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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
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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)
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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) *
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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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100 . 45000
90 - 40000 1 T
z 87 35000 - /r 10
2 70 ~ - © 3 <~
= = ? 3 < 30000 -
g 60 4| B |¥ S I I P A
g - < 25000 =
=] 50 % w M
[ o 2 4
2 4] [ 0000 o |
8§ a0 4 15000 /
x
= 20 - / 10000 1 M / /
10 - o 5000 -
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0 | — T T 0 T T T
3000 3500 4000 4500 5000 5500 3000 3500 4000 4500 5000 5500
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)

5000 1000
g FDriving force FDr.ivling reslistance
3 4000 FDriving resistance 800 - FDriving resistanceVZ
§ = FDriving resistanceVAL
& £
@ n
€ 3000 - g 600 7
= c
£ ]
] 5
E 2000 A g 400 A
o o
8 £
2 1000 ~ 2 200 -
2 a
H
a 0 —— — 0 —

0 20 40 60 v(kmh) 120 140 160 0 20 40 60 v (km/h) 120 140 160

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.
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