system for
GSM data connection, invoicing and remote data transfer between
supply vessel and port head office. The operation is concentrated
on the air-conditioned central control station with good outlook
over deck.

Firefighting system of the vessel

The base is a central firefighting magistral DN 50 on all length
of the deck with hoses connections, pipe is connected with water
system. There are two firefighting hydrants PH 52(C) with 20 m
hoses, 6 pcs 9 1 individual foam extinguisher, 3 firefighting sets
and 3 sand boxes with fire sheets on the deck.

6. Pontoon for small craft

The small pontoon connected to main vessel transom enables
the filling of small craft with diesel and petrol fuel. Hinge and
sliding connection is performed by four pulleys led in HEB profiles.
This solution ensures approximately constant 600 mm freeboard of
pontoons for mooring of small craft to 12 m length approximately.
The deck is made from poro-rostes. The access to pontoon enables
the footbridge hanged on the main vessel. The pump with two

hoses (diesel and petrol) is located
on the main vessel, the grounding

hlavny ¢ln. ) . \ . 3 e HT%L [ =  isled to the main barge.
- s : ==
7. Zaver KoR 3 7. Conlusions
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Projekty a stavba plavajuceho eome: The projects and building of

terminalu st spoloénym dielom
viacerych firiem, ktoré spoloCne
koordinovali pri vyvoji tohto pla-

—s4 the floating terminal is a common
result of some coordinating com-
panies. The complex project and
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vidla. Komplexné riesenie a lodna
cast boli vyvinuté a vyprojekto-

construction were developed at the
Department of cars, ships and
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vané na Katedre automobilov, lodi

engines of the Faculty of Mechan-

a motorov SjF STU, Bratislava.
Kooperaciu vyrobnych a technolo- |
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3
ical Engineering in Bratislava. The

gickych Casti zabezpecoval IDOPS,
druzstvo Bratislava. Projekty tech-
nologickych Casti plnenia, vydaja

Obr. 10 Vyvizovaci ponton pre malé plavidld (cca do 12 m)
Fig. 10 Mooring pontoon for small crafts (to 12 m approx.)

% cooperation of production and

technology parts was performed
by IDOPS, Bratislava. The projects
and documentations of technol-
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a elektro su dielom firmy EX-
PRO, Sala. Tankovacie rameno
dodala firma EMCO WHEA-
TON, Germany, obe Cisticky su
dodavkou firmy ASIO-SK,
Bytca.

Stavbu realizovala firma
H.A-W.K., Pezinok-Bratislava,
ktora ma dobré skusenosti so
stavbou a rekonstrukciou tan-
kovych plavidiel. Investorom
celej akcie a zadavatelom tech-
nickych podmienok bola Divi-
zia Pristav, Slovenska plavba
a pristavy, a. s. Bratislava, kde je
aj terminal umiestneny. Doda-
vatel'mi jednotlivych komponentov ako Cerpacia technika, arma-
try, snimacie a regulacéné pristroje a i. je cely rad dalSich firiem.
Stavba zacala v 10/1999 a v sucasnosti ma uz za sebou jeden rok
prevadzky.

Plavidlo sa takto, okrem poskytovatela komercnych a zasobo-
vacich sluzieb, stalo aj vyznamnym prinosom pre ochranu Zivot-
ného prostredia a vod v rajone rieky Dunaj. Samozrejme, Ze po
dorieSeni uzemnych konani nie je problém premiestnif ho a pre-
vadzkovat aj v inej lokalite.

Literatura - References

Obr. 11 Cerpacia poloha malych plavidiel
Fig. 11. Pumping position for small crafts,
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ogy parts (filling, issuing, measure-
ments, electro) were performed by
EXPRO in Sala. The marine fuel
loader was delivered by the company.
EMCO WHEATON, Germany. Both
sewage plants are products of the
company ASIO-SK in Bytc¢a.

The building is realised by
H.A.WK in Pezinok-Bratislava, the
company with good experience with
building and reconstruction of tank
vessels. The order and technical con-
ditions were submited by investment
company - Port Division of Slovak
Navigation and Ports in Bratislava.
The supply vessel is located in Port
Bratislava. Other Slovak companies delivered pumps technology,
fittings, detectors control devices and other components. The
building of vessel started 10/1999 and the vessel has been in oper-
ation for a year.

The terminal as a significant provider of commercial and supply
services is a significant benefit for environmental and water pro-
tection in the large Danube river area. The suplly vessel may be
located in any place on the river after the solution of the territo-
rial process.
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VYUZITIE PSEUDO-STOCHASTICKEHO MODELU TERENU PRE
SIMULACIU VIBRACIi A OTRASOV CESTNYCH DOPRAVNYCH

PROSTRIEDKOV

UTILIZATION OF A PSEUDO-STOCHASTIC MODEL OF TERRAIN IN SIMULATION
OF VIBRATIONS AND SNUBBING IN ROAD MEANS OF TRANSPORT

Physical and geometrical properties of environment lead to mat-
hematical models of terrain - vehicle relationship. The basic idea of
the presented approach is to construct a two - dimensional funnction,
whose three - dimensional graph has properties similar to the terrain
to be modeled. The idea of the paper is expected to be used in simu-
lation of phenomena connectedwith impacts of vibrations and snub-
bing to humans as well as on technological factors.

Keywords: Pseudo-stochastic model, terrain, mathematical models,
two-dimensional function, three dimensional graph, single components,
model function, linear combination, experimental verification.

1. Uvod

Cestujuci v dopravnych prostriedkoch su vystavovani vibra-
ciam a otrasom, ktoré roznym spdsobom mozu ovplyviiovat ich
zdravotny stav. Zalezi pri tom na spdsobe prenosu vibracii na
[udsky organizmus a na fyzikalnych vlastnostiach vibracii. Pdsobe-
nim vibracii na vodi¢a dochadza unho k tnave, ktora ovplyviuje
jeho vykon a reakéné schopnosti, Co zvysuje taktieZ nebezpecie
vzniku dopravnych nehdd. Pre zmenSenie ucinkov vibracii doprav-
nej techniky na Cloveka a zaroven na spatné namahanie vozovky
je potrebné analyzovat dynamické sily medzi kolesami vozidla
a povrchom vozovky resp. terénu.

Vécsina mechanickych konstrukcii a v ich ramci i motorové
vozidla su v prevadzke vystavené dynamickym ucinkom, ktoré su
sposobené predovSetkym nerovnostami povrchu vozovky resp.
nerovnostami povrchu terénu. Analyza uvedenych dynamickych
ucinkov ma svoje vazne opodstatnenie, pretoze vyznamne ovplyv-
nuju najdolezitejSie prevadzkové a konstrukéné vlastnosti motoro-
vych vozidiel. PretozZe ku kmitaniu dochadza predovsetkym vplyvom
nerovnosti vozovky, resp. terénu, musime v prvom rade matema-
ticky popisat tieto nerovnosti [1].

Do suboru kvantitativnych vyjadreni najvyznamnejsich fakto-
rov prevadzky motorovych vozidiel patri matematicky model profilu
terénu. Vzhladom na to, Ze sa automobil pohybuje po nerovnos-

* Blahoslav Harman, Viktor Ferencey

Physical and geometrical properties of environment lead to math-
ematical models of terrain- vehicle interaction. The basic idea of the
presented approach is to construct a two - dimensional function whose
three-dimensional graph has properties similar to the terrain to be
modeled. The idea of the paper is expected to be used in simulation
of phenomena connected with impacts of vibrations and snubbing to
humans as well as on technological factors.

Keywords: Pseudo-stochastic model, terrain, mathematical models,
two-dimensional function, three dimensional graph, single components,
model function, linear combination, experimental verification.

1. Introduction

Passengers in road means of transport are exposed to vibra-
tions and snubbing, which can affect their health conditions in
various ways. The process of affection depends on a transmission
mode of vibrations to the human organism and on their physical
properties. Due to the effect of vibrations the driver is faced to
fatigue which is followed by his performance of driving skill and
reaction abilities. As a consequence a risk of road accident is
increased. In order to depress the road transport means vibration
effects to the human as well as to the to the road endurance, it is
necessary to analyze the dynamic forces between vehicle wheels
and a roadway surface or terrain.

The most of mechanical constructions are exposed to dynam-
ical impacts during a process of their running. In case of motorcars
those impacts are caused by roadway or terrain undulations. The
above-mentioned dynamical effects essentially affect the most impor-
tant operating and construction properties of road means of trans-
port; hence an analysis of them is well founded. Because sources
of vibrations are mainly the roadway or terrain undulations, it is
necessary, first of all, to describe them mathematically [1].

A mathematical model of a shape of terrain belongs to the basic
set of theoretical tools connected to the study of motorcars oper-
ation. As the vehicle is moving on the roadway or terrain having

Department of Mathematics, Department of Automobiles, Ships and Internal Combustion Engines, Faculty of Mechanical Engineering,
Slovak University of Technology, Bratislava, E-mail: harman@sjf.stuba.sk, ferencey@sjf.stuba.sk
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tiach, ktoré maji nahodny charakter, je potrebné aplikovat sto-
chastické pristupy k urcovaniu profilu povrchu vozovky pripadne
terénu. V prispevku je dokumentovany postup vytvorenia pseudo-
stochastického modelu profilu terénu, ktory je vyuZzitelny pre ope-
rativnu simulaciu interakcie vozidla s povrchom vozovky, resp.
terénu.

2. Sucasné pristupy k matematickému popisu
profilu terénu

V sucasnosti existuje niekol’ko metdd pre vytvorenie matema-
tického modelu jazdnej drahy pre motorové vozidla [3]. Jednou
z Casto preferovanych metod je zjednodusena metoda popisu terénu
v smere jazdy vozidla a vo zvislej rovine. Zjednodusenie popisu
profilu terénu spociva v predpoklade, Ze pri prekonavani nerov-
nosti ploiného a dizkového charakteru je ich profil v priecnom
smere rovnaky a bez markantnych zmien. Pre popis profilu terénu
sa pouZziva ur€ité ,vyhladenie terénu®, ktoré spociva v:

« Popise profilu pomocou uzlovych bodov so suradnicami (x;, y;).

« Nahradeni profilu terénu medzi uzlovymi bodmi bud interpo-
laénou funkciou prechadzajiucou uzlovymi bodmi, alebo apro-
ximacnou funkciou, ziskanou z uzlovych bodov. Takto ziskany
matematicky popis profilu terénu je ukazany na obrazku 2.1.

¥ nzdy gl

2.1. Nahradenie profilu '
terénu linearnou
interpolaciou

Ciastkové useky tak, aby v kaz-
dom boli dva uzlové body,
jeden na zaCiatku a druhy na [

Profil terénu sa deli na /
a
&

lwmlmll;\.l
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random characteristics, it is necessary to apply stochastic-oriented
approaches and methods. The aim of the paper is to present one
of the possible approaches of pseudo-stochastic model of terrain.
It can be used in process of vehicle-terrain or vehicle-roadway
interaction simulation.

2. Contemporary approaches in mathematical
description of profile of terrain

In the present time there exist several methods of setting up

a mathematical model of motor-car roads [3]. One of them, quite
often used, is a simplified method of terrain description in which
a vehicle is moved in a vertical plane belonging to the trajectory
of movement. This construction is based on an assumption that
transverse balances caused by vehicle movement, connected to the
undulations overrunning, are constant and without notable varia-
tions. Moreover, the profile of terrain is ‘smoothed’. The nature of
this smoothing lies in:
« Description of terrain using nodal points having coordinates

(x;5 ¥
« The real terrain behavior between each two neighbor nodal

points is replaced by an interpolation function identical with

terrain in nodal points, or profile of terrain is replaced by an
approximation function driven from the
nodal points. The above-mentioned
mathematical description of terrain
profile is shown in figure 2.1.

2.1. Replacement a terrain profile
using linear interpolation

A profile of terrain is divided into

konci useku. Priebeh terénu
medzi uzlovymi bodmi je na-
hradeny useckou, ktora uzlové
body spaja. Pri vhodne zvole-
nych vzdialenostiach medzi uzlovymi bodmi vzhladom na skutoc-
ny profil terénu je mozné dosiahnut minimalne rozdiely medzi
skutocnym a vypocitanym profilom.

2.2. Nahradenie profilu terénu kvadratickou
interpolaciou

Priebeh terénu medzi tromi uzlovymi bodmi kazdého Ciastko-
vého useku je nahradzovany kruznicou, ktora prechadza vsetkymi
uzlovymi bodmi. Po vypo¢itani suradnic [ubovol'ného bodu kruz-
nice je potrebné matematicky urcit, ktora cast kruznice bude vyuzi-
tel'na. V pripade Clenitého terénu dochadza k velkym rozdielom
medzi skutoénym a nahradenym profilom terénu v oblastiach
nahlych zmien skutoéného profilu. Tento nedostatok sa da zmier-
nif vhodnou vol'bou uzlovych bodov. Interpola¢nou krivkou moze
byt kvadraticka parabola. Pri pouziti paraboly vo v§eobecnej polohe
by bolo potrebné vykonat transformaciu suradnic pre kazdu para-

Obr. 2.1 Matematicky popis profilu terénu
Fig. 2.1 Mathematical description of terrain profile

¥ partial segments, each of them contains
two nodal points. The real course of
terrain is replaced by abscissa connect-
ing the neighbor nodal points. If the dis-
tances between the nodal points are appropriately chosen, then it
is possible to obtain a sufficiently small difference between a real
and a modeled terrain behavior.

2.2. Replacement a terrain profile using quadratic
interpolation

A profile of terrain is divided into partial segments, each of
them contains three nodal points. A real course that corresponds
to three neighbor nodal points is replaced by a circle going through
them. In case of very rangy terrain a large difference between reality
and its interpolation is obtained. The situation in areas of abrupt
terrain changes is especially unfavorable. This drawback is possible
to reduce by choosing suitable nodal points. Instead of circle a par-
abolic interpolation can be used. From a general point of view, such
interpolation depends on the coordinate system. Use of parabolas
whose axes are, e.g. parallel to the axis x, (the meaning of the axes
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bolu. Pri pouZiti paraboly s osou rovnobeznou s osou ,.x“ suradného
systému dochadza k znacnym rozdielom (odchylkam) oproti profilu
skuto¢ného terénu. Z tohto dévodu sa pouZziva ako interpolacna
krivka parabola s osou rovnobeznou s osou ,,y* siradného systému.
Interpolacia profilu terénu pomocou ostatnych kuzeloseciek, t. j.
elipsou, pripadne hyperbolou sa ukazala ako nevhodna. Dévodom
je skutocnost, Ze pre nahradenie skuto¢ného profilu terénu elipsou
alebo hyperbolou je potrebné uvazovat minimalne so 4 uzlovymi
bodmi terénu. Tieto body vSak nemusia vzdy vyhovovat rovnici
elipsy ¢i hyperboly. Praktické skusenosti potvrdzuju, Ze nahrade-
nie profilu terénu pomocou kruznic je najmenej vhodné. Interpo-
lacia parabolami je vhodna pre useky s pravidelne sa opakujucim
profilom.

2.3. Nahradenie profilu terénu Lagrangeovym
a Newtonovym polynomom

Profil terénu sa rozdeli na Ciastkové useky tak, aby v kazdom
bolo ,,n—2“ uzlovych bodov, kde ,,n“ je pouZity stupen polynomu.
Profil terénu medzi uzlovymi bodmi v ¢iastkovom tuseku je nahra-
deny Lagrangeovym polynomom stupna ,»z“, ktory v uzlovych
bodoch nadobuda zadané hodnoty. Medze tseku sa volia mimo
prvy a posledny uzlovy bod preto, aby bola zabezpecena nadvéiznost
vypocitaného profilu Ciastkovych usekov. Lagrangeov polyném ma
tvar:

P =2 YB(X),
k=0

kde:

PREHLADY / REVIEWS

x and y is the same as in fig. 2.1.) the result is not sufficiently sat-
isfying. The approach in which the parabolas, whose axes are par-
allel to the axis y gives better results. The interpolation based on
the use of other quadratic curves (ellipse or hyperbola) has shown
to be unsuitable. The main reason for this statement is the fact
that we should work with four neighbor nodal points which cor-
respond to one segment. The chosen one requires to satisfy a rela-
tively complicated condition - there exists a quadratic curve passing
through them. With respect to practical experience it is possible
to say that even an interpolation based on the use of circles is not
an acceptable one. Concerning the parabolas, the method is rela-
tively acceptable when a part of the terrain profile is regularly
repeated.

2.3. Replacement a terrain profile using Lagrange
and Newtonian polynomial

Terrain profile is divided into segments, each of them contains
n—2 nodal points. Integer number n is a degree of a polynomial
to be used. A behavior of terrain on each single segment is replaced
by Lagrange polynomial passing through corresponding nodal
points. In order to assure the join between neighbor segments, the
borders of each segment are chosen out of a first and last nodal
point. The form of a Lagrange polynomial is the following:

2.1 P,X) =D Y B.(X), (2.1)
k=0
where:
X = X)X = X)) o. X = X DX = X)) o (X = X) 2

KA A A S

Okrem Lagrangeovho polynomu sa nahradzuje profil terénu
Newtonovym polynémom. Poéet uzlovych bodov sa voli ,,n—2 pre
kazdy Ciastkovy usek profilu. Pritom prvy bod, ktorym byva pre-
kladany interpolacny polynom lezi na zaciatku useku, ,,n—2“ bod
leZi na konci useku.

Polynom je prekladany ,,»* bodmi a ,n* je suCasne stupen poly-
nomu. Newtonov polyndm pre interpolaciu v Ciastkovych tsekoch
s ekvidistanénymi hodnotami ma tvar:

A2y

Ay, 1
S, =7, + T(X_Xl) T XXX - X))+ L+

20

kde A¥y, je mozné vieobecne definovat diferencie vztahom:

Ny =7, - (’f) Yo, + (’2‘) Yooy — .. +(=DFY, 24

v ktorom:

K\ k!
(1’) ik — i)

Interpolacie Lagrangeovym polyndmom a Newtonovym polyno-
mom sa uspesne pouZivaju pre Useky terénu s plynulymi zmenami.
Taktiez je uspesné ich pouzitie v isekoch s pravidelne sa opakuju-
cim profilom. Ale pre useky s nahlymi zmenami ako napr. zlomy

(2.5)

(Xk - Xk—l)(Xk - Xk+1) (Xk - Xn)

Besides the Lagrange polynomial replacement of profile of
terrain, the replacement using Newtonian polynomial of the n-th
degree is used. For each segment n—2 equidistantly spread nodal
points are used. The first nodal point is placed at the beginning of
a segment and an (n—2)-th one at the end of segment. The form of
Newtonian interpolation polynomial for equidistant values in each
single segment is as follows:

Ay,
nlh"

X = X)X —X) . X=X, ), (2.3)

where A* », difference is possible to define the used general formula

Ay, =7, - (’1‘) Yoo, + ('2‘) Yooy — ...+ (=DFY, 24

in which

K\ k!
(i) oMk -0

The expressions i, k! represent combinatorial numbers.

Interpolations realized by means of Lagrange and Newtonian
interpolations are successfully applicable especially in situations
when terrain waves are smoothly changing or when a shape of

(2.5)
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a pod., nie je vhodné aplikovat inter-
polacie Lagrangeovym resp. Newto-
novym polynémami. Interpolacia
Newtonovym polynomom sa i cez
pozadované ekvidiStantné rozlozenie
uzlovych bodov ukazuje ako jedna
Z najCastejSie pouzivanych metod
interpolacie profilu terénu.

2.4. Nahradenie profilu terénu nelinearnou
aproximaciou

Vychodiskovymi udajmi pre vypocet su zadané stradnice uzlo-
vych bodov profilu terénu. Usek terénu je rozdeleny na Giastkové
useky tak, aby v kazdom bolo ,n—2" uzlovych bodov, kde ,n“ je
pocet uzlovych bodov pre vypocet aproximacnej funkcie. Profil
terénu medzi uzlovymi bodmi je nahradeny aproximac¢nou funk-
ciou tak, aby sucet stvorcov odchylok od uzlovych bodov bol mini-
malny. Ako aproximujica funkcia sa pouZziva algebraicky polynom
L-t€ho” stupna v tvare [2]:

P.(x)=ay+ax' +..+ax".

”

(2.6)

Koeficienty a,, a,, ... a, sa vypo€itavaju obvyklym sposobom
zo sustavy rovnic. Medze usekov st volené mimo prvy a posledny
preto, aby bola zabezpecena nadvaznost vypocitaného profilu Ciast-
kovych usekov. Pri nelinearnej aproximacii metodou najmensich
Stvorcov rozptyl a priemerna odchylka byvaji pomerne malé.
Z tohto je zrejmé, Ze i ked je zachovany celkovy charakter terénu,
tento sposob aproximacie dava taktiez iba priblizné hodnoty.

3. Pseudostochasticky model terénu

Dal§i mozny pristup je zaloZeny na analyticky definovanej
funkcii. Zakladnou myslienkou je konstrukcia takej funkcie dvoch
premennych z = f(x, y), ktorej graf ma vlastnosti podobné vlast-
nostiam modelovaného terénu. Takato funkcia moze byt vytvorena
ako linearna kombinacia (superpozicia) ,Strukturalnych® zloziek,
ktoré reprezentuju jednotlivé druhy Clenitosti terénu (terénne viny,
nerovnosti vozovky, drsnost povrchu s ktorym je vozidlo v kon-
takte a pod.). Kvantitativnou mierou vahy jednotlivych zloziek su
hodnoty koeficientov tejto linearnej kombinacie. Z charakteru
modelu je zrejmé, Ze staci uvazovat len linearne kombinacie s klad-
nymi koeficientmi. Modelova funkcia f(x, y) ma teda tvar

N

e 9) = apfix. ).

k=1

(3.1)

Ak tvar grafu tejto funkcie ma zodpovedat modelu realnej situa-
cie, potom je zrejmé, Ze jednotlivé Strukturalne zlozky musia mat
diametralne odlisné dvojrozmerné spektra a hodnoty k nim zod-
povedajucich koeficientov linearnej kombinacie budu taktiez radovo
odlisné. Kvoli prehladnosti je vhodné postupnost funkcii f,(x, »),
f5(x, 1), ..., fy(x, y) volit od niZsich (pomaly sa meniace funkcie -
napr. terénne viny) spektier k vyssim. Je zrejmé, ze v takomto pripade
budu koeficienty ay, a, ... a,, tvorit rychlo klesajucu postupnost.

Obr. 2.2 Interpoldcia Newtonovym polynomom
Fig. 2.2 Interpolation by Newton polynomial
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terrain segments is periodically
repeated. The use of the above
mentioned methods is not suitable
in case of terrain having abrupt
changes, breaks, etc. For all that,

¥ they are ones of the most often
methods used in an analysis based
on a terrain interpolation.

2.4. Replacement a terrain profile using nonlinear
approximation

The input data used in analysis are coordinates of the terrain
nodal points. The whole range of terrain is divided into partial
segments, each of them contains (n—2) nodal points. An approxi-
mation function is driven from n points using the root mean square
method. It is chosen among the class of r-degree (r<<n) polyno-
mials [2]. Such polynomial can be expressed in a form

P(x)=ay+ax'+.. +ax (2.6)

The coefficients a, a,, ... a, are computed in a usual way
based on a solution the system of linear algebraic equations. Anal-
ogously to the preceding case, in order to assure the join between
the neighbor segments, the borders of each segment are chosen
out of a first and last nodal point.

3. Pseudo-stochastic model of terrain

Further possible approach is based on the analytically defined
function. The basic idea is to construct a two-dimensional function
z = f(x, y), whose three dimensional graph has properties similar
to the terrain to be modeled. Such a function can be created in the
form of a linear combination (superposition) of “structural” com-
ponents, which represent single types of ranginess of terrain (terrain
waves, undulation of the pavement, etc.) The quantitative measure
of importance of single components is proportional to the values
of coefficients of the above mentioned linear combination. Due to
the nature of model, it is easy to see that the positive coefficients
can be assumed. Hence, the model function f(x, y) is of the form

N

6 y) = apfilx,y)

k=1

3.1

As the shape of the graph of this function should correspond
to the model of a real situation it is evident that the two-dimen-
sional spectrums of single structural components have to be dia-
metrically different. Moreover, the corresponding coefficients of
a linear combination have to be different in order of magnitude.
For the analysis to be more transparent, it is suitable to order the
sequence of functions f(x, y), f5(x, y), ..., fy(x, ) having from
lower (the slowly changing functions - e.g. terrain waves) spec-
trums to the higher ones. Evidently, the sequence 4, a,, ... a,, of
coefficients will be rapidly decreasing.
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Z matematického hladiska spomenieme dva spésoby moznej
konstrukcie modelovej funkcie f(x, y).

V prvom pripade sa definuju jednotlivé zlozZky f,(x, »), f5(x, »),
... fy(x, ) individudlne. Tento pristup je pomerne naro¢ny, pretoZe
analyza musi vychadzat z podrobnej znalosti globalnej topologic-
kej Struktury konkrétneho modelovaného terénu.

Drubhy pristup je zaloZeny na zavedeni vhodnej zakladnej deter-
ministickej funkcie ¢(x, ) s dostatoéne stochastickym chovanim.
Jednotlivé zlozky f, (x, y) definujeme v tvare

S 1) = @A ), pricom 0 < A <A, <. < Ay,

0<p <y <. < py. (3.2)

Vhodnym prikladom je funkcia definovana nasledovne:

o(x, y) = cos(2co0s(0.111x)) + sin(3cos(0.201y)) + 0.5¢,(x, ) ay(x, ¥) + 0.1(e;(x, ¥) + a,(x, »))

kde:

a,(x, y) = 0.4cos(2sin x + 3sin y) + 0.5cos(0.5cos(7sin x + 3) + 0.49sin(3sin(5sin y)))

PREHLADY / REVIEWS

From the mathematical point of view let us notion two possi-
ble approaches of the model function f(x, y) construction.

In the first case the single components f;(x, »), f5(x, »), ...,
Jyv(x, p) are defined individually. This a little bit demanding approach
requires having a detailed information concerning the global topo-
logical structure of the specific modeled terrain.

The second approach is based on assuming the appropriate
fundamental deterministic function ¢(x, y) having sufficiently
pseudo-stochastic behavior. The single components are f,(x, »)
defined in the form

[ 9) = @A y,), Where 0 <A <A, <L < Ay,

0<py <y <..<puy. 3.2)
The following function is a suitable example:
3.3)
| where
(3.4)

a,(x, ) = 1.2sin(5sin x — 6sin y + cos x sin y) + 0.8sin(cos(5sin x cos 3y — cos(x + y)— 4)) + 0.1cos(x — y)

Pre simulaciu pohybu vozidla ma funkcia f(x, y) principialny
vyznam. Za ucelom nazornej demonstracie prezentovanej metody
bol s vyuzitim programovacieho jazyka Borland Pascal 7 spraco-
vany experimentalny program TERPOH4 pri pouziti nasledovnych
ramcovych geometrickych a technickych parametrov:

- Uvazované vozidlo je trojnapravové s dvoma skibenymi nezé-
vislymi plosinami.

- Rovina prednej resp. zadnej ploSiny je urcena strednou hodno-
tou okamzitej vysky strednych kolies a jednotlivymi vySkami
prednych resp. zadnych kolies.

- Vzdialenost medzi strednou a prednou napravou je zhodna so
vzdialenostou medzi strednou a zadnou napravou.

- Sirka a dizka vozidla su volitelné.

- Vozidlo sa pohybuje v rovine x, y po volitelnej priamke v ramci
volitelného rovinného vyseku s volitelnym ekvidi§tanénym kro-
kom.

- Modelom terénu je trojrozmerny graf f(x, y) funkcie vytvoreny
pomocou vysSie uvedene;j ilustraénej funkcie ¢(x, ) s paramet-
rom N = 2 a volite[nymi koeficientmi a,, a,.

- Program umoznuje ziskat orientacnu predstavu o tvare modelo-
vaného terénu znazornenim grafu funkcie f(x, y) pomocou
farebne odliSenych vrstevnic s volitelnym krokom.

- Naklonenie jednotlivych plosin je farebne odliSené a jeho dyna-
miku je mozno priebezne sledovat znazornenim koncovych
bodov ich jednotkovych normalovych vektorov so zaciatocnym
bodom v strede vozidla.

Experimentalne pocitaCové overenie prezentovanej metddy
ukazuje, Ze na nej zaloZena simulacia pohybu vykazuje dostatocne
stochastické chovanie. Zacyklenie vystupu alebo naznaky periodi-
city sa neobjavili ani pri mnohonasobne opakovanej simulacii pri

Importance of the function f(x, y) in vehicle simulation pur-
poses is the principal one. In order to demonstrate transparently
the described method, a special experimental computer program
in programming language Borland Pascal 7 developed. The follow-
ing frame geometric and technical parameters are used:

- A tree-axle vehicle with two independent joint platforms is
assumed.

- The front platform plane is determined by the mean value of
the height of central axle wheels and by the height of the front
axle wheels. The rear platform plane is determined in an ana-
logue way.

- Distances between central and front axles and central and rear
axles are the same.

- The width and length of vehicle are optional.

- The vehicle moves in the x, y plane along an optional straight line,
inside an optional plane segment. The scanning step is equidis-
tant.

- The model of the terrain is represented by a three-dimensional
graph of the function f(x, y) generated by means of the above
mentioned illustrative function ¢(x, y) having parameter and
optional coefficients a;, a,.

- In order to obtain an orientation vision about the shape of the
modeled terrain, the graph of the function f(x, y)can be imaged.
The color-distinguished contour lines with optional steps are used.

- The slope of the single platforms is color-distinguished. It is pos-
sible to observe their time dynamics by means of the end points
of the normal vectors. The original point of vectors is fixed to
the center of vehicle.

An experimental verification of the presented method demon-
strates that behavior of the corresponding simulation is sufficiently
stochastic. Cycling or periodicity indications did not occur after

74 « KOMUNIKACIE / COMMUNICATIONS 1/2003



PREHLADY / REVIEWS

roznych pociato¢nych podmienkach. Treba vSak poznamenat, ze
experimenty boli realizované na stredne vykonnej vypoctovej tech-
nike. Pripadné vyssie uvedené simulac¢né artefakty je mozné teo-
reticky anulovat v fubovol'nej miere s vyuzitim metod ergodickej
teorie. V pripade pozitivneho ohlasu odbornej verejnosti, prezen-
tovany prispevok moze byt podnetom pre dalsi vyskum v oblasti
modelovania a simulécie.

4. Zaver

V sucasnosti sa uprednostiuju matematické modely terénu,
ktoré su zaloZené na analyticky definovanej funkcii a ktoré moézu
kombinovat sklon, druh a stav terénu resp. vozovky, t. j. nerov-
nosti mikroprofilu a makroprofilu povrchu terénu sucasne s kvali-
tou povrchu terénu. Takto spracovany model dobre vyhovuje
simulaciam dynamického namahania motorového vozidla za jazdy
a simulaciam namahania agregatov hnacieho mechanizmu vozidla.
Kvalitny matematicky model terénu resp. vozovky spoloc¢ne so
zakladnymi konstrukénymi vlastnostami motorového vozidla, vyko-
novymi parametrami a parametrami hospodarnosti vozidla potom
sluzia pre vypracovanie prevadzkového spektra zataZenia hlavnych
agregatov motorového vozidla. Prispevok dokumentuje postup pri
tvorbe pseudostochastického modelu terénu, ktory umozni opera-
tivne priblizit vysledky simulacii dynamického namahania k vysled-
kom realneho namahania v skutocnej prevadzke motorového
vozidla. Pre komplexné rieSenie vplyvu nerovnosti vozovky na
vibracie a otrasy dopravnych prostriedkov je potrebné doplnit
v prispevku popisovany matematicky model profilu terénu o rieSe-
nie otdzok Statistickych vlastnosti nerovnosti povrchu vozovky,
resp. terénu.
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multiple repeated simulations using various initial conditions.
However, it is necessary to notice that the experiments were exe-
cuted using a moderate-powerful computer. In case of necessity it
is theoretically possible to depress the above mentioned simulation
drawbacks under an arbitrary low level by application of ergodic
theory tools. If the presented contribution is positively accepted,
it can became a source of inspiration and further development in
the field of modeling and simulation

4. Conclusion

Nowadays, mathematical models based on analytically defined
functions are preferred. They allow describing various combina-
tions of geometric characteristics such as a slope, type and state of
terrain, undulation or microstructure of a road surface and many
other qualitative and quantitative parameters. The above mentioned
classical way of modeling is satisfactory for simulation of dynam-
ical strain of vehicle-construction during its drive operation and
for simulation of strain of its motive aggregates. The qualitative
mathematical model of terrain or roadway surface in conjunction
with a set of main technical characteristics of motorcar enables to
predict expectable operational properties and efficiency parame-
ters. Using stochastic approach presented in the paper it is possible
to take into account an incomparably wider spectrum of potential
terrain attributes and consequently gain a broad spectrum of results.
Due to the probabilistic nature of vibrations and snubbing it is the
only way how to simulate them. On the other hand, this approach
is a challenge for research oriented into the area of statistical prop-
erties of terrain and, from the theoretical point of view, the chal-
lenge for development of new methods of construction of special
mathematical structures having a priori expected probabilistic
behavior.

[1] BEKKER, M., G.: Introduction to Terrain - Vehicle Systems. The University of Michigan Press, Michigan, 1969.
[2] ELLIS, J., R.: Vehicle Dynamics. Business Books Limited. London, 1985.
[3] VLK, E.: Dynamika motorovych vozidel. Nakladatelstvi a vydavatelstvi VLK. 1. vydani, ISBN 80-238-5273-6. Brno, 2000
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Roman Marcinkowski *

POSUDZOVANIE KVALITY CASOVYCH PLANOV STAVIEB

QUALITY ASSESSMENT OF CONSTRUCTION SCHEDULES

Priprava ¢asovych pldanov je tvorivd c¢innost. Podla predstavivosti a vynaliezavosti roznych riesitelov sa mozu vytvorit rozne verzie pldanov
rovnakého projektu. Potom je potrebné sa pytat, ktory pldn je najlepsi, s ktorym scendrom vykonania prdc je ti¢inok prac navrhnutych riesitelov
najvyhodnejsi. Tento clanok uvddza formalizovani metodu posudzovania kvality navrhnutych casovych planov. Jej metodicky zdklad je zaloZeny
na modeli procesu planovania vyroby v stavebnej vykonnej jednotke. Postidenie pldanu je vztiahnutie na absoliitnu stupnicu (v intervale {0,1))

a je objektivizované s vyuZitim ndkladov na stredné straty pri realizdcii.

Preparing a schedule is a creative activity. Depending on the planner’s imagination and inventiveness different visions of the plan of the
same project are created. At this stage it is worth asking which plan is the best, with which scenario for the works execution the effect of the
contractor’s construction operation is the most desirable. This article presents a formalized method of construction schedules’ quality assess-
ment. Its methodical basis is constituted by the model of production scheduling process in a construction execution unit. The assessment of
schedules is referred to the absolute scale (in interval {0,1)) and is objectified using the costs of realization means outage.

1. Introduction

Schedule is a tool of material and time planning. In present
times, in construction production planning, a computer with select-
ed software for planning and controlling the project execution is
used to prepare schedules. It allows constant updating of the vision
of the operations, monitoring the progress of works, the engage-
ment of resources, and an assessment of the effects.

Computer planning technique enables experimenting on
models. The set of tasks defined by the organizer - planner can
be modified in many different ways, thus generating different sce-
narios for the operations. Preparing a schedule is a creative activity.
Depending on the planner’s imagination and inventiveness differ-
ent visions of the plan of the same project are created. At this
stage it is worth asking which plan is the best, with which scenario
for the works execution the effect of the contractor’s construction
operation is the most desirable. The answer to this question poses
certain difficulties. Production schedules, and project schedules
can be assessed using different criteria [1]. The criteria are a set of
preferences, whose parts are most often mutually contradictory.
In this case it is necessary to combine the criteria using usability
functions or employing the technique of reaching compromise
evaluations.

It must be stated that in the case of real production programs
of construction execution units it is not possible to create optimal
schedules in the exact meaning of the word. However, for each
prepared production schedule it is possible to devise characteristics
enabling its value assessment. In order to compare a few schedules

* Roman Marcinkowski Ph.D.

a synthetic assessment index is required, which is always disputable
because it is defined on the basis of partial characteristics.

This article will present a formalized method of construction
schedules’ quality assessment. Its methodical basis is constituted
by the model of production scheduling process in a construction
execution unit. The assessment of schedules is referred to the
absolute scale (in interval (0,1)) and is objectified using the costs
of realization means outage.

2. Model of the scheduling process

Planning, in order to be concrete and reliable, must be based
on real data. These data concern work consumption of construc-
tion processes as well as material and prefabricated units con-
sumption, which are termed, in construction terminology, the
resources input. In order to manage the resources we need to know
their reliably defined input. In construction production planning
practice is used a catalog construction database of material input
KNR, enabling a computer cost calculation of construction works
and computer project planning. For each task and construction
project, whose technologies of work processes execution and their
scope are known, one is able to determine the resource input for
their realization in a relatively quick and reliable (which is the
most important) way. The only problem is employing the informa-
tion in managing the resources, allocating the resources to tasks,
and defining the deadlines for works realization. All this is the
subject of harmonizing construction production. Let us present
a model of the scheduling process created with the use of a com-
puter technique utilizing a catalog database of material input.

Institute of Military Engineering, Military University of Technology, Warsaw, Tel.: (48-22) 683-91-41, E-mail: romanm@sec.polbox.pl
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Let us assume that all the catalog database tasks make up the
set O = {o,, 05, ..., 0;, ..., 0;}. For each task is determined a quan-
tity survey unit j, (i = 1, 2, ..., I) and the usage of the material
input - resources. Let us also assume that the resources constitute
the set: S = {s, S5, ..., Sg, ..., Sk}, in which the r of the first
numbers constitute active resources. The remaining resources in
set S are passive resources. We can further assume that the regis-
ter of the active resources names makes up the subset: and the
names of the passive resources constitute the subset: S = {s, 55,
- sZ, sg] The resource input per task unit is characterized by:
- labor consumption of the tasks defined in matrix N = [n;];»x
by parts n, for 1 =1/, 2, ..., r, representing the resource con-
sumption /: s; € S* per task realization unit i : 0, € O.

- passive resource consumption defined in matrix N = [n,;];»x
by parts n;, for g=r + 1, r + 2, ..., K, representing the resource
consumption g : 5, € S? per task realization unit i : 0; € O.

The active resources found in the database of tasks should
help characterize the production potential of the tasks’ contractor
(or the contractors), defining their “state of possessions.” Let us
assume, for the sake of generality, that we will be considering many
“contractors” and that for each of them we will be examining the
quality of the schedule, of course as it relates to the given contrac-
tor. Such an approach is necessitated by the planning and construc-
tion realization practice. In any construction process are engaged
many subjects - construction execution units, for which the issue
of scheduling quality is a separate problem. Obviously, there is
also a problem of global assessment - of harmonizing the work for
all the contractors.

Let us assume that in the model the contractors constitute set
R=1{r,, ry, 1., .., rz}. The contractors’ state of possessions will
be described by matrix P = [p,],«,, in which p_, will determine
the amount of the /th resource in the zth organizational unit of
the set of contractors. Sets S, O, R and matrixes /N, P, and the
unitary vector J constitute a computer database, which is very useful
for planning analysis in organizing the operations. A block algo-
rithm of organizational proceedings with computer facilitation is
presented in fig. L. In the process presented there one can distin-
guish three stages:

- the assessment of the labor consumption and of the material needs
to carry out the tasks planned for realization;

- harmonizing the operations along with an assessment of the needs
as to the means of the operations;

- planning the use of the contractors’ production potential (exami-
nation of loading and reserves in the active resources work).

It is not difficult to carry out the first two stages using the
existing computer programs (programs for analyzing the input,
cost calculation, planning and controlling the project realization).
Commonly used in construction, the technique of transmitting data
from one application to another allows conducting the primary
analysis of the operation’s plan, that is tasks’ realization schedule,
efficiently and reliably.

The task database helps to quickly define the kind (set 0%)
and the scope (vector J*) of works in the discussed projects and
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of the automation of material input calculation for their execution.
Defined by the planner, set O, vector J* and the calculated inputs-
N, = [1n%]exx: of work consumption n’ (1 = 1,2, ..., r); of passive
resources usage - nf-‘q (g=r+1,r+2,.. K), constitute an indi-
rect database for the task scheduling stage. On their basis the set
of harmonized tasks 0" is created, and the resource input is cal-
culated for a newly defined task structure.

In this procedure are created subsets ¥, (i = 1, 2, ..., [ "y of set
O*. Each of subset determines the labor consumption and the
usage of a passive harmonized tasks input (of set 0"). The labor
consumption for these tasks (consuming the hours of work of the
people and equipment), in the case of determining the composi-
tion of the execution team, is a decisive factor for the tasks dead-
line #;:

h

i
f,= max—=

forz:o0"€ 0" )
IES* Xy

where: n/, - the labor consumption of the i-th task in relation to
the Fth (I:5, € §),
X, - the amount of resources of the /th type directed to
realizing the i-th task.

In the case of defining time E the amount of the needed
active resources is generated:

h
7

Xy == fori:o"€ 0" 1:5,€ 8 (2)
i

However, if the composition oft he execution team bas been
determined - x; and the time of task execution - 7;, it is possible

to calculate the maximum task labor consumption:

nh=x,1, fori:o"€ 0" 1:5,€ 8 3)
If this labor consumption is lower than the one required, the
chosen values need to be verified, so that:

fori:o"€ 0" 1:5,€ 8 4)

Both the task and resource input are visualized in time scale,
after the deadlines, time, and the mutual dependence of tasks are
defined, generating the task execution and resource needs sched-
ule. A generated schedule gives an overview of the sequence and
timing of the operations execution. It lacks, however, any insight
into the contractors’ efforts towards these tasks. For this end, a dual
analysis of the operations plan is used.

3. Planning the contractors’ resources usage

Creating work schedules of each of the contractors’ resources
is a relatively problematic task, when conducted with the use of the
commonly known applications. The programs for project planning
exhibit certain flaws in this respect. If, for example, it is possible
to monitor the labor consumption of the resources, at this partic-
ular stage of the program’s work, there is no way of defining the
tasks for the contractors. This problem can be solved as follows.
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COMPUTER DATABASE
Sets of resources( names’ index): S = {s1, 55, ..., Sk, ..., Sk},
-active S =08), 8% 5ees 8] ey Si - passive st = %f’,sé’,...,sé’,...,sg}

v v

Set of contractors: Set of tasks carried out in engineering operations:

R=A{r,rsy . ¥y Iz} 0= {0y, 0, ..., 0;, ..., 0; } and the standards of input usage:
State of possessions™:

N= [”ik] IxK per task’s quantity survey unit
P= [le]z Xr

I=[J1J2 s Jis s 1]

II II Selection from the list (database)

Defining the sets or tasks carried out in the current planning:

k k k k k k
0" =91,03,...,0; ""01"} 0" cO,

along with providing their quantity survey: J k- []lk , jé‘ yeees j,~k yeees jfk]

Calculating the material input for executing tasks: N = _n,ﬁ_ ¥ xK

. k .
of labor consumption #; (I =1,2,...,7) ; passive resource usage

nl»]; (g=r+1Lr+2,.,K)

Primary analysis of the operations’ plan ﬂ

Creating the task realization schedule:
- consolidating the tasks from set O* —creating set o' = olh ,05’ ,...,ol-h...,o;’h}
- determining the deadline for tasks and the days for starting and completing tasks
- defining the sequence of realising dependent tasks (network modeling)

Calculating the material input for executing tasks O": N "= |_nith1h><K

.k .
- of labor consumption 7 (/ =1,2,...,7) ; of passive resource usage;

- determining the allocation of the above mentioned input in time, based on a analysis of
the schedule

Dual analysis of the operations’ plan

Creating the contractors’ resource usage schedule:
- assigning the tasks from set O" to contractors R
- determining the time of effective work for the contractors’ resources

Based on the state of “possession” calculating the maximum contractors
labor consumption and comparing it with the labor consumption of the
tasks assigned to the contractors

Fig. 1 Block scheme of planning the organization of operations with computer facilitation

7 -
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For each of the contractors, we filter th

schedule (for a” the tasks). Thus we create separate schedules for

the contractors, at the same time bearing in m

e initially created

ind that the terms
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appearing in the general schedule should be defined. The avail-
able programs for project planning most often do not enable deter-
mining the allocation of the resources to the tasks defined in the

Taking-off quantities
No Basis Description Quantity-survey unit Quantity survey
1 | KNR 2-01 040501 + KNR 2-01 0406-02 Preparing the subsoil for the earth-dam m”3 346
embankments
2 | KNR 2-01 0202-02 + KNR 2-01 0214-04 Acquiring and transport of the soil m”3 1500
3 | KNR 2-01 0407-01 Forming and thickening the earth dams m"3 2340
4 | KNR 2-01 022902 + KNR 2-01 0229-05 Moving earth masses with bulldozers m”3 350
5 | KNR 2-31 0103-02 Preparing the subsoil for macadam m”2 7%35=245.00
6 | KNR 2-31 0204-05 + KNR 2-31 0204-01 Laying the macadam m”2 7%35 =245.00
Material tasks’ schedule
Fuagusd 19, F0E [y =
e | owston | S s T T m T B
1 |Brigade 1 tasks 7
r) Preparing the subsoi for the earth-dam emb: 2 TS |
3 #ogunng and franspord of the soil 5 1 HE e e e S |
4 Fuorring and thickening the earh dams 5 |
8 |Brigade 2 tasks F _—
i Moing earth masses with buldozers 1 |—|*
) Preparing the subsoi for macadam k| L ]
# Laying macadam 2 St
j 1 : =
Ll L]
Schedule of the resources’ work
Workload of brigade 1 resources
19, 2007 [ By
J Erigare 2 rewnses |Lﬁun—m"%‘|m|:1|zz|zalﬂlﬁl:_
E ¥ Workers W54 hYl 4.97h 1524h| 15.24h| 2468h| 407 Jah| |
2 # Balldares 74 KW (300 K] 581 h|| 58N
3 4 Ll pro pallad sistic rolbar 1514 LELET | | 11'|: 13 | |
4 i Salf-propelled static raller 10 1 2 h 21%h  0/55h
Workload of brigade 2 resources
18, 2012 A
irigada 7 resources '"Emi% O I 7 2 L -
i + Warkeis B41.76 b E‘IhI ?'[I_"-ﬂll'l:1ﬂ_ﬂl‘lﬁ'll.iﬂ'l 15&@1.1%:1“.
i & Latnrpiblar bulldomar 50 KW a1 h Bh &85 |
3] * Selfpropelled vibrating roller 9t HOoBh]| &F | @kl @k Bh Bk B
4] Caterpillar digger 0.4 m3 6.5 h [ 173w 73w zam am] gam
i *. EHr-lJrlll:H!l’ll'lﬂ ik iip b 51 FEFTA h 1 155&.1455&.115.5_115&:41.1455&-' |
i & Hulldnzar A4 KW {1000 K F&. M h | TSN 15.3%h 15.05h 15Jﬂ-l'i! e
¥ © Wibrading combustion thickener 3.3 h Hh #h Hh Bh| G.3ER

Fig. 2. Diagram of methodology of construction tasks scheduling
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schedule, along with providing the information on their labor con-
sumption. An example of such an analysis is presented in fig. 2,
where in the MS Project program, the workload of the organiza-
tional units was examined. The schedules of the tasks carried out
by both the units were generated by filtering the project general
schedule (the technique of filtering is essentially compatible with
the commonly-known technique of filtering the data in spread
sheets). The schedule contains all the data referring to the task
labor consumption and the material resources usage (not shown
in the schedule).

The screen “Resource Usage” shows the work of the resources
in time and “after the tasks.” Thus we are offered an extremely
synoptic view of the production potential of each of the contrac-
tors. The sheet can be completed with information defining the
unused potential of the contractor’s resources labor consumption.
It is the result of subtraction of the maximum and the needed
labor consumption of each of the resources at the contractor’s dis-
posal. Resources shortages can be signaled on the screen.

The presented method of scheduling the work of the resources
can be carried out using a properly prepared program for planning
projects, or a special spread sheet. In both cases, it must be remem-
bered that the schedule should be generated by the primary com-
puter transformation of the prepared schedule. Of course, here
the planner has an important role to play, as it is him who defines
the tasks for the contractors, monitoring the results of his deci-
sions on the schedules of their resources usage.

The schedules of the resources work created using the dual
analysis of the plan carry very important information for the person
directing the operations, since he can quickly evaluate which
resources of which of the contractors are overloaded, and which
are not used. A diagram of methodology of scheduling construc-
tion works is presented in fig. 2.

4. Resources-usage assessment as schedule-quality
assessment

The basic problem in resource management is assigning har-
monized tasks (set O") to the contractors of engineer and con-
struction projects (set R). A planner should be aiming at the fullest
use of the contractors’ production means, that is assigning sets of
tasks which require engaging the contractors’ entire execution
potential. This objective poses certain problems. The tasks are not
dividable, are characterized by a specific sequence of execution,
engage various sets of resources and have time-constraints (specified
by instructions and implied in the schedule). Additionally, in many
situations, “tearing” the contractors’ structures (their resources
assignment) is not practiced. In such situations, organizational units,
for example, military sections receive sets of tasks to perform
which do not engage their whole execution potential. Assigning
tasks to contractors should depend on:

- the availability of the contractors’ resources,
- executing tasks or tasks’ stages within the deadlines set by the
instructions.

Both these conditions can be effectively monitored by a program
for planning and controlling project execution. Such programs
make possible defining the deadlines for task realization specified
by instructions, as well as calculating the resource needs and com-
paring them with the level of the resources availability in each
time unit. However, how can one assess the quality of the plans as
far as the resource use is concerned?

Resources (means of work) are of varied character. The outage
of one means can be of negligible importance in the face of
making a better use of another. This is why a synthetic index of the
assessment of the resources’ work time use is needed. It is advised
that the index be determined based on the cost of losses incurred
by the work means’ outage. Each active resource, when working,
brings the contractor (employer) given financial benefits. The
benefits are result of indirect costs and profit calculated based on
the direct costs of labor and equipment’s work. A percentage index
of these costs oscillates between 45 and 80 per cent of the direct
costs. Knowing the piecework rate for workers and machines, it is
not difficult to determine the cost of losses as a loss of the poten-
tial income from the resources’ work costs surcharge. So, for
example, an hour of a digger’s outage can result in a potential loss
of about 20-35 PLN, and a worker’s outage can cost 5-8 PLN.

Let us assume that towards an estimate of the schedules’
quality, an analyst is able to determine the cost of losses ¢, (/: s, €
€ S9) caused by the work means’ outage per time unit.

For the purpose of comparing the schedules for different con-
tractors, one should strive to determine the index in the absolute
scale. However, because work harmonization varies in the time
scale, and the production activity of each of the contractors is
practically never-ending, such an index should be determined in
the function of time. Here, is meant both the time period for which
we are examining the quality of work harmonization and the cal-
endar time, and also the moments in the considered time scale.

In order to assess the quality of work organization, it is sug-
gested to determine the index of the contractors’ work harmo-
nization in the examined time interval (T} T + ¢) for period ¢
according to the formula:

z az/(l) C €t Dy
CZ([) _ lest

Z Cr* Dy

es?

(/Z>) (¢ py#0) (%)

where: o, (1) - is the coefficient of the work-time use of the ~th
resource in time 7.

The coefficient of the work-time use oft he /th resource of the
zth contractor, for whom p_, > 0, in time ¢ > 0 is determined
according to the formula:

N.(1)
Dz t

where: N_(¢) - work-time input of the /th resource of the z-th con-
tractor in time ¢ determined based on the schedule
in the examined time period - (T} T + 7).

o (1) = 6)
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Index C?(¢) does not describe the real costs of the losses in
plan realization. It is only a quantity expression of the project real-
ization schedule’s quality, and more specifically, of work harmo-
nization for the contractors. When the index approaches “17, it
manifests a good planning decision, and when it reaches zero, it is
a signal that the resources’ work has not been harmonized. An
examination of the resources use can be carried out for each of the
contractors and for the whole task realization schedule, and in
both cases - in optionally defined time periods. Such analyses are
described in the example that follows.

5. Example of schedule quality assessment

In order to assess the quality of a schedule, the following data
referring to specified contractors should be known:

- state of resource availability (workers and machines) - amount
of resources allocated to performing works specified in the
material tasks schedule (if this availability changes in time, the
resource availability profiles in the time scale should be known);

- work input (labor consumption) for each of the resources in the
function of time (for example, on each day of the considered
schedule);

- costs of the resources outage - potential loss incurred by the
outage (non-usage) of each resources in unitary time (for
example, during | hour).

For the schedule shown in fig. 2 and the labor consumption
characterized there, we will carry out an analysis of resources-
work harmonization in the case of two brigades. The work input
of the resources of both brigades is presented in table 1. The state
of the brigades’ resources (resource availability) was determined
in table 2. The table presents the profiles (the amount of resources
changing in the time scale) of the availability of each of the work
means. It also contains the assumed costs of losses incurred by
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the outage of each means during 1 hour. In table 3 are shown the
results of work-time-use analysis by the available resources - coef-
ficients a,,(f) needed to calculate the synthetic index of the work-
harmonization quality assessment for the considered contractors.

In figure 3 is presented the histogram of assessment of the
contractors’ resources work harmonization for each day of project
execution. The diagram was made using formulas (5) and (6) for
an 8-hour resources’ workday. For each day were calculated the
coefficients of work-time use on the part of the contractor’s each
resource, and next was determined the harmonization assessment
index.

In figure 4 are presented graphs of the function of resource-
work-harmonization assessment in variable time period counted
from the commencement of the project until the time defined on
the axis of ordinates. One can read from the graphs that the coef-
ficients of resource use in the entire project are 0.43 for Brigade I,
and 0.71 for Brigade 2. The planner, however, will not always take
under consideration the whole schedule of works. In particular,
this will be the case when the scope of works for the single con-
tractor is changing as a result of adding a realization system for tasks
not included in the analyzed schedule. More important in this sit-

1.00
0.80
0.60

0.40
0.20 —
0.00

1

resource-use assessment
index

19 20 21 22 23 24 25
‘ﬂ Brigade2 | 0.59 0.27 0.95 0.36 0.53 0.27 0.00
‘.Brigade 1 0.10 0.88 0.95 0.95 0.95 0.95 0.21

Work-execution time

Fig. 3. A histogram of the assessment of the resources’ work
harmonization for individual contractors on the individual days
of project execution

Work input of the specified contractors in project execution Table |
Resources Resource-work input in [h] on each day of project execution Tnput in total
10 11 2 B ] wu 15 16
Brigade 1
Workers 4.17 15.24 15.24 24.68 49.71 36.1 145.14
Bulldozer 74 KW (100 KM) 5.81 5.81
Self-propelled static roller 15 t 2.19 33 5.49
Self-propelled static roller 10 t 2.19 0.55 2.74
Brigade 2
Workers 21 70.56 159.95 159.95 159.95 159.95 110.39 841.75
Caterpillar bulldozer 55 KW 8 6.53 14.53
Bulldozer 74 KW (100 KM) 15.35 15.35 15.35 15.35 15.35 76.75
Self-propelled vibrating roller 9 t 5.7 8 8 8 8 6.38 44,08
Caterpillar digger 0.4 m’ 17.31 17.31 17.31 17.31 17.31 86.55
Self-unloading truck up to 5 t 145.56 145.56 145.56 145.56 145.56 721.8
Vibrating combustion thickener 8 8 8 8 6.38 38.38
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Resource availability for the specified contractors in project execution and costs of outage Table 2
Resources Amount of resources available on each day of project execution Costs of outage
10 11 12 13 14 15 16 during 1 h
Brigade 1
Workers 2 2 2 6 6 6 5 PLN
Bulldozer 74 KW (100 KM) 1 1 25 PLN
Self-propelled static roller 10 t 1 1 1 28 PLN
Self-propelled static roller 10 t 1 1 1 25 PLN
Brigade 2
Workers 10 10 20 20 20 20 20 5 PLN
Caterpillar bulldozer 55 KW 1 1 30 PLN
Bulldozer 74 KW (100 KM) 2 2 2 2 2 25 PLN
Self-propelled vibrating roller 9 t 1 1 1 1 1 1 1 25 PLN
Caterpillar digger 0.4 m* 2 2 2 2 2 2 2 30 PLN
Self-unloading truck up to 5 t 20 20 20 20 20 20 20 23 PLN
Vibrating combustion thickener 1 1 1 1 1 17 PLN
Results of the work-time use by the available resources - coefficients a.,(¢) Table 3
Resources Values of the work-time use coefficients by the available resources on each day
19 0 | oa | » 23 24 25
Brigade 1
Workers 0.2606 0.9525 0.9525 0.5142 1.0356 0.7521 0
Bulldozer 74 KW (100 KM) 0.7262 0 0 0 0 0 0
Self-propelled static roller 10 t 0 0 0 0.2738 0.4125 0 0
Self-propelled static roller 10 t 0 0 0 0.2738 0.0688 0 0
Brigade 2
Workers 0.2625 0.882 0.9997 0.9997 0.9997 0.9997 0.6899
Caterpillar bulldozer 55 KW 1 0.8163 0 0 0 0 0
Bulldozer 74 KW (100 KM) 0 0 0.95945 0.9594 0.9594 0.9594 0.9594
Self-propelled vibrating roller 9 t 0.7125 0 1 1 1 1 0.7975
Caterpillar digger 0.4 m’ 0 1.0819 1.0819 1.0819 1.0819 1.0819 0
Self-unloading truck up to 5 t 0 0.9098 0.9098 0.9098 0.9098 0.9098 0
Vibrating combustion thickener 0 0 1 1 1 1 0.7975

uation will be a harmonization of the resources’ work in the near
time horizon. The discussed graphs contain the information needed
in this case.
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Work-execution time

Fig. 4. Graphs of the function of the resources’ work harmonization

assessment in a period counted from the commencement of the project

6. Conclusion

The presented method of harmonizing the contractors’ work
can be applied for assessing and comparing the quality of sched-
ules, including ones prepared by a number of independent planners
and destined for the same scope of operations. The essence of the
described approach is making the evaluation dependent on the time
and reducing it to a uniform scale from zero to one, in which “1”
denotes the state of full harmony in utilizing the means of work,
and zero stands for the contractor’s complete idleness.

It is possible to carry out an assessment using a synthetic
index, as proposed here, only in a situation when one can perform
a valuation of outage (idleness) - which is not conducive for the
harmonizing process - of various work means (active resources).

82 « KOMUNIKACIE / COMMUNICATIONS 1/2003



It is worth bearing in mind that in practice it is rarely possible to
ensure constant work for all the resources. Most often, an elimi-
nation of the discontinuity in employing one resource results in
breaks of the work of another. This is why there arises a need for
a valuation of the resources’ work, or strictly speaking, their idle-
ness, which is derived from a valuation of work with costs taken
under consideration. Here, was adopted a rule that the more expen-
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sive resource, whose work generates greater return, is more impor-
tant for ensuring a constancy of work than the one whose work
brings smaller financial benefits. Of course, a valuation of the idle-
ness of various resources does not have to be determined by these
rules. The process of valuation can be performed by the planner,
based on the criteria of assessing the importance of constancy of
work known to him.
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Niektoré problémy
sucheho frenia

Niektoré problémy suchého trenia

V marci . 2002 vydala Zilinskd univerzita v Ziline vo vydavatelstve EDIS monograficky spra-
covanii obsahovo hodnotnii odbornii publikdciu autorov Viadimira Hlaviu a Rudolfa Rezniceka
s ndzvom Niektoré problémy suchého trenia.

Publikdcia sa venuje niektorym problémom suchého trenia vo vztahu k jeho vyuZitiu v trecich
brzddch dopravnej techniky, najmd vsak kolajovych vozidiel a automobilov.

Zaoberd sa niektorymi termomechanickymi problémami suchého trenia v suvislosti s ich pre-
Jjavmi v praxi, experimentdlnym zariadenim pre vyskum trecich brzd a redlnou problematikou brz-
denia a trecich brzd kolajovych a kolesovych vozidiel.

Je rozdelend do dvoch casti. Autori v nich prezentujii vysledky niekolkorocnych teoretickych
i praktickych skisenosti z oblasti suchého trenia.

Cast A poddva prehlad dosiahnutych poznatkov v teoretickej a experimentdlnej oblasti termo-
mechanickych charakteristik suchého trenia. Kladie déraz na popis tzv. termoelastickej nestability
suchého trenia a jej dosledky v technickej praxi. Zaoberd sa tiez popisom zotrvacnikového brzdo-
vého stavu Katedry kolajovych vozidiel, motorov a zdvihadiel SiF ZU. Tento brzdovy stav bol na
katedre vybudovany a je schvdleny subkomisiou UIC , Brzdenie® (UK 5T) ako univerzdlny brzdovy
stav kategdrie D (do rychlosti 350 km.h™") pre vwkondvanie medzindrodnych homologacnych skiisok
obloZeni a klatikov Zeleznicnych brzd podla predpisov UIC 541-3 a UIC 541-4. V UIC je vedeny pod
hlavickou ZSR. V ¢asti A je tieZ pre priblizenie skiisobnej problematiky citatelovi popisand metodika
a vysledky skiisok Zivotnosti obloZeni a diskov Zeleznicnej kotiicovej brzdy na uvedenom brzdovom
stave.

V casti B sii rozobraté niektoré problémy vyplyvajiice z tedrie brzdenia kolesovych vozidiel,
nielen z pohladu poZiadaviek na ich konstrukciu, ale aj z pohladu analyz dopravnych nehéd. Tato
kapitola sa zaoberd aj otdzkami prevadzkovych a laboratornych skisok brzdovych obloZeni. Tieto
v plnej miere vyuzivajii vysledky teorie suchého trenia. V tejto casti su definované legislativou sta-
novené skiisky a pre ndzornost uvedené vysledky konkrétnych merani. Cast je venovand aj modulom
(stanovistiam) spominaného brzdového skiisobného stavu, ktoré sa vyuzivajii pri laboratornych
skiiskach brzdovych obloZeni kolesovych vozidiel.

Kniha je urcend odbornikom z oblasti dopravnej techniky, studentom univerzit, vyskumnym
pracovnikom a znalcom v odbore kolajové vozidld a doprava cestnd.

Publikdcia je prispevkom do rozvoja poznatkov v oblasti suchého trenia. Jej erudovanost a vie-
rohodnost je garantovand vysledkami vedeckovyskumnej prdce autorov.

prof. Ing. Milan Mikles, DrSc.
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Nazov doktorandskej
dizertacnej prace:  VySetrovanie vlastnosti a identifikacia parametrov spinaného
reluktanéného motora

Autor: Ing. Pavol Rafajdus

Vedny odbor: 26-32-9 silnoprudova elektrotechnika

Skoliace pracovisko: Elektrotechnicka fakulta Zilinskej univerzity

Skolitel: prof. Ing. Valéria Hrabovcova, PhD.

Dizertacna prdca sa zaoberd problematikou analyzy vlastnosti a identifikdciou parametrov spi-
naného reluktancného motora. O tento motor je coraz vicsi zdujem vo viacerych odvetviach prie-
myslu, ako jedného z kandiddtov na nahradu doteraz pouzivanych , klasickych* elektrickych strojov
vzhladom na jeho robustnost, jednoduchost a lacnii konstrukciu. Prvd cast prdce je zamerand ha
teoretickii analyzu jednotlivych konstrukcnych usporiadani SRM, odvodenie okamZitého a stredného
momentu na zdklade elektromechanickej premeny energie v SRM. Je vypracovany a odvodeny line-
drny a nelinedrny matematicky model na riesenie prechodovych dejov SRM. V dalsej casti sa prdca
zaoberd podrobnou identifikdciou doleZitych parametrov redlneho SRM, ktorymi su indukcnost,
spriahnuty magneticky tok a statické charakteristiky momentu. Ako ndstroje identifikdcie uvedenych
parametrov boli pouzité meracie metody, metéda konecnych prvkov a analyticky vypocet. Prdca sa
zaoberd taktiez analyzou strdt a icinnosti SRM meranim a straty v Zeleze sii analyticky vypocitané
z odvodenych tvarov spriahnutého magnetického toku pre jednotlivé casti motora. Dalsia cast price
Jje venovand optimalizdcii velkosti stredného elektromagnetického momentu SRM vplyvom zmeny
tvaru rotora a pri zachovani rozmerov statora. V zdvere sa uvadzajii zdakladné zdsady metodiky
konstrukcného navrhu SRM, ktora zabezpeci, Ze vyrobeny motor bude vykazovat predpokladané
viastnosti.
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ZILINSKA UNIVERZITA V ZILINE
Elektrotechnicka fakulta

doktorandska dizertacna praca

VYSETROVANIE VLASTNOSTI
A IDENTIFIKACIA PARAMETROV
SPINANEHO RELUKTANCNEHO MOTORA

Vedny obor:
26-329 Silnopridova elektrotechnika

Autor: Ing. Pavol RAFAIDUS
Skolitef: prof. Ing. Valéria Hraboveova, PhD.

Zilina 2002

Nazov doktorandskej

dizertacnej prace:  Stratégia rozvoja ludského potencialu v manazmente moderného podniku
Autor: Ing. Josef Vodak

Vedny odbor: 62-90-9 podnikovy manazment

Skoliace pracovisko: Strojnicka fakulta Zilinskej univerzity
Skolitel: Prof. dr. hab. Inz. Jozef Matuszek, KIP Politechnika Bielsko Biala

Dizertacnd prdca obsahuje myslienku zdokonalenia prepojenia stratégie podniku s rozvojom

Jjeho ludskych zdrojov pri vyuziti metodiky Balanced Scorecard. Tento novy pristup umozni zvysit

efektivnost dosahovania podnikovych cielov a je podporeny analyzovanim vykonnostnych problémov
a je vyjadreny ndvrhom modelu rozvoja ludského potencidlu. Predkladany ndvrh vychddza z analyzy
sucasného stavu a metod prdce s rozvojom ludskych zdrojov v podnikoch. Zdakladné vychodiskd s
Clenené do casti podnik, manazment, stratégia, implementdcia stratégie a ludské zdroje. Navrhovand
metodika je podporovand aj vyuZitim pristupov multivariantnej analyzy.

V prdci je navrhnuty novy pristup pre zdokonalenie prepojenia stratégie podniku s rozvojom lud-
skych zdrojov, ako jeho najvyznamnejsim aktivom s cielom zvysit efektivnost dosahovania podniko-
vych cielov pomocou rozvoja ludského potencidlu. Tento pristup je vyjadreny ndvrhom modelu. Prdca
rozpracovdva a formuluje zdakladné vychodiskda a postupy pre uplatnenie nového pristupu k rozvoju
ludského potencidlu pomocou navrhnutého modelu a prispieva svojim pristupom k rozsireniu palety
pouczitelnych postupov a metod. Prdca prindsa aj novy pristup k vyhodnocovaniu rozvojovych trénin-
govych projektov pomocou predloZenej 7-krokovej metody, v prdci je prezentovand aj moznost vyuzitia
pristupov multivariantnej analyzy ako vhodného matematického apardtu pre objektivizdciu vyhod-
nocovania rozvojovych programov.

Whodou pouzitia navrhovaného modelu pre podnik je vyssie zacielenie rozvojovych vzdeldvacich
programov pri napliiani jeho stratégie, moznost lepsie vvhodnocovat vynalozené prostriedky do rozvoja
ludi, a tym zvysit efektivnost a ndvratnost investicii do rozvoja ludskych zdrojov.

Navrhovany model umoZnuje preukdzatelne skvalitnit podnikanie a priniest majitelom a manaz-
mentu financny efekt ovela efektivnejsie ako doterajsie pristupy.

ZILINSKA UNIVERZITA V ZILINE
Strojnicka fakulta

Kandiditska dizertacnd praca

STRATEGIA ROZVOJA LUDSKEHO
POTENCIALU V MANAZMENTE
MODERNEHO PODNIKU

Vedny obor:
62909 Podnikovy manaiment

Autor Ing. Josef Vodik
Skolite! Prof. dr. hab. Inz Jozef Matuszek

Zilina 2002
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