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ALTERNATIVE ANTRIEBE FUR AUTOMOBILE 
HYBRIDSYSTEME, BRENNSTOFFZELLEN, 
ALTERNATIVE ENERGIETRAEGER – 3. Auflage
ALTERNATIVE SYSTEMS VEHICLES Hybrid propul-
sion, fuel cells, alternative fuels - 3rd edition (in German)
Springer-Vieweg-Verlag Berlin Heidelberg 2012, XIX+416 
pagini,250 figuri (100 figures in color)
ISBN 978-3-642-25266-2
Author:  Prof. Dr.-Ing. habil. Dr. h.c. Cornel Stan

The increased diversification of the types of automobiles 
corresponds with specific economic, technical and social 
conditions in different regions of the world, n this context 
the development of specific propulsion systems, to the de-
triment of an universal solution appears as a natural tenden-
cy. This topic has led to the development of a third edition 
of the paper, updated and even more developed than the 
previous ones in 2005 and 2008. The book presents con-
ditions and scenarios on road mobility, thermal machines 
that can be used as components in unconventional propul-
sion systems, alternative fuels, electric propulsion systems, 
electric motors, batteries, fuel cells and propulsion system 
combinations, fuels, batteries and fuel cells.

THERMODYNAMIK  DES KRAFTFAHRZEUGS
– 2. Auflage
Thermodynamics VEHICLE - 2nd edition (in German) 
Springer-Verlag Berlin Heidelberg Vieweg, 2012, XXIV, 598 
pages, 216 figures (116 figures in color)
Author:  Prof. Dr.-Ing. habil. Dr. h.c. Cornel Stan

The vehicle is characterized by thermodynamic processes in 
all its components - from thermal propulsion systems and hy-
brid cooling systems to air conditioning systems or injection. 
This paper deals with theoretical aspects and mathematical 
description based on numerous examples of functional mo-
dules and calculations of processes related – engines, com-
pressors, turbines, injectors, radiators, body, acclimatization 
systems. The book is structured in the following chapters: ba-
sic concepts and definitions, energy balance (first principle), 
working fluids (gases, gas mixtures, steam, and moist air), 
energy conversion (second principle), fuels and combustion 
processes, heat transfer, measuring systems of thermodyna-
mic size. Numerous exercises, questions and problems, with 
solving methods and results at the end of the book, complete 
the chapters mentioned.
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… or The future of the Romanian automo-
tive engineer
Or The future engineer of Romanian cars
Or The future of Romanians and the auto-
motive engineering.

About all these topics I will write in the fu-
ture editorials.

As the new chief editor of the Automotive 
Engineering magazine, I would like to start with the automobiles 
of the future – and not with the automobile of the future – a 
unique solution would be in conflict with the natural, economic, 
technical and social circumstances of this world. A world that ac-
tually has 7 billion people and 1 billion cars. Cars from compact to 
luxurious, from cheap vans in India to electric vehicles in London 
and Berlin, from SUV in Texas to a convertible in the Alps. The 
future belongs to modular configuration – both of vehicles and re-
lated propulsion systems – electric, internal combustion, hybrid. 
The electric vehicle is an urgent need in urban areas, to decrease 
local CO2 concentration – but from the power production from 
coal, prevalent in USA, China, India, Russia and Germany, to the 
engine torque, the CO2 emissions are net superior than the ones 
from a similar automobile, running on similar conditions, that has 
a modern Diesel engine.
Dear colleagues of automotive engineering, you have so much, 
so much to do in the future. Why Romanian engineers? The big-

gest automobile production is provided by China, followed by the 
USA, Japan and Germany. On the other hand, if we consider the 
annual automobile export, Romania is ahead China and Italy. I am 
truly happy to see Logans and Dusters registered more and more 
often in Germany, France or Italy.
The Automotive Engineering editorial board, from which I am 
honored to be part of starting with this number, intends to open 
a new two way street, one way from us to the world, and the other 
one from the world to us:
- We would like to present to the Romanian automotive and com-
ponents engineer, technical and scientific solutions of great inter-
est at a global level. For a greater accessibility we will publish these 
papers in Romanian, many of them in a compact form of recent 
international papers, published in their full version in magazines 
such as SAE, ATZ, MTZ, ATA or presented at international con-
gresses.
- We would also like to present the Romanian automotive and 
components engineer to the world: recent technical and scientific 
solutions, modern equipment, all presented in English.

We will try to generate a fluent and efficient informational traffic 
both ways, bikes and carriages will not be allowed on this road – 
we lean on you to provide adequate vehicles on a long term.

Prof. Dr.-Ing.habil. Dr. h.c. Cornel Stan
SAE Fellow

Chief Editor

Summary „Ingineria Automobilului“ No. 23
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Interview with Prof. Univ. Dr. Viorel Aurel Şerban 
Rector of the “Politehnica” University of Timisoara

Ingineria Automobilului (Automotive Engi-
neering): Sir, how would you appreciate the 
role of university research and innovation in 
engineering domain, its integration into in-
dustrial research and the directions that will 
have to be taken in the future?

A performance university assign, according 
to the mission and its objectives, a major po-
sition to the scientific research, technologi-
cal development and innovation activities. 
As shown in the strategic documents of the 
European Council meeting in Lisbon, grow-
ing of the economic competitiveness in most 
areas of engineering domains may not be pos-
sible without the involvement of the univer-
sities, next to R&D institutes by applying/
taking/transfering the results of own research 
activities, technology development, design-
ing, consulting, expertise.
Beyond the recognition in education, 
“Politehnica” University of Timisoara has also the acknowledgment as a first 
range institution in the romanian scientific research field, being ranked in 
the first category, that of “advanced research and education university.” An 
important number of research centers, respectively research teams, success-
fully apply into practice the research strategy of the university, in numerous 
research grants and contracts won by competition or with industry.
However, we would like to have closer collaboration with the economic 
environment. There are national research funding programs for research 
activities that are not sufficiently exploited. One explanation seems to be 
that, largely, industry is owned by venture capital or private companies, that 
didn’t have the potential to coordinate the R&D activities, or which these 
activities are not offered by the ‘parent’ companies from abroad.
For the Automotive domain, fortunately, the situation in our country is not 
so bad. Exist two important poles of production, namely Dacia-Renault 
Pitesti and Ford Craiova, plus, a little while, but with very good assessments, 
Renault Technologie Roumanie Research Centre in Bucharest and Titu.
Besides these units in Romania, also for the Automotive domain, were 
opened production units many companies belonging to this industry, prod-
ucts and services suppliers and whom, at least in the west side of the coun-
try, are extremely well represented.
Regarding this, the „Politehnica” University of Timisoara already collaborat-
ing with many of them, an example being Continental Automotive, which, 
by the specific activity, is strongly engaged in R&D and can be an example 
for other economic units and institutions of higher education. I stay on the 
idea that it can do more in this area if the economic environment would 
need our support and have more confidence in the academic offer.

Ingineria Automobilului (Automotive Engineering): What would be the 
contribution of the “Politehnica” University of Timisoara to resolve the 

motor vehicle challenges such environmental 
protection and energy problems of the future 
in the context of the expected depletion of oil 
and natural gas resources?

Timisoara is a very busy urban center and 
the road traffic and pollution caused by road 
transport is an issue that has the attention of 
the mayor and local authorities. Extrapolating 
this issue at regional, european and global 
dimensions, of course that also our univer-
sity contribute to resolve these goals, be-
ing engaged, at different levels, in various 
R&D projects of these category. Through 
the research strategy of the university has 
already founded the Institute for Renewable 
Energy, which develop clean energy sources 
(solar, wind, fuel cells) and vehicle propul-
sion units based on biofuels and hydrogen, 
being approved and establishment the new 

Automobile Development Institute, which will 
have R&D activities for hybrid and electric solutions, knowing already our 
achievements in this area. The university will also support the establish-
ment of a transport research institute – there are discussions with local 
organizations - involving specialists in all its branches (road, air, water, in-
dustrial), finding the most advances technological and, obviously, the most 
economical and less energy polluting solutions.

Ingineria Automobilului (Automotive Engineering): From 7 to 9 
November, this year, “Politehnica” University Timisoara, with SIAR, 
will organize the 2nd International Conference “Motor Vehicles and 
Transportation MVT 2012” under the patronage of FISITA and EAEC. 
How would you describe this event and what are your expectations?

Choosing the “Politehnica” University of Timisoara as the host of the sci-
entific event can only honor us and strengthen our belief that the choice 
wasn’t accidental. The higer education in Timisoara has a well known val-
ue, and the approached domain is, as I mentioned, a very actual one and 
has a good representation in the economic environment of the west side 
of our country.
The value and appreciation of the conference, which is part of the annual 
cycle of scientific events organized by SIAR in the major universities of the 
country in motor vehicles and transportation domain, is confirmed each 
year by the large and high quality participation, both from the country and 
abroad, academics, professionals and encouraging, the graduates and stu-
dents in the field.
The FISITA and EAEC patronage makes us, morally at least, to keep up 
with the latest achievements in the field, to make a careful selection of the 
best papers and to give all participants the opportunity to exchange inter-
esting and constructive ideas, on actual topics.
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The 33rd International Vienna Motor 
Symposium, one of the most prestigi-
ous scientific events in the automotive 

world, reunite for two days, 27 and April 28, 
2012, at the Hofburg Castle, which is also the 
office of the federal president of Austria and of 
the National Library, presidents, vice presidents 
and members of the board of major automobile 
companies, academics, researchers and engine-
ers in whose hands the future of the world’s auto-
mobiles is created. 
Let us start with the conclusion: the euphoria 
and the propaganda of the past two to three 
years, that predicted for the near future electri-
cally powered vehicles and the batteries to repla-
ce as a quasi unique solution vehicles powered 
by internal combustion engines faded very steep: 
the electric vehicle remains a current theme and 
a research and development priority for urban 
traffic. 
Future propulsion systems will be marked by 
strong diversification, the combination of ther-
mal and electrical motors are becoming more 
ingenious.
The thermal engines themselves will dominate in 
the coming decades the automotive propulsion 
systems, with or without electrical support. This 
is a summary of the opening plenary session:
• Wolfgang Hatz, responsible for the propulsion 
systems of the entire Volkswagen Group and 
head of research and development of Porsche 
brought very convincing arguments. Who would 
have connected until now diesel, hybrid or plug 
in with Porsche? Ing. Hatz presented these sys-
tems as the future strategy of Porsche. Current 
achievements are convincing: Porsche Paname-
ra and Cayenne with diesel engines and hybrid 
(333 hp termic/ 34 kW electric), with fuel con-
sumption of 7.8 l/100 kW.
• Peter Langen, responsible for the propulsion 
systems of BMW focused his presentation on 
the development strategy of hybrid and electric 
propulsion systems for BMW: 3-cylinder diesel 
engine to rear axle and electric motor to the front 

axle, compact gasoline engine as range extender, 
propulsion systems BMW i3 and i8, for which 
the propulsion is provided by high-performance 
internal combustion engines with 3 turbochar-
gers.
• Dr. Juergen Geissinger, president of the Schae-
ffler Group presented the priorities for the com-
pany future, starting with variable valve actuati-
on systems, the variation of the advance and of 
modules for the electromagnetic dampening of 
the vibrations between engine and gearbox up 
to the electronic differentials. A special theme 
consists in developing in-wheel electric motors 
integrating brake, electronic control and cooling, 
the wheel weight remaining below 45 kg. 
The symposium pursue with two parallel sessi-
ons, with the following sections: new engines 
with spark ignition (Porsche, Audi, BMW), new 
compression ignition engines (VW, Daimler, 
BMW), aspects of future mobility (Aachen Uni-
versity, Shell, General Motors), direct injection 
systems for gasoline and diesel (Delphi, Bosch), 
fuels for the future (University of Zuerich, EM 
Krailling, Ricardo), supercharging systems for 
internal combustion engines (Mahle, AVL, Ho-
neywell).
During the second day of the Congress the pa-
pers were presented in the following sessions: 
hybrid propulsion systems (Toyota, Daimler, 
AVL), new strategies for spark ignition engines 
(Nissan, VW, IAV), electric propulsion systems 
(University of Aachen, VW, Audi), systems inte-
gration (AVL, Daimler MTU), optimization of 
components (Daimler, FEV, Renault), catalysts 
(BASF, Emitec, MAN). A presentation of each 
article is not possible in this compact report.

Nevertheless the sections, the topics and the 
companies are  testimonies for  the diversifica-
tion followed in developing future propulsion 
systems. On the other hand, their demonstrate 
which resources form the base of this develop-
ment.
Regarding the future internal combustion engi-
nes, independent of their role as unique propul-
sion systems or in various combinations with 
electric motors, a clear trend is the emphasis on 
thermodynamic process configuration and adap-
tation to the required rules. 
From the papers presented at the symposium are 
to note three examples:
The combination of supercharging and turbo-
charging modules to two or three turbochargers, 
with coupling and uncoupling at high thermody-
namic complexity.
• functional decoupling of a number of cylin-
ders of an engine at part load, which results in 
increased load of each active cylinder and thus 
in their increased thermal efficiency and overall 
engine. The principle is not new, being applied 
several years ago by Daimler. New is the concept 
presented during the symposium by Audi for a 
spark ignition direct injection engine with eight 
cylinder and a diesel Volkswagen 4-cylinder . In 
both cases the function of the half of the total 
number of cylinders (4 or 2) is disconnected by 
decoupling the acting cams for the intake and for 
the exhaust valves, which remain closed;  the fuel 
supply cylinder is interrupted in this phase. This 
concept is not a favor for the engine designers 
which develop or apply variable valve actuation 
systems, which claim that the angles of valve lift 
duration can achieve the same effects. 
 I remarked these aspects in order to illustrate the 
fact that the symposium in Vienna is not only a 
festive and formal event, but it is also a workshop, 
in which the critical and constructive arguments 
enrich participants’ experience every year. 
The symposium concluded with a plenary sessi-
on: there were discussed the global automotive 
market development (Prof. Herbert Demel, vice 
president of Magna International), the future 
mobility trends (Prof. Thomas Weber, Daim-
ler vice president), as well as some positive and 
negative perspectives of the automobiles with 
electric propulsion (Rupert Stadler, Audi Presi-
dent).

Prof. Cornel STAN
University of Zwickau, Germany

33rd International Vienna Motor Symposium
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ABSTRACT
The process improvement within an advanced 
car diesel engine is strongly focused on the scav-
enging technique, on the mixture formation 
strategy using direct fuel injection as well as on 
the combustion control. The paper presents the 
potentials of process improvement by the vari-
ability of the scavenging timing combined with 
an adaptation of gas exchange, injection and 
mixture formation parameters. The scavenging 
timing is controlled by a new developed concen-
tric cam system. The analysis is based on a com-
bined 1D/3D simulation of the thermodynamic 
process stages within the engine with model 
calibration by numerous experimental results. 
The paper presents the effects of cam profile 
variation and camshaft phasing for two part 
load operating points of NEDC (New European 
Driving Cycle). Compared results are presented 
in terms of swirl rates, fuel distribution, com-
bustion temperature, NOx and soot curves.

Process optimization in modern diesel engines 
for automotive application, between fuel con-
sumption/carbon dioxide emission and the 
nitrogen-oxide/particulate emissions, imposes 
enhancements on the combustion process and 
the adaptation to the most characteristic load/
speed domains of the engine. This implicates a 
modular configuration of the thermodynamic 
process stages surrounding the combustion – 
such as scavenging, super-/or turbocharging, 
fuel injection and mixture formation. In this 
context – the scavenging strategy as a function 
of load, speed, transient- and surrounding con-
ditions concerns not only the variability of the 
intake- and exhaust valve control but also their 
synchronization with the charging level and 
with the pressure waves within the intake - and 
exhaust ducts. Variability usually consists of the 
moment and time period of valve opening, its 

stroke and - timing correlation be-
tween exhaust and intake valves and can be real-
ized by mechanical devices (Variocam/Porsche, 
WTLi/Toyota), electromecanic (Valvetronic/
BMW, MV2T/Mahle), electromagnetic 
(Sagem), hydraulic/electromagnetic (Multiair/
INA Schaeffler). None of the mentioned sys-
tems offers the mentioned variability degrees. 
On the other hand, the effects of phasing, open-
ing duration and valve lift on the scavenging 
parameters are different, depending on engine 
configuration and working domain.
The concentric cam system, which is analyzed in 
this paper, offers an interesting potential of op-
timization between variability, technical com-
plexity and energy demand for actuation. An 
evaluation of this potential imposes the analysis 
of the thermodynamic process from two differ-
ent perspectives:

the behavior of the most frequent working a) 
points of the engine, when changing valve 
phasing and opening duration.
the behavior in the conditions of point a) b) 
when adapting other functional param-
eters – super-/turbocharging pressure, 
injection pressure, injection start, injec-
tion rate modulation – or engine features 
– geometry of intake/exhaust ducts, spray 
angle, form of the piston bowl, compres-
sion ratio.

HARDWARE CONFIGURATION: 
CONCENTRIC CAM SYSTEM AND 
BASIC DIESEL ENGINE
The Concentric Cam System developed by 
ThyssenKrupp Presta is illustrated in Fig. 1.
The intake valves are provided with two con-
centric camshafts, integrated in each other but 
moveable in respect to each other (in this case, 

Cornel STAN
Soeren TAEUBERT
Michael GOELDNER
West Saxon University of Zwickau,
Germany

Andreas STAPELMANN, Juergen MEUSEL
Thyssen Krupp Presta, Chemnitz, Germany

Process Improvement Within an Advanced Car Diesel Engine
in Base on the Variability of a Concentric Cam System

Fig.1 top: Concentric Cam System of ThyssenKrupp Presta (schematically);
bottom: design restrictions for the cam positioning (overturning moment for left variant)
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30o). For a more efficient contact, itis used a 
double basic-cam with the splay-cam placed in 
between the basic-cams.
Each camshaft has its own cams (lobes), with 
own cam profiles. For every intake valve the 
cams of the inner and of the outer camshaft 
are assembled as a stack, therefore the valve 
has contact with both types of cams. Also two 
moveable splay-cams and one basic-cam are 
feasible. The resulting valve lift profiles and 
variability – which was object of this study – is 
shown in Fig. 2.

Furthermore, the system is provided with a hy-
draulic phaser, as illustrated in Fig. 1. The pre-
sented Concentric Cam System was applied to a 
four-cylinder four stroke turbo-charged passen-
ger car diesel engine with 2 intake- and 2 exhaust 
valves per cylinder. The engine with a compres-
sion ratio of 15.5:1 is provided with a common 
rail direct injection system with a maximum rail 
pressure of 160MPa and with 7 holes injectors. 
The basic engine achieves a maximum power 
of 110kW/4000rpm and a maximum torque of 
320Nm/2000rpm.

SOFTWARE CONFIGURATION: 
COMBINED 1D/3D PROCESS 
SIMULATION
The simulation - with a 1D code (GT-Power) al-
lowed an extensive analysis, consisting in numer-
ous parameter combinations, in a short time.
-The 3D simulation (AVL-FIRE), allowed an in-
tensive analysis of the most interesting configura-
tions in base on the 1D results   taking into ac-
count the flows of air and fuel, the mechanism of 
mixture formation and combustion, as a base for 
the calculation of NOX- and soot formation.
The calibration of the model was based on the 
measured cylinder pressure, the mass flow rates 
at intake/exhaust manifold, the temperatures of 
the air at several points within in the intake system 
as well as the exhaust gas temperatures upstream 
and downstream the turbine of the turbocharger. 
Complete description of programs, submodels 
and calibration can be found in SAE Paper 2011-
24-0092.
Fig. 3 presents an representative example of the 
combustion chamber and ducts of the model in 
3D.
EFFECTS OF PHASING AND OPENING 
COURSE OF THE INTAKE VALVE IN THE 
COMBUSTION PROCESSES
The effects of the valve control variability using the 
Concentric Cam System on the thermodynamic 
process stages of the analyzed diesel engine are 
presented in this paper, as example, for two NEDC 
(New European Driving Cycle) operation points: 
0,5MPa / 1500rpm and 0,2MPa / 2000rpm, rep-
resentative for NEDC (New European Driving 
Cycle) and for following cam positions and pro-
files: phasing: 176° camshaft angle  combined with 
cam rotation: 0°/15°/30° (fig. 2). Significant analy-

Fig.2  Valve lift profiles for minimum (0° Cam), middle (15° Cam) and maximum (30° Cam) splay 
of the intake opening duration (current lobe design)

Fig.3. 3D model of the analyzed
diesel engine

Fig.4. Swirl numbers for the analyzed working domains of the engine (NEDC (A) and(B))
at varying opening durations and opening phases
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sis phases were:
Air flow in the combustion chamber
The form of the two intake ducts is different, as 
shown in Fig. 2, one being optimized for filling, the 
other for swirl. Obtained results for various posi-
tions of the piston lead to the following observa-
tions: the horizontal swirl amplifies from 0o la  15o 
(fig.2) as seen in fig. 4 – but longer opening of the 
valve (15o, 30o) leads to lowering of air intake.
Distribution and vaporization of fuel in the com-
bustion chamber
Air rotation in the combustion chamber leads to 
better distribution of spray and shortaning of the 
vaporization time, with notable advantages con-
cerning combustion and formation of nitrous ox-
ide and particles (fig. 5,6,7). Swirl intensity is big-
ger for higher intake (8,5 MPa/1500 min-1).
Temperature and nitrous oxide formation and of 
particles
Concentration drops in the center of the engine 
room leads to a conventional cam advance of ini-
tiating combustion, which stimulates nitric oxide 
formation. Temperature rise is the later, but more 
intense for 15o/30o cam profiles as shown in  figure 
5 for both operating points analyzed. 
NOx formation is shown in fig.6 for conditions 
corresponding to Figure 5. Fig.7 shows the particle 
formation in the same context.
Particulate emission increases to 30 ° due to re-
duced amount of oxygen. At the point of operation 
with more charge - 0.5 min-1 MPa/1500 - particle 
emission increases due to increased fuel quantity.
Increase from 170o to 176o particularly influences 
the formation of nitrous oxide: increasing air mass 
in this case leads to a delay in ignition that inhibit 
nitric oxide. This effect is more pronounced as the 
load decreases.
CONCLUSIONS
Change in valve movement and intake valve lift in 
a diesel car and cylinder filling influences the inten-
sity of air movement in the combustion chamber 
with direct effect on the distribution and vaporiza-
tion of fuel droplets and therefore in the combus-
tion process.
In the cases presented, a larger opening angle in-
creases the swirl intensity, combined with falling 
air mass taken in the cylinder. Because of this, 
combustion initiation is delayed, but the intensity 
increases. Intense vortex lowers the amount of ni-
trogen oxide, while low air mass causes increased 
amounts of particles. 
Influence of feed and cam profile on combus-
tion temperature and NOx formation and parti-
cles is similar in operation at part load analyzed 
points.

Fig. 5. Mean combustion temperature for the analyzed working domains of the engine (NEDC 
(A) and (B)) at varying opening durations and opening phases. NOx formation is shown in fig.6 

for conditions corresponding to Figure 5. Fig.7 shows the particle formation in the same context.

Fig. 6. NOX emissions for the analyzed working domains of the engine (NEDC (A) and(B)) at 
varying opening durations and opening phases 

Fig.7. Soot formation for the analyzed working domains of the engine (NEDC (A) and(B)) at 
varying opening durations and opening phases
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Cercetarea experimentală privitoare la procesul de 
ardere a biodieselului în motorul cu aprindere prin 
comprimare validează prin măsurători efective o serie 
de ipoteze iniţiale şi partea de modelare matematică. 
Folosind echipamentele de cercetare aplicativă din 
laborator s-au determinat mărimile fundamentale ce 
caracterizează din punct de vedere energetic, dinamic 

şi al nivelului de poluare funcţionarea motorului 
cu aprindere prin comprimare folosind combusti-
bilul alternativ (biodieselul) comparativ cu motorina 
comercială. Se analizează printre altele evoluţia puter-
ii efective şi a unor elemente chimice din gazele evacu-
ate în funcţie de sarcină şi de momentul dezvoltat de 
motor.
ABSTRACT
Experimental research concerning the combus-
tion process of biodiesel in compression ignition 
engine validates through efective measures a series 
of initial hypoteses and the mathematical model. 
Using the aplicative research equipments from 
laboratory were determined the basic parameters 
which defines from energetic, dinamic and polu-

tion perspective the working cycle of  compre-
sion ignition engine running on alternative fuel 
(biodiesel) in comparison with comercial diesel. 
It is analised besides many others the evolution of 
effective power and of some chemical elements in 
the exhaust gases depending on the engine load 
and torque.
GRAPHIC REPRESENTATIONS OF 
EXPERIMENTAL RESEARCH RESULTS
In order to generate a representative image of the 
important parameter traces relative to other signifi-
cant values there are realised tridimensional charts 
or specialized maps. 
Below are pesented tridimensional graphs of the 
basic parameters recorded during the engine 

Research posibilities of biodiesel combustion
in compression ignition engines (II)

Technical University of Cluj-Napoca

Doru 
BÂLDEAN

Nicolae 
BURNETE

Fig. 5. Hourly fuel consumption (B100).

Fig. 1. Effective power (B100). Fig. 3. Fuel specific consumption (B100).Fig. 2. Puterea efectivă (motorină).

Fig. 4. specific consumption (diesel). Fig. 6. Hourly fuel consumption (diesel).

Fig. 7. Nitrous oxides (B100). Fig. 9. Carbon dioxide (B100).Fig. 8. Nitrous oxides (diesel).
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working period with diferent fuels depending both 
by the resisting torque applied with the hydraulic 
brake and by the engine load (reck position in the 
injection pump). These 3d charts allows us to ana-
lyze the specific variation trace of an parameter for 
different working regimes of the engine.
In figure 1 and 2 is represented the effective power 
traces for the particular situations of running with 
clasic diesel and biodiesel fuels, at different levels 
of engine load and torque, observing that due to 
the higher speeds reached in the case of supply 
with biodiesel the effective power is superior with 
aproximatelly 0,5 kW.
CONCLUSIONS AND OBSERVATIONS
After experimental research development and 
aplying a transitory test cycle inspired from ETC 
standard there have been observed the following:
• engine supply with biodiesel has both advantages 
and desadvantages, being in close relation with na-
ture and quality of the used fuel, with the engine 
working regime, with running duration etc.;
• hourly and specific fuel consumption decrease 
in some cases (see Fig. 3...6), but increase on the 
other hand the carbonic deposits which may influ-
ence ssignificantly the life period and proper func-
tionality of the injection system;
• the polutant emissions (see Fig. 7...16) expressed 
as nitrous oxides, carbon dioxid, hidrocarbons, car-
bon monoxid and gases opacity increase propor-
tionally with the engine load and resisting torque 
applied to the crankshaft;
• oxigen quantity from the exhausted gases (Fig. 
17, 18) express the level of its participation in the 
combustion process, and due to the fact that in bi-

Fig. 11. Opacity (B100).Fig. 10. Carbon dioxide (diesel). Fig. 12. Opacity (diesel).

Fig. 13. Hydrocarbons (B100).

Fig. 15. Carbon monoxide (B100).

Fig. 14. Hydrocarbons (diesel).
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odiesel molecule the oxigen has a greater presence 
it is made obvious through the significant higher 
percentage of it in emisions,
• diminishing the carbonic deposits on the main 
engine components from the vecinity of combus-
tion chamber may be realised with the aid of at 
least three practical solutions (increase injection 
timing with 1÷5˚RAC, using the specific aditives, 
increase the thermal regime through rising engine 
speed and load with 20÷25%);
• research concerning the biodiesel use posibilities 
for CIE supply defines a technological phase with 
an authentic and inovative character, because in 
some situations it is questioning the goal of ener-
getic independency and of renewable energetic re-
sources, signaling a series of problems that have to 
be resolved and define suplementary the direction 
of biofuels development;
• biodiesel obtained from rape oil – as well as an 
entire series of other biofuels – may be used on a 
large scale for compresion ignition engine supply, 
in some operating and environmental specific con-
ditions, allowing similar dinamic performances 
with those developed when supply with fossil fu-
els, as it was presented through modeling and ex-
perimental research developed;
• due to the lower compresibility of biodiesel (high 
isentropic bulk modulus) it is diminished in a cer-
tain measure the period of injection delay, compar-
atively with diesel use, a fact that generates a certain 
injection advance, which from its point influences 
significantly the combustion process, this without 
anybody operating from the outside any intended 
change to the fuel supply system;
• this advance in injection timing due to the higher 
isentropic bulk modulus determines in a first phase 
increased temperature values, as well as the appear-
ance with a certain advance of the temperature 
peak for biodiesel comparatively with diesel;
• fuel chemical composition (especially oxigen 
content and iodine value, as well as the double 
bonds which can be formed) influences – either 
pozitively or negatively –biodiesel behaviour as 
fuel concerning autoignition to the end of the 

compression stroke, through cetane number, and 
this influences the pressure, temperature and heat 
release traces during CIE combustion process 
through the autoignition delay duration;
• the use of  biodiesel for compression ignition 
engine supply influences also significantly the gen-
eration and growing carbonic deposits – increas-
ing their quantity and finaly influencing engine 
optimal operation;
• carbonic deposits appear due to the ineficient 
combustion of grele weighter fractions from fuel, 
which have higher density, lower volatility and in-
creased surface tension and which doesn’t partici-
pate completely or at all in the oxidation process in 
the short CIE combustion interval;
• modeling the combustion process of any fuels 

with an different biodiesel content is relevant in 
the actual context of large scale use and with higher 
percentage of various types of biofuel in fosil fuel 
structure;
• teh present research has analyzed a large domain 
from the sphere of using diesel fuel type blended 
with biodiesel in order to show its effects upon 
some operating parameters and upon perform-
ances;
• the precise knowledge and the prediction posi-
bility of the specific behavior patern, variation 
tendencies of some parameters and performances 
when using some diesel type fuels in CIE, with 
an increased content of biodiesel has a significant 
impact in conditions of use these fuels in the near 
future at public supply stations.

Fig. 17. Oxigen (B100).Fig. 16. Carbon monoxide (diesel). Fig. 18. Oxigen (diesel).
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Lucrarea analizează posibilităţile de depoluare a 
motoarelor disesel în general, şi a celor destinate 
tracţiunii grele în special, folosind tehnologia SCR 
(Selective Catalytic Reduction). Se prezintă prin-
cipalele metode de reducere a oxizilor de azot, re-
spectiv reducerea prin recircularea gazelor arse fo-
losind sistemele EGR (Exhaust gases recirculation) 
şi reducerea prin aplicarea tehnologiei SCR. Sunt 
detaliate schemele constructive de post-tratare a ga-
zelor de evacuare şi mecanismele chimice prin care 
se realizează reducerea NOx, utilizând ca agent 
reducător o soluţie de uree pură cu apă, denumită 
generic AdBlue.
De asemenea, sunt prezentate perspectivele extinde-
rii tehnologiei SCR, caracteristicile tehnice ale unui 
astfel de sistem întâlnit pe autocamioane, precum şi 
avantajele şi dezavantajele acestei tehnologii.

ABSTRACT
This paper analyzes the possibilities of depol-
lution for diesel engines in general, and especi-
ally those for commercial vehicles, using SCR 
(Selective Catalytic Reduction). It presents the 
main methods of reducing oxides of nitrogen 
using EGR (Exhaust gas recirculation) and the 
implementation of SCR technology. The paper 
details also elements about the after- treatment 
system for exhaust gases and the chemical me-
chanisms for the reduction of NOx, reaction 
based on an agent composed by water and urea 
called AdBlue.
They are also approached the perspectives of 
the extension of SCR technology, the technical 
characteristics of such a system met on trucks, 
and the advantages and disadvantages of this 
technology.
THE MOTIVATION STUDY
Air pollution has become a major social problem 
since 1960 when it was a significant increase of 
the urban population. Simultaneously, the road 

transport development has made it more difficult 
to maintain the air quality, especially in urban 
areas. The journal “Environment for Europeans” 
noted that almost 400000 Europeans die prema-
turely because of the air pollution. To reduce the 
impact of the air pollution on the environment 
some rules have been developed to regulate the 
maximum permitted concentrations for the 
main pollutants in exhaust gases for spark igni-
tion engines. In Table 1 and 2 is presented the 
evolution of European Standards for the con-
centration of the main pollutants:
Experience has shown that oxides of nitrogen are 
the most difficult to treat in the genesis. They are 
formed in conditions of high pressure and tempe-
rature in the presence of oxygen. It is known that 
diesel engines run on poor mixtures, which ma-
kes it extremely difficult the reduction of oxides 
of nitrogen with after-treatment systems.
The first solutions implemented to reduce oxi-
des of nitrogen assumed the decrease of the 
dynamic performance and consumption by 

introducing in the admission a certain amount 
of residual exhaust gas (EGR - Exhaust Gases 
Recirculation). Placed on engines since 1973, 
the recirculation gas system is met today on the 
majority of the vehicles equipped with direct 
fuel injection into the cylinder.
Exhaust gas recirculation in the admission has 
two major effects:
- To reduce at maximum the gas temperature in 
the combustion chamber by introducing CO2 
and H2O, triatomic molecules  characterized by 
a higher specific heat;
- To reduce oxygen in the combustion chamber, 
a part of the air admission is replaced by the bur-
ned gases, reintroduced back into the cylinder.
Using EGR allowed the framing in the emission 
standards, concerning oxides of nitrogen, up to 
Euro 5. Thus, in order to remove atmospheric 
NOx concentration less than 0.08 g / km it is 
necessary a new pollution control system. The 
current trend is to use after-treatment systems of 
exhaust gases like SCR.
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Table 1. The evolution of EURO standards for vehicles

Table 2. The evolution of EURO standards for commercial vehicles [4]



14

Ingineria Automobilului

With the SCR technology (Selective Catalytic 
Reduction) is injected an active solution in the 
exhaust manifold before the burned gases pas-
sing through the selective catalyst reduction. 
The active solution, which may be ammonia, 
urea, or less alcohol, is involved in reducing 
just to the neutralization the harmful emissions 
from the exhaust gases and the reduction of the 
soot from the atmosphere. Urea was discovered 
by the chemist Friedrich Wöhler in 1828 and it 
is produced from natural gas. The Commission 
for evaluation of dangerous substances in water 
classified urea in I hazard class (low risk). Urea 
is a substance with low potential risk for hu-
mans and environment according to the current 
knowledge. Because urea is a crystalline powder, 
white, odorless, SCR applications use pure so-
lution of urea with water at a concentration of 
32.5%, solution called AdBlue. It was chosen 
the concentration of 32.5% because is the ideal 
according to the freezing point, which is -11 ° C. 
At low temperatures, AdBlue is stored in heated 
tanks. The hoses and the fittings are also hea-
ted to ensure the system reliability. Using SCR 
allows the functioning of the engine at optimal 
parameters (high temperature, high pressure va-
lues and depleted mixtures). The high concen-
trations of oxides of nitrogen are converted into 
N2 and H2O.

SCR VERSUS EGR
Using EGR is apparently cheaper and this invol-
ves the degradation of the burning with direct 
effects concerning the consumption and the 
performances of the engine. It also cause short 
periods about the change of engine oil. This sys-
tem requires minimal maintenance and does not 
require the injection of a special additive. For 
the framing in the pollution standards for Euro 
4 and 5, is necessary an after-treatment system 
for the mechanical particles (particulate filter). 
The major disadvantage is that it does not allow 
the framing into Euro 6 emissions standards.
The SCR system requires the use of a special 
equipment, Figure 1, which contains the addi-
tive tank, the injection pump, the injector, the 
electronic control unit, the NOx sensor, (this 
elements increase the producing costs and re-
quire additional installation space). These add 
also the special additive and OBD (On-Board 
Diagnostics) system, which monitors the level 
of AdBlue in the tank, the concentration of NOx 
in the exhaust gases and the functioning of the 
system.
Under certain conditions, the NOx concentrati-
on exceeds 7 g/ kWh, the AdBlue tank is empty 
or the system cannot monitor the emission of 
NOx during 50 hours of engine functioning, 
the OBD system reduces the engine power with 

40% to prevent the expulsion in the atmosphere 
oxides of nitrogen with concentrations over the 
limit.
The monitoring system of NOx concentration is 
active only with the following conditions:
- Ambient temperature from -7 to 35 °C;
- Altitude above sea level is less than 1600 m;
- Coolant temperature is 70 °C.
The main advantage introduced by this system 
is the reduction of the fuel consumption with 
about 5%, and the possibility of using optimal 
engine operating regimes (high temperatures 
and mixtures depleted), which leads to maxi-
mum performance.
In Figure 1 we can see a SCR system after-treat-
ment. Bosch system contains: diesel oxidation 
catalyst-DOC, a temperature sensor down-
stream of the SCR catalyst, the NOx sensor 
upstream and downstream from the SCR, the 
AdBlue tank, the dosing control unit (the trans-
port mode for AdBlue). These elements are in-
terconnected with a control unit.
With the oxidation catalyst the nitric oxide, NO, 
is converted to NO2 to maintein the ratio be-
tween NO and NO2 near to 1 and to enlarge the 
depollution efficiency, and HC are converted to 
CO2 and H2O. After the injection and the hy-
drolysis of urea to NH3 and CO2  the oxides of 
nitrogen are converted into N2 and H2O. The 

Figure 1. SCR System [6]
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reduction reactions and the urea hydrolysis are 
possible thanks to the vanadium and titanium 
impregnation of the SCR catalyst.
The NOx reduction reactions using the SCR 
catalyst, injecting an active substation are the 
following:
1) 6NO2 + 8 NH3 → 7N2 + 12H2O
2) 2NO + O2 → 2NO2
3) NO + NO2 + 2NH3 → 2N2 + 3H2O [4]
One can see that NO2 reacts directly with NH3 
and NO is oxidized to NO2. After this reactions 
result only water and molecular nitrogen. This 
elements are harmless for humans and environ-
ment. The first two reactions are the most com-
mon. At temperatures below 300 °C, reaction 
2 is the most active, so it is important to have a 
ratio between NO and NO2 as close to 1.
AdBlue solution is injected before the gas ente-
ring in the SCR reactor. This is converted into 
ammonia by hydrolysis with an intermediate 
compound, isocyanic acid at a temperature of 
approx. 250 °C. The process is described by the 
following chemical reactions:
(NH2)2CO → NH3+HNCO (thermolysis)
HNCO+H2O→ NH3 +CO2 (hydrolysis)
Below 250 °C, the reaction rate decreases and it 
may appear solid deposits. In order to maintain 
this minimum temperature, the diesel oxidation 
catalyst-DOC is indispensable.
The mass ratio between the amount of AdBlue 
and NOx concentration, needed to be elimina-
ted by the reduction is 2gAdBlue/gNOx. The 
metering ratio α, also called feed ratio, is defi-
ned as the molar ratio of  NH3 from the NOx 
present in the exhaust gas. Theoretically, for α 

= 1, the entire amount of NOx is removed. If 
the dosage of AdBlue solution is incorrect, and 
α is maintained at values higher than 1 for long 
periods of time, the adsorptive capacity of the 
SCR catalyst will be exceeded. In this case we 
can lose ammonia in the atmosphere, noticeable 
by the odor, for concentrations higher than 15 
ppm. The main reasons that cause the leakage of 
ammonia in the atmosphere can be:
- The insufficient homogenization of the AdBlue 
solution in the exhaust gas,
- The incomplete hydrolysis and the precipita-
tes formation, which cause the decrease of the 
quantity of reducing agent in SCR,
- The high temperature for the oxidation of am-
monia, 
- The NO2 concentration is higher than the 
NOx concentration, the reduction is achieved 
by reaction 3. In this case the amount of NH3 
is 30% higher than in the first two chemical re-
actions.
The adsorptive capacity of the SCR catalyst is 
approximately 1g/l of NH3. Thus, the ammonia 
leaks are stopped, even if the hydrolysis tempe-
rature is insufficient, or the saturation ratio is 
higher than 1. However, the adsorptive capacity 
is strongly influenced by the temperature. If the 
temperature gradient is too much the ammonia 
adsorption is eliminated in the atmosphere. To 
prevent this, they have developed strategies to 
reduce the amount of Ad Blue injected when the 
temperature increases, or to increase it when the 
temperature at the entrance of SCR decreases. 
The NOx maximum conversion can be achieved 
only when the concentration of ammonia and 
oxides of nitrogen are measured downstream 
of the SCR catalyst and the amount of reducing 
agent is adjusted continuously, in closed loop.
The efficiency of this system can reach up to 
90%, under a range temperature of 180 °C and 
450 °C of the exhaust gas, and does not introdu-
ce an additional fuel consumption. Experience 
has shown that for Euro 4 standard, the additive 
consumption corresponds to 3-4% of the fuel 
quantity and for Euro 5, the percentage is aro-
und 5-7%.
SCR systems have been developed as a necessity 

for commercial vehicles, the only efficient solu-
tion to ensure their framing into the pollution 
standards beginning with Euro 4, (Figure 2). 
Thus, since 2002, it was decided at European 
level the use of standardized systems to reduce 
NOx emissions with AdBlue injection. The in-
frastructure problem and the refueling possibili-
ties for AdBlue was solved in three stages:
- The supply with AdBlue in the gas stations for 
commercial vehicles, 
- The supply with AdBlue in the gas stations 
along the highways of Europe,
- The supply with AdBlue in the public stations 
in an even distribution throughout Europe.
The standardization of AdBlue was also impo-
sed. The product quality and its properties defi-
ned the standards (for exemple DIN V700.70).
Based on a survey of all producers of commerci-
al vehicles, VDA-Verband der Automobil indus-
trie Frankfurt estimated the following quantities 
of AdBlue required, summarized in Table 3:
As shown in the table above, the initial demand 
was 500 tons of AdBlue, for the year 2003, rising 
to over 2.5 million tons, amount that corres-
ponds to 15% of European production of urea. 
This estimation is based on the assumption that 
the demand of AdBlue will amount to about 5% 
of fuel consumption. This forecast is conside-
red conservative enough because the forecast 
made by ACEA (Association of the European 
Automobile Manufactureres), exceeds the fore-
cast made by VDA. In the case of the introduc-
tion of additional tax for vehicles that exceed 
the emissions standards set by European Union 
the demand for AdBlue could grow much faster 
than the forecast from table above. In this cate-
gory are included not only commercial vehicles 
but also small vehicles and buses which can be 
equipped with SCR catalyst.
As they estimated ACEA, big car producers, 
because of the spectacular results obtained by 
commercial vehicles in terms of the pollution 
reduction, SCR was implemented also on small 
cars. Audi uses a revolutionary after-treatment 
depollution system, Figure 3, the Q7 model.
The exhaust gases of the engine are first intro-
duced in an oxidation catalytic converter loca-

Figure 2. Commercial vehicle with 
SCR catalyst [3]

Table 3. Estimation consumption of AdBlue [5]
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ted close to the engine. Here, hydrocarbons and 
carbon monoxide are converted into carbon 
dioxide and water. In the second stage, the gas 
arrives in the diesel particulate filter, where the 
particles are removed from the gas stream and 
they are accumulated in the filter structure whi-
ch is regenerated at regular intervals. Today, the 
oxidation catalytic converter and the particula-
te filter are indispensable parts of the standard 
exhaust system and after-treatment on vehicles 
equipped with diesel engines.
Once, the exhaust gases passed through a parti-
culate filter, AdBlue is injected upstream of the 
SCR.
The ammonia is released by over-heating the 
exhaust gas system. This determines the trans-
formation of oxides of nitrogen into nitrogen 
and oxygen in the exhaust catalytic converter. 
Two additional sensors are supervising the pro-
cess and they are used to control the amount of 

AdBlue injected. To achieve optimal distributi-
on, the solution is injected in pulses.
For a high conversion rate, it is important that 
both: the ammonia and the gas flow to be dis-
tributed uniformly on the admission part of the 
converter.
Usually, the AdBlue tank volume is about 22.5 
liters and it is divided into two small tanks. The 
active tank is about 7 liters and it is located near 
the entrance of the fuel tank, while the passive 
tank is about 15.5 liters and it is in the area un-
der the floor. 
The system includes also a pump that provides a 
pressure of 5 bar outlet, facilitating the transfer 
of the solution from the active tank to the dosing 
system.
Because AdBlue freezes at a temperature of -11 ° 
C this means that the system should be partially 
heated for the functioning in lower temperatu-
res. Therefore, the active tank, the pipe and the 

pump transfer are heated.
CONCLUSIONS
The urea production costs are mainly determi-
ned by the costs of  the energy, raw materials and 
distribution. The final price is being determined 
by the method of distribution and the necessa-
ry investments in the gas stations. Last but not 
least, we have to mention that the final price will 
depend of the market demand and how fast SCR 
technology will be introduced on the market.
The consumption of AdBlue is 5% of the fuel 
consumption and the fuel economy that makes 
it possible the use of this solution is directly re-
lated to the amount of solution used. Thus, the 
selling price of AdBlue should be smaller than 
the fuel and this thing can stimulate the use of 
the solution by the consumers. A further reason 
could be the tax reduction on vehicles equipped 
with SCR, in terms to compensate the additio-
nal investment made to the vehicle.
The major advantage of using SCR systems, 
beyond the additional costs  involved, is that it 
allows the framing in Euro 6 emission standards. 
It should be noted that after post-treatment with 
AdBlue the vehicle not suffers changes  in terms 
of performance or consumption.
Beside the additional costs introduced in the 
auto production, the SCR systems require a spe-
cial infrastructure, meaning the creation of com-
mon structures for the supply with conventional 
fuel in the gas station.
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ABSTRACT
The paper highlights the main possibilities of 
studying the influence of the various param-
eters on the engine functionality. Mathematical 
algorithms are applied, which allow us to study 
these issues based on experimental data gathered 
throughout specific tests, carried out on certain 
vehicles. These algorithms are applied on vehi-
cles which have electronic control for various 
automotive systems, thus the data was gathered 
from the vehicles’ built in CPUs. To this purpose 
we will show how to use sensitivity analysis, vari-
ance analysis, information theory and correlation 
analysis in automotive engineering.

The study of various factors over the vehicle’s en-
gine functionality is a continuous preoccupation 
for engineers. In the specific literature we can find 
quantitative and qualitative appreciations regard-
ing the influence of functional, tuning, construc-
tive and exploitation parameters over the power 
performance, fuel consumption and polluting 
emissions. We have to mention that in the field 
literature the influence of various factors is being 
performed following a very restrictive methodol-
ogy like: to study the influence of just one factor 
the others are considered to remain constant [2], 
which is obviously not in concordance with the 
reality. Throughout the paper this restriction is 
eliminated, there will always be accentuated func-
tional interdependencies especially in the case of 
vehicles that have on board ECU, and experimen-
tal research confirmed that the parameters are not 
constant in time, whilst dynamic regimes being 
present throughout exploitation. 
As a consequence the aim of the paper targets 
how some parameters (also called factorial pa-
rameters) affect engine performance. To this 
purpose experimental data are being used and 
mainly those parameters that are gathered from 
the vehicle’s onboard ECU that are equipped 
with gasoline injection systems; thus we target 
the measurable functional parameters like: en-

gine speed n and engine load (through the help of 
the throttle’s position ξ or intake air pressure pa), 
ignition advance β the quality of fuel – air mixture 
(through the help of air excess coefficient λ), in-
jection duration ti etc.
The parameters over which the mentioned pa-
rameters’ influence are analyzed can be fuel 
consumption (through the help of hourly fuel 

consumption Ch, specific effective fuel consump-
tion ce etc.), power performance (through engine 
power Pe, engine torque Me etc.); these encom-
pass resulted parameters.
A first study procedure for the influence of certain 
parameters over the engine’s running is by apply-
ing the sensitivity analysis. Sensitivity expresses 
the property of a resulted parameter of changing 
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Fig.1. Average values for sensitivity function of hourly fuel consumption, 50 experimental tests 
runs Logan Laureate vehicle

Fig.2. Study on the influence of certain factors over engine output power by applying
generalized MANOVA algorithm, 50 experimental test runs, Logan Laureate vehicle.
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its value under the influence of certain factorial 
parameters. If we discuss only one factorial pa-
rameter we target simple sensitivity otherwise we 
have to look at multiple sensitivity. Sensitivity en-
compasses a function that may vary (case where 
there is hetero-sensitivity) or may be constant 
(case where there is iso-sensitivity).
By definition, simple sensitivity is established by 
the following relation 

 (1)

where x is the influencing factor (the factorial 
parameter), and y is the resulted parameter. From 
(1) we can see that the sensitivity is adimension-
al, thus S is also known as sensitivity coefficient. 
For example, if it is to establish the influence of 
the throttle ξ and engine speed n over the hourly 
fuel consumption Ch (so efficiency is targeted) 
than we establish the following sensitivity func-
tions:

 (2)

In the expressions from (2) all data are known 
from experimental tests or are calculated based 
on those (including the partial derivations); from 
(2) we can say that sensitivity function varies in 

time, thus we have a hetero-sensitivity, because all 
the parameters that are involved vary.
Figure 1 presents the average values on each test 
for the sensitivity function in the case of 50 test 
runs carried out on a Logan Laureate vehicle, the 
resulted parameter is hourly fuel consumption; 
the graphs prove the existence of different aver-
age values for different test runs. 
Figure 1 also shows that when looking at the big 
picture at all test runs, the most significant influ-
ence over the hourly fuel consumption is due to 
engine speed. The graphs also show that overall 
the engine speed influences twice as much as 
air-fuel mixture does (air excess coefficient) and 
almost 5 times as the throttle’s position has (en-
gine load). 
The study on the influence of functional param-
eters can also call on dispersional analysis, bet-
ter known under the name of variance analysis 
(ANOVA – ANalyse Of Variance, MANOVA – 
Multivariate ANalyse Of VAriance); dispersion 
also called variance, has a special importance in 
the analysis on the influence of certain param-
eters onto the development of a certain dynamic 
process [1;4].
The English mathematician and statistician Ro-
nald Fisher, the creator of dispersional analysis, 
proved that by estimating the dispersion of a cer-

tain characteristic undergoing the influence of a 
parameter, and then eliminating its influence and 
comparing the two dispersions, we get quantitive 
information referring to this influence. As a result, 
dispersional analysis is all about comparing the 
two types of dispersions, factorial and residual. If 
the factorial dispersion is higher than the residual, 
than that specific factor has a sensitive influence 
on the analyzed process. Otherwise, if the facto-
rial dispersion (individual or interacting with an-
other factor) is lower than the residual one, than 
that specific factor has a negligible influence over 
the targeted process. Practically this comparison 
can be made by establishing the contribution of 
each factor in percentages and the residual on the 
total dispersion. 
Figure 2 presents the results obtained by applying 
the generalized MANOVA algorithm (it is being 
considered that the targeted parameters and the 
afferent interactions), by studying the influence 
of engine speed n, throttle’s position ξ, intake air 
pressure pa and air excess coefficient onto engine 
output power in the case of 50 experimental test 
runs carried out on a Logan Laureate vehicle. Af-
ferent to this example figure 3 present the actual 
values (for each parameter in fig 3) and D the 
dispersion images of functional parameters in the 
case of 50 experimental tests. 

Fig.3. Values and dispersion images, 50 experimental test runs Logan Laureate vehicle
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We can deduct from figure 2 that the residual 
dispersion represents 1,3% from total disper-
sion; values higher than this have the disper-
sion afferent to engine speed (38,4%), throttle’s 
position (21,2%), intake air pressure (13,1%), 
the quality of air-fuel mixture by air excess coef-
ficient (9,9%). Added to that, values higher than 
residual dispersions have the interactions engine 
speed-throttle’s position (3,0%), engine speed-
intake air pressure (4,5%), engine speed – excess 
air coefficient (2,4%) and throttle’s position – in-
take air pressure (3,0%); the others have lower 
values than the residual dispersion and therefore 
are not mentioned. So engine speed and throttle’s 
position have the most significant influences over 
the engine’s output power, the first factor having 
an influence of about 1.4 times higher.
The graphs from figure 3 confirm the fact that 
various functional parameters have different in-
fluences, on each test run and overall over engine 
output power. 
The influence of certain factors over the engine’s 
performance has an explicit interest, like the pre-
sented examples, but also has another interest, 
that of prediction; to this purpose algorithms and 
concepts from information theory can be applied 
thus calling on entropy and information [3, 5].
As it is already known, in order to characterize the 
uncertainty of a certain event, we use the entropy 
concept, and the information represents the fun-

damental concept in predictions. The higher the 
entropy is the higher the uncertainty and therefor 
the prediction is lower. 
Besides, mutual information constitutes a con-
cept that offers a quantitive measure for uncer-
tainty reduction, thus increase of prediction 
degree. The higher the mutual information is 
the lower the uncertainties and therefor more ac-
curate predictions. Mutual information is a basic 
concept when studying the evolution of proc-
esses and systems and it represents a measure 
of parameters interdependency. For this reason, 
when establishing mathematical models we have 
to choose those parameters that are character-
ized by the highest values of mutual information, 
because it ensures the best predictions; these pa-
rameters are called relevant parameters, attached 
to the concept of relevance. For the reasons that 
were mentioned, it is considered that informa-
tion theory constitutes a generalization of classic 
correlation, and mutual information represents a 
measure of relevance. 
Figure 4 presents a graph where in its knots are 
shown that targeted parameters and their entropy 
values H, and on the arches the values for the 
mutual information Ixy. The deducted parameter 
is hourly fuel consumption in the case of 50 test 
runs carried out on a Logan Laureate vehicle. The 
mentioned parameter is presented in the graph’s 
superior part (so we target the vehicle’s efficien-

cy); The other 6 parameters constitute factorial 
parameters.
The graph from fig. 4 show that the pair hourly fuel 
consumption – engine speed has the highest value 
for mutual information (1.836 bits), followed by 
the pair hourly fuel consumption – intake air pres-
sure (0.529 bits); thus engine speed and intake air 
pressure are the first top two choices which are rel-
evant, the third one being spark ignition advance 
(0.501 bits). Therefor if two mathematical mod-
els are established referring to efficiency, of type 
Ch=f(n,pa) respectively Ch=f(n,β), the first one will 
ensure a better prediction (a smaller modeling er-
ror) than the second for the values of hourly fuel 
consumption Ch.
The final aspect that was mentioned is confirmed 
by figure 5, where results are being presented in 
the case of some mathematical models on which 
the factorial parameters that were used are engine 
speed n and intake air pressure pa, respectively en-
gine speed n and injection duration ti (fig. 5b). On 
both models the resulted parameter is hourly fuel 
consumption Ch. As we can see maximum predic-
tion (simulation error is virtually zero) is being 
ensured by the mathematical model from figure 
5a, on which the factorial parameters are the two 
relevant parameters that have the highest value for 
mutual information from figure 4 (1.836 and 0.529 
bits). In exchange, the simulation error is higher in 
the case of figure 5b, where instead of intake air 

Fig.4. Graph that contains entropy and mutual information for 6 factorial information and the deducted parameter 
hourly fuel consumption, 50 test runs, Logan Laureate
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pressure, the injection duration was used as facto-
rial parameter, for which the mutual information 
has a lower value (0,289 bits in figure 4).
The graphs from figure 5 present in the lower 
part the expressions afferent to the two targeted 
mathematical expressions, from figure 5a reveals 
that the generalized mathematical models (for 50 
experimental test runs):

 (3)

…which allows the calculus of hourly fuel con-
sumption for the engine depended on engine 
speed and its load (the later through the intake 
air pressure). 
Finally in order to highlight the dependence char-
acter (linear or nonlinear) between the factorial 
and the deducted parameters correlation analy-

sis will be applied.
As we already know from classical statistics, sim-
ple correlation analysis targets the connection 
between a certain deducted parameter y and a 
factorial parameter x (influence factor). The in-
dex which is the most used to appreciate linear 
dependence between two variables is correlation 
coefficient (Pearson’s coefficient), established 
with the expression [4,5]: 

 (4)

with values [ 1;1]ρ ∈ − , a maximum possible 
inter-correlation (a perfect linear dependency) 
being for 2

1ρ = . If ρ=1 than we deal with a perfect 
direct linear dependency, and if ρ=-1nthan we 
deal with a perfect indirect linear dependency; if 
0 1ρ< ≤ we deal with a direct dependency, and if 

1 0ρ− ≤ <  there is an indirect dependency. So, as 
much as ρ2 is further away from the value of 1 
without (reaching the value of zero) the nonline-
arity is highly accentuated.  In expression (4), at 
the abaci position we have the inter-correlation 
function in the origin of discrete time, meaning 
for τ =0, and under the square root are the self-
correlation functions still for τ =0 (meaning its 
maximum values). In the case of multiple correla-
tion, the simultaneous influence of two or more 
factorial parameters (influence factors) over the 
deducted parameter. In this situation multiple cor-
relation coefficient is being used, calculated based 
on simple correlation coefficient between of the 
pair parameters and taking into account the expres-
sions for the correlation functions.  For example, in 
the upper part of figure 6, presents the value for the 
simple correlation coefficients in the case of 50 ex-
perimental test-runs for Logan vehicle, and figure 
6d the multiple correlation coefficients; the facto-
rial parameters are the throttle’s position ξ (engine 
load) and engine speed n, and the deducted param-
eters are engine output power Pe and hourly fuel 
consumption Ch. From the superior graphs we can 
deduct a highly non – linear dependency between 
hourly fuel consumption and throttle’s position 
(fig. 6a), between engine output power and its 
speed (fig. 6b), as well as for throttle’s position and 
engine speed (fig. 6c); these aspects have implica-
tions over the mathematical models established for 
the engine, which have to be mostly non-linear. 
The graphs from figure 6 also show another impor-
tant aspect: multiple correlation coefficients have 
higher values than the afferent simple correlation 
coefficients; this aspect was to be expected, be-
cause the onboard computer oversees engine’s op-
eration based on the interdependency of several 
parameters.
It can be concluded that in order to study engine’s 
operation it is necessary to analyze the concomi-
tant influence of several factors, not supposing 
that some are constants, as the case of the specific 
literature does. The study of various factors serves 
including at the establishment of mathematical 
models for engine’s operation mode.
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În ziua de astăzi, sistemele de comunicații aflate la 
bordul vehiculelor influențează în mod considerabil 
modul de operare al vehiculelor. Comunicațiile din-
tre vehicule şi alte entități participante la trafic 
formează un mecanism ce uşurează localizarea ve-
hiculelor, îmbunătățeşte siguranța şi securitatea, şi 
măreşte şansele de a ajunge la destinația dorită la 
timp şi în siguranță. Evoluția rapidă a tehnologiilor 
de comunicație wireless (fără fir) din ultimii zece 
ani, precum şi reducerea costurilor de implementare, 
au făcut ca acestea să fie potrivite unui domeniu larg 
de aplicații, inclusiv în cel al sistemelor de navigație. 
Beneficiul principal al comunicațiilor fără fir îl 
reprezintă extinderea disponibilității informației 
dincolo de orizontul limitat al conducătorului de 
vehicul. În această lucrare este propusă arhitectura 
unui sistem de comunicații vehicul-infrastructură 
pornind de la necesitățile unui sistem de navigație 
dinamic.
Cuvinte cheie: V2V, V2I, comunicații vehiculare, 
802.11p, DSRC, WiMAX

ABSTRACT
Today, vehicular communications systems 
significantly affect the operation of vehicles. 
Communications between vehicles and other enti-
ties participating in traffic form a mechanism that 
facilitates location of vehicles, improves safety and 
security, and increases the chances of reaching your 
destination in time and safely. The rapid develop-
ment of wireless communication technologies in the 
last decade, along with reduced implementation 
costs, have made   them available for a wide range 
of applications, including navigation systems. The 
main benefit of wireless communications is expand-
ing information availability beyond the limited 
horizon of the driver. This paper proposes a system 
architecture for vehicle-infrastructure communica-

tions needs, based on a dynamic navigation system.
Keywords: V2V, V2I, vehicular communica-
tions, 802.11p, DSRC, WiMAX
Introduction
Vehicular communications are those communi-
cations involving participants in traffic and is in 
fact an sum of communication between vehicle 
and other vehicles (V2V) or between vehicle 
and roadside infrastructure (V2I/I2V). In this 
area, experiments have proven their ability to 
reduce the number of accidents that occur an-
nually, to allow tax payments in areas without 
the vehicle having to stop or to assist the driver 
in all situations that would endanger its safety. 
Important for the implementation of such com-
munication systems is creating robust architec-
tures with reduced complexity and simple and 
modular structure.
Although they were initially developed to sup-
port transmission of information for traffic 
control, safety and accident prevention, ad-
vances in technology allowed the implementa-
tion of applications that require transferring 
large amounts of data. Traffic control centers 
(TCC) have the ability to currently provide 
various combinations of data traffic using vari-
ous communication technologies. Their ability 
to retrieve data from vehicles sensors will greatly 
improve transportation system management 
and operation. At the same time, a link between 
vehicle and infrastructure will allow direct trans-
mission on-board of vehicle of traffic data and 
warnings. Navigation systems take advantage 
of these links to give drivers the opportunity to 
plan travel routes with as much precision.
The main groups of users who benefit from such 

systems are:
• drivers that will benefit from increased safety, 
access to traffic information and more other 
data services;
• producers and providers of automotive serv-
ices which can make diagnosis and in-vehicle 
system updates easier and can provide new serv-
ices to its customers;
• road authorities, which can get data from in-
vehicle sensors and create a more real picture re-
garding traffic conditions, characteristics of the 
road surface or weather.
Vehicular communications appearance brings 
not only benefits but also challenges. Among 
these may be listed a high mobility environ-
ment, a wide range of vehicle speed variability, 
nature of real time applications or various re-
quirements for the applications and systems 
to be implemented. A number of international 
research projects, completed or in progress, ad-
dresses different directions of development of 
systems based on vehicular communication: 
COOPERS, SAFESPOT, CVIS, PReVENT 
and more. C2C Communication Consortium 
organization aims to lay the foundations of an 
open European industry standard for coop-
erative systems, providing specifications and 
contributions to organizations dealing with 
standardization in the field and promoting allo-
cation of a frequency band dedicated to vehicu-
lar communications [1]. Major manufacturers 
in the world invest also in vehicular commu-
nications, either by participating in research 
projects or by equipping series production 
vehicles (General Motors, Daimler Chrysler, 
Ford Motor Company, Honda, Toyota, BMW, 

Vehicle-infrastructure communication system architecture
for improving navigation systems efficiency 
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Figure 1. Cooperative driving for highway entering with V2I communications
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Mercedes-Benz and others ), and other private 
companies provide services based on vehicular 
communications, such as those for navigation 
systems or emergency assistance.
The main problem that development of these 
systems is facing is the costs associated with ini-
tial installation of vehicle technology and build-
ing infrastructure along the road. Even if this 
problem could be overcome, there remains the 
condition of cooperation with vehicle manufac-
turers to make feasible the concept of vehicle-
infrastructure communication.
V2I COMMUNICATION
SYSTEMS APPLICATIONS
Specific applications of these systems are mul-
tiple. Warning after an incident is an incident 
detection system that provides warning infor-
mation for nearby vehicles, based on data re-
ceived from sensors on the vehicle involved in 
the incident. Parking aid applications support 
the drivers in parking places by guiding them to 
a free parking place and lead to more efficient 
occupancy of the parking spaces. In applications 
of intelligent green-wave, V2I communications 
are used to transmit to approaching vehicles po-
sition of the next intersection and the next time 
window when the traffic light is green. At the 
intersection level, monitoring intelligent infra-
structure can detect approaching vehicles and 
can send warning messages, depending on their 
speed and time-windows of traffic lights where 
there is risk of a collision. Cooperative assistance 
to enter the highway (Figure 1) is an application 
that provides an automatic and reliable method 
by which vehicles wishing to enter a highway 
may negotiate and cooperate with the road in-
frastructure to perform the maneuver safely and 
avoid collisions. Applications for entertainment 
and information services provide vehicles ac-
cess to the Internet, VoIP and IPTV services, 
commercial or advertising information.
Navigation applications are designed to establish 
or restore a travel route using real-time updates 
on traffic flow, information that can be obtained 
from TCC. Information is used on-board of ve-
hicle either to inform the driver about possible 
delays, or to calculate the best routes based on 
traffic conditions.
There are multiple ways to transmit data to ve-
hicles (Figure 2). RDS-TMC is a service that 
uses commercial FM band frequencies and the 
received data can be displayed in the vehicle or 
can be used by a navigation systems. Its disad-
vantage is the lack of communication channel 
between the vehicle and TCC. Other services 

such as TomTom HD Traffic [2] uses a GSM 
data connection (GPRS, 3G or future 4G). The 
main disadvantage is the cost of Internet traf-
fic (paid to the mobile communications pro-
vider) plus the cost of subscription for receiv-
ing traffic data (paid to the supplier, in this case 
TomTom).
The optimal solution is V2I communication 
using dedicated communication technologies 
(such as DSRC). In addition to reducing com-
munication costs and using the possibility of 
data transmission in both directions, informa-
tion is disseminated faster and databases can 
be updated more frequently. It is also possible 
directing only a certain number of vehicles on 
a route, thus avoiding its congestion. This may 
occur when all vehicles receive route congestion 
information and recommendation for a new 
one, thereby creating congestion premises of the 
latter, if all of them decide to use it.
Use of V2I systems in the navigation systems 
was addressed, also, in the literature. In [3] 
the authors create a framework for navigation 
systems based on real-time traffic information, 
divided into two components, traffic events and 
traffic flow. In [4] the authors present a scenario 
in which critical data from vehicles are distrib-
uted and collected by modules placed along the 
road and then retransmitted to other vehicles to 
change their route and avoid high traffic areas. 
In [5] the authors show through simulations 
that route planning systems implemented in a 
vehicle-infrastructure cooperative medium have 
beneficial effects in terms of air quality and fuel 
consumption. Estimation and measurement of 
travel times using vehicle-infrastructure com-

munications are the subject of two papers [6] 
[7]. In [8] the author discusses possible ways 
to transfer information between a vehicle’s navi-
gation system and traffic control systems, high-
lighting their advantages and disadvantages and 
presenting some types of information required 
to be transmitted.
ARCHITECTURE OF A 
VEHICLE-INFRASTRUCTURE
SYSTEM FOR TRAFFIC DATA
EXCHANGE 
A vehicle-infrastructure communication system 
must include the following components:

on-board equipment (OBE), responsible −	
for sending and receiving data to and from 
roadside equipments;
roadside equipment (RSE), responsible −	
for sending and receiving data to and from 
on-board equipments (transceiver func-
tion) and, where appropriate, receive traffic 
data collected from sensor networks from 
the road or vehicles, and sending them to a 
specific roadside unit (node function);
roadside unit, responsible for sending and −	
receiving data to and from RSE’s, merging 
received data and taking decisions;
traffic control center, responsible for −	
sending and receiving data to and from 
roadside units, processing and analyzing 
received data and perform traffic manage-
ment functions.
As the only condition of OBE existence −	
in the system is equipping the vehicle 
equipped with such devices, RSE alloca-
tion along roads depends on several fac-
tors:

Figure 2. Route planning with V2I communications
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type of technology chosen for vehicle-in-−	
frastructure communications;
road characteristics;−	
presence of locations that may affect travel −	
route;
presence of critical locations;−	
the need for transmission and receiving −	
data traffic.

RSE allocation depends on the communication 
technology used, being influenced by the distance 
of coverage and data rate supported. Among the 
latest technologies suitable candidates to trans-
fer traffic data on-board of vehicles are WiMAX, 
LTE and DSRC. WiMAX and LTE use public 
communication bands, assuming distribution of 
communication channels between vehicles and 
other users, which can be a disadvantage in situ-
ations  when communication networks are con-
gested. DSRC, however, has the advantage of a 
dedicated bandwidth, and, being dedicated to the 
vehicular environment, allows direct communi-
cation between vehicles without the need for in-
frastructure, by forming ad-hoc networks. In ad-
dition, DSRC is already used on-board of vehicles 
for tax payment applications. Compared with the 
first two technologies, however, DSRC provides 
a much less distance to cover, making it necessary 
to use more RSE’s to get bigger coverage of the 
road. Therefore, the best solution would be using 
DSRC, being perfectly suited for communica-
tions in vehicular environment.
Dynamic navigation systems are able to incorpo-

rate real time traffic data in the calculation of trav-
el routes, allowing them to adapt to actual traffic 
conditions. They sometimes require significant 
amounts of data. We must therefore consider the 
cover  distance of a DSRC based RSE, to be large 
enough to allow transfer to all possible vehicles in 
the area, moving with maximum speed.
For this, we define the following parameters:

t−	 d - necessary time to transfer a data set;
t−	 î - maximum delay time, is the necessary 
time for RSE to transfer data to all vehicles 
in the coverage area; tî = ntd, where n is the 
maximum number of vehicles in the cover-
age area;
t−	 t - total time as the vehicle is within range of 
the RSE (assuming it is moving with maxi-
mum speed allowed). 
To ensure complete traffic data transfer on-−	
board of vehicles, a condition must be ful-
filled: tt > tî.

The time required to transfer a data set depends 
on its size and maximum transfer rate of DSRC 
equipment. Technological standard sais we can 
obtain a maximum transfer rates of 27Mbits/s. 
For the size of a data set, an XML file (the 
standard format used for data transfer protocols 
on-board of vehicles) containing 100 columns 
(corresponding to 100 nodes of road network) 
and 288 lines (corresponding moments of time 
obtained by dividing 24 hours in 5 minutes) is ap-
proximately 600KB in size, that is 4.8Mbits. Thus, 
the time to transfer a data set will be:

Number of vehicles in the area of coverage de-
pends on the radius of the area, the number of 
lanes of the road and the space occupied by a 
vehicle. DSRC standard maximum range is up 
to 1000m, so the total area covered will include 
a 2000m stretch of road. We believe that it has 
two lanes in each direction, so it will be a total of 
4 lanes. Suppose that a vehicle length is 5m, but 
because it is considered that vehicles traveling 
at maximum speed (130km/h in Romania), we 
will take into account the fact that between them 
they have to keep a minimum safe distance to 
cover the average driver’s reaction time of 1 sec-
ond [9]. For speeds of 130km/h this distance is 
36m. Therefore, a vehicle will occupy an area of   
41m in length. Length of a lane covered by a RSE 
being 2000m results in a number of 48 vehicles 
per lane, i.e. a total of 192 vehicles will be in the 
covered range.
The maximum delay time will be tî = ntd = 
192·178ms = 34,17 seconds.
Total time as the vehicle is within range of the 
RSE (assuming he is traveling with the maximum 
allowed speed) is  

 
= 55,55 seconds.

Note that the condition tt > tî is accomplished, 

Figure 3. Overlapping of two RSE covering areas
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the difference of time between them can be 
used to initiate communication between OBE 
and RSE and exchange basic information. If we 
still need more time for data transmission we 
can choose placing two RSE positioned so that 
their coverage distances will overlap, so RSE-
OBE communication will not be interrupted, 
increasing thus the coverage area (Figure 3). If, 
for example, we consider previously used range 
of 1000m and an overlap factor of 0.8, the re-
sulting distance between the RSE’s is 1000·(1 
+ 0,8) = 1800m.
RSE allocation also depends on the road char-
acteristics. Coverage distance is influenced 
by obstacles that may arise between RSE and 
OBE, and in areas where traffic is heavy there 
may be a need for more RSE’s in the same loca-
tion to serve the large number of vehicles.
According to the necessity of traffic data trans-
mitting and receiving process we can choose 
for full coverage of the road, so that communi-
cations can be continuous or placing the RSE’s 
in certain locations and/or the distances be-
tween them. When using traffic data for naviga-
tion systems continuous communication link 
on very long road segments it is not required, 
RSE’s could be placed at a distance (D) of tens 

of kilometers apart.
The presence of sites that can influence the 
travel route, such as car parking, fuel stations 
or motorway exits that can provide optimized 
travel routes, can influence how RSE’s are al-
located. For updated traffic data transmission 
to the vehicle, so he can recalculate the travel 
route, placing a RSE before each of these loca-
tions is required, at a certain distance (d) to 
provide the driver enough time to analyze the 
new route, take decisions and maneuver the 

vehicle safely.
Critical locations such as accident-prone ar-
eas (tunnels, bridges, areas often affected by 
weather conditions) or areas often affected 
by congestions should be covered with RSE’s, 
both to detect traffic incidents as quickly as 
possible and to warn vehicles in time.
2Given the issues raised in this paragraph, the 
proposed architecture for a data exchange sys-
tem between vehicle and infrastructure is pre-
sented in Figure 4.
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Figure 4. Proposed architecture for a data exchange system between vehicle and infrastructure



25

Ingineria Automobilului

Prioritatea strategică a echipelor Michelin, indiferent 
de linia lor de produs, este aceea de a dezvolta anve-
lope care să ofere simultan performanţe superioare în 
domenii diferite. Provocarea o reprezintă îmbunătă-
ţirea calității într-un anumit domeniu, fără ca acest 
lucru să afecteze calitatea dintr-un alt domeniu.
Aceasta este ideea care a stat la baza dezvoltării 
anvelopei MICHELIN Primacy 3. Anvelopa a tre-
buit să îşi demonstreze performanţele din punct de 
vedere al siguranţei şi al aderenţei, indiferent dacă 
drumul a fost drept şi uscat sau umed şi cu viraje, 
menținând în acelaşi timp costuri de exploatare cât 
se poate de reduse.

The strategic priority assigned to Michelin engi-
neering teams, regardless of their product line, 
is to develop tires capable of delivering superior 
performance simultaneously in different areas. 
The challenge is to improve quality in one area 
without sacrificing it in another.

This rationale guided the entire MICHELIN 
Primacy 3 development process. The tire had to 
provide outstanding safety and thus excellent  
grip in all circumstances, whether the road is dry 
and straight or wet and curving, while keeping 
the total cost of ownership as low as possible.

Practically speaking, the MICHELIN Primacy 3 
tire helps reduce fuel consumption (up to 70 liters 
over the full life of the tire(1)) while also offering 
high total mileage. Thus, the new tire delivers the 
performance balance common to all Michelin ti-
res: safety “enhanced” with energy efficiency and 
superior longevity. 

To demonstrate the performance of the 
MICHELIN Primacy 3, the independent tests 
centers TÜV SÜD Automotive and IDIADA 
were commissioned to compare the tire against 
four market-leading competitors. The tests reve-
aled that: MICHELIN Primacy 3 delivers excel-
lent braking performance on dry roads and on 
wet roads and excellent grip when cornering on 
wet roads.

THE RUBBER COMPOUND WITH 
ITS UNIqUE COMBINATION OF 
INGREDIENTS
The MICHELIN Primacy 3’s patented new rub-
ber compound optimizes grip in all conditions of 
use without sacrificing performance in other are-
as, namely fuel efficiency and longevity.
The new compound is a unique, complex com-
bination of different elastomers, a silica-based re-
inforcing agent and a resin-based softener. What 
makes the compound innovative is not only the 
ingredients themselves but even more impor-
tantly the optimal dosage of each ingredient and 
the mixing method. 
This unique combination binds the components 
very tightly, thereby providing high total mileage.

THE TREAD DESIGN
WITH ITS INNOVATIVE SIPES
Because of the demands placed on tires when 
braking sharply or cornering on both wet and dry 
roads, it’s important to have a maximum of rub-
ber in contact with the ground.
The MICHELIN Primacy 3 features a new paten-
ted tread with self-blocking sipes. They lock into 
each other to make the blocks more rigid and less 
likely to lose their shape, thereby improving the 
contact between the tire and the road.
In addition to their original design, the new sipes 
are manufactured with a groundbreaking techno-
logy that can reduce their thickness to as little as 
two-tenths of a millimeter. This means that they 
are two or three times thinner than the sipes 
found on winter tires.

Technological Solutions to Improve Safety

Alina Ghica
Marketing Director Michelin
Romania and Balkans
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Florin Daniel DRAGNE, A.E., M.Sc.
Abstract: In the context of unprecedented automotive control systems devel-
oppment, the author approached, using systems theory modern tools, math-
ematical modeling and simulation of automotive fluid control systems. This 
paper is an attempt to formulate a method of modeling, analysis and simplifi-
cation of physical systems with application in construction and validation of 
an ABS / ESP braking system and the posibility to integrate this model into 
a real time simulation environment ( Hardware in the Loop - HIL). To fulfill 
this purpose the author had all the time in mind the basic principles used in 
modeling, simplification and simulation of  tehnical systems - for a model to 
be representative in terms of results it must meet the following criteria: to have 
physically meaningful parameters, to have physically meaningful state variables 
and to have the minimum complexity required to address the modeling objec-
tive. These principles were applied by dividing the research and development 
activities in three categories: physical modeling, numerical methods and com-
puter science and programming. The research and development stages were 
based and structured on these activities but also on the AMESim (simulation 

program) facilities for modeling and simulation. These facilities can bring out 
certain aspects of big importance for system simplification. You can find out 
the number of iterations for each system state variable (State Count) or the 
amount of energy exchanged by sistem components (Activity Index). Based 
on these considerations this paper proposes a methodology that can develop 
and then simplifies the mathematical models in order to reach a level of sim-
plicity that allows real-time simulation but remain sufficiently representative 
to make decisions based on the simulation results analysis. In the first phase an 
complex system was developed and modeled. All this system elements were 
modeled and solution were found to simplify the elements through static and 
dynamic behavior analysis. Then the whole system was ansambled, tested and 
validated. The results were analyzed and new decissions were made on the 
necesity to do other simplifications. After a series of iterations, tests and after a 
detailed analisys, the conclusion is that the final goal was reached and we can 
say that the methodology is validated.
Keywords: ABS / ESP system, modeling, simulation, simplification, system 

reduction, valve, state variables, energy exchange.

Ing.  Marius-Valentin BăţăUŞ
Abstract: This work details the current state in the field of hydraulic control 
systems for automobiles automated mechanical transmissions with emphasis 
on the real-time simulation of the complex system formed by the control unit, 
the powertrain and the vehicle.
A procedural analysis of the modelling and real-time simulation of complex 
technical systems is done and important aspects regarding the conversion of 
offline models for real/time simulation, the employed real-time platforms and 
programs are shown.
The aspects regarding the modelling and simulation of the automotive power-
train and of the electro hydraulic actuation of automated mechanical trans-
missions are exposed. Therefore, different structures of automated transmis-
sions are investigated and the modelling of the hydraulic cylinders in rotation 
is analyzed.
The work contains a detailed presentation for the models of the transmission 

components and of the hydraulic circuit that are needed for real/time simula-
tion. For this purpose an investigation of the different current models is done 
with the aim of establishing their compatibility with this type of simulation. 
It can be mentioned the study of the real-time capabilities of the clutch mo-
dels based on different friction modelling techniques. Moreover, an original 
synchroniser model is shown and a recent modelling method of the hydraulic 
component for real time application is explored.
The proposed solutions are validated through representative detailed models 
of propulsion systems that includes the hydraulic control circuit and that are 
in real-time simulated. Furthermore, the advantages, the performances and 
the limits of the AMESim-Matlab/Simulink-ControlDesk interconnection 
when is used as an instrument of synthesis of real-time models are evaluated.
The real-time simulation is done using xPC and dSPACE real-time platforms.
Keywords: real-time simulation, fluid power systems, powertrain systems, au-
tomated transmissions, automobiles
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