https://doi.org/10.26552/com.C.1999.1.31-38

Jerzy Merkisz - Vladimir Hlavna *

KOMNIKCCe

C O MMUNICATION:S

SPALOVACIE MOTORY NA PRELOME TISICROCI

INTERNAL COMBUSTION ENGINES AT THE TURN OF MILLENNIA

Prispevok pojedndva o novych smeroch vo vyvoji spalovacich
motorov vo svetle sprisnenych ekologickych predpisov tykajiicich sa
vfukovych plynov, hluku, spotreby paliva. Autori diskutujii
0 moznych upravdch zdZihovych i vznetovych motorov (pre lahké
i tazké ndkladné automobily), ktoré sa urobili preto, aby motory
splitali siicasné i budiice predpisy na Skodliviny vo vyfukovych
plynoch.

UvVOD

Prelom tisicro¢i je charakterizovany aj hladanim ciest zabez-
pecenia trvalo rasticej mobility v rovnovahe s kvalitou Zivota,
existujiicim priestorom a ekonomickym potencialom spolo¢nosti.
Sucasny vyvoj spolo¢nosti spdsobil zvySeni masoviu mobilitu
a vel'mi ovplyvnil vzor spravania, ako aj zivotny ciel, najmé v prie-
myselnych krajinach. Vyroba dopravnych prostriedkov a najma
vSadepritomnost automobilov vytvorili taky spdsob Zivota,
v ktorom ludia veria vo svoje pravo na mobilitu [1]. Niektoré
udaje globalnych ukazovatelov tejto prognozy su uvedené
v tabulke 1 [2]. Sami autori pripusfaju urcitu nevierohodnost
tychto udajov, no napriek tomu vel'mi zretelne ilustruju dilemy
a rozpory XXI. storoCia. V tejto stvislosti treba upozornit na tie
fragmenty progndzy, ktoré poukazuju na prudky narast poctu
automobilov az na hodnotu 1600 milionov a na narast poctu oby-
vatelov. Predpokladany vyvoj narastu jednotlivych druhov cest-
nych motorovych vozidiel je znazorneny na obrazku 1. Dalsi vyvoj
dopravy je neoddelitelne spojeny s vyvojom dopravnych pros-
triedkov a otazkami hodnot Zivotného Stylu, sposobu Zivota a hos-
podarenia. Skodlivé ucinky dopravy na Zivotné prostredie musia
byt obmedzované presadzovanim rychlejSich, bezpecnejsich, eko-
logickejSich a pohodlnejSich dopravnych prostriedkov. Produkcia
dopravnych prostriedkov vo velkej miere zavisi od pozZiadaviek
prepravy. V sucasnej dobe vystupuje do popredia uréita anomalia.
Vznik Zelezni¢nej dopravy ma svoje fyzikalne opodstatnenie (ide
najmid o minimalizaciu energie potrebnej na pohyb), napriek
tomu, na konci dvadsiateho storoCia, dochadza k zmene taziska
dopravy zo zZeleznice na cestu. Podstatnou pri¢inou vsSak nie su
dopravné prostriedky, ale organizacia dopravy so vSetkymi sluz-
bami. Nielen v produkcii, ale aj vo vyuZivani automobilov pod-
statne prevladaju osobné vozidla. Pre nazornost je v tabulke 2
uvedeny prehlad podielu jednotlivych kategorii automobilov na

Trends in the development of piston internal combustion engines
in a view of tightened ecological regulations (exhaust and noise
emissions, fuel consumption) have been presented in this paper.
Possibilities and ways of engine design adjustments, both gasoline and
diesel type (light and heavy duty), that were undertaken to fulfil the
present as well as the expected standards of exhaust toxicity have been
discussed as well.

INTRODUCTION

The turn of millennia is characterised by looking for ways in
which an ever increasing mobility would be in balance with the
quality of life, existing space and economic potential of a society.
The ongoing development of the society has caused a huge mass
mobility and has a considerable influence on the behaviour pattern
as well as on priorities of people especially in industrial countries.
The production of means of transport and, particularly,
omnipresence of cars have created such a way of life that people
believe in their right of mobility [1]. Some numerical data of the
global indices of this prognosis can be seen in Table 1 [2]. The
authors themselves admit certain unreliability of the data. In spite of
the fact, they clearly outline dilemmas and discrepancies of the 21st
century. The attention should be drawn to those fragments of the
prognosis that show a steep increase in the number of cars reaching
as many as 1,600 mil. and increase in the number of population. The
expected development of the increase of several types of road motor
vehicles can be seen in Fig. 1. Further development of transport is
closely connected with the development of means of transport and
with questions of priorities and values of life-style, way of life and
economy. Harmful impact of transport on the environment has to be
limited through using faster, safer, more environmental friendly and
more comfortable means of transport. The production of means of
the transport depends to a great extent on the requirements of
transportation. At present a certain anomaly can be observed.
Though railway transport has its physical foundation (it is mainly
minimisation of energy needed for movement) towards the end of
the 20th century the centre of transportation has been shifted from
railways to roads. The real cause of such a situation are not means of
transport, but organisation of transport with all the services. Not
only in production but also in actual use passenger cars prevail
substantially. Table 2 shows a share of different categories of cars in
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Slovensku v roku 1998, na obrazku 1 celkovy trend vyvoja vyroby
motorovych vozidiel, na obrazku 2 percentualny podiel vyroby
osobnych automobilov vo svete a na obrazku 3 je znazorneny
predpokladany rozvoj vyroby a potreba osobnych automobilov
v strednej a vychodnej Eurdpe.

the Slovak Republic in 1998. Fig. 1 illustrates the global trend in
development of production of motor vehicles. Fig. 2 presents the
share of the world production of passenger cars in percent and Fig.
3 offers the expected development of production and need of
passenger cars in Central and Eastern Europe.

Tab. 1 Table 1
Ukazovatel Jednotky | 1990 | 2000 | 2025 | 2050 | 2100 Index Units 1990 | 2000 | 2025 | 2050 | 2100
Pocet obyvatelov miliardy | 5,252 | 6,205 | 8,414 |10,031| 11,312 Population milliard | 5.252 | 6.205 | 8.414 |10.031|11.312
Automobily v prev. minks. | 630 | 990 | 1600 Cars in operation millions | 630 | 990 | 1600

Emisia CO, mldtonC | 74 | 84 122 | 145 |203

CO, emissions mild tons C| 74 | 8.4 | 122 | 145203

Emisie dusika minton N | 12,9 | 13,8 | 15,8 | 16,6 | 17,0

N emissions miln tons N| 12.9 | 13.8 | 15.8 | 16.6 | 17.0

The means of transport of
the next century will not be
allowed to impair the environ-
ment so severely as it does
nowadays. It will have to use
energy much more efficiently
and will have to need it less.

Dopravny prostriedok bu- 1600 -
duceho storo€ia predovietkym 1400 1
nebude moct zatazovat Zivot- £ 1(2)83:
né prostredie takym stupfiom g 300 1
ako doteraz. Musi podstatne 2 6001
efektivnejSie vyuzivat energiu £ 40 |
a musi jej spotrebovat mene;j. = 200
Dalsou velmi délezitou ulo- 01980 1085 1990

hou bude jeho bezpecnost.

1995 2000 2005 2010 Another highly important
Year objective will be its safety.

V sucasnej dobe je spalo-

OCars O Commercial Vehicles [ Motorcycles ‘

The internal combustion

vaci motor takmer vyhradnym
zdrojom pohonu dopravnych
prostriedkov pre cestnu, vod-
nu a letecku dopravu. V kola-
jovej doprave sa ako zdroj energie vyuziva vo vacSej miere
elektricky pohon. V cestnej, kolajovej a vodnej doprave st vyuZzi-
vané piestové spalovacie motory, v leteckej doprave prevazuju
pridové motory. Situacia sa ani v najblizSej buducnosti podstatne
nezmeni, najma preto, Ze spalovaci motor sa neustale zdokonaluje.

Percentualny podiel jednotlivych kategorii

Obr. 1. Celkovy trend vyvoja motorovych vozidiel [3]
Fig. 1 Global trend in motor vehicles [3]

engine is at present almost
a sole driving source for means
of transport designed for road,
water and air transport. In rail
transport, electric drive is used more often as a source of energy,
while in road, rail and water transport, piston combustion engines
are used. In air transport jet engines prevail. The situation will
probably not change substantially in the near future mainly due to
the fact that the engine is being continuously improved.

Share of different categories of cars

automobilov v SR 1998 [4] Tab. 2. | in the Slovak Republic in 1998 [4] Table 2
Kategor@ Oso’bne ' Nﬂklaﬁne Autobusy | Motocykle Category Passangers Cars Lorr{es Buses | Motorcycles
automobilu a dodavkové| a Specialne & Commercial V.| & Special V.

Podiel % 83 10 1 6 Share in % 83 10 1 6

100 % 1

90 % -

30% 1 @ Africa+Australi

70% | rica+Australia

60 % 1 O South America

50 ; O Central+Eastern Europe
10 / O CFFTA

30% | E’F}S}a

20 % -

10 % -

0%
1997 2005

Obr. 2. Percentudlny podiel vyroby osobnych automobilov vo svete v roku 1997 [4]
Fig. 2 Share of the world car production in 1997 [4]
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Obr. 3. Rozvoj vyroby a potreba osobnych automobilov v strednej a vychodnej Europe [4]

Fig. 3 Development of production and need of passenger cars in Central and Eastern Europe

TRENDY VYVOJA SPAI'OVACICH MOTOROV

Vyvoj spalovacieho motora bude urCovany stale prisnejSimi
poziadavkami na toxicitu vyfukovych emisii, hluku a spotreby
paliva. KedZe je stvislost medzi spotrebou paliva a klimatickymi
podmienkami, najmé pokial ide o emisie CO,, zniZenie spotreby
paliva nie je dolezité iba pokial ide o prirodné zdroje, ale tiez
z hladiska ochrany globalnej klimy. TakZe smery vyvoja motora
budu urCovat miestne a globalne postoje k ochrane Zzivotného
prostredia - tabulka 3.

TRENDS IN ICE DEVELOPMENT

The engine development will be enforced mainly by still
tougher demands relative to the toxicity of exhaust emission,
emitted noise and fuel consumption. Since there is connection
between fuel consumption and climatic conditions, relative to
carbon dioxide CO, emissions in particular, the reduction in
consumption is not only important as far as resources are
concerned, but also protecting global climate. Thus, directions of
engine development will be determined by local and global
problems of environmental protection - Table 3.

Ekologické a ekonomické faktory uspesného motora [5] Tab. 3.
Legislativa Verejnost Zakaznik Vyrobca
vyfukové emisie dymivost spotreba paliva nenarocnost vyroby
CO, HC, NO,, PM
spotreba paliva/emis CO, zapach Zivotnost kvalita
hluk (vonkajsi) hluk (subjektivny) vykon, riaditelnost vyrobné naklady
recyklovatelnost nepojazdné vozidla spolahlivost zisk
bezpecnost udrzba trh, konkurencia
cena
Ecological and economical factors of a successful engine [5] Table 3.
Legislation Public Customer Manufacturer
exhaust emissions: smoke fuel consumption ease of manufacture
CO, HC, NO,, PM
fuel consumption /CO, emission | odor durability quality

noise (pass by) noise (subjective)

performance, driveability production cost

recycling broken-down vehicles reliability profits
safety maintenance market, competition
price

Pokracujuce zhorSovanie zivotného prostredia sposobuje, ze
poZiadavky na zlepSenie prevadzky motorovych vozidiel, ktoré su

However, the proceeding degradation of the environment
causes that demands for improvement of the operation of vehicles
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vybavené spalovacim motorom, s zvyraznené prisnejSimi limitmi
emisii - tabul’ka 4 [5]. Podrobné poziadavky (limity) su Specifiko-
vané v ustanoveniach, ktoré uverejnili renomované agentury ako:
Environment Protection Agency EPA, a California Air Resource
Board CARB v USA a Ekonomicka komisia pre Europu ECE -
agentura spojenych narodov. Ekonomicka komisia vydava ECE
predpisy, podobné EU, ktora vydava EC direktivy pre Europu.
CARB postupne zavadza vozidla s niz§imi emisiami:

TLEV (prechodne nizke),

LEV (nizke),

ULEV (ultra nizke),

ZEV (bezemisné vozidla).

e o o

EPA (federalne predpisy) obsahuju nasledné predpisy defino-
vané ako Tier 0, Tier 1 a Tier 2, zatial, ¢o EU predklada EURO I,
EURO II, EURO IIl a EURO IV.

equipped with IC-engines are underlined by tougher emission
standards Table 4 [5]. The detailed requirements (limits) are
specified in regulations published by relevant agencies as: the
Environment Protection Agency (EPA) and the Economic
Commission for Europe (ECE-agenda of the United Nations).
The latter issues the ECE regulations similar to the European
Union (EU) which issues EC directives for Europe CARB
gradually introduces vehicles of lower emission:

e TLEV (transitional low),

LEV (low),

ULEV (ultra low),

ZEV (zero emission vehicles).

EPA (federal regulations) anticipates consecutive regulations
defined as Tier 0, Tier 1 and Tier 2, while EU anticipates: EURO
I, EURO II, EURO III and EURO IV.

Porovnanie limitov vyfukovych emisii v Kalifornii Tab. 4 | Comparison of exhaust emission standards in California Table 4
Zlozka v (g.mila™) | Zaciatok 50 r. | Dnes (ULEV) | Redukény faktor Compound (g.mile")| Early 1950s |Today (ULEV) |Reduction factor
NOy 3,6 0,2 18 NOy 3.6 0.2 18
Cco 87,0 1,7 51 (6[0) 87.0 1.7 51
HC, NMHC* 13,0 0,04* 325 HC, NMHC* 13.0 0.04* 325
PM neobmedzené 0,04 PM unlimited 0.04

100% v " ™= 7 7 7 7 1 — 1 1 1 ™
5 80% - === ] ]
= = 1 O =H H H
E 60%
=
2 0 ||
£ 40 % —H
g = M L

20 % A
0 % T T T T T T T T T 1

97 98 99 O 1 2

3 4 5 6 7 8 9 10
Year

O Diesel engines- DI (direct injection)

[ Other gasoline engines with MPI/SPI injection [ Diesel engines - IDI (indirect injection)

O Gasoline engines - GDI (direct injection)

Obr. 4. Predpokladany percentudlny podiel motorov na rézne palivd pre automobily, ktoré sa budui vyrabat'v EU v rokoch 1997-2010 [6]
Fig. 4 Foreseen % share of engines with different fuel supply in cars to be manufactured in the EU in years 1997-2010 [6]

Problém znecistenia spo-sobeného automobilmi je kom- plexny,
rieSenie individudlnymi prostriedkami je neadekvatne. Potrebny je
systematicky pri-stup k problematike v kazdej Casti systému ,,motor -
vozidlo“, ako aj ku kazdému stupiu jeho Zivota (vyroba - prevadzka
opotrebenie vratane recyklacie).

Konstrukcia motorov (vznetovych a zazihovych) je si stale
viac a viac podobna. Vzhladom na uvedené ekologické podmienky
sa pre oba typy motorov uprednostiiuje priame vstrekovanie paliva
do spalovacieho priestoru - obrazok 4, 5 a 6.

The problem of pollution caused by automobiles is complex.
The solution through individual means is pretty inadequate, there-
fore, a systematic approach to the problem is necessary in every
aspect of the “engine - vehicle” system, as well as at every stage of
its life (production, operation and degradation including recyc-
ling).

Construction of engines (diesel and spark ignition - gasoline) is
more and more similar. Because of the above mentioned ecological
conditions a direct fuel injection to the combustion chamber is the pre-
ferable solution for both types of engines - Figs. 4, 5 and 6.
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V sucasnosti su konst- ECE RS3 Test

priame vstrekovanie,
presné vstrekovanie a tvorba
zmesi,

fuel consumption [dm3/100km]

2 T T

GDI engine

_%31

At present, constructional
solutions applied in diesel and
gasoline engines in many
aspects are quite similar, for
example [5,7]:

e direct injection,
® precise injection and mix-
ture formation,

gasoline engine

diesel - IDI

kontrola prietoku paliva,
centralne spalovanie,
vel'kozdvihova konstrukcia,
pocet valcov do 6,

pouzitie viacventilovych
hlav,

premenlivé ¢asovanie venti-
lov,

1000 1200

e pouzitie vysokych vstrekovacich tlakov,
e Cisté“ konvencné palivo (maly obsah siry), alternativne paliva

(CNG = stlaceny zemny plyn, LNG = skvapalneny zemny plyn,
LPG = skvapalneny propan butan, MRE = metylester repko-
vého oleja, metanol, etanol, vodik),

dynamicky modulovana recyklacia vyfukovych plynov EGR

1400

Obr. 5. Porovnanie spotreby paliva vozidiel s motormi
zdzihovymi a vznetovymi [10]
Fig. 5 Comparison of fuel consumption in cars of different
combustion systems [10]

(vratane chladenia),
® znizenie trenia:

m zniZena stredna piestova rychlost,

m zniZené trenie piesta, pohonu vacky a ventilu,
® nizke trenie mazacich olejov,

® pomocnych zariadeni,

e nahradenie mechanickych pohonov elektrickymi (napr. el. pali-

vové Cerpadla, chladiace Cerpadla, atd), riadeny generator, .

e rychly ohrev chladiaceho systému (t.j. rychle zohriatie celého

systému motora na prevadzkovu teplotu),

elektrické riadenie vykonu,
katalyzatory a lapace PM,
tepelny akumulator,

e o o o o

paneli).

Pre zazihovy motor je
konecnym rieSenim prechod od
dnes pouzivanej stechiometric-
kej zmesi (lambda 1) v kombi-
nacii s katalyzatorom TWC
(trojcestny) s lambda sondou
na spalovanie chudobnych
zmesi. Je zrejmé, Ze proces
nahradzovania karburatora jed-
nobodovym vstrekovanim SPI
a nasledne viac- bodovym vstre-
kovacim syst¢émom MPI nako-
niec vyusti do rozsiahleho
pouzivania zaZihového systému
s priamym vstrekom GDI [5, 6,
8]. Ocakava sa, Ze modernizo-

vané viacbodové vstrekovanie bude zakladom pre zazihové
motory, ak sa bude vyvijat v kombinacii s domyselnymi technolé-

unit power[kW/dm?]

70

60

50

40

30

Obr. 6. Redukcie emisii CO, priamym vstrekovanim [10]
Fig. 6 Possibilities of reduction in CO, emission
for direct injection systems [10]

ladené plniace potrubie (dynamické plnenie),

samodiagnosticky systém (OBD = diagnostika na palubnom

1600 1800

e mass flow control,

e central combustion,

® Jong-stroke design,

o cylinder cut off at > 6 cylin-
der,

e introduction of multivalve
heads (for reduced pumping
losses),

2000

vehicle mass [kg]

variable valve timing,

application of high injection pressure,

wclean“ conventional fuel (lower sulphur) and alternative fuels
(CNG-compressed natural gas, LNG= liquefied natural gas,
LPG = liquefied petroleum gas, RME = rapemethylester, meth-
anol, ethanol, hydrogen);

dynamic modulated EGR (exhaust gas recirculation; including
cooling),

friction reduction;

= reduced mean piston speed,

m reduced friction of piston, cam drive and valve,

= Jow friction lubrication oils,

m auxiliaries,

replacing mechanical drives with electric ones (e.g. electric fuel
pumps, cooling fluid pumps etc.), controlled generator,

quick warm-up of the cooling system (possibly quick achieve-
ment of necessary operational temperature by all engine
systems),

variable inlet tube (dynamic charging),

electrical power steering,

catalytic and PM trap technology,

latent heat battery,

self - diagnostic of the system (OBD = on board diagnostic).

For a gasoline engine,

/’_) the final solution is a transi-

o tion from the currently used

P // O supply with the stoichiomet-

% [ gasoline MPIJ ric mixture (lambda 1) com-

bined with the TWC catalyst

1 diesel DI and the lambda- probe to

the combustion of lean

w w mixtures. It seems obvious

70 80 90 100 that the process of replacing
CO; [%]

a carburettor with a single
point injection (SPI), and
eventually with the multi-
point injection  system
(MPI) finally will end with

a widespread application of the gasoline direct injection system
GDI [5, 6, 8].
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giami katalytickych konvertorov, ktoré redukuju emisie toxickych
zloziek hned po starte motora [6,9]. Obdobie po studenom Starte
je velmi dolezité pre celkové emisie toxickych latok (najmé pre HC,
pocas prvych 100 s testu FTP 75 dosiahla hladina az 80 % celkovej
hodnoty emisie HC, pretoze procesy v motore su nestabilné a kata-
lyzator este nepracuje [9] ).

Aby sa dosiahli nizke emisie - obrazok 7, je potrebné dodrzat
tieto technoldgie:

e kontrola kazdého valca lambda sondou (spatna vizba),

e pouzitie dvoch katalyzatorov TWC, (hlavny a spustaci, ktory
pracuje v obtoku alebo v systéme, v ktorom je Startovaci kata-
lyzator pred hlavnym),

e katalyzator a lambda sonda st elektricky vyhrievané,

o vyvoj TWC katalyzatorov za ucelom zvySenia ich u¢innosti, pre

VAC§i rozsah mieSacieho pomeru,

optimalizacia kovovej kompozicie katalyzatora,

DeNO, (redukény) a TWC katalyzator,

NO, katalyzator,

sekundarny vzduch pre katalyzator,

palivovy horak pred katalyzatorom (horak vyfukovych plynov

v katalyzatore),

o uskladnenie vo vaku (asi 100 dm®) pocas studeného Startu.

e o o o o

Normy obmedzujuce toxicitu vyfukovych plynov sa budu
musiet dodrzat bez ohladu na typ motora. Vznetové motory moézu
dodrzat sucasné normy vtedy, ak sa na nich vykonaju vel’ké kon-
strukcné upravy. Smery vo vyvoji vznetovych motorov vedu k pod-
statnému zniZeniu mnozstva emitovanych toxickych zloziek.

Je potrebné prijat nasledovné kroky, aby sa dosiahlo splnenie
predpisanych limitov u lahkych vozidiel (LD) a tazkych vozidiel
(HD) (motory tohto typu su iba vo vozidlach s hmotnostou viac
nez 3 500kg):

o velky sucinitel prebytku vzduchu prepliovanim a s medzichla-
dicom,

e optimalizacia spalovacieho priestoru a viru (berieme do tivahy
vzajomnu suvislost medzi tvarom vstupného kanala, konfigu-
raciou spalovacieho priestoru a systému hydraulického vstreko-

However, one should expect that modernised multi-point
injection will be a basic system of gasoline engine supply if it
develops employing sophisticated technologies of catalytic
converters reducing emission of toxic compounds just after the
engine’s start [6, 9]. This period following a cold start is very
important for total toxic emission (particularly for HC; during
first 100 seconds of FTP-75 test HC-emission reaches the level of
about 80% of entire HC-emission, because engine processes are
unstable and the catalyst does not work yet [9].

The following technologies should be applied in order to
achieve low emissions (Fig.7):

e cylinder individual control of lambda (close loop control),

e application of two catalyst TWC (Three Way Catalyst): the
main and the start one operating in the by-pass system incor-
porating the start catalyst in front of the main one,

e catalyst and the probe are electrically heated,

development of the TWC catalyst in order to increase their effi-

ciency in a wider range of the Air to Fuel ratio,

optimised metal composition of catalyst converter,

DeNO, catalyst converter + TWC catalyst,

storage NO, catalyst,

secondary air to the catalyst,

fuel burner in front of catalyst (exhaust gas burner in the catalyst),

storage in bag (about 100dm? ) during the cold start.

Standards limiting toxicity of the exhaust have to be met
regardless of the engine type. The present standards can be satisfied
by the diesels after introduction of major design modifications.
However, tendencies in diesel engine development lead toward
a substantial reduction in the amount of emitted toxic compounds.

The following measures that enable fulfilment of toxicity
standards by the LD (light duty ) and HD diesels (heavy duty;
engines of this kind are applied solely in the vehicles of mass
exceeding 3500 kg) have been already undertaken:

e high A/F ratio by boosting and charge air intercooling,

e optimisation of combustion space and swirl (taking into
account mutual connections between shape of the inlet port,
configuration of combustion space and system of hydraulic
injection),

e high pressure injection with

vania),
o vysoky vstrekovaci tlak s pociatocnou zniZenou davkou paliva,
o dodatocné impulzné prepl- 5

novanie pocas akceleracie —_—_

s pouZitim stlaCeného vzdu- 4 A

chu z tlakového zasobnika,

o clektronické nastavenie pa-
rametrov vstrekovania (dav-
ka paliva, uhol vstreku,
doba vstreku, vstrekovaci 1
zakon, vstrekovaci tlak) ako

HC [g/mile]

87 %

HC-Limiting Values

initially reduced injection
rate,

additional impulse super-
charging during acceleration
using compressed air from
a pressurised container,

— o ¢lectronic adjustment of
injection parameters (fuel

Engine-Out Emissions
(principale examples)

Necessary Conversion-
Rate [%]

93 % \ [
>996%
—

funkcia mnohych premen-
nych zatial, co by sa uhol
mal znizif, tlak zvySit, Cas

1970 1975 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

dose, injection advance
angle, injection time, course

Model-Year of IR (Injection Rate) and

skratif a priebeh vstrekova-
cieho zakona by mal byt
podla poziadaviek hnaného
stroja,

Obr. 7. Znizenie limitu pre emisie HC, poZadovand hladina znizenia HC
a ucinnost katalyzatora podla noriem US
Fig. 7 Reduction in the HC emission limit, required reduction level in HC
emission and catalyst efficiency for fulfilment of the US standards

injection pressure) as a func-
tion of many variables, while
angle should be reduced,
pressure increased, time

36 ¢ KOMUNIKACIE / COMMUNICATIONS

1/99



e zvySeny kompresny pomer a maximalny spalovaci tlak,

e zvySené turbulencie a zniZenie viru,

e filtracia pevnych castic (PM), oxidacné katalyzatory (Oxicat),
DeNO, katalyzatory (pre vysoké hodnoty su€initela prebytku
vzduchu),

e vykonova turbina (turbocompound - iba pre HD),

e dodatoc¢né oSetrenie vyfukovych plynov - filtre pre PM, a oxi-
dacné Kkatalyzatory, systémy SCR (Selective Catalytic
Reduction-selektivna katalyticka redukcia, redukcia NO, prida-
nim amoniaku do katalyzatora) a katalyzatorov DeNO, nového
typu (pre vysoké lambda).

Klucom k splneniu tychto poziadaviek moze byt rozsiahle
zavedenie elektronickych riadiacich systémov (EMS Electronic
Management System, ECU Elctronic Control Unit).

ZAVER

Obdobie jednoduchych a lacnych motorov i vozidiel sa skon-
¢ilo. Alternativne zdroje energie ako i nekonvenéné pohony (v ich
sucasnom stupni vyvoja) nie su v skutocnosti alternativou kon-
venénych motorov. Preto je dalsi vyvoj spalovacich motorov
potrebny, s vyuzitim novych typov spalovania.

Vdaka tomu, Ze vykonnejsie elektronické procesory su pri-
stupné, je ich vyuzitie pre systémy riadenia prevadzkovych para-
metrov motora celkom bezné. Tymto sposobom bolo umoznené
dodrzanie charakteristik variacie individualnych parametrov
v zavislosti od série vstupnych udajov, a je teda mozna multipa-
rametricka optimalizacia prevadzky motora. Aby sa uspokojili
rozne poziadavky ako je Cistota vyfuku, nizka spotreba paliva pri
vysokom vykone a aby sa dynamika vozidla zachovala nezme-
nena, vSetky riadiace systémy musia vykonavat Siroky okruh ¢in-
nosti [8].

Splnenie poZiadaviek na Cistotu vyfuku povedie konstruktérov
k tomu, aby hladali také rieSenia, ktoré umoznia zniZenie toxicity
vyfukovych plynov spalovacich motorov. Tieto rieSenia vedu
k obmedzeniu pricin tvorby toxickych zloziek (materialy a organi-
zacia spalovacieho procesu) alebo ucinkov uz vytvorenych zloziek
(katalyzatory, filtre sadzi) a tak prispievaju k zniZeniu latok zne-
Cistujucich atmosféru.

Vo vSeobecnosti sa legislativa tyka novoprodukovanych vozi-
diel, zatial' o celkové Skodlivé emisie zavisia predovsetkym od
emisného indexu vozového parku a celkového poctu vozidiel.
Takze, aby sa dosiahlo vyrazné zlepSenie efektivnosti dopravy, je
potrebné:

e podporovat obnovu vozidiel,

e zamedzit nepotrebnu dopravu,

e preferovat verejnii hromadnu dopravu,

o robit komplexné akcie (kombinovana doprava, organizacia pre-
pravy, nové proekologické technologie...).

Aby automobilovy priemysel bol ispesny, je treba spomenut
dve hlavné odportcania: ponikana technologia musi maf pre
zakaznika hodnotu, musi byt lahko pouzitelna a samotné vozidla
musia byt sucastou celkového systému riadenia prepravy.
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shortened and the course of injection rate should be formed
according to engine run parameters,

e increased compression ratio and peak cylinder pressure,

e increase in turbulences and reduction in swirl,

e filters of particulate matter, oxidising catalysts (Oxicat), DeNO,
catalyst (for high values of air excess ratio lambda),

e additional power turbine (turbocompoud - only for HD),

e exhaust gas aftertreatment - filters of the particulate matter PM
and oxidising catalysts, SCR systems (Selective Catalytic
Reduction of NO by addition of ammonia to a catalyst) and the
DeNO, catalysts of a new type (for high lambda),

A key to fulfil the requirements presented above is possibly
the extensive introduction of electronic control systems equipped
with microprocessor (EMS= Electronic Management System,
ECU = Electronic Control Unit).

CONCLUSION

The era of simple and cheap engines and vehicles is over.
Neither alternative sources of energy nor unconventional drives
(at their present stage of development) are a real alternative for
the conventional sources. Therefore, a further development of the
internal combustion engines is necessary using new types of
combustion.

Thanks to availability of more powerful electronic processors,
their application to systems controlling engine operational para-
meters is quite common. This way a possibility of keeping charac-
teristics of individual parameter variation depending on a series of
input data came out and therefore a multiparameter optimisation
of engine operation is feasible. As to satisfy various demands like
exhaust cleanliness, reduction in fuel consumption, when high
power and satisfactory dynamics of the vehicle are kept unchan-
ged, all control systems have to conduct a wide range of duties [8].

Fulfilment of exhaust cleanliness standards will force the
designers to look for solutions that enable reduction in toxicity of
exhaust emitted by internal combustion engines. These solutions
lead toward limitation of causes of toxic compound creation
(materials and organisation of combustion process) or effects of
already created compounds (catalysts, soot filters) and this way
towards reduction of pollutants emitted to the atmosphere.

Generally, all legislation concerning new vehicles regarding
the harmful global emissions depend first of all on vehicle fleet
emissivity index and the entire number of vehicles. So, in order to
achieve a considerable improvement in transport effectiveness it is
necessary to carry out the following measures:

e stimulation of vehicle renewal,

e avoidance of unnecessary transport,

e public transport in towns,

e complex undertakings (combined transport, traffic organisa-
tion, new proctologic technologies, etc.).

Two general recommendations must be brought about in order
to continue the automobile industry’s success: technology offered
must be of value to the customer and easy to use and the vehicles
themselves must be a part of total traffic management system.
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Napriek svojej storoénej histérii ma spalovaci motor pred
sebou rezervy, ktoré mu umoznia splnit prisne predpisy a poZia-
davky.
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In spite of its long history there are still potential reserves in
the IC engine that permit to satisfy rigorous regulations and
demands.
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