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Principalele directii de dezvoltare a constructiei de autovehicule in prezent sunt: realizarea —

unor autovehicule care sa asigure un confort §i o securitate sporitd, reducerea poludrii in vede-
rea protejarii mediului ambiant, cresterea calitatilor dinamice §i economice ale acestora, sim-
plificarea conducerii autovehiculului prin automatizarea diferitelor comenzi.

Dezvoltarea industriei de autovehicule nu poate fi conceputa astizi fard ca in activitatea de
conceptie sa fie cuprinsi cu o pondere importantd, activitatea de cercetarea experimentala.
Avand in vedere aceste considerente, lucrarea prezentata este structurata in noua capitole care

prezinti elementele de baza privind: criteriile de alegere a aparaturii; precizia si erorile de ma-
surare; evaluarea erorilor de misurare; traductoarele; amplificatoarele de semnal si aparatele
pentru inregistrarea semnalelor obisnuite din lantul de masurare; importanta, scopul si clasificarea incercarilor autovehiculelor; alegerea
si pregitirea autovehiculelor pentru incercari; modul de intocmire a programului de incerciri; metodologia de incercare a principalelor
subansambluri ale autovehiculului (motor, transmisie etc.); modalititi de determinare a performantelor autovehiculelor (masurarea vite-
zei, determinarea calititilor de accelerare si frinare, masurarea fortei de tractiune, determinarea consumului de combustibil); incercarea
autovehiculelor la stabilitate §i maniabilitate; determinarea parametrilor de confort; determinarea capacititii de trecere; determinarea du-
rabilitatii autovehiculelor.

Lucrarea se adreseaza in primul rand studentilor din domeniul ,, Autovehicule Rutiere”, precum si specialistilor care lucreazi in domeniul
conceptiei, cercetarii, fabricarii §i exploatarii autovehiculelor, punandu-le la dispozitie metode de incercare a acestora in conditii de drum
si de laborator.

Lucrarea mai cuprinde un mic dictionar in domeniul poludrii si o lista de abrevieri.

SOLUTII MODERNE DE IMBUNATATIRE A ARDERII
LA MOTOARELE CU ARDERE INTERNA
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Motorul cu ardere interna are o lunga istorie. Provocirile impuse de utilizarea pentru echiparea
autovehiculelor au determinat perfectionarea continui a acestuia. In prezent, performantele
motoarelor cu ardere interna trebuie sa se incadreze in normele din ce in ce mai severe stipulate
E s L delegislatia in domeniul protectiei mediului. Una din ciile principale pentru incadrarea emisiilor
o motoarelor cu ardere interna in normele de mediu este imbunitatirea procesului de ardere.
Lucrarea prezentata este destinata studentilor de la programele de master si specialistilor din
domeniul autovehiculelor rutiere si cuprinde unele metode de imbunititire a procesului de
ardere din motoarele pentru autovehicule, pornind de la modul de formare a amestecului carburant, continudnd cu concepte noi
privind procesul de ardere §i cu prezentarea influentei arhitecturii camerei de ardere.
In capitolul introductiv se prezinti necesitatea imbunititirii procesului de ardere la motoarele pentru autovehicule.
In urmitoarele doui capitole sunt enumerate metode specifice de imbunitatire a arderii la motoarele cu aprindere prin comprimare,
respectiv la motoarele cu aprindere prin scinteie.
Capitolul 4 trateazd conceptul arderii amestecurilor omogene (HCCI), cu analiza posibilititilor de aplicare practici a acestuia.
Ultimul capitol prezinti aspecte privind autoaprinderea controlati (CAI).
Lucrarea oferi o baza solidi celor interesati in dezvoltarea unor noi generatii de motoare cu ardere intern, cu performante superioare
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ACADEMIA, INDUSTRY AND GOVERNMENT:
TOGETHER FOR AUTOMOTIVE ENGINEERING DEVELOPMENT

SIAR LA GEA DE-A 25-A ANIVERSARE

EDUGATIA, INDUSTRIA, STATUL:

IMPREUNA PENTRU DEZVOLTAREA INGINERIEI AUTOVEHICULELOR

nul 2015 marcheaza impli-

nirea unui sfert de veac de la

A fondarea Societitii Inginerilor

de Automobile din Roménia

ﬁ - SIAR). Existenta SIAR este

' semnul distinctiv al faptului ci filiera automobi-

listici din Roménia este organizatd pentru a crea conditii propice unui

dialog ale carui pirti interesate sunt sistemul de invitimaént, industria

de automobile si structurile de profil ale statului. Pentru a servi acestui

scop, printre altele, SIAR organizeazi anual, sub patronajul Fédération

Internationale des Sociétés d’Ingénieurs des Techniques de 'Automobile
(FISITA), un congres international.

Anul acesta,

Politehnica din Bucuregti, beneficiind, in premiera, de label-ul « European

congresul SIAR este organizat de citre Universitatea

Automotive Congress / Congres European de Automobile ». Acest con-
gres este, de fapt, rezultatul unui efort conjugat al European Automobile
Engineers Cooperation (EAEC) si SIAR. Ca urmare, discutim de con-
gresul EAEC-ESFA201S ce reprezinti, pe de-o parte, cea de-a 14-a editie
a Congresului EAEC, iar, pe de alti parte, cea de-a 9-a editie a traditionalei
Conferinte ESFA a SIAR. Pe scurt, este vorba despre ,European
Automotive Congress” (www.eaec-esfa2015.com), guvernat, la aceastd
editie, de motto-ul ,Academia, Industry and Government: together for
automotive engineering development”.

Asadar, in aceasta relatie tripartita se desfisoara activitatea SIAR. Desigur,
trebuie sa privim in viitor, motiv pentru care partea ce vizeazi mediul aca-
demic din motto-ul congresului nostru, se poate diviza pentru a pune in

evidentd, in mod distinct, studentii nostri. Aceasta cu att mai mult cu cit

SIAR are o puternica componenti academica.
Provocirile sunt complexe si trebuie si vizeze asigurarea unei devoltari
durabile/sustenabile a societatii... As mentiona, acum, numai necesita-
tea existentei unei resurse umane corespunzator pregatita. Pentru aceas-
ta, cele trei parti interesate (profesorii si studentii din mediul academic,
mediul industrial, respectiv, structurile statului) trebuie si fie intr-un
dialog continuu. Eficienta ar trebui sa fie atributul primordial al acestui
dialog. Asadar, aceasta structura tripartita trebuie si se constituie intr-un
adevirat sistem integrat ce functioneaza in bucld inchisa. Cuvéntul cheie
ar trebui sa fie feedback. Fari feedback nu se poate miza pe o ameliorare
reald, al cirui obiectiv final nu poate fi decét crearea unei resurse umane
de calitate pentru o societate mai buna. Generic vorbind, in interactiunile
din cadrul acestui sistem integrat, ar trebui urmarita satisfactia clientului,
fiecare dintre cele trei parti avand simultan att calitate de client, cat si de
furnizor. Este evident, cred, ci aceasta satisfactie nu poate fi atinsa fara
dialog, deci, fara feedback...
Inchei repetind ceea ce am mai spus, si anume: in tot acest sistem, SIAR
trebuie si aibe un rol de interfatd, dovedindu-si, in acest fel, utilitatea
publica. Este (inci) nevoie de intensificarea dinamicii SIAR si este impor-
tant ca vocea SIAR sa fie auzit3, astfel incét utilitatea organizatiei noastre
si fie evidenta pentru partile implicate.
La ceas aniversar, SIAR este recunoscitor partenerilor sii §i rosteste
traditionala urare:
VIVAT, CRESCAT, FLOREAT !
Adrian CLENCI,
Presedinte SIAR, Director al Departamentului Autovehicule si Transporturi
Universitatea din Pitesti
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INTERVIEW WITH MR. CHRIS MASON
FISITA CHIEF EXEGUTIVE OFFICER

INTERVIU CU DL. GHRIS MASON
GHIEF EXECUTIVE OFFICER FISITA

FISITA brings together the profes-

sional associations of the automo-

tive engineers all over the world,
continuously acting in achieving
and providing a proper frame to
our common actions, for our com-
mon tasks. What would be the
main lines of actions for FISITA in
this period of time?

FISITA has been in existence as a
membership organisation for near-
ly 70 years, our primary focus is on
providing our members with ben-
eficial services that add value and
bringing the automotive technical
community together to network,
from a technical perspective.

We focus much of our time on

organising and running technical
events such as World Automo-
tive Congress, World Automo-
tive Summit and EuroBrake. Also
also work with members in de-
veloping activities and initiatives
through the FISITA Committee
structure, primarily the Education,
Technical and Internal Relations
Committees.

We could easily notice an enhance-
ment of FISITAs actions. Keep-
ing that in mind, what would be
the future tasks and objectives for
FISITA?

Since joining the organisation as
CEO in August 2014 I have been
learning, listening and talking to

members and stakeholders in or-

der to work out how we ensure that

FISITA continues to stay relevant

to our members and the broader

community.

The five year vision plan I presented

to the Executive Board in July fo-

cuses on maintaining and develop-

ing what we have, while sensitively

adding new focus on existing ac-

tivities or bringing new initiatives

in to continue to support and add

value for our members. The Board

agreed the following six objectives,

which we now refer to as our 2020

RoadMap:

1. Improve FISITA engagement
and recognition

2. Demonstrate purpose and
value of FISITA membership

3. Develop meaningful mem-
bership proposal

4. Align academia within mem-
bership structure

5. Improve  communications
and brand awareness

6.  Operational management

FISITA brings together automo-
tive engineers from 37 countries.
Each and every National Associa-
tion has its own priorities. What
are FISITA's instruments to har-
monize them?

We are lucky to have such a large
and committed membership from
all around the world. We try to
maintain an open dialogue with
all our members, but the main
contributor is the members them-
selves. They are very well organ-
ised within the Committee struc-
ture and of course our Executive
Board and Council are made up of
member volunteers, so they set the

overall direction for the staff team
to deliver. We all work very well to-
gether and that’s the key.

To increase the efficiency of FISI-
TA’s activities, a main way is given
by improving communication.
What are the plans of FISITA to
improve the intercommunication
between the National Associations
as well as the communication be-
tween FISITA and the National
Associations?

The FISITA Internal Relations
Committee already does a fantastic
job and you’ll have seen new initia-
tives from them such as the mem-
ber survey and Regionsl Report
already this year. The more we en-
gage with our members, the more
channels of communication can be
discovered and opened up. As we
develop our plans from the 2020
RoadMap members will continue
to see us look to engage with them
more often, on different subjects,
we will continue to use the website
as an area to use to hold discus-
sions, debates and develop plans
together. And of course, the new
FISITA head office in Stansted, UK
has been especially fitted out to ac-
commodate more meetings with
members and also for our members
to use as a free of charge workspace
whenever they are in the UK.
Globalization is a strong trend,
making it self felt in the Automo-
tive Industry as well. This trend
assumes both a full professional
communication and projects that
imply counterparts scattered all
over the world. How does FISITA
support this kind of projects?
Again, we see globalisation as
something that has been part of the

5
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FISITA remit since 1948, as that’s
the role of an international mem-
bership organisation. With regard
to our project work, we use the In-
ternet and Webex/Skype meetings
routinely as its not practice, or al-
ways necessary, to travel in order to
progress projects. Although, there is
no substitute for a face to face meet-
ing, the Internet has changed work-
ing practices and made the world a
significantly smaller place.

FISITA’s cohesion is commonly as-
sured by the central management’s
actions, but mostly by projects that
involve members of different Nation-
al Associations. How do you com-
ment the present status of the FISI-
TA? Do you consider some necessary
improvements in these directions?
We always strive to improve what
we do and how we do it, this is a
fundamental business practice in
my view.as the leader of any busi-
ness if yo aren’t looking to improve,
then I believe you are not taking
your responsibility to the organisa-
tion seriously.

What we are mindful of at FISITA
is the rich history and relationships

that are as vital to the organisation

as business development strategy.
Do you think that a way to pro-
mote the activities developed by
the national Associations would
be provided by better display-
ing them on FISITA’s website and
publications?

Yes. We have been working on a
brand new website for the last few
months which will be much easier
for us to add and edit content on
than our current site. Once this
is live, we will be able to provide
more reference to our members
activities and achievements than
we are able to do right now. We
also introduce the monthly Inside
Track newsletter, which has been
very well received over the last year.
In our opinion, the scientific events
lately organized by FISITA have a
dual feature. On one hand they re-
strict the participation of the inter-
ested persons due to the high par-
ticipation fees. On the other hand,
having the papers published in
formats that are not internation-
ally recognized, determine even the
persons having money for fees to
avoid them. Does FISITA have any
intention to analyze and maybe to

correct these aspects?

Yes. The recognition of a ‘FISITA
Paper’ and then it’s ‘discoverabil-
ity’ seem to me to be two areas that
haven’t received the levels of invest-
ment that they should have over
recent years. Our 2020 RoadMap
plans to work towards addressing
this issue, but it will take time.

We pay attention to the activities
of the Educational Committee of
FISITA and have great expecta-
tions for the future Academic Com-
mittee. The programs for the young
automotive engineers are impor-
tant, maybe the most important
for FISITA, taking into account
their potential in future develop-
ment of the society. How do you
evaluate the youth’s implication in
FISITA's activity?

Our ability to engage with young
people in order to demonstrate to
them how attractive automotive
careers can be is fundamental and
integral to the entire 2030 Road-
Map plan. We need to build on the
excellent work we already do in this
area and reach out to more young
people around the world and offer

them more routes to experience

what we already know, the interna-
tional automotive sector is a fabu-
lous place to work!

The EAEC-FISITA Congress 2016,
organized by SIAR due to the im-
possibility to hold this Congress in
Gyor, Hungary, made possible the
meeting of an important number
of participants. It also provided
the possibility to reveal important
aspects of the research and devel-
opment within the Automotive En-
gineering domain. How do you ap-
preciate the place of this Congress
among FISITA's events and the re-
sults of this Congress as well?

It is my first experience of EAEC
and I am really pleased to be here in
Bucharest today, while carrying out
this interview, in order to experience
the event. This year sees the 14
EAEC, and I think we need to en-
sure we are still celebrating its cause
and relevance to the European Auto
Engineering community in another
30 years. I'm looking forward to tak-
ing away what I learn from the expe-
rience as helping ensure it continues
to thrive as a key FISITA event.
Thank you for the interview!

My pleasure! Any time!
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INTERVIEW WITH DR_-ING. LUDWIG G.E. VOLLRATH
FISITA VIGE PRESIDENT AND EAEG PRESIDENT

INTERVIU CU DR.

ING. LUDWIG GE. VOLLRATH

VICEPRESEDINTE FISITA, PRESEDINTE EAEC

Mister President of EAEC, or-
ganizing the EAEC Congress, for
the first time by SIAR, was a last
moment solution, given by the im-
possibility to hold this Congress
in Gyor, Hungary. How do you
evaluate, now, in the end of this
European level scientific event, the
organizing and the results of the
EAEC-FISITA Congress 20152
First of all I should like to express
my gratitude to SIAR and in par-
ticular to Prof. Adrian Clenci
and Prof. Minu Mitrea. They had
worked in close collaboration with
Prof. Christian Andreescu and his
team to get the joined conference
EAEC-ESFA 2015 rolling. Only a
very brief period for preparation
had been available to them since
the beginning of this year when we
took the decision jointly. The re-
sults of our incessant work are most
convincing.

With the occasion of the EAEC
Congress (meetings), held in Bu-
charest, has been set that the future
one should be organized in 2017 in
Cracow, Poland. Scheduling and
organizing an European Automo-
tive Engineering Congress may be
a difficult task since its outcome
doesn’t get an important acknowl-
edgment outside the FISITA en-
vironment. How do you think the
Juture steps should be taken like,
to increasing the international vis-
ibility and acknowledgment of the
papers presented to these scientific
events?

We are talking about Europe rela-
tive to EAEC. Europe is character-
ized by a very specific collaboration
for research and development rep-
resented by academia and industry

in the automobile sector. This
means a closely interlinked net-
work in Europe.

I am convinced that an European
Automotive Congress is an excel-
lent platform to present to and
to discuss among colleagues new
ideas and concepts for the future.
There are several thousands of en-
gineers and scientists concerning
the future of the automobile. Their
bright ideas must be gathered and
publicized to benefit all of Europe
and to reach out to the world- also
through the communication chan-
nels offered by FISITA.

EAEC is a virtual structure, its
President being, de facto FISITA’s
Vice-President for Europe. So, do
you think that a formalization of
EAEC would be necessary in the
future? What do you think about
our proposition that the National
Societies would successively, and
by agreement, provide for a one-
year term a Secretariat for EAEC
that would facilitate a better re-
lationship between the European
Member Societies?

You are right, for the time being
we have a personal union with
FISITA VP Europe due to lack of
manpower.

The original idea of EAEC the
European Automobile Engineers
Cooperation is to function as a
platform for the European engi-
neering community.

A better way to ensure effective
working is to follow the procedure
of presidency as laid down for the
member states in the EU : they
follow a fixed list of rotation mak-
ing sure that the last presidency

and the following presidency

Ludwig VOLLRATH

EAEC President

as consultance to the current
presidency.

In this way we follow FISITAs ap-
proach of ensuring presidents for
the EAEC
would profit by this approach by

different continents.

setting up a presidency/coordina-
tor to be elected by the European

members.

The procedure of election should
involved a kind of list of rotation
of presidency and secretariat presi-
dent and secretary are indepen-
dently voted and may be held by
different countries in Europe .

The national European Societies
have their own features, gener-
ated by their specific social and

7
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economical context. Some of
them, like SIAR for example, have
a powerful academic component,
while others have the majority
of their individual members as
people coming from the indus-
trial environment. These features
could generate difficulties in find-
ing common projects. How do you
think we should act in the future
to increasing the coherence of the
actions of the National Member
Societies and reaching objectives
of common interest?

I am quite aware that the member
societies have quite different na-
tional backgrounds. I think every
member country should under-
take a policy of inclusion of aca-
demia and industry. The benefit
for both will be that they generate
synergies and will gain greater at-
tractiveness for national institu-
tional and personal members as
well as international investors as
stakeholders.

The European Union tends to-
wards a stronger integration. Oth-
er European Countries also join
this trend, in different extents.
How do you assess building up an
European common environment
Jor the Automotive Engineering?
What would be the main paths or
lines of action in this respect?

The automotive industry does not
stop short at the EU borders. No do
engineers. This spells “networking”
on your national level reaching out
to the neighboring countries and
from there to the world

This networking is the fundamental
idea of the European Automotive
Engineer Congress EAEC.

Its
the many legs of the European

success always stands on
members.

The European University educa-
tion adopted a common model
to train engineers, including the
automotive engineers. We speak
here about the Bologna model.
Do you consider that EAEC could
involve in defining the minimal
competencies of the domain’s

graduates at different levels of the
8

educational process?

EAEC is a platform to exchange
experience and findings. It is not
a rating agency, not an educa-
tional adviser. However as a pool
of cooperating member societies
we could provide the platform as
a matchmaker between students
and industry.

On long term, could EAEC be-
come a partner of the European
Commission in promoting the
specific interests of the domain?
EAEC does not understand itself
as a lobbyist but could be useful
in contacting the EU commission
when it comes to present specific
projects for promotion.

How do you evaluate the role of
the University scientific research
in the field of the Automotive
Engineering and its integration
within the European scientific re-
search as a whole?

University based scientific re-
search in the field of automotive
engineering is indispensable both
on a national and European level
it will benefit both people and
research content best if it reaches
out to the practical engineering by
means of join projects.

A strong co-operation bond be-
tween the industry and the Uni-
versities allows an efficient use
of the available resources and
competencies within these insti-
tutions. How do you think this
co-operation could be intensi-
fied? What do you think about the
idea that EAEC should develop a
mechanism within its structure,
able to facilitate contacts between
the Universities (especially from
Eastern Europe) and automotive
and part manufacturers? Should
be mentioned that this mecha-
nism aims both at cooperation of
the Universities within the scien-
tific and technological innovating
domain and at providing scholar-
ships for the students of this side
of Europe to FISITA’s training
activities.

I strongly believe that successful

cooperation between academia

and industry should not be or-
ganized by central organizations.
Partnership of this kind means
that the interested parties should
seek each other as is looking for
marriage. Again matchmaking is
the keyword by proving the plat-
form e.g. congresses.

Things are different for education:
students need promotion, scholar-
ships, internships etc. to expand
their professional horizon and to
prepare them for their future jobs
in the global automotive industry.
Such programmes already exist
within FISITA and are constantly
developed.

It's notorious by now your in-
volvement in sustaining programs
for young automotive students, of
their practical activities and espe-
cially of the “Formula Student”
project. In Romania, our students
also have this kind of concerns. In
many Universities, the students,
helped by their teachers, devel-
oped projects within the “For-
mula Student” project. But they
also have been involved in smaller
scale projects: small vehicles (go-
karts) powered by various power
units (compressed air, electrical or
thermal engines). They take their
vehicles to international contests,
e.g. “Kart Low Cost” (with part-
ners from France and Tunis) or
“Pneumobil” (Hungary and Slo-
vakia). How do you appreciate
the contribution of these projects
in developing the professional
skills of the future automotive
engineers, since they aim at devel-
oping a career in the Automotive
Engineering? Moreover, how do
you think the “Formula Student”
project could be further developed
in Eastern Europe?
Students
International Design Competition

Formula as  an
had been conceived for the first
time in the USA almost 30 years
ago and has developed into the fo-
cal competition for students and
young engineers on a global scale.
More than 600 student teams from
52 countries take up the challenge

every year to design a competitive
vehicle, to present it to an interna-
tional jury and to match their engi-
neering capabilities against those
of their fellow student teams.

In Europe this competition enjoys
a special role in two ways:

Five years ago FS Electric had
been called into life in Germany
to take up the challenges of fu-
ture drive systems that will save
the environment. 80 percent of
the E-teams come from European
universities and polytechs. This
highlights the significance of sus-
tainability that is addressed by this
young generation.

Secondly, 250 student teams have
been formed in Europe over the
recent years, in Europe the most
international competitions are or-
ganized, like in UK, Italy, Spain,
Germany, Austria, Czech Republic,
Hungary and quite recently in
Russia. The later countries are an
indication that Formula Student
enjoys a most dynamic develop-
ment in Eastern Europe.

I personally think that any kind of
student based competition is an ex-
cellent platform to deal with novel
technology concepts, to work out
solutions in a team and to put their
solutions to the test. The projects
you mentioned are proof of this
spirit to take up the spirit of tech-
nology, cost and environment.
Mister President, the SIAR mem-
bers felt and appreciated your
continuous support. We kindly
ask you, since the EAEC-ESFA
Congress has ended and the 2016
New Year is closing, to send them
a message.

Dear friends from Romania, thank
your for your excellent work as or-
ganizers and your heartwarming
hospitality. I wish you and all your
associates all the best and success
for the future. I greatly enjoyed
working with all of you and I think
I have made very good friends.
Thank you very much for this
interview and let us wish you A
Merry Christmas and A Happy
New Year!
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THE EUROPEAN AUTOMOTIVE GONGRES EAEC-ESFA 2015

GONGRESUL EUROPEAN DE AUTOMOBILE EAEC-ESFA 2015
258-27 Noiembrie 2015 Bucuresti, Romania

MOTTO: Academia, Industry and Government:
together for automotive engineering development

Prof. dr. ing.

Minu MITREA
General Secretary of SIAR
minumitrea@yahoo.com

SIAR, Spl. Independentei 313 060042 Bucharest
Romania

In perioada 25.11 — 27.11.2015 au
avut loc lucrérile Congresului Euro-
pean de Automobile EAEC-ESFA
2015, organizat de Conferinta Eu-
ropeand a Inginerilor de Automo-
bile — EAEC si Societatea Ingine-
rilor de Automobile din Roménia
- SIAR, in organizarea Facultitii
de Transporturi a Universititii Po-
litehnica din Bucuresti prin Depar-
tamentul de Autovehicule Rutiere,
sub patronajul FISITA (Internatio-
nal Federation of Automotive Engi-
neering Societies).

Conceput ca un eveniment stiintific
major in comunitatea europeana a
cercetitorilor, cadrelor didactice si
a altor specialigti din domeniul in-
gineriei autovehiculelor, Congresul
European de Automobile EAEC-
ESFA 2015 a avut ca piloni de baza
in structurarea sa doud manifestari
de traditie: Congresul international
al SIAR de inginerie a autovehicu-
lelor ESFA ,Economicitate, Secu-
ritate si Fiabilitate pentru Autove-
hicule” ce are o bogati traditie si
recunoagtere international, fiind
organizat anterior in anii 1981,
1984,1987,1991, 1995, 1998, 2003
§i 2009, precum si conferinta euro-
peana EAEC. Conferinta europea-
ni a inginerilor de automobile or-
ganizata de citre EAEC — European
Automotive Engineers Coopera-
tion la fiecare doi ani intre congre-

sele mondiale ale FISITA a marcat
panain prezent 13 editii gizduite de
Germania (1987, 1993), Marea Bri-
tanie (1989), Franta (1991, 1995,
2003), Italia (1997), Spania (1999,
2011), Slovacia (2001, 2009), Ser-
bia (2005) si Ungaria (2007).
Congresul European de Automobi-
le EAEC-ESFA 2015 a fost organi-
zat de Departamentul de Autovehi-
cule din cadrul Facultatii de Trans-
porturi a Universitatii Politehnica
din Bucuresti, unul dintre centrele
de excelenta in cercetarea aplicativa
si fundamentala din domeniul ingi-
neriei autovehiculelor si transportu-
rilor rutiere, cu o larga recunoagtere
nationala si internationala.
Congresul a fost insotit de un an-
samblu de manifestiri care au atras
atentia specialistilor romani si stra-
ini din domeniul ingineriei autove-
hiculelor si transporturilor rutiere

prezenti la Bucuresti cu aceastd
ocazie. Aceste manifestari au facut
ca Bucurestiul sa devind pentru cé-
teva zile un centru international al
ingineriei autovehiculelor, oferind
astfel prilejul stabilirii unor contac-
te utile de colaborare gi informare in
domeniul problemelor actuale pri-
vind dezvoltarea autovehiculelor,
siguranta transporturilor rutiere,
protectia mediului.

Schimbul activ de idei, alituri de
mobilitatea cercetatorilor, caracteri-
zeazd societatea actuala si constituie
unul dintre motoarele de dezvoltare
a domeniului ingineriei automobi-
lelor. Participarea la lucririle con-
gresului a unui numdr important de
specialisti din mediile academic, so-
cial si economic din tard si de peste
hotare a permis crearea unui cadru
prielnic abordirii cu substanti a te-
melor importante care preocupa so-

cietatea contemporana si constituie
provocari continue.

Directiile de interes propuse pen-
tru Congresul European de Auto-
mobile EAEC-ESFA, au asigurat
un cadru stiintific adecvat unor
schimburi de idei §i dezbateri in-
tense si obiective, au reflectat aceste
preocupari din domeniul ingineriei
autovehiculelor, fiind orientate pe
urmatoarele teme: sisteme avansa-
te de propulsie; autovehicule ru-
tiere §i mediul; sisteme moderne
de transport si trafic auto; vehicule
grele si speciale; metode avansate
de inginerie;materiale si tehnologii.
Cei peste 250 de participantila con-
gres au avut ocazia de a se implica
activ la lucrarile stiintifice prezen-
tate in sesiunea plenard, cat i in
cadrul sectiunilor, work-shop-uri,
expozitii, vizite tematice, activitati

sociale.
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In cadrul ceremoniei de deschi-
dere a congresului au prezentat
salutul lor dr. ing. Ludwig G.E.
VOLLRATH - vicepresedinte al
FISITA si presedinte EAEC (Eu-
ropean Automotive Engineers
Cooperation), Chris MASON
— CEO FISITA, Mihnea COS-
TOIU - rectorul UPB, PASCAL
CANDAU - manager general la
Renault Technologie Roumanie,,
ing. George DINCA - manager
general RAR, ing. Constantin
STROE - presedinte ACAROM,
ing. Mihai BOLDIJAR - repre-
zentant Robert Bosch Romania si
Bulgaria, Gerolf STROHMEIER
— AVL Austria, conf. dr. ing. Adri-
an CLENCI - presedintele SIAR
si prof. dr. ing. Cristian ANDRE-
ESCU - vicepresedinte SIAR si
presedinte al comitetului de orga-
nizare a congresului EAEC-ESFA
2018.

Dupi ceremonia de deschidere a
congresului care a avut loc in Am-
fiteatrul ANO10 al Universitatii Po-
litehnica din Bucuresti, s-a trecut la

10

prezentarea lucririlor in plen.

Prima lucrare, sustinuta in plen de
Ovidiu TEODORESCU - Equip-
ment Design Engineering Mana-
ger la Renault Technologie Rou-
manie, a abordat o tema de prima
importantd in aceasti perioadd
pentru Renault §i anume asigurarea
unui management performant in
conceptia si productia de autovehi-
cule pe 4 continente i in 14 uzine.
In continuare Gerald TEUSCHL -
Product Line Manager Powertrain
Electrification la AVL List Austria
— a avut o interventie urmarita cu
mult interes de auditoriu cu titlul
,Eficient Powertrain Solutions -
Tension 12V to 800 V™.

Lucrarea sustinuta de Filip DE-
BLAUWE - Technical Manager
la SIEMENS PLM Software Ger-
many, a evidentiat preocupdrile si
realizirile companiei sale in dome-
niul economiei de combustibil prin
lucrarea ,Addressing performance
balancing in fuel economy driven
vehicle programs ”.

Prof. dr. ing. Eden Mamut a

prezentat stadiul cercetarilor in do-
meniul Fuel Cells.

Si prezentarea dlui Bogdan CER-
NAT-GRUICI, H2020 NCP
pentru Smart, Green and Integra-
ted Transport — ,Horizon 2020,
oportunitati de finantare pentru do-
meniul ingineriei autovehiculelor.
Programe curente §i programe cu
declansare in perioada urmitoare”
(2016-2017), s-a bucurat de toata
atentia audientei.

Lucrarile pe sectiuni au fost prezen-
tate intr-un cadru special, elegant si
multifunctional asigurat de noua bi-
bliotecd a Universitatii Politehnica
din Bucuresti.

La lucririle Congresului au parti-
cipat cadre didactice universitare,
cercetitori si specialisti din dome-
niul ingineriei autovehiculelor si
transporturilor rutiere din Austria,
Bulgaria, Belarus, Franta, Germa-
nia, Iran, Israel, India, Japonia, Ma-
cedonia, Marea Britanie, Republica
Moldova, Pakistan, Polonia, Serbia,
Slovacia, Spania, SUA, Turcia, Un-

garia §i din Roménia.

Congresul a prilejuit atit prezen-
tarea rezultatelor activititilor de
cercetare desfasurate, cit si schim-
buri de opinii pe diverse teme de
interes. Pe durata congresului, s-a
organizat o vizita la Palatul Parla-
mentului, iar 17 firme cu activitati
de profil si-au prezentat produsele
in spatiul expozitional special desti-
nat. In cadrul a doua work-shop-uri,
participantii au dezbatut probleme
specifice ingineriei autovehiculelor,
aplicatii software si sisteme comple-
xe de testare a autovehiculelor.

Desfasurarea in paralel cu lucrarile
Congresului European de Auto-
mobile a fazei pe tard a celei de a
doua editii a Concursului national
studentesc de inginerie a autove-
hiculelor ,Prof. univ. ing. Constan-
tin GHIULAT”
studentilor

universitati, cistigitori ai fazelor

cu participarea
reprezentind  noud
locale, a contribuit din plin la con-
struirea in randul participantilor
a unei imagini optimiste, pline de
incredere in viitorul ingineriei auto-
vehiculelor in Romania.
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ACTIVELY DEFENDING THE CONNEGTED CAR

FROM WIRELESS ATTACKS

APARAREA ACTIVA A AUTOMOBILELOR CONECTATE WIRELESS

REZUMAT

Securitatea ciberneticd a automobilelor conectate wireless este o preocupare majori
pentru punerea in aplicare a conectivitdtii integrale a automobilelor, cu atat mai mult
pentru vehiculul autonom.

Cu exceptia unui rdspuns remarcabil care va convinge toate partile implicate (tehnice

pentru a imbundtafi rezistenta la atacul in refea. Simularea constd intr-un program
software de modelare a unui autovehicul si a turnului cu care comunicd intr-o conexi-
une Infrastructurd de conectare - Vehicul (V21), prin transferarea pachetelor de date la
intervale regulate. Sistemul functioneazd pentru o varietate de moduri de comunicare si
atacuri cibernetice.

Componenta logici ilustreazd o securitate multi-level bazatd pe criptarea RSA, in

si publice), probabil cd niciodatd nu va fi adoptatd pe scard largd o conectare completd,
autonomd, a autovehiculului la retea.

Lucrarea prezentatd are ca bazi o simulare software online in timp real a unui algo-
ritm de protectie pe mai multe niveluri, bazat pe criptarea asimetricd puternicd a unei
semndturi si pe o criptare asimetricd de nivel redus a comunicdrii pe un singur canal.
Mecanismul automat se bazeazi pe un algoritm de detectie si reactie special conceput

timp ce comp tal fizicd d treazd o c wireless multi-canal. Lucrarea
prezintd matricea riscurilor automobilelor conectate wireless, asociate recunoasterii si
descrierii atacurilor cibernetice.

Keywords: connected car, RSA Asymmetric Cryptosystem, lightweight encryption,
man in the middle, deny of service.
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1.INTRODUCTION

One of the main obstacles in large
scale implementation of the con-
nected car is keeping the two way
communication safe, secure and
discrete. The landscape of Vehicle
to Infrastructure is quite clear in the
mode of operation and infrastruc-
ture as one mode or another of ma-
chine to machine communication
through the latest GSM /Mobile
networks, however the Vehicle to
Vehicle part is a totally different sto-
ry, due to the high number of vehi-
cles communicating simultaneously
in a real time operation through
short range communication.

The contradicting demands of reli-
able ,strong encryption and descrip-
tion while keeping real time opera-
tion in a low computer resource en-
vironment on a moving vehicle with
no wired connection to back up and
databases requires tailored solution.
Encryption Key Management: Pub-
lic-key cryptography or Asymmetric

cryptography is cryptography in
which a couple of keys is used to de-
crypt and encrypt communication
so that it is transmitted securely. At
first, a user of the network receives
both a private and public key’s from
a permitted authority. All other
network users who wants to read
an encrypted message can get the
intended recipient’s public key from
a public directory. They use this key
to decrypt the messages from origi-
nal user. When the recipient gets the
message, they decrypt it with their
public key. In cases of the RSA cryp-
tography, where the same algorithm
is used to decrypt and encrypt, a
packet can be signed securely by the
sender. If the sender encrypts the
message using their private key, then
the message can be decrypted only
using the sender’s public key, and
therefore authenticating the sender.

Therefore due to the ease of use of
key management and the authenti-
cation capabilities the RSA cryptog-
raphy was selected as the simulator
encryption demonstrator. It is not in
the scope of this paper to explain the
mathematics of the RSA public key
cryptosystem which is described in
details in public resources, this is
a nut shell explanation of the RSA
Key generating, encryption and de-
scription process.

“The RSA public-key cryptosystem,
which was invented at MIT in 1977
by Ronald Rivest, Adi Shamir and

Leonard Adleman. The public key
in this cryptosystem consists of the
value n, which is called the modulus,
and the value e, which is called the
public exponent. The private key
consists of the modulus n and the
value d, which is called the private
exponent’, Burt Kaliski.

Table 1. An RSA public-key

/ private-key pair can be
generation: Burt Kaliski

1. Generate a pair of large, random
primes p and q.

2. Compute the modulus nas n = pq.

3. Select an odd public exponent e
between 3 and n-1 that is relatively
prime to p-1and q-1.

4. Compute the private exponent d
from e, p and q. (See below.)

S. Output (n, e) as the public key and
(n, d) as the private key.

The encryption operation in the RSA
cryptosystem is exponentiation to
the eth power modulo n:

C =ENCRYPT (m) = m”e mod n.

The decryption operation is expo-
nentiation to the dth power modulo
n: m=DECRYPT (C) = C*"d mod n

Key size:

RSA key pair length is usually speci-
fied in bits. That determine the num-
ber of bits in the module.

As there are no free meals, the
question is what length of RSA key
should we choose?

The answer in short.

Key generating time:

Generating an RSA key, the longer

the key the stronger the security.
However a longer key takes longer
to generate, as shown in table 3.

Table 2. Recommended RSA key
len,

: Javamex.com

A RSA key length of 1024 bits is suf-
ficient for many medium security
purposes such as web site logins;

for high security applications or for
data that needs to remain confiden-
tial for more than a few years, you
should use at least a 2048 bit key, and
consider having a contingency plan
for migrating to larger key sizes.

to keep data confidential for more
than the next two decades, RSA rec-
ommends a key size larger than 2048
bits.

It is clear that real time operation
and low computer power on a con-
nected vehicle, as well as high cost
of special processors does not allow
large key generating on the vehicle
itself.

Normally as described above there
is no interest in keys smaller than
512 bit, however for the special pur-
pose of the connected car a simula-
tion for small key generation on a
regular PC was performed as shown
on Table 4.

*Keys 8 to 256 bit where generated
by special written simulator.

Keys 512 to 4096 bit where gener-
ated online by the: Online RSA Key
http://travistidwell.
com/jsencrypt/demo/

Generator:

The short duration of smaller than
regular key generating allows the

1"
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Table 3. RSA key generation time vs. Key size: Cisco IOS Security

Table 4. RSA key generation time

vehicle to create lightweight encryp-
tion based on local generated RSA
keys, private and public.
Encryption and description:

With normal utilization, multiply-
ing the RSA key by two means that
decryption will be eight time slower
and encryption will be four times

Router 360 bits 512 bits 1024 bits 2048 bits vs. Key size: Simulation* results
Cisco 2500 11 seconds 20 seconds 4 minutes, 3§ More than 1 hour Key size
seconds ybit msec
Cisco 4700 Less than 1 second | | second 4 seconds 50 seconds 8 8.9
16 9
Table 5: RSA Performance [milliseconds]: 32 9.3
ort and Geoffrey Waters 64 24

"”;‘;’I:“'“"“ 33MHz | SOMHz | 66MHz | 83MHz | 100MHz | 133MHz | 166 MHz | 333 MHz 128 50
S12bitmoduls | 8.00(ms] | 5.34(ms] | 4.05(ms] | 3.22[ms] | 267 [ms] | 2.01[ms] | 1.61(ms] | 0.80 ms] 256 105
B 512 241
512 bit modulus 0.43[ms] | 0.29ms] | 0.22(ms] | 0.17 [ms] | 0.14 [ms] | 0.1 [ms] | 0.09[ms] | 0.04 [ms]
3 bit axponent 1024 1566
1024 bit modulus | 54.71 [ms] | 36.11 [ms] | 27.35 [ms] | 21.75 [ms] | 18.05 [ms] | 1357 [ms] | 10.88 [ms] | 5.42 [ms]
1024 bt exponent 2048 2500
1024 bt modulus | 1.48(ms] | 0.97[ms] | 0.74[ms] | 0.59[ms] | 0.49[ms] | 0.37 [ms] | 029 [ms] | 0.15 [ms] 4096 25288
3 bit exponent
2048 bit modulus | 406.50 [ms] | 268.20 [ms] | 203.25 [ms] | 161.62 [ms] | 134.14 [ms] | 100.86 [ms] | 80.81 [ms] | 40.28 [ms] :
] slower. The theory clarifies that for
2048 mode | 540me] [ 3580w | 270(me] | 215(ne] | 1781me] [ 1.34me] [ 1.07(me] [ 053Ime] | an n-bit key, computational resourc-

axponent

es for decryption in proportional
to n”3 while encryption is to n*2,
however in practice the overhead
does not scale in the same way.

Table S shows the performance of
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0.54

0.53

g~

0.52

-

_/

0.51

0.5
m0.49

0.48
0.47

0.46

0.45

16 32 64

RSA KEY SIZE (BIT)

128

Fig. 1. RSA Encryption time vs. Key Size : Simulation results

RSA Decryption time by key length

1200
1000
'V-l-
-] -
§ 8w
]
]
E s
]
E
-
o
& 4w
[ -
W]
[
[ ]
2m
0
512 768 1024 1280

1536 1792 2MB 2304

Key (modulus) length, bits

Fig. 2. RSA decryption time by key length: Javamex.com

12

2560 2818

72 338 ¥4 B0 A%

the public-key execution unit at vari-
ous frequencies.

The encryption and decryption of
normal packets with large RSA keys
will result in communication inter-
ruption due to computer delays. On
the other hand there is a clear advan-
tage for dedicated public key proces-
sor for RSA acceleration.

A simulation was created for En-
cryption of a regular 100 number
packet in different RSA key smaller
than regular sizes, as shown in Fig-
ure 1.

On top of that with every doubling
of RSA key length, decryption is 6-7
times slower.

Figure 2 shows how decryption
time increases with modules length.
The timing were made on a 2GHz
Pentium. (RSA Key length), as
shown on Figure 2.

There is a clear advantage of com-
bining  lightweight
decryption with strong signature,

encryption/

authentication, allowing fast, real
time communication while keeping
the connected car system safe and
secure. Therefore the simulation of
Actively Defending the Connected
Car from Wireless Attacks consists a
Vehicle and a tower (infrastructure)
communicating on regular intervals
packets of encrypted data through
RSA in multiple levels of encryption
strength.

The header an encrypted, the main
packet through light encryption and
the footer acts as authentication and
signature on strong encryption.

As is demonstrated in Table 6.
When the basic assumption is the
strong encryption cannot be broken
in real time, therefore the authenti-
cation and signature is secure.
Figure 3 shows the data flow be-
tween Transmitter and Receiver.
The simulation reveals a network
analyzer to detect the signal strength
and frequency as well as a packet
analyzer to detect the system status
and react accordingly, as described
in Table 7.

2. CONCLUSIONS

Other transportation means ,for ex-
ample, trains and planes are widely
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Table 6. Packet structure

Header None Encrypted Data Client
Target
Packet Data Encrypted Data Vehicles Parameters
Road Parameters
Footer Strona Encrvpted Code Access Code + Time

EneryptPasketld
Submi Packeil

& Wirsless
4

Recee Packel
e

Fig. 3 Data flow between Transmitter and Receiver

connected and automated, how-
ever the connected vehicle brings a
bigger challenge than that , as cars
are much larger in number, mainly
owned by the private sector, there-
fore more difficult to regulate and
control.

The connected car and particularly
the autonomous car is different in
the requirement for operation high
availability, continuity and sturdy

resilience to network assaults.
Therefore a combination of strong
asymmetric signature and authenti-
cation and light weight encryption,
that does not require predefined
keys, where adopted. To allow real
time operation in a low computer
resource area while keeping safe and
discrete communication.

Based on earlier knowledge and in-
formation on probable attack effects

on a wireless network, a unique rule
base scenario was created that ena-
bled automatic real time attack iden-
tification by the software nodule as
well as automatic protection actions
to ensure continues communication
and operation under various cyber-
attack scenarios.

It is vital to further investigate the
combination of a dedicated proces-

sor/accelerator for RSA key gener-

ating, encryption and decryption
that will allow stronger main body

packet encryption on shorter time.

Lucrare prezentatd in cadrul Con-
gresului Automo-
bile, EAEC-ESFA 2015, 28.11 -

27.11.201S, Bucuresti, Romdnia.
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Table 7. Rule based status classification

Signal

Encrypted

Strong

; i None
Network Signal | Noise Encrypted
Frequency | Encrypted Encrypted
Status Level Level Data Data Data
Full . : ;
sommuniesib Regular | Low Regular Valid Valid Valid
No/Low Signal Low Low High NO NO NO
Signal . : .
JathTifiG High High High NO NO NO
Denial of
Yonp Regular | Low Regular NO NO NO
Man-In-The- .
Middle Regular | Low Regular Valid No NO
Intruder Reqular | Low Reaular Valid Valid NO
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THE DYNAMIG BEHAVIOUR OF THE SLIDING TRIBOSYSTEM IN
GYCLIGAL TRANSLATION MOTION IN UNSTEADY DUTY

COMPORTAREA DINAMICA A TRIBOSISTEMULUI CULISANT IN
MISCAREA CICLICA DE TRANSLATIE IN REGIM INSTABIL

REZUMAT

Lucrarea de fatd trateazd

ite aspecte metodologice ale cercetdrii comporta-

mentul tribosistemului culisant in miscare de translatie ciclica din punctul de vedere
al dinamicii proceselor de contact. Efectul dinamic se manifestd printr-un caracter
Sluctuant a variabilelor dinamice cu o evolutie de tip intermitent. Caracterul variabil
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1.INTRODUCTION

Modern theoretical and experimen-
tal methods of researching tribo-sys-
tems, with their new analysis meth-
ods, have outlined new structural
aspects of contact layers at different
hierarchic levels (mesoscopic, micro-
scopic, nanoscopic) of temporal and
spatial organization. The dynamic of
these hierarchic structures, due to
their capacity to modify and trans-
form at mechanical energy dissipa-
tion, defines the instantaneous tri-
bologic properties of tribo-element
materials, and, as a consequence, the
contact processes at a macrolevel.
Depending on the manner of re-
acting and the capacity to become
adapted to the action of command
parameters, the “coupled” materi-
als may be conventionally grouped
into two classes: tribostable and tri-
boactive, with tribologic properties
and distinct manifestations in the
entire tribosystem behaviour.

The tribostability of the materials
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belonging to the first group is man-
ifested by a relatively low intensity
response of the tribosystem to vari-
ations within a wide range of com-
mand parameters. There are two
adverse processes (destructurisa-
tion — wear of superficial layers and
their restructuration—regeneration)
in contact that are present on both
sides of the instantaneous point of
dynamic balance. The state of the
contact (especially the mechanical
and the thermodynamic) and the
evolution trajectory direction de-
pend on the predominance of one
of these processes.

In the case of triboactive materials
the response variants of the tribo-
system are more diverse as com-
pared with the variation of com-
mand parameters. The evolution in
time takes place by intermittency
of certain fluctuating (non-station-
ary) intervals with some periods of
stability (standing). The fluctuat-
ing behaviour of the tribosystem is
determined by the structural state
of triboelement materials in the
areas adjacent to contact surfaces
and by the spatial and temporal dy-
namics of these structures. On the
basis of this premise, the authors
of this research [3] bring evidence
concerning the fragmented struc-
ture of materials in the areas adja-
cent to contact surfaces. There were
identified fragmented reliefs with
scalar properties of self-similarity
type at two correlative dimensional
scales with dimensions 0,01-1pm

al proceselor de contact impune condt[:n spectﬁce in selectarea sistemelor de masura-

ot

e ale i. Prelucrarea semna-

re, achizifie si prelucrare a

lelor emise de catre tribosistem se face pe baza metodologiei FNS (Flicker-Noise

Spectroscopy).

Keywords tribo-system, tribo-model, dynamic, temporal series, evolution

and 40-100um. These scales corre-
spond to processes of deformation
and fragmentation of superficial
layers at the nano, micro and me-
solevel, the latter being correlated
to wear particles. It was established
that the deformation and fragmen-
tation net, and implicitly the fractal
dimension, depends on the fric-
tion regimen. Thus, fractal analysis
becomes an eflicient source of re-
searching material transfer kinet-
ics, including wear. Similar struc-
tures were spotted at the use of C_|
fullerene nanoparticles as additives
[5]. In this context, accepting the
Zhurkov kinetic model for the du-
rability of atomic connections, the
authors [4] admit as a fragmenta-
tion model the existence of certain
clusters which are spatially limited
by a border of deformation of in-
teratomic connections on which
the breaking at mechanic activation
takes place.

According to Zhurkov theory, the
moment of breaking the atomic
connection
t=1,exp(U, - y0)/RT (1)
where: U, - atomic connection en-
ergy (activation energy); yo - the
equivalent of atomic connection
deformation energy; T,- atom os-
cillation period; R- gas universal
constant; T- absolute temperature.
The deformation of the cluster of
atomic connections and their dy-
namic breaking is followed by the
emission of energy accumulated
in the mechanic activation period.

Both the processes of deformation-
breaking as well as the process of
emission are accompanied by ener-
gy fluctuations (thermal) that dif-
fer in the direction of the thermal
effect. At deformation-breaking an
endothermal reaction is produced,
at emission — an exothermal one.
The fluctuation act represents an
elementary irreversible “event-
step” in the evolution of material
structure.

The mechanic activation of triboe-
lement materials in the presence
of lubricants and chemically ac-
tive additives (friction modifiers)
leads to mechanic-chemical reac-
tions in the surface layers. As a re-
sult of this, under the influence of
energy of activating the reaction
(Uo - ya) ,in real contact areas new
compound structures with distinc-
tive properties are formed. These
complete and change the proper-
ties of interposition tribo-layer.
According to the scalar properties
of “self-similarity” type of the frag-
mented structures, the fluctuation
phenomenon (thermal, energetic)
may be, similarly, extended to vari-
ous spatial and temporal scales,
with reaction peculiarities specific
for corresponding hierarchic levels.
The step-by-step succession of the
fluctuations (represented by the
signals of dynamic variables V(t)),
according to [6] determines the
evolution of the structure in ele-
ment materials and, consequently,
of the behaviour of the system at
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Fig. 1. Temporal series of the fluctuating evolution of open dissipative dynamic system

the macrolevel (fig.1).

2. METHODOLOGICAL
ASPECTS AND
EXPERIMENTAL RESULTS
The fluctuating character of con-
tact processes imposes peculiar
conditions on the methodology
and of testing means (systems for

the measurement, acquisition, and

processing of the signals of dynam-
ic variables V(t) of the system). In
this given situation the issue of re-
vising, specifying and updating the
tribomodels and research methods
does arise. Adequate modelling of a
tribosystem, in the case of fluctuat-
ing evolution, was possible to be
carried out within the concept of

—_ —_—
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N
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Fig. 2. The model of contact cyclical translation tribosystem
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tribosystem-tribomodel [1].

In the context of this concept, the
main modelling conditions were
formulated and the entire complex
of instruments and measurements
necessary for the conducting of
the experiment were established.
Among these were: 1 — the pos-
sibility of achieving the necessary
energy level in the contact area,
2 — adequate sensitivity at various
fluctuations of contact processes,
3 — step-by-step observing the evo-
lution of contact state, 4 — automa-
tion of acquiring experimental data
and processing dynamic variables
signals, S — recognition of evolution
regimen, 6 — selecting a method for
processing signals of the variables
of the system in correspondence
with the established evolution regi-
men, 7 — presenting experimental
data in a format that would be ac-
cessible for interpretation.

One of the variants in which the
above-mentioned  requirements
and conditions are carried out is
the model of the cyclical translation
tribosystem of piston segment-cyl-
inder type (fig. 2) where: triboele-
ment 1 performs cyclical motion
on direction & of stroke L with a

variable speed V| ; triboelement

x))
2 interacts with ihe conjugated
surface of triboelement 1 through
interposition tribolayer 3; contact
interactions, on normal direction
F, and on tangential direction F,,

appear as a result of the action of

Fig. 3. Typical oscillogram of x2 coordinate cycle command parameters U, and U, on

these directions. In order to record
the signals of interaction forces an
oscillator with an elastic element
is used. Thus, the oscillator, being
connected to the tribosystem, be-
come a complex system with elas-
tic and dissipative parameters on
direction x, (c“' k) and %, (c,,
h,,), forced by contact interactions
F,and F, by means of the interposi-
tion tribolayer.

The state of the oscillator is de-
scribed by the system:

X .
m—+h

GRS eX = POV pyeU @)
when: X = {X, X,}" - is the vector
of current coordinates of the mo-

X ax
¢

bile triboelement in the interposi-
tion layer area;

dx ) dX
—.V,py={F(X,—.V,p),
i p)=1F( 7T r)

F(X,
F:(X.%.Lﬂ p)t" —is the vector of
interact(ion functions in the tribo-
logic connection on normal direc-
tionx and the tangential one - x,;
p=1{p, py--p,} - are the non-linear
components of the parameters of
the vector of interaction vector;

m, h, c- matrices of the mass, of dis-
sipation factors (damping) and of
rigidity of system elements;

U - the vector of external forces of
loading the contact and external
parameters;

V=V, - stroke sliding speed of the
contact.

On normal direction x, the oscil-
lator reacts to the surface proxim-
ity force F,. The deviations of the
oscillator on tangential direction
x,, is a response which is directly
proportional to the friction force
and represents the analogue of this
o0 = Fiw)-

In tribosystems with cyclical move-

force (x,, ~ F,

ment, the main exponent of infor-
mation about the state of the con-
tact is the work cycle. In compari-
son with the period of cycle T the
evolution of the system at the local
level is appreciated (on stroke L)
and at a global level on long time
periods T. The typical oscillogram
of the cycle of the oscillator on di-
rection x, is represented in figure 3.
of the
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The local fluctuations
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Fig. 4. Experimental temperatures evolution trajectories (6 oC) in the

contact area for tribostable (1) and triboactive (2) materials

dynamic variables V() that are pre-
sent in the period of cycle T are sig-
nificant for the appreciation of the
dynamic evolution of the state of
the interposition layer: elongation
x,, at the motion of the contact
on stroke L; the extreme throws of
2(max) ? Fa(miny 1DE
value of the integrated average <a,>

the fluctuations a

(the analogue of the energy dissi-
pated on cycle) determined from
relation (3) allows the appreciation
of evolution of the contact on time
intervals that exceed the period of
the cycle (T > T).

1 2L
@)=7 II{}J (3)

At the global level, experimental

180 ¥ &;

~

“ V' 100°C

temperature 6 in the contact area
is used as a dynamic variable. The
signals of the dynamic variables
of the tribosystem are recorded as
temporal series. The temporal se-
ries of the state variations of stroke
space and in time as well repre-
sent the dynamic behaviour of the
tribosystem.

The comparative evolution of the
temperature in the contact area at a
load task F =1,8kN for representa-
tive combinations of tribostable
materials (1) and triboactive (2)
as well, lubricated with engine oil
M-8V-2S is presented in (fig.4).

In the case of using tribostable ma-
terials, the temperature generated
at friction evolves on the trajectory
with slow fluctuations in the prox-
imity of dynamic balance to the the
stability domain. The methodology
of testing sliding tribosystems that
work in conditions of tribostability
is described in a series of authors’
works an updated in paper [2].

.ql 30

Fig. 5. Experimental temperatures evolution trajectories (0 0C) in the contact area and of local elongation

60 90

, by cycle for triboactive material. Damping load, F =2,4 kN

120

150 t

The tribosystem shows special be-
haviour when triboactive materials
are used. The trajectory evolution
is made manifesting essential fluc-
tuations at various scalar levels.
The behaviour of the tribosystem
at the use a combination of com-
posite materials lined on a steel
surface and lubricated with engine
oil M-8V-2S is representative of the
group of triboactive materials.

The evolution of the tribosys-
tem for various loads at cyclical
frequency n =300 cycles/min is
presented in fig.5. The experimen-
tal results confirm the fluctuating
intermittent and non-stationary
character of the tribosystem evolu-
tion — a characteristic evolution for
non-linear complex dynamic and
dissipative systems that go through
chaotic work regimens.

Going through chaotic work regi-
mens for these systems is a funda-
mental condition for the ordered
reorganization of structures at dif-
ferent hierarchic levels and obtain-
ing new properties [7] of triboele-
ment materials. At the macrolevel,
the fluctuating character is mani-
fested in periods and amplitudes of
various order.

In comparison with cycle period T,
, the fluctuations are convention-
ally divided into two categories:
global (low frequency) with peri-
ods T, > T, ; local on stroke (high
frequency) with periods T, < T.
Global level fluctuations are pro-
duced at the damping and intensifi-
cation of certain mechanical-chem-
ical reactions [4] on extended sur-
faces in the contact area that end in
producing certain structural chang-
es in the areas of friction surfaces.
The throw and intensity of this kind
of fluctuations is determined on the
basis of temperature temporal evo-
lution trajectory at the dissipation
of the work of friction forces.

At the local level the fluctuations
are identified on the basis of signals
belonging to the elongations of the

oscillator x, , within each work

(x)
cycle.

In  non-stationary functioning
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regimen, at temperature increase in
the contact area, on the activation
phase slope and at the decrease, at
relaxation slope, the local leaps and
fluctuations are irreversibly modi-
fied, step by step, according to dura-
tion, amplitude, shape and position
on stroke L (fig. S).

Tribomodel tryouts were carried
out for combinations of materi-
als with triboactive properties, of
various origins: alloy linings and
metallic composites layered on
steel surfaces achieved by various
technologic procedures; polymer-
based composite linings containing
fluorine (epilam); metal-polymer
composite linings; additives (fric-
tion modifiers) with a cladding
effect. Engine oils of mineral and
synthetic origin were used as lu-
bricants. After having analysed the
experimental results, conditions
of damping and development of
mechanical-chemical reactions on
contact surfaces were finally estab-
lished. Among these were: 1- the
reactions are dampened only un-
der certain combinations between
command parameters and system
variables; 2 — the reactions are car-
ried out with fluctuations, with var-
ious amplitudes and periods (with
a singular or multiple base period);
3 — at all hierarchic levels, each pe-
riod is developed in two phases (ac-
tivation and relaxation); 4 — at the
macrolevel the process develops
spontaneously (without modify-
ing external parameters); S — at the
end of relaxation phase on the base
period, contact processes are stabi-
lised and teh variables in the phase
space take the domain of an attrac-
tor of limit cycle type; 6 — the state
of stability is kept at a reduced level
of friction loss for a wide variation
range of command parameters.

A more detailed presentation of
non-stationary and fluctuating be-
haviour of the tribosystem is possi-
ble only within the methodology of
experimental research of non-linear
systems and information technolo-
gies for processing dynamic vari-
ables signals. At the informational

level, the structural elements of the
signals are attributed various mean-
ings: semantic, informative and
quantitative. These meanings may
also have various interpretations
depending on the behaviour regi-
men of the system, on the purpose
and objectives of the experiment.
At the processing experimental
data there are two main objectives:
1 - to establish the characteristic
parameters and structural peculi-
arities of the tribosystem, by means
of which dynamic evolutions are
carried out; 2 — to establish the
“precursors” of spontaneous state
changes in the dynamic evolution
of the tribosystem. The explana-
tion of these objectives is made
on the basis of spectral analysis, by
extracting the information that is
contained in the series of signals of
dynamic variables.

The analysis of signals with a fluc-
tuating character of intermittency
type, is efficiently made in the
framework of FNS (Flicker-Noise
Spectroscopy) methodology [6].
The latter strives to enlarge and
generalise the phenomenological
base of researching dynamic sys-
tems by establishing a complex of
informative phenomenological pa-
rameters of certification data of vari-
ous physical significance.

The basis of the methodology are
the following premises: 1 — open
dissipative complex dynamic sys-
tems have an hierarchic structural
organisation structured on various
spatial and temporal levels; 2 — the
dynamic behaviour of the system
is determined by de ,turbulent”
chaotic fluctuating processes, that
relax on borderline intervals with
“laminar” phases at each hierarchic
level; 3 - the transition from one
hierarchic level to another is made
spontaneously in leaps; 4 — inter-
mittent consecutive change of the
leaps and intervals of fluctuation
with deter-

mines the evolution of the dynamic

“laminar” intervals
system; S - informative meaning
(exponent of information) is attrib-

uted to successions of various types

of irregularities (fluctuations, leaps,
inflexion points of derivates of vari-
ous order) of dynamic variables
that are contained in the chaotic
signals emitted by open complex
systems.

According to FNS methodology,
the correlative functions of tempo-
ral series irregularities play the role
of exponents of information about
the modifications of the structural
organization of the dynamic sys-
tem at each hierarchic spatial and
temporal level. As a formal base
to extract the information the au-
tocorrelation function of series of
dynamic variables V(t) is used
Wir)={V (W (t+1)) (4)
where: T - is the parameter of tem-
poral delay.

In order to interpret the informa-
tive content, the singling out the
information from autocorrelation,
according to the type of signal com-
ponent, is made with Fourier S(f)
image of the signal strength range
and of differential moments of level

2,09(z) [6]
S(f)=2 !'[r'q.-u w+))-{Fy ]‘\p(.‘..’:.f.' Yl (5)

(6)

™ =([F(r) vie+n) )

The angle brackets
e.“(...)';:l f(...)m
' T 5,

show the average on calculation
period T.

The range and essence of certifica-
tion data depend in particular on
the structure of the noise that is
emitted and on the character of sys-
tem evolution.

The development and specification
of the principles of FNS methodol-
ogy and narrowing on the tribology
sphere opens new possibilities and
perspectives in experimental tribo-
system research.

3. CONCLUSION

1. The experimental data outlined a
fluctuating behaviour in the evolu-
tion of the tribosystem, accompa-
nied by essential changes of triboe-
lement material properties.

2. The information about the dy-
namics of the contact processes is

comprised in the temporal series
of the signals of dynamic variables.
3. In order to extract the in-
FNS  (Flicker-Noise
Spectroscopy) is suggested, devel-
oped and specified for the field of
tribology.

4. Due to the use of FNS method-

ology possibilities for a deeper re-

formation

search of damping conditions and
unfolding of structural transforma-
tions in superficial contact layer
zones, including conditions of cata-

strophic transformation — gripping.
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ANALYSIS OF A BRAKING PROGESS USING MATLAB/SIMULINK
ANALIZA PROCESULUI DE FRANARE UTILIZAND MATLAB/SIMULINK

REZUMAT
In acest articol se prezintd o aplicatie computerizatd dezvoltatd in MATLAB /
Simulink (fisier tip .skx), prin care se analizeazd distanta de franare pentru doud

caracteristici dinamice ale autovehiculelor. In final, sunt obtinute distantele de frana-
re, marimile fortelor normale si graficele caracteristice. Folosind aceiasi parametri de
intrare pentru ambele vehicule, sunt studiate influenta greutdtii asupra distantei de

autovehicule care se depl.

d in aceeasi directie, unul in spatele celuilalt. In

aceasti aplicatie sunt introduse, ca parametrii de intrare, greutdtile, vitezele si alte
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1.INTRODUCTION

Braking performance of a motor ve-
hicle is one of the most important
characteristic that affects vehicle
and passengers safety. Knowing the
braking behavior of vehicles will
allow engineers to design systems
for reducing the accidents by kee-
ping the wheel slip at the point of
maximum tire traction and redu-
cing braking distance to a minimum
(Semmler, 2003).

Automotive engineers have found
simulation to be a vital tool in the ti-
mely and cost-effective development
of control systems (The MathWorks,
1998). Matcad-Simulink is a math
modeling, designing and simulati-
on tool that proceed from physical
equations to block diagrams. It is
used for both dynamic and control
systems. The main results obtained
by (S. Kim, 2015) are that the ve-
hicle braking dynamics calculated
by MATLAB/Simulink simulation
were in reasonable agreement with
reference values.

2. MATLAB/SIMULINK
MODEL

2.1. The math behind

As always behind a computer si-
mulation there is a mathematical

18

franare precum si riscul producerii unui impact.

link

model, Simulati

Keywords: Braking distance, Matlab-Sii

Fig. 1. The Flowchart for braking parameters estimation

background composed by equations
or algorithms. In the paper it is as-
sumed that the braking maneuver is
performed along a straight line. The
starting equation is represented by
the second Newton’s law.

(1)

For obtaining longitudinal equation

F=m+a

of motion of a vehicle we have to

consider the retarding forces of a ve-

hicle and using equation (1)

Using equation (1) and conside-

ring all the retarding forces that are

acting to a vehicle it is obtained the

longitudinal equation of motion for

a vehicle.

m+a=F, +3F )

where:

>F ={*Wcost + R + Wsinb + R,
3)

where:

f is the rolling resistance coefficient;

W s the vehicle weight;

0 is the angle of the slope;

R is the aerodynamic resistance;

R is the transmission resistance.

Fb = pxW (4)

The braking force of a vehicle is de-

termined by the coefficient of road

adhesion, y, and the normal load W

equation (4) [1][2]. Depending on

the CG position the normal load on

each axle is different. According to
the equilibrium of moments abo-
ut the front axle and tire-ground
contact point, the normal loads are
obtained. It should be noted that the
braking is at the point of impeding
skid. Any variation would cause the
tires to lock up [3][4].

2.2. The model

For this kind of simulation it was
used pre-defined Simulink blocks as
shown in figure 1. Normal reaction
on wheel and vehicle deceleration
were calculated using Vehicle Body
and Tire (Magic Formula) Blocks.
A

—))Q—;v
¥ ¥

T ]

z
v

I

<INF
>

Fx

Fig. 3. Simulink model of the tire

, Dynamic.

The first block (Figure 2) represents
a two-axle vehicle body in longitu-
dinal motion; it neglects side forces
and do not concern side stability. It
computes the vehicle velocity V and
the dynamic front and rear normal
forces NF, NR. The H connection
is the mechanical input for the dyna-
mic longitudinal forces received
from Tire block. The block has also
inputs for road inclination and wind
velocity. There are intrinsic parame-
ters: mass[kg]; numbers of wheels
per axle; horizontal CG distance;
CG height; front area [m?]; drag co-
efficient [S][6].

The Tire block (Figure 2) repre-
sents the longitudinal behavior of
a tire using the tire Magic Formula
(Hans B. Pacejka). The block com-
putes longitudinal forces. The N
connection is a physical signal
input for normal forces, the dyna-
mic front and rear normal forces
NF, NR from Vehicle Body are
applied. The intrinsic parameters
for this block are: Rolling radius
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Fig. 6. The braking distance obtained with Simulink simulation (green

- back vehicle, blue - front vehicle)

and rolling resistance coeflicient.

For obtaining vehicle breaking dis-
tance, the output signal of vehicle
velocity V [km/h] is integrated once.
For normal forces is used a PS-S
(physical signal to Simulink signal)
converter and then insert to a scope.

2.3.Model validation

Every computer simulation sho-
uld have a real life comparison. For
this paper the data obtained from
Simulink were compared with
data from NHTSA experiments.

(Garrott, 2011)

3 BREAKING SIMULATION
FORTHE TWO VEHICLES

For this simulation two vehicles are
chosen. Both vehicles move in the
same direction one behind the other.
The frontal car weight is W =1400
kg while the back car weight is
W,=1600 kg,

The velocities of the cars are equal
V,=V,=130 km/h and the rolling re-
sistance coeflicients are 0.8 and 0.85.
The Simulink block of the vehicles is
the one presented in Figure 2.

A simplification was considered
according to the subjectivity of the
driver’s reaction time. The back car
braking process starts in the same
moment with the frontal one, as
the time for reducing the play of the
braking system is zero. Those simpli-
fications are made in Simulink by se-
rial arrangement for Vehicle blocks.
The influence of the weight is ana-
lyzed. The first vehicle stops in 104
m, while the back one in just 106m.
The braking distance is greater for
the second vehicle, even its rolling
resistance coefficient is higher. An
accident would happen in case the
initial distance between the two cars
is less than 2m, as it can be noticed in
the plot of the simulation in Figure 6.
4. CONCLUSIONS

The power of computer has been
increasing in the last decades. Now

it is possible to simulate and to

Table 1 NHTSRA and Model

comparison
NHTSRA [SIMULINK
v[mph] v[kmh] d[m] d[m]
20 28,8 6688 | 7.5
55 86,4 68,096 | 67
65 1044 96,064 102

analyze complex physical processes
(Momose, 1992). The Simulink
model presented in this paper de-
scribes the braking distance in time
for two vehicles.

The back vehicle had a greater brake
distance, even its rolling resistance
coefficient is higher than the one of
the front vehicle. The other differen-
ce between their parameters consist
in a different weight: the back vehicle
has a greater weight than the front
one. If the initial distance between
the vehicles is less than 2 m, and reac-
tion times of the both drivers are the
same, the back vehicle impacts the
frontal one.

The input parameters can be chan-
ged, and other influences, like road
surfaces or type of the tires, can be
studied.

Lucrare  prezentatd in  cadrul

Congresului European de Automobile,
EAEC-ESFA 2015, 2511 -
27.11.201S, Bucuresti, Romdnia.
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GONSIDERATIONS OVER THE IDLE REGIME
OPTIMIZATION POSSIBILITIES

CONSIDERATI ASUPRA POSIBILITATILOR DE OPTIMIZARE A
REGIMULUI DE MERS N GOL A MAL

REZUMAT

Aceastd lucrare prezintd o analizd asupra postbtlttaﬁlor de optimizare a regimului de

mers in gol a motorului cu ardere internd in vederea

izdrii emisiilor poluante

in timpul testului de omologare. Se fac scurte referiri la tendintele actuale de evolutie
a normelor privind poluarea si ponderea regimului de mers in gol in structura ciclului
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1. THE LEGISLATIVE NORMS
EVOLUTION

The road vehicles contribute to the
environement global pollution with
a series of primary pollutants like:
carbon monoxide (CO), nitrogen
oxide (Nox), hydrocarbons (HC),

particles (PM).
They with

precursors in forming secondary

also  contribute
pollutants (tropospheric ozone,

photochemical smog, particles
and acid rain). The carbon dioxid
emissions  contribute at the
greenhouse effect with it’s well
known atmosphere global warming
effect. In 1996 the International
Energy Agency established that the
road traffic contribute with 11%
from the gases emissions with a
greenhouse effect. Due to the risks
represented by these pollutants
over the ecological balance, one
adopted national and international
that

border values of the atmospheric

regulations specify  the

pollutants  concentrations. In
table 1 one presents the european
evolution

norms imposed for

maximum  pollutant emissions
concentrations.
For the Euro 6 norm the

constructors must guarantee the

european. Se prezintd o analizi a metodelor actuale de depoluare a motorului cu
aprindere prin scanteie si a posibilitatilor oferite de tehnologia actuald in acest sens.
Sunt incluse, de asemenea, rezultate ale cercetdrilor privind optimizarea regimului de

mers in gol prin schimbarea pozitiilor VV'T.

Keywords: european cycle, depollution, idle regime.

depollution system efficiency for
160 000 km. That’s why one has
in view the deterioration factor,
FD that determine the maximum
imposed limits.

For determining the pollutant
emissions concentrations of the all
the new vehicles at european level
one uses the european driving cycle
(NEDC - New European Driving
Cycle).

The cycle analyze leads to the
conclusion that the idle regime
totals 267 seconds, which means a
percentage of 23% from the entire
engine functioning during the
homologation test.

From this it results that the
duration of this regime can affect in
an unwanted way the quantity and
the concentration of the chemical
pollutants in the exhaust gases.
The authors have in view the fact
that in this regime the burning
process is negatively influenced by
the low flow speeds of the mixture

in the intake valve gate and the low
temperatures of the burned gases
significantly alters the three way
converter (TWC).

As we know, a determinant role
in ensuring the EURO norms
is represented by the engine
distribution phases. That’s why the
current engines are equipped with
devices that varies the opening
and closing moments of the valves
(VVT), depending the engine
working regime.
Because of the valves
superpositioning  the  exhaust
gases backflow phenomenon can
appear, to the admission sewer
and their return in the cylinder,
a phenomenon called internal
EGR. Usually this phenomenon is
made on approximately 45° CRK
as it is presented in figures 1 and 2
(situation exemplified for VVT at
the admission valves level).

In figure 1 it is presented the
engine’s functioning in which the

Table 1. The european norms evolution imposed for maximum pollutant emissions concentrations

The european norms evolution imposed for maximum pollutant emissions concentrations
Eurol Euro2 Euro3 Euro4 EuroS Septembre 2009 Eurotb Septembre 2014 | Eurote Septembre 2016
i :9“3’2 ! e Jag“&“;y J"’g‘:;)‘?’ withFD | without FD | with FD |without FD| with FD |without FD
cO 272 22 2.3 1 1 0.666 (1.5) 1 0.666 (1.5) 1 0.666 (1.5)
NOx - - 0.15 0.08 0.06 0.038 (1.6) 0.06 0.038 (1.6) 0.06 0.038 (1.6)
THC - - 0.2 0.1 0.1 0.077 (1.3) 0.1 0.077(1.3) 0.1 0.077 (1.3)
NMHC - - - - 0.068 0.052 (1.3) 0.068 0.052(1.3) 0.068  [0.052 (1.3)
HCNOx] 0.97 0.5 - - - 5 - - - -
PM*mas - - - - 0.0045 0.0045 (1) 0.0045 0.0045 (1) 0.0045 | 0.0045 (1)
PMnr ; . y » - 6x1012 | 6x1012(1) | ex1011 [ex1011 (1)
* only direct injection
FD - deterioration factor
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Fig. 2. The distribution laws profile with VVT=0

Table 2. Engine characteristics

Engin_e Stroke | Bore Distribution phases Performances
capacity
5 ADA A ADE IE Mmax Pmax
[em7] | [mm] | [mm] 0 0
[RAC] | PRAC] | PRAC] | PRAC]|  [Nm] [KW]
91 51.5
999 | 813 | 722 | 18 | 46 55 | -12 | (2850 | (6000
rot\min) | rof\min)
recirculated burned gases rate is dynamic performance due to valve opening before TDC; IIE —

high for decreasing the harmful

chemical emissions, especially
decreasing the nitrogen oxide
and  unburned hydrocarbons.
On the other side, figure 2 shows
the engine’s functioning with a
minimum  recirculated  burned

gases rate for obtaining high

inertial filling by a high delay at the
admission valve closing (for high
rotations).

In the figures above one used the
next notations: BDC - Buttom
Dead Center; TDC - Top Dead
Center; ADE - exhaust valve
opening before BDC; ADA - inlet

exhaust valve closing after TDC;
IIA - inlet valve closing after BDC.
The VVT system must cooperate
with  the
by treating the burned gases.
Unfortunately, the current VVT

systems

depollution  system

doesn’t approach the

extension of this cooperation for

the idle regime. That's why the
authors investigated the effect
that a VVT device has over the
pollutant concentrations and over
the economicity in this regime.
The purpose was to highlight the
reserves and opportunities for
expanding the action range of the
VVT devices for this regime.
2.METODOLOGYAND
EXPERIMENTAL RESULTS
For the experimental researches
one used a gasoline engine with the
characteristics presented in table 2,
with the reference at the notations
in figure 1.

One considered: gap position
ADA=0 and ADE=0 as using the
distribution phases presented in
the table above. The experimental
determinations were applied to the
idle regime, respectively 800 rot/
min, characterized by an excess
air coefficient, A=1. One analyzed
the

combinations, presented in table 3.

next distribution  phases
In the graphics below one presented
the experimental results for different
distribution laws and their effect

over the consumption parameters,

performances  and  pollutant
emissions:

Analyzing the results of the
experimental determinations

one can establish that changing
the admission and exhaust valves
opening moments has important
the

concentrations and over the effective

effects  over pollutants
specific consumption (CSE).

For example, CSE decreases with
58 g/kWh, respectively 10%, by
increasing AD from -18 °RAC to
-58 °RAC. Also, one established an
important reduction of the nitrogen
oxides concentrations, a reduction of
over 10 times.

On the other side one found that
increasing the exhaust valve opening
advance can lead to an important
HC emission concentration from
the exhaust gases and also of the
CSE. As a result, the optimization
of the distribution phases for the
idle regime is imposed, constituting
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Table 3. The studied regimes

Regime | Engine
Nr. | rotation | APA | i) [ APE | pcrKg

[rot/minl
1 800 0 -18 0 55
2 800 10 -28 0 55
3 800 20 -38 0 55
4 800 30 -48 0 55
5 800 40 -58 0 55
6 800 0 -18 10 65
7 800 10 -28 10 65
8 800 20 -38 10 65
9 800 30 -48 10 65
10 800 0 -18 20 75
11 800 10 -28 20 75
12 800 20 -38 20 75
13 800 0 -18 30 85
14 800 10 -28 30 85

a reserve that must be valued with the particularities that the

for economic and ecological termodynamic processes must take

improvement of a spark ignition placein thisregime. For this purpose,
engine. the researches are in progress.
Obviously, choosing an optimal

Lucrare cadrul

version is imposed, a compromise prezentatd  in

one. This kind of version assumes Congresului European de Automobile,
EAEC-ESFA 2015, 2511 -

27.11.201S, Bucuresti, Romdnia.

extending the investigations that
will highlight the effect of the
valves closing moments correlation
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POLLUTION LEVEL PRODUGED AT ENGINE START

FOR A HYBRID VEHIGLE

NIVELUL DE POLUARE PRODUS LA PORNIREA UNUI MOTOR GE
ECHIPEAZA UN AUTOTURISM HIBRID

REZUMAT

Aceastd lucrare prezintd un studiu privind emisiile produse de un motor care ar putea
echipa un vehicul hibrid. Scopul principal al acestei lucrdri este de a descrie emisiile
suplimentare la pornirea la rece a motorului, in functie de temperatura gazelor de
evacuare. Cercetarea experimentald a fost ficutd pentru un vehicul usor, Toyota Prius,
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1.INTRODUCTION

Pollutant emissions produced by
vehicles represents approximately
60 % of urban air pollution
(Bhandarkar, 2013). One of the
strategies used for reduction of
vehicle air pollution is the use of
alternative fuels. The European
Union adopted a directive that
requires the use of biofuels for
vehicles. Directive 2003/30/EC
(Brussels, 2003) requires that EU
member countries must reach a
certain target for use of alternative
fuels in the transport sector to
reduce pollution and CO, content
from the exhaust gases, in order
to meet Euro 6 standards. Dual
fuel (or flexible-fuel) cars have
engines designed to run on more
than one kind of fuel. Usually, the
engine burns a combination of
ethanol or methanol and gasoline.
Both fuels can be stored in the
same fuel tank on the vehicle and

sensors in the engine automatically
adjust to different concentrations.
So whatever the proportion of
its constituents, the engine can
always use the blended fuel. There
are also bi-fuel cars. These store
fuel in separate tanks with the
engine running on one separate
fuel at a time. These engines can
burn petrol from one tank, then
Liquefied Petroleum Gas (LPG) or
Compressed Natural Gas (CNG)
from the other. The advantages of
flexible-fuel and bi-fuel cars are
that when market forces cause say,
petrol to become more expensive,
motorists can adjust what they buy
to make driving as economical as
possible. And if they should need
fuel in an area where LPG is scarce,
they always have the option to fuel
up with gasoline. In the long term,
vehicles with a multi-fuel capacity
could prove to be a valuable enabling
factor as societies adapt to cleaner
new fuels (www.toyota.com).

However, since catalysts are
effective only at high temperature,
emissions are more significant
during the initial part (cold phase)
of a trip when engine and catalyst
are cold. Nowadays, due to catalyst
improvements the most significant
part of the total emission during
a trip, especially for short trips
(<10 km), takes place during the
cold phase. Therefore, the analysis
of additional emissions during
the cold phase, referred to as the
cold start extra emissions, has

echipat cu un motor de 1503 cm3, S7 kW, motor cu aprindere prin scdnteie, alimentat
cu benzind sau GPL. Au fost comparate emisiile de gaze de esapament pentru un ve-
hicul hibrid cu motor pe benzind, alimentat cu benzind si GPL. Pentru tofi parametrii
inregistrati, valorile au fost mai mici pentru GPL, decdt pentru benzind.

Keywords: Hybrid, Vehicle, Engine, Cold, Pollution.

Fig.1. The measurement procedure for Toyota Prius equipped with a
1503 cm3, 57 kW, spark ignition engine fueled with gasoline or LPG
(right) and the portable analyzer, GA-21 plus (left)

gradually gained significance in
improving emission models and
thus emission inventories. It is very
important to determine the level of
pollution for cold engine running
for analyzed vehicle, for gasoline

and for Liquefied Petroleum Gas
(Mares, 2015). The experimental
researches has been done for a
hybrid auto vehicle, fueled with
two different fuels: gasoline and
LPG. The registered data was:
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Table 1 Values registered for engine fueled with gasoline

1 116.2 46.8 0.87 13.19 2901 406 2 408
2 111.5 442 0.75 13.19 3075 455 2 457
3 108.7 42.6 15.07 6.3 2643 237 1 238
El 107.4 41.9 19.25 0.8 791 0 0 0
5 110.7 437 20.03 0.3 291 0 0 0
6 121 494 7.93 3.3 988 102 3 105
7 125.2 51.8 1.27 12 4879 187 5 192
8 128.5 53.6 0.67 13.6 2197 288 3 291
9 120 48.9 1.05 12.2 1079 250 2 252
10 119.1 48.4 18.18 2.1 442 0 0 0
11 117.9 47.7 19.85 0.4 175 0 0 0
12 126.3 52.4 19.84 0.7 153 0 1 1
Tges - Tgas - 0;- CO; - CO- NO - NO, - NO, -
No. | Gasoline | Gasoline | Gasoline | Gasoline | Gasoline | Gasoline | Gasoline | Gasoline
°F oC [%] [%] [ppm] ppm ppm [ppm]
13 129.6 54.2 2.78 72 956 71 4 75
14 132.5 558 0.73 13.6 899 112 3 115
15 125.1 51.7 0.41 12.3 258 0 2 2
16 123.1 50.6 18.29 33 131 0 0 0
17 122.2 50.1 19.78 0.4 120 0 0 0
18 123.9 51.1 11.3 8.3 414 87 1 88
19 123.4 50.8 19.24 1.2 127 0 0 0
20 120.9 494 20.39 0.2 85 0 1 1
21 119.5 48.6 20.56 0.1 87 0 1 1
22 125.8 52.1 20.95 0.2 82 0 1 1
23 130.1 54.5 4.61 5.2 519 8 4 12
24 126 52.2 1.07 13.1 962 293 4 297
25 123.6 50.9 11.84 6.2 226 93 1 94
26 1224 50.2 19.5 0.7 59 0 0 0
27 120.9 494 20.17 0.3 6l 0 0 0
28 120.4 49.1 20.4 0.2 66 0 1 1
29 119.3 48.5 20.54 0.1 62 0 1 1
30 118.7 48.2 20.95 0.1 59 0 | |
31 118.4 48.0 20.95 0.1 60 0 | |
32 116.8 47.1 20.95 0.1 58 0 | |
33 125.1 51.7 20.01 0.6 52 0 | |
34 129.7 54.3 3.17 7.2 795 104 4 108
35 123.6 50.9 1.01 12.9 720 383 4 387
36 121.5 49.7 17.56 4.5 91 79 0 79
37 120.2 49.0 19.73 0.5 30 0 0 0
38 119.7 48.7 20.25 0.3 33 0 1 1
39 119 48.3 20.48 0.2 41 0 1 1
40 118.2 479 20.95 0.1 39 0 1 1
41 117.2 47.3 20.95 0.1 42 0 1 1
42 115.9 46.6 20.95 0.1 42 0 1 1
43 115.3 46.3 20.95 0.1 43 0 1 1
44 114.2 45.7 20.95 0.1 42 0 1 1
45 113.7 454 20.95 0.1 41 0 1 1
46 113.2 45.1 20.95 0.1 41 0 1 1
47 112.8 449 20.95 0.1 36 0 1 1
48 111.9 44 4 20.95 0.1 35 0 1 1
49 111.4 441 20.95 0.1 34 0 1 1
50 110 433 20.95 0 35 0 1 1
51 109.5 43.1 20.95 0 32 0 1 1
52 109.4 43.0 20.95 0 31 0 1 1
53 108.5 425 20.95 0 28 0 1 1
54 108 422 20.95 0 27 0 1 1
55 107.6 42.0 20.95 0 26 0 | |
56 107.3 41.8 20.95 0 21 0 | |
57 114.7 45.9 20.95 0.2 22 0 | |
58 115.1 46.2 20.95 0 21 0 | |
59 115.8 46.6 20.95 0.2 23 0 | |
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exhaust gas temperature (at pipe
end), oxygen O,, carbon dioxide
CO,, carbon monoxide CO,
nitrogen monoxide NO, nitrogen
dioxide NO, and nitrogen oxides
NO_(NO,=NO +NO,).
2.METHODOLOGY

The experimental researches has
been done for a single vehicle,
fueled with two different fuels:
gasoline and LPG, at idle engine
speed. The measurements ware
made in the could season, using
a portable analyzer, GA-21 plus
(produced by Madur Austria) as it
shown in the Figure 1 (GA-21 plus,
2013).

There were been made two tests,
for each type of fuel, from starting
the engine operated at idle speed,
for a duration of 10 minutes,
from starting the engine until
this runs in optimal conditions.
Measurements ware made in warm
season, in 19 June, 2015, when
ambiental temperature was 25
[°C]. The software component of
the pollution measurement system
was set to register the values at
10 seconds. The collected values
corresponds to 59 measurement
points and are presented in the
Table 1 and Table 2.

The values recorded by the analyzer
and saved correspond to the
following parameters: T.- exhaust
gas temperature measured at
tailpipe expressed in [°C] and [°F];
O, - the concentration of oxygen
from exhaust gases expressed in
[%]; CO, - the concentration of
carbon dioxide expressed in [parts
per million]; CO, NO, NO, and
NO_ - the emission of carbon
monoxide, nitrogen monoxide,
nitrogen dioxide and nitrogen
oxides, all expressed in [ppm].
3.RESULTS

At spark ignition engines, the
properties of the exhaust gases
depend directly on the rotary speed,
on the weight/load of the engine
and on the value of the dosage of
the mixture air-fuel in its cylinders.
The chemical composition of burnt
gases is influenced by the operating
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conditions of the engine, by the
quality of the mixture air-fuel
and by the ambient temperature
(Tarulescu et al, 2014). The
main engine emissions variations
(carbon dioxide - CO,, carbon
monoxide — CO and nitrogen
oxides - NO_) depending on
exhaust gas temperature (Tgas),
for all 59 measurement points are
presented in Figures 2, 3 and 4.

For the internal combustion
engine of the hybrid vehicle,
running at low temperatures will
cause oscillating levels of exhaust
emissions. From the start the
engine up to optimum operating
temperature is reached, there will
be recorded high levels of CO,, CO
and NO_. In this conditions, when
engine is running cold, the level of
CO, oscillate between 0 and 13.4
[%] for gasoline and between 0 and
14.5 [%] for LPG.

When the engine reaches optimal
operating temperature, CO, level
stabilizes at 0.1 — 02 [%] for
gasoline and 0.3 [%] for LPG. Also,
when engine is running cold, the
level of CO oscillate between 0
and 4879 [ppm] for gasoline and
between 0 and 1883 [ppm] for
LPG.

When the engine reaches optimal
operating temperature, CO level
stabilizes at 21 — 23 [ppm] for
gasoline and 35 - 37 [ppm] for LPG.
For nitrogen oxides, when engine
is running cold, the level of NO_
oscillate between 0 and 457 [ppm]
for gasoline and between 0 and
S [ppm] for LPG. When the
engine reaches optimal operating
temperature, NO_level stabilizes at 1
[ppm] for gasoline and also for LPG.
4. CONCLUSIONS

A hybrid vehicle it was tested in
order to determine the behavior
of engine when running in cold
conditions until achieve the
optimal operating temperature.
Measurements of pollution levels
at exhaust pipe were made, when
engine was fueled with gasoline
and LPG.

After analyzing the recorded data,

Table 2 Values registered for engine fueled with LPG

. - CO, - NO, - NO, -
gas gas - - -

o | 1 fs” | 0,-LPG | 92" |co-LPG [No-LpG | MO ok

°F °C [%] [%] [ppm] ppm ppm [ppm]
I 107.6 420 20.95 0 0 0 1 I
2 | 1208 493 20.95 0 0 0 1 I
3 132.8 56.0 20.95 0 0 0 ] I
4 | 1422 612 20.95 0 0 0 1 I
5 1515 66.4 20.95 0 0 0 I I
6 | 1591 70.6 20.95 0 0 0 1 I
7 | 1652 74.0 20.95 0 0 0 ] I
8 169 76.1 20.95 0 0 0 I I
9 | 1699 76.6 20.95 0.1 0 0 1 I
10 | 1722 77.9 .13 34 0 0 3 3
11| 1751 795 1.67 12.5 1 0 4 4
12 | 1655 742 0.89 133 600 0 3 3
13 | 1684 75.8 17.43 46 715 0 0 0
14 | 1746 792 8.43 3.9 142 0 2 >
15 | 1775 80.8 1.26 13 504 0 4 4
16 | 1661 74.5 3.04 9.6 1278 0 > >
17 | 167.6 753 18.43 2 380 0 0 0
18 | 1684 758 19.52 0.8 62 0 0 0
19 | 1735 786 313 4 241 0 > >
20 | 1711 773 1.19 13.1 925 0 4 4
21 | 16338 732 0.66 134 818 0 3 3
2 | 16338 732 17.6 44 446 0 0 0
23 | 1623 724 19.19 0.9 124 0 0 0
24 | 1706 77.0 17.67 18 90 0 1 I
25 | 1736 78.7 1.93 0.7 721 0 4 4
26 | 1612 718 0.62 14.5 1216 0 3 3
27 | 1581 70.1 14.11 7.6 1439 0 1 I
28 | 157.1 69.5 19.1 11 424 0 0 0
20 | 1579 69.9 19.86 0.6 151 0 0 0
30 | 1488 64.9 1321 2.6 458 0 2 >
31 | 1461 634 2029 03 126 0 ] I
P 144 622 2041 02 101 0 I I
33 | 1423 613 2052 02 90 0 ] I
34 | 1436 62.0 20.95 0.1 81 0 ] I
35 | 1575 69.7 1352 2 122 0 B >
36 | 1618 721 1.67 1.5 608 0 5 5
37 | 1423 613 1.05 12.9 1883 0 3 3
38 | 1395 597 17.98 39 1418 0 0 0
39 | 1364 58.0 19.87 0.4 240 0 0 0
30 | 1363 57.9 2028 03 111 0 1 |
41 | 1467 63.7 2032 0.2 94 0 I I

Tgns o Tgas o . CO; - . . NO; - NO, -

No. | LPG tpg | O2"LPG | pg |CO-LPG|NO-LPG| | 55 LPG

°F °c [%] [%] | [ppm] | ppm | ppm | [ppm]
2| 1573 69.6 2029 03 98 0 I I
43 | 1555 68.6 203 03 95 0 ] I
44 | 1488 64.9 2031 03 ) 0 1 |
45 | 1458 632 2031 03 87 0 I I
16 158 70.0 2033 03 66 0 1 I
47 | 1477 643 2033 03 63 0 ] i
48 | 1449 62.7 2031 03 57 0 1 I
29 | 1420 61.6 2029 03 53 0 I I
50 140 60.0 20.28 03 51 0 1 I
51| 1385 592 2027 03 49 0 | I
2 | 1411 60.6 2026 03 47 0 I I
53 | 1526 67.0 20.25 03 44 0 1 I
54 | 1425 614 2024 03 13 0 ] |
55 | 1405 603 2029 03 40 0 ] I
56 | 1383 59.1 2029 03 40 0 ] I
57 | 1353 574 203 03 38 0 1 I
58 150 65.6 203 03 37 0 ] |
50 | 1546 68.1 2032 03 35 0 I I
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Gas temperature and CO2 at exhaust pipe end variation
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Fig.2. Exhaust gas temperature and CO, level at pipe end variation from engine start to optimal running
conditions (engine fueled with gasoline or LPG)

CO measured at exhaust pipe end variation
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Fig.3. CO level at exhaust pipe end variation from engine start to optimal running conditions (engine fueled

with gasoline or LPG)

NOx measured at exhaust pipe end variation
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Fig.4. NOx level at exhaust pipe end variation from engine start to optimal running conditions (engine

fueled with gasoline or LPG)

the following conclusions results:

- For cold running engine, the level
of carbon dioxide vary, reaching
peaks of around 134 [%] for
gasoline and 14.5 [%] for LPG.
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- For cold running engine, the
level of carbon monoxide vary
widely, reaching peaks of around
4900 [ppm] for gasoline and 1900
[ppm] for LPG.

- For cold running engine, the level
of nitrogen oxides also vary, rea-
ching peaks of around 450 [ppm]
for gasoline and S [ppm] for LPG.

- The difference between emission

levels for gasoline or LPG to fuel
the engine is evident in favor of
LPG for COand NO_.

- LPG is the most appropriate so-
lution for exhaust pollution level
diminish for older spark ignition
engine vehicles.

- To reduce air pollution in urban
areas we must: avoid using your car
for short or unnecessary journeys;
walking or cycling short journeys;
using public transportation; plan
our journeys; try to combining
trips (such as shopping and the
school run) to avoid taking the car
out several times; try to use less
congested routes and avoid rush
hours if possible (Tarulescu, Soica,

2014).
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