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An acest moment al predarii mandatului, sunt ugor
melancolic. Ma uit in urmd, la momentele 2012
si 2016, cind dumneavoastrd, membrii SIAR,

m-afi investit cu aceastd functie onoranta dar plind de

responsabilititi si am sentimentul ci s-ar fi putut face
mai mult. Fird sa vreau, gindurile mele se duc si inainte
de momentul 2012, cind mi s-a incredintat primul

mandat de Presedinte STAR... ajung la inceputurile mele in aceasti organizatie
frumoasi: mai intdi, daci-mi amintesc bine, am aflat de SIAR prin anul 3 de
facultate (1993), prin intermediul revistei sale pe care impreund cu alti colegi
o citeam i 0 comentam... am i acum colectia completa a revistelor de-atunci.
Apoi, cred ci era prin ‘97 cand am participat pentru prima dati la o conferinta
SIAR (cea organizati de Universitatea din Pitesti)... si-acum imi amintesc
conversatia pe care am avut-o cu doamna profesoard Aurica Cizila de la
Universitatea Tehnica din Cluj-Napoca : ce cuvinte calde ... cuvinte menite
sa contribuie la devenirea profesionald a unui proaspit inginer... Am devenit
membru al SIAR in 1998 si de atunci, usor, usor, am inceput si fiu din ce in
ce mai activ in cadrul acestei organizatii frumoase. In 2007, presedintele SIAR
din acea perioadi, domnul profesor Eugen Negrus, mi-a incredintat si misi-
unea de a reprezenta SIAR la intalnirile FISITA si EAEC, ceea ce, desigur, m-a
onorat, dar m-a si incircat cu responsabilitate... Revenind la perioada 2012
- 2020, a fost plina de provociri, iar timpul a trecut foarte repede, ocupandu-
m3, alaturi de colegii din Consiliul Director, de urmatoarele aspecte pe care le
mentionez succint in cele ce urmeaza:

- revistele noastre (Ingineria Automobilului - rIA si Romanian Journal of

Automotive Engineering- RoJAE),

- asigurarea prezentei constante a studentilor in organizatia noastrd prin
intermediul celor doud concursuri studentesti bine cunoscute (cel de
Dinamica Autovehiculelor, initiat in 2014 si cel de Proiectare Asistatd de
Calculator — Catia, lansat in 2017) si al indrdagitei competitii ,Challenge
Kart Low-Cost” asumatdi de SIAR incepdnd cu 2012,

- lansarea si animarea Aliantei Academice in domeniile ,Ingineria
Autovehiculelor” si , Ingineria Transporturilor” (ALIAT),

- asigurarea prezentei SIAR in cat mai multe medii internationale (FISITA
— ca urmare a prezentei active, in 2015 am fost propus pentru a participa
la concursul de selectie al vicepresedintelui FISITA pe probleme de educatie;
EAEC - ca urmare a implicdrii mele in dinamizarea acestei organizatii,
in 2017 mi s-a propus functia de presedinte EAEC; incepdnd cu 2014,
SIAR este printre sustindtorii conferintelor anuale ale SIA & Cnam Paris;

tot din 2014, SIAR este sustindator al Colloque Francophone en Energie,
Environnement, Economie et Thermodynamique - COFRET),

- contactul cu mediul socio-economic: am spus-o, cred, in fiecare an din ultimii
opt, SIAR trebuie si se apropie mai mult de mediul socio-economic (multumesc
cu aceastd ocazie membrilor Comitetului de Onoare al SIAR: Grup Renault
Romdnia, RAR, AVL, ACAROM, UNTRR, Magic Engineering ),

- organizarea bine cunoscutelor noastre conferinte internationale (CONAT@
Universitatea Transilvania din Brasov, ESFA@ Universitatea Politehnica
din Bucuresti CAR@Universitatea din Pitesti AMMA@ Universitatea
Tehnica din Cluj-Napoca, SMAT @ Universitatea din Craiova, MVT@
Universitatea Politehnica din Timisoara) si indexarea volumelor lor in
Sfluxul stiintific principal,

- realizarea ,unirii” cu colegii de peste Prut (a se vedea conferinta anuald a
SIAR din 2020, amdnatd pentru 2021 - cu organizare la Universitatea
Tehnica a Moldovei din Chisindu).

Am tinut sa precizez cele de mai sus pentru ci ele sunt un fel de borne
temporale ale trecutului meu in cadrul SIAR care-mi permit si spun, din
suflet, urmitoarele : cunosc foarte bine aceasti organizatie i, de aceea,
privesc inainte cu incredere. In plus, mi se pare important si spun din nou
ca ceea ce m-a impresionat pe mine inci de la inceputul interactiunilor
mele cu STAR a fost (si este inci) atmosfera de convivialitate creati intre
membrii STAR in intalnirile ce au avut loc de-a lungul timpului; e foarte
frumos ce s-a cladit in STAR de-a lungul timpului i, evident, e important
sa continuim. In fine, dupa parerea mea, traditia SIAR pe care am incercat
$-0 evoc mai sus se rezuma foarte placut prin intermediul urmatoarelor
cuvinte: cunoastere si dezvoltare prin cooperare.

Acum, dupi cei opt ani petrecuti ca Presedinte SIAR, imi ingidui si le

spun, din nou, membrilor SIAR si stringem randurile, sa fim (si mai)

aproape pentru ci (mai) avem atitea de ficut! Totodati, multumesc
tuturor celor care s-au implicat de-a lungul timpului pentru a avea
azi organizatia pe care o cunoastem cu toti! Noului Presedinte SIAR,
domnului profesor dr. ing. Nicolae Burnete de la Universitatea Tehnica
din Cluj-Napoca, ii doresc putere de munca pentru a lansa, alituri de
noi, membrii SIAR, acele proiecte care si faci din SIAR o organizatie si
mai utild, §i mai cunoscuta! Sunt convins ci se va intimpla, asadar, sa fim
alituri de dansul si si privim inainte cu incredere!
Adrian CLENCI, prof. habil. dr. ing.
Presedinte SIAR in perioada 2012-2020
Prorector Cercetare Stiintificd - Universitatea din Pitesti
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CLARIFICARI: STABILITATE — MANEVRABILITATE — MANIABILITATE
CLARIFICATIONS: STABILITY — MANEUVERABILITY — HANDLING

Prof. dr. ing.
lon PREDA
pion@unitbv.ro

Universitatea Transilvania din Brasov,
Departamentul de Autovehicule Si Transporturi,
Str. Politehnici, Nr. 1, 500024 BRASOV, Roménia

1.INTRODUCERE

In acest articol mi-am propus si clarific semnificatiile a trei cuvinte,
stabilitate, manevrabilitate si maniabilitate, care, confundate adesea si
desemnénd calitati aflate in interconexiune, au de fapt intelesuri diferite
in terminologia specifici autovehiculelor.

Existd un numir extrem de mare de lucriri stiintifice care trateazd aceste
calitati i, cu toate acestea (sau poate tocmai de aceea), exista numeroase
neclarititi cu privire la semnificatia lor.

2. STABILITATE

Conceptul de stabilitate (fr: stabilité; en: stability; ge: Stabilitit; it:
stabilita) are o largd paleta de intelesuri. Din definitiile din dictionare, aici
sunt retinute doar citeva: ,abilitatea de a se adapta la diferite modificiri’,
yproprietate a unui corp de a-§i mentine pozitia sau de a reveni in pozitia
initiald” [8] sau ,proprietatea unui sistem sau element prin intermediul
cdruia raspunsul siu (marimile sale de iesire) vor atinge in cele din urma
o stare stabila” [17].

Limitdnd domeniul de aplicabilitate, stabilitatea unui sistem mecanic
reprezinta ,abilitatea sa de a dezvolta forte de restabilire egale cu sau
mai mari decét fortele perturbatoare astfel incit si mentind o stare de
echilibru” [17] sau, in alte cuvinte, ,abilitatea sa de a isi mentine pozitia
sau de a reveni in starea sa initiald de repaus sau de miscare, dupi ce a
disparut o actiune perturbatoare” [11].

Pornindu-se de la ciutarea echilibrului unui sistem mecanic (si ciutarea unor
modalititi de verificare a stabilitétii miscdrii), notiunea de stabilitate este in
prezent larg utilizata in matematicd, in domeniul ecuatiilor diferentiale.
Scopul redactirii acestor rinduri este insd acela de a clarifica (printre
altele) notiunea de stabilitate a unui vehicul, care este prezentata ca fiind
ycalitatea sau starea unui autovehicul de a riméine controlabil” [12]
[17] sau ,calitatea autovehiculului de a putea fi condus” [22]. Aceastd
formulare, extrem de corecta si concisd, nu este insd foarte laimuritoare.
Sintetizand informatii si din alte lucréri de specialitate (printre care pot
fi indicate [23][18][25][16][21][13][24][19]), se poate spune c3,
pentru a avea o buni stabilitate, autovehiculul terestru trebuie s prezinte
urmatoarele calitati:

® sd nu se rastoarne;

® sinu alunece in mod evident;

e si isi coreleze unghiul de giratie cu traiectoria (si isi mentini un

comportament viratoriu aproape neutru);

Fig. 1. Inceputul unor procese de rasturnare

® si mentini stabilitatea migcarii;

e sa fie previzibil in timpul conducerii sau lucrului.

Elementele din lista de mai sus au fost indicate in ordinea descrescitoare a
pericolului cu care se asociaza lipsa calititii respective.

Dupi cum se poate deduce, necesitatea stabilititii autovehiculului apare
nu numai in timpul deplasirii, dar si pe loc, atunci cind lucreaza stationar
(de exemplu, in cazul automacaralelor, excavatoarelor, incircitoarelor
frontale sau autobasculantelor). La astfel de situatii de functionare
stationard, vehiculele nu trebuie si se ristoarne, si alunece sau si se
comporte impredictibil.

Rdsturnarea, situatia in care caroseria poate atinge solul iar rotile sau
senilele pierd contactul cu acesta, este potential cel mai periculos caz de
pierdere a stabilitatii.

In general, pericolul de risturnare este mai mare daci suprafata de sprijin
a vehiculului este mai mica si daci centrul sau de greutate este mai sus
(figura 1).

Alunecarea evidentd a rotilor sau senilelor fata de sol poate prezenta de
asemenea un nivel ridicat al riscului de accident. In mod normal, alune-
carea evidenta (ce poate fi perceputi de conducitor sau observati vizual
din exterior) este numiti mult mai precis in functie de directia in care se
produce:

e patinare (atunci cind alunecarea apare pe directie longitudinald la
tractiune);

o alunecare propriu-zisd sau alunecare de franare (atunci cand alunecarea
apare pe directie longitudinali la franare);

e derapare, atunci cand vehiculul aluneca lateral; se spune ca vehiculul
derapeaza atunci cind toate rotile sau senilele aluneci lateral fie pe un
teren inclinat, fie in timpul virajului, caz in care vehiculul nu este capabil
sa se inscrie in curbi, realizind o traiectorie cu o razi de virare mai mare
sau mai mici fati de cea doritd (comandati) de citre sofer.

In mod normal, la marea majoritate a autovehiculelor, alunecarea evidenti
ar trebui sa se produci inaintea rasturnirii, limitindu-se astfel consecintele
pierderii stabilitatii. Totusi, autovehiculele cu centrul de greutate ridicat
(mai corect, cu valoare mare a raportului dintre inaltimea centrului de
greutate i ecartament), se pot risturna lateral i fird sa alunece evident
[19] (figura 1.b). Risturnarea se poate produce totusi la aproape toate
autovehiculele daci terenul este denivelat sau existi obstacole (de ex.
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Fig. 2. Comportamente subvirator (stinga) si supravirator (dreapta) evidente

borduri sau sine de tramvai) care impiedic alunecarea la un moment dat
[7] (figura 1.a).

O notiune utilizatd adesea este cea de prag (margine) de sigurantd la
rasturnare sau alunecare, care indici valori limita (inclinare a terenului,
coeficient de aderentd, viteza) pani la care autovehiculul se poate deplasa
(sau stationa) fird a fi in pericol (de risturnare sau alunecare).

Cea de a treia situatie de pierdere a stabilitatii apare atunci cdnd unghiul
de giratie al vehiculului nu poate fi bine corelat cu traiectoria sa, adica
atunci cind orientarea vehiculului (si a conducitorului) deviaza mult
fata de tangenta la traiectorie. Aceasta inseamna cd vehiculul prezinti
un pronuntat comportament subvirator sau supravirator (figura 2). Pozitia
vehiculului pe o traiectorie curba se numeste atitudine viratorie (atitudinea
este subviratoare, ca in figura 2, stinga, daca fata vehiculului este orientata
spre exterior fatd de tangenta la traiectorie si supraviratoare in caz contrar).
Imposibilitatea controlarii de citre conducitor a atitudinii viratorii a
vehiculului va duce la derapare sau rasucire (giratie) accentuati si, foarte
probabil, la accident.

Cea de a patra cerintd pentru stabilitatea vehiculului consta in asigurarea
stabilitatii miscarii vehiculului. Pe baza descrierii miscarii vehiculului cu
ajutorul sistemelor de ecuatii diferentiale, stabilitatea miscarii sale poate fi
definitd matematic in mai multe moduri [3], de exemplu in sens Lyapunov
[22]. Simplificind si fird a recurge la limbaj matematic, aceasti cerinti
inseamna ca, dupd ce va fi supus unor perturbatii care ii vor modifica traiec-
toria, un autovehicul care se deplaseazi in linie dreapta sau se roteste in cerc cu
vitezd constanti va reveni la acelasi tip de miscare dupa ce dispar perturbatiile.
Insa trebuie ficuta precizarea ci revenirea la mersul in linie dreapta se va face
aproape intotdeauna la o directie diferiti de cea pe care autovehiculul o avea
inainte de aparitia perturbatiilor, iar revenirea la deplasarea in cerc se va face pe
o traiectorie circulari care va avea un alt centru decat cea initjala.

Uneori, desi miscarea autovehiculului este stabila in sens Lyapunov,
timpul de revenire la tipul de migcare anterior perturbatiilor poate fi inac-
ceptabil de lung. De aceea, stabilitatea migcarii autovehiculului poate avea
si alte definitii, de tip tehnic sau practic, in care timpul de stabilizare si fie
mai mic decit o anumita valoare, de obicei si nu depiseasci timpul de
reactie al soferului [3].

Un vehicul cu migcare stabild va fi putin sensibil la perturbatii, adici nu va
fi afectat semnificativ de vintul lateral, de inclinarea laterald a drumului sau
de neregularititile acestuia, de modificari ale coeficientului de aderent3,
de redistribuirea incarciturii etc.

Un caz particular al stabilitatii migcirii consta in stabilitatea directionald,
care reprezinta abilitatea unui autovehicul de a se deplasa in linie dreapta
(si de a riméane orientat inspre inainte) cu minimum de control din partea

conducitorului.
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Ultima cerintd pentru obtinerea stabilitatii, predictibilitatea, inseamna ca
vehiculul trebuie s aibd un comportament similar la comenzi identice in
diferite conditii de deplasare sau de lucru stationar si si nu il surprinda pe
conducitor prin modificiri brugte ale raspunsului sau.

Din cele prezentate pand acum rezulta si ca, daci este foarte stabil, un
autovehicul isi va putea schimba mai lent acceleratia in planul drumului
si, ca urmare, traiectoria. Ca urmare va avea performante dinamice mai
reduse, ceea ce il va face si nu fie acceptat de conducitorii experimentati.
Totodata trebuie spus si ca performantele dinamice maxime ale unui auto-
vehicul se obtin atunci cnd acesta este pe punctul de a isi pierde stabili-
tatea. Asa se explicd, de exemplu, ca pilotii de curse prefera un autovehicul
cu un caracter ugor supravirator (mai putin stabil fatd de unul subvirator),
dar si cd numirul de accidente la un parcurs dat este mai mare la curse fata
de deplasarile normale.

3.MANEVRA

Notiunile de manevrabilitate si maniabilitate pornesc fiecare de la cea
de manevri. Cuvantul manevrd (fr: manceuvre; en: manoeuvre [UK.] sau
maneuver [U.S.]; ge: Manéver; it: manovra) are mai multe intelesuri in
limba romana [8]: ,Procedeu. Mod de a proceda. Ansamblu de operatii
necesare pentru deplasarea unei nave in directia voitd, in special la acos-
tare sau la iesirea dintr-un port. Ansamblu de operatii in vederea alcatuirii
sau desfacerii unei garnituri de tren sau pentru gararea unui vagon pe o
anumitd linie. Miscare, actionare manuala a unei unelte, a unui mecanism
etc. Manipulare” De asemenea, gisim si urmitoarea definitie [17]:
yconducerea sau virarea unui vehicul in jurul obstacolelor, schimbarea
directiei sau deplasarea in spatii restranse”.

La autovehicule, analizele comportamentului in functionare se bazeaza pe
diferite manevre experimentale, executate pe loc sau in mers, la diferite
viteze si conditii de drum sau teren (aderents, inclinare). Grupate in mai
multe categorii dupi regimul de functionare (stationare, stabilizate, tran-
zitorii sau combinate), acestea dau posibilitatea obtinerii unor informatii
obiective sau subiective care permit compararea performantelor in exploa-
tare ale unui autovehicul cu cele ale altora sau cu asteptirile clientilor.
Citeva exemple de manevre efectuate cu viteza redusa: parcarea cu
spatele, parcarea laterald, intoarcerea din trei miscari, intoarcerea dintr-o
singurd miscare, mersul cu spatele, pornire in rampa, tragerea la rampa
de descarcare (la autocamioane, autobasculante si autotrenuri) sau la
peron (la autobuze), efectuarea de opturi (la motociclete) etc. Pe langa
abilitatile soferului, la efectuarea acestor manevre conteaza foarte mult
aderenta terenului, caracteristicile tehnice ale autovehiculului (raza
minima de virare, fisia de gabarit in viraj, gradul de asistare a directiei
si franelor, dimensiunile si forma exterioari ale caroseriei), vizibilitatea

conducitorului (directd sau cu ajutorul camerelor video), alte aspecte
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ale draivabilititii [S] (caracteristicile motorului, viteza minima stabils,
progresivitatea ambreiajului).

Alte manevre trebuie efectuate cu vitezi mare:

e migcarea stationari in cerc pe pista de incercare (in engleza, steady-state
cornering);

e modificarea brusci a unghiului volanului (de la pozitia corespunzitoare
mersului in linie dreapti, volanul este rotit brusc cu un anumit unghi,
dupd care este mentinut in acea pozitie — step steering input, J-turn); auto-
vehiculul va trece brusc de la mersul in linie dreapta la deplasarea in cerc;
e aplicarea unui impuls la volan (de la pozitia corespunzitoare mersului
in linie dreapta, volanul se va roti brusc cu un anumit unghi si va reveni
la fel de brusc la pozitia initiald — impulse steering input); autovehiculul
va trece brusc de la deplasarea in linie dreapta intr-o anumita directie la
deplasarea tot in linie dreapti, dar intr-o alti directie;

e franare pe drum cu aderenta diferitd stinga-dreapta (p-split braking),
cu sau fara corectii la volan efectuate de conducitor;

e rispuns in frecventi in mers gerpuit (volanul se roteste stinga-dreapta
in mod alternativ cu o anumiti frecvent — wag); la cresterea frecventei
si la reducerea vitezei de deplasare se constata ca autovehiculul rispunde
tot mai putin;

e slalom printre jaloane (acestea vor fi plasate la diferite distante, iar
deplasarea se va face cu viteze diferite);

e schimbare brusci a benzii de conducere (lane change);

e evitare unui obstacol cu verificarea stabilitatii la rasturnare (fishhook) ;
e evitarea unui obstacol (schimbare brusci a benzii de mers urmati
de revenire pe banda initiala — obstacle avoidance, moose test, double lane
change)? (a se vedea si figura 3);

e franare sau accelerare in curba (braking or acceleration in a curve), unde
se combini o manevri stabilizati (virarea) cu una tranzitorie (franarea sau
accelerarea); o astfel de manevra este specifici iesirii de pe si intrérii pe
autostrady;

e abordarea (cit mai rapidd a) unui viraj in ac de par (U turn, hairpin turn);
aceasta implici franare tranzitorie, virare stationari si, la final, accelerare.
Pentru marea majoritate a acestor manevre rapide, pastrarea stabilitatii
este extrem de importanti, mai ales pentru prima perioada de timp
(de exemplu, prima secundi de la inceperea manevrei), deoarece acest
interval este comparabil ca durata cu un timp de reactie normal, in care
conducitorul poate interveni pentru mentinerea stabilititii. Pentru
manevrele tranzitorii, un efect nefast important il au miscarile de tangaj
si (mai ales) de ruliu ale caroseriei (ruliul este numit si ,dusmanul
stabilitatii”).

Toate experimentele in care se efectueazi aceste manevre descrise anterior
sunt importante pentru ca actiuni asemanitoare se pot intlni frecvent in
trafic. Din aceastd cauzi, efectuarea corectd a unora dintre acestea este
necesara pentru obtinerea permisului de conducere.

1. La aceastd manevri volanul trebuie rotit brutal (intr-un mod impus, cu viteza
unghiulari de 720°/s), succesiv in ambele parti, asa cum ar putea reactiona un con-
ducator panicat in incercarea de a evita un obstacol aparut in cale. Scopul urmarit
este ca autovehiculul si nu se ristoarne. Denumirea din limba engleza fishhook
(carlig de pescuit) vine de la traiectoria care rezulta de obicei ca urmare a acestei
manevre si care seamina cu forma unui carlig de pescuit (parcurs spre varf): dupa
ocolirea obstacolului, autovehiculul (daci nu se ristoarni) gireazi foarte mult de
obicei, astfel incat ajunge cu fata aproape in directia opusi celei de mers.

2. Aceastd manevri este oarecum aseminitore cu cea amintitd anterior, doar ci
la aceasta se urmareste ca vehiculul s se inscrie intr-un anumit coridor (adica se
verifici maniabilitatea, contributia soferului fiind hotiratoare), pe cind la efectu-
area manevrei anterioare se urmireste ca vehiculul si nu se rastoarne (se verifici
stabilitatea).

La multe dintre manevrele amintite conteazi foarte mult timpul necesar
efectudrii lor. Se numeste manevrd optimd acea manevra (si modul sau
de efectuare) care asigura timpul minim in care autovehiculul ajunge
de la un punct de start la unul de sosire (sau de la o pozitie initiala la
una finald sau parcurge o tura de circuit) [6]. Studierea modului de
obtinere a manevrei optime este o preocupare importanta a echipelor
care participa la cursele de automobile [13] sau de motociclete [14].
Metoda manevrei optime a fost introdusa ca o modalitate de apreciere
clara si fara ambiguitati a manevrabilitatii sau maniabilititii, ca un indice
numeric, care este mult mai usor de evaluat si care elimina dificultatile
de apreciere a evolutiilor numeroaselor variabile de stare ce definesc
comportamentul dinamic al autovehiculului.

4. MANEVRABILITATE

In DEXonline [8], cuvantul manevrabilitate, provenit din francez3, este
definit drept: ,capacitatea, proprietatea unui vehicul sau a unui sistem
tehnic de a putea fi manevrat; faptul de a fi manevrabil”. Tata si traduc-
erea acestuia in citeva limbi de larga circulatie: fr: manceuvrabilité; en:
manoeuvrability [UK.] sau maneuverability [U.S.]; ge: Manévrierbarkeit;
it: manovrabilita.

Combinand informatii din mai multe surse (printre care [12], [14] si
[15]), manevrabilitatea reprezinti calitatea (abilitatea) unui vehicul de a
face manevre, in principal (dar nu numai) de a schimba directia de depla-
sare; aceasta depinde in special de caracteristicile vehiculului si foarte
putin de operatorul uman.

Uneori, tocmai pentru a se elimina influenta operatorului, soferul
este inlocuit cu un robot de conducere (de. ex. la fishhook), astfel incat
actiunile de comandi a autovehiculului si poati fi repetate cu mare
precizie, desi se schimba fie caracteristicile aceluiagi autovehicul, fie mai
multe autovehicule.

Manevrabilitatea caracterizeaza performanta maximi de realizare a
manevrelor de citre un vehicul in conditiile unor limitari fizice (precum
cele de aderenti sau de putere disponibild), dar firi a tine seama de
limitele conducitorului auto (care este considerat perfect) [6]. Aceastd
abilitate poate fi apreciata atit in mod obiectiv, uzual prin timpul necesar
sau precizia efectudrii anumitor manevre, cit si subiectiv, de citre
persoane experimentate.

O particularizare a manevrabilititii o reprezintd raspunsul directional.
Acesta consti in raspunsul autovehiculului la comenzi de virare speci-
fice (cum ar fi deplasare in cerc sau slalom), efectuate in ,bucli deschisi”
(adicd fara corectii) si care implici doar caracteristicile vehiculului
(nu si pe cele ale conducitorului) [12]. Sensibilitatea viratorie este
o caracteristicd a capacititii de manevrare a unui autovehicul si se
defineste ca raport intre viteza de giratie (viteza unghiulara cu care
vireazd vehiculul) si unghiul mediu de bracare a rotilor. Aceasta se poate
determina experimental prin deplasarea stationara in cerc pe pista de
incercare.

Inainte de a putea evalua manevrabilitatea unui vehicul este absolut
necesar ca acesta sa aiba un comportament stabil.

Aproape intotdeauna autotrenurile au o manevrabilitate mai redusi decét
autovehiculele singulare. Aceasta se explica atit prin stabilitatea mai
scazuti, cat si prin dificultatea (uneori aproape imposibilitatea) efectudrii
unor manevre (de ex. mersul inapoi sau pornirea in rampa in coditii de
aderenta redusa).

Multe dintre autovehiculele actuale dispun de sisteme moderne care asista
conducitorul auto si care, in felul acesta, duc la cresterea manevrabilitatii
(mai ales la sciderea timpului necesar si la cresterea sigurantei de
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Fig. 3. Exemplu de simulare a deplasirii unui autoturism printr-un coridor standardizat (ISO 3888-1) pentru testarea maniabilitatii in manevra de schimbare

dubli de bandi [10]

efectuare a unor manevre). Astfel de sisteme prezinti pe un afisaj la bord
fie schema vehiculului vizut de sus cu indicarea obstacolelor din aprop-
iere, fie imaginea din spatele vehiculului transmisa de o camerd video (la
mersul inapoi), fie imaginea terenului de sub vehicul (se pot vedea
rotile si obstacolele mari, astfel ficind posibila evitarea lor), fie traiec-
toriile calculate (in functie de unghiul de bracare curent) ale rotilor si
colturilor caroseriei suprapuse peste imaginea din spatele sau din fata
vehiculului (realitate augmentatd).

La autovehiculele autonome (mai corect, care nu au nevoie de un
conducitor auto, inclusiv pentru luarea deciziilor) este important ca
acestea si poata stabili traiectoria de urmat si viteza de deplasare. O
traiectorie aleasd (pe cat posibil optima din anumite considerente)
trebuie ,desficuta” in portiuni elementare, cirora le vor corespunde
manevre specifice simple, care vor trebui apoi efectuate succesiv
(deplasare in linie dreapta, intrare in viraj, viraj cu razi constanti,
iegire din viraj — accelerare, deplasare cu vitezd constanti, frinare).
Evident, aceste autovehicule trebuie si fie capabile si efectueze
numeroasele corectii care vor fi necesare in functie de migcarea reals,
perturbati, a autovehiculului.

S. MANIABILITATE

In DEXonline [8], cuvantul maniabilitate are o definitie scurti
(si foarte corectd, in fond): ,calitate de a putea fi usor de manuit”
Cuvantul provine din limba franceza: maniabilité. Traducerea acestui
cuvant in limba germani este Fahrverhalten, in italiana guidabilita, iar
in engleza handling (care mai are si alte numeroase intelesuri, nu doar
cel specific limbajului automobilistic). In general, definitia acestui
termen raportata la autovehicule este oarecum neclard [12] si este
legati cu precidere de procesul de virare. In termenul maniabilitate
se subsumeaza toate proprietitile importante ale dinamicii laterale
ale unui autovehicul [16]. O alti definitie gisita in literatura de speci-
alitate: ,Maniabilitatea autovehiculelor reprezinta capacitatea acestuia
de a se deplasa cit mai exact in directia comandata de conducator,
adici de a executa virajele dorite, sau de a mentine mersul rectiliniu”
[9]. Maniabilitatea este o masurid a combinirii acelor calitati ale
autovehiculului si abilitati ale soferului care permit controlul rapid
si precis al autovehiculului pe traiectorie. Soferul poate sa simta si sa
reactioneze in mod diferit pe vehicule diferite, dar si invers, acelasi
vehicul poate fi apreciat diferit de catre soferi diferiti.
Concluzionind, maniabilitatea reprezinta calitatea autovehiculului de
a raspunde precis si rapid la actiunile conducitorului (mai ales la cele
de virare la viteze medii si ridicate), implicind sensibilitatea la comenzi
si usurinta conducerii (controlului). Aceasta di o misura subiectiva
de ansamblu a combinatiei vehicul-sofer, deoarece comanda autove-
hiculului se face in ,bucla inchisi” (cu corectii), ceea ce inseamni ci
soferul observa directia si pozitia vehiculului si i§i corecteazd actiunile
pentru a obtine migcarea doritd [12]. Maniabilitatea depinde de carac-
teristicile constructive ale autovehiculului si ale caii de rulare si poate
filimitatd de imposibilitatea soferului de a efectua suficient de rapid si
precis comenzile necesare manevrelor. In general, se considera ci un
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conducitor obignuit nu poate roti volanul cu o vitezd unghiulara mai
mare de 400°/s, iar unghiul maxim de rotire fari ridicarea mainilor de
pe volan nu depiseste 270° de la pozitia de mers inainte.

In practici, calititile de maniabilitate si stabilitate sunt strins legate
intre ele si sunt fundamental dependente de caracteristicile i precizia
sistemelor de directie si suspensie. In plus, aga cum s-a mai spus,
pentru a fi maniabil autovehiculul trebuie sa fie stabil: schimbarea
incarcirii, schimbarea anvelopelor [2] sau deplasarea pe diferite tipuri
de drumuri (terenuri) nu ar trebui si conduci la modificiri semnifica-
tive ale comportamentului siu dinamic si nu ar trebui si surprinda
soferul. In plus, autovehiculul trebuie si fie usor controlabil (nu
trebuie si solicite soferul in mod exagerat).

In general, o maniabilitate superioara indici faptul ci autovehiculul
atinge tipul de migscare dorit de sofer mai precis si mai rapid. De
asemenea, ,autovehiculul ar trebui si-si avertizeze conducatorul”
atunci cand regimul de conducere il apropie de limitele fizice ale
deplasarii.

Se poate discuta de 0 maniabilitate buni nu doar atunci cAnd migcarea
autovehiculului poate fi gestionatd de sofer in conditii normale de
conducere, dar mai ales in situatii critice. Desi accidentele grave apar,
din fericire, destul de rar (in Europa la circa 1,2 milioane km condusi
[16]), din cauza consecintelor extrem de grave ale acestora este foarte
important ca maniabilitatea sa rimana la un nivel cit mai ridicat i in
situatii critice. De aceea, maniabilitatea are o mare importanta pentru
siguranta activa a circulatiei rutiere, putind sa conduca la evitarea
situatiilor periculoase din trafic.

Diferiti conducitori auto vor aprecia in mod diferit maniabilitatea
aceluiasi autovehicul in functie de experienta, stare de moment,
varstd, calitdti fizice, etc. Pentru a se obtine si o caracterizare obiectiva
a maniabilititii si a putea face comparatii intre autovehicule, multe
dintre procedurile de testare au fost standardizate [2][4]. Astfel,
acestea pot defini potentialul dinamic de conducere al unui autove-
hicul intr-o forma precisa si reproductibila. De asemenea, in prezent
seincearci tot mai des ca, pornind de la (un numir mare de) informatii
subiective, si se obtina aprecieri obiective ale maniabilitatii [1]. Cu
toate acestea, cel care are ultimul cuvant in aprecierea maniabilitatii
este un specialist cu inaltd experienta [4].

Ca urmare a tuturor actiunilor de acest fel, in ultimii ani au fost posi-
bile recunoasterea si valorificarea performantelor de maniabilitate,
astfel incat acestea si fie imbunitatite continuu de la o generatie de
autovehicule la alta.

Desi nu este constientizat totdeauna acest fapt, raispunsul autovehicu-
lului la comenzile conducatorului este nelinear si intarziat [20].

In conditii normale de conducere, nelinearitatea dintre comenzi si
rispuns este mai greu sesizabild, dar poate deveni evidenti in altele
(in conditii de aderenta redusi sau pe drumuri inclinate sau la depla-
sare cu viteze si acceleratii mari), cind pare ci autovehiculul nu vrea
sd mai ,asculte” de comenzi. Aceasta “nesupunere” reprezinti in

«»

general modul in care autovehiculul isi “avertizeazi” conducitorul ca
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se apropie de limitele fizice ale deplasirii®. Este foarte important ca
acest avertisment sa fie luat foarte in serios, mai ales de conducitorii
putin experimentati. In mod evident, aparitia nelinearitatii ar trebui si
nu se produci brusc, ci gradual, pentru a nu surprinde soferul si a-i da
posibilitatea si recapete controlul asupra autovehiculului®.

Cealalta caracteristica a raspunsul autovehiculului, intirzierea, impune
ca soferul si realizeze comenzi anticipative, adica si actioneze mai
inainte de momentul la care s-ar parea ca este necesar. Si din aceasta
cauza, soferul trebuie si invete si conduci si si cunoasca posibilititile
si limitele autovehiculului siu. Un sofer nu poate conduce bine
imediat ce s-a urcat intr-o masind sau pe o motocicletd necunoscute
(ca in filmele de actiune), ci are nevoie de un timp de acomodare.
Existd diferente majore intre modurile in care actioneaza un sofer
si un sistem de control electronic (al unui autovehicul autonom, de
exemplu). Asa cum spunea regretatul profesor Nicolae Seitz, ,atunci cand
conduce, soferul nu rezolva ecuatii diferentiale”, ci invati facind, gresind
si corectand. Cu cat a avut mai multe experiente reusite (din picate existi
si experiente care pot duce la pierderea vietii), cu atit va conduce mai
bine. Spre deosebire de un calculator, un sofer oboseste, nu poate fi atent
in mod continuu, are o capacitate senzoriala care se modifici des si nu
poate face lucruri simultane si (de aceastd dati, la fel ca un calculator)
poate prelucra doar o cantitate limitata de informatii.

Anticiparea corectd a comenzilor pe care le va da un sofer tine foarte mult
de experienta sa in conducere si de cat de bine s-a acomodat cu autove-
hiculul. De aceste aspecte depinde si maniabilitatea. In figura 3 se di un
exemplu de manevra nereusitd de evitare a unui obstacol, desi mai apoi
aceasta s-a putut realiza cu succes cu autovehiculul analizat, atat practic
cat si prin simulare pe calculator, dupi ce a fost adaptat un algoritm corect
pentru felul in care soferul trebuie si anticipeze actiunile sale asupra
volanului [10].

6. (INLOC DE) CONCLUZII

Stabilitatea unui autovehicul este acea calitate care il face controlabil,
posibil de a fi utilizat. Abilitatea unui autovehicul de a efectua manevre
o intalnim sub doud denumiri: manevrabilitate, atunci cand sunt consid-
erate in special performantele sistemului tehnic §i cind se presupune ca
operatorul uman este suficient de instruit si abil, si maniabilitate, atunci
cand autovehiculul i conducitorul sidu sunt considerate ca un tot unitar §i
cand limitele de operare ale conducitorului devin esentiale.

Pentru a fi manevrabile si maniabile, autovehiculele trebuie si fie stabile.
Termenul manevrabilitate este folosit pentru a indica performantele
maxime de efectuare a unor manevre (comparate de obicei prin timpul in
care sunt efectuate) cu un autovehicul, atunci cind acesta este supus doar
limitarilor fizice si nu celor legate de control. Termenul maniabilitate este
folosit pentru a indica performantele maxime ale aceluiagi autovehicul,
dar considerand limitarile operatorului uman.

Cu alte cuvinte, manevrabilitatea reprezinti performanta maximi
pe care un autovehicul o poate produce fira a se considera limitarile
conducitorului siu, pe cind maniabilitatea misoara cit de mult din acest

3. Pe langa “nesupunere”, un astfel de avertisment il constituie i zgomotul specific,
“scartaitul” sau “scragnetul’, pe care il fac pneurile pe suprafete de rulare tari si us-
cate, indicAnd un nivel ridicat al coeficientului de alunecare. Acelasi lucru il indica
si aparitia urmelor negre de cauciuc pe drumuri uscate de asfalt sau beton, dar in
general acestea nu pot fi sesizate de catre sofer. Aceste doua indicatii ale pericolului
pierderii controlului autovehiculului nu vor aparea insi pe alte suprafete de rulare,
moi sau umede.

4. Auzim sau citim adesea in mass-media: soferul a pierdut “controlul volanului”.
Corect, ar trebui sa se spuni ci a pierdut controlul autovehiculului.

potential poate fi exploatat in realitate de citre un conducitor care poate
efectua doar actiuni limitate de comanda. Pe cand manevrabilitatea este
o caracteristica predominant obiectivd, maniabilitatea este una predomi-

nant subiectiva.
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AERODYNAMIG PERFORMANGE EVALUATION FOR A VEHICLE
STRUCGTURE EQUIPPED WITH A BICYGLE RACK

EVALUAREA PERFORMANTEI AERODINAMICE PENTRU 0 STRUCTURA DE
AUTOVEHICUL ECHIPATA CU UN SUPORT DE BICICLETE

REZUMAT:
Inzilele noastre structura aerodinamica a autovehiculelor este conceputd incd din etapa de
proiectare CAD datoritd modulului CFD integrat in mediul software. Aceastd cercetare
Iiarezintd studiul aerodinamic al unui autovehicul echipat cu un suport pentru biciclete.
n prima parte a lucrdrii sunt prezentate cateva studii CFD, aspect teoretic si software-ul
CED care poate fi utilizat pentru simularea aerodinamica a structurilor. Modelul tridi-
mensional al maginii si suportul pentru biciclete sunt modelate in a doua parte a arti-
colului. Modelul vehiculului este desenat folosind schite cu forma caroseriei realizate pe

1.INTRODUCTION

SJ.dr.ing. Due to technological competi-
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= 2 tion and the desire to reduce the
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fuel consumed by the vehicle, the
Universitatea Tehnicd din Cluj-Napoca,
Departamentul de Autovehicule Rutiere i
Transporturi, Bdul Muncii, Nr. 103-105, 400641
CLUJ-NAPOCA, Roménia

aerodynamic body shape has been
extensively studied. The first car
body made according to the prin-

ciples of aerodynamics was made
in 1899. The Belgian Camille Jenatzy, a racing driver, managed to exceed
a speed of 100 km/h with this electrically driven car [10]. In 1924, the
Romanian engineer Aurel Persu presented a patented aerodynamic struc-
ture of cars under the name ,Streamline Power Vehicle”. This vehicle has
an aerodynamic coefficient of 0.22, remaining to this day in the top of
vehicles with the lowest aerodynamic coefficient [6]. The use of computer
and dedicated software has made it possible to quickly and correctly solve
the situations imposed since the design stage of the products, having the
possibility of solving iterative computational processes [1].
The software applications used include the entire area of conception,
optimization, design and manufacturing of mechanical parts used in the
manufacture assembly. The software versatility allows the performance
of analyzes and simulations on several fields, such as the application for
determining methods and maintaining the thermal comfort inside vehi-
cles. An important aerodynamic study is performed on the Ahmed body
which has an air diffuser mounted on the rear side underbody. To estab-
lish the best shape of the diffuser, three shape are studied: a planar shape,
circular shape and an elliptical shape. In order to establish the optimal
shape and positioning of the air diffuser, their angle and length is system-
atically varied in the range of a passenger’s car. After the simulation, it is
found that the use of a plane diffuser has a higher efficiency for reducing
the lift coefficient [2]. Another aerodynamic study of the generic car
model defined by Ahmed is modelled by adding of wheels on CDF simu-
lation to observe the airflow when using the air diffuser on the model
underbody. The simulation results show that the rear wheelhouses have a
major negative impact on the aerodynamics of the studied model [3]. The
aerodynamics of the vehicle are influenced by the interaction of air with
the elements mounted on the upper and lower side having an important
role to increasing the performance of the vehicle, such as: decreasing fuel
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planele de proiectie din zona de lucru a softului. Caroseria vehiculelor este simulatd CFD
pentru doud cazuri: in primul caz este simulatd doar caroseria vehiculului si in al doilea
caz este simulatd caroseria vehiculului care au atasat un suport pentru biciclete cu doud
biciclete. Ambele cazuri sunt simulate cu vitezd diferita: 60, 90, 120, 150, 180 si 210
km/h. Vizualizarea, interpretarea rezultatelor obfinute si concluziile acestui studiu sunt
prezentate in ultima parte a lucrdrii

Key-Words: CAD design, drag coefficient, aerodynamic lift, CFD simulation, airflow.

consumption, quick acceleration, decreasing of the pollutant emissions,
increasing acoustic comfort inside the car, etc. Loya and the authors solve
a CFD aerodynamic study applied to the vehicle geometry of a CAD and
compared to highlighting the differences obtained between Star CCM+
simulation software, and Ansys Workbench. The different between
obtained results of the simulations are caused by the import method-
ology of car geometry [4]. In present study the road surface is included,
appearing the “ground effect”, decreasing the lift coeflicient value. The
main motivation of this research is to solve a preliminary evaluation of
the aerodynamic influence of the bicycle rack attached to a SAV vehicle,
before designing and manufacturing a rack prototype which don’t have a
negatively influence the aerodynamics of the car body. This car model was
chosen because it is a new and trendy model nowadays. Using the ground
effect makes it possible determination the results more accurately. After
viewing the flow lines, a new cover design can be proposed that can be
improve de aerodynamic characteristics.
2. REYNOLDS NUMBER
The air flow around the body model can have a laminar flow or a turbulent
flow, this is determined by the value of the Reynolds number. Reynolds
number is given by the ratio of inertial forces to viscous forces in a fluid
that is subjected to relative internal motion due to the imposed velocity of
the fluid. Reynolds number is a number is a dimensionless number and its
expression is presented in relation 1:
o VL

I
where,

R (1)

]

p : air density, kg/m?

V : car velocity, m/s

L: length of the vehicle, m

p : dynamic air viscosity, kg/m-s

To determine the air flow rate around the vehicle body, the Reynolds
number value is calculated for each velocity case and is shown in table 1.
The value of the air density is p = 1,225 kg/m?, corresponding to a temper-
ature of 15°C, the length of the vehicle is L = 4,752 m and the dynamic air
viscosity p = 1,802 - 10° kg/m-s.

In the case of external flows over a flat plate is up to a value of Reynolds
number Re <5x10° the flow is laminar. If the flow performed is between
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Table 1. The values of the Reynolds number

Air velocity [m/s] | 16.67 25 33.34 41.67 S0 58.34
Re 5.385.10° 8.076.10° 1.077-107 1.346-107 1.615.107 1.885.107
3.1. Drag force

F';r-r | N The main force that acts on the vehicle body during driving is the drag
“ ¥ force, which is given by the characteristic of the fluid to resist the advance
o B ~: of a car. In automotive aerodynamics, the axis on which drag force acts is
A ‘['lf conventionally chosen on the X axis. The size of this force is influenced
\»_:‘:/ e g by the running speed of the vehicle, the density and mechanical proper-
R Y ties of the air and the exterior geometry of the car. The expression of the

#F“ ’ aerodynamic force is given by relation 4.

a)Force on vehicle body b) Frontal area of the vehicle body
Fig. 1. Force that acts on the vehicle body and frontal area view [7], [8]

the values of 5x10°< Re<107 the flow in a transient regime and at Re<10”
the flow is turbulent. As can be seen in table 1, the resulting values of the
Reynolds number indicate a turbulent airflow around the vehicle.

3. AERODYNAMICS LOAD

Aerodynamic forces value determinate in this study consist of drag force
and lift force. It is known that the ration of the distribution of the aerody-
namic force that acts on the car body surface are as follows: 40-45 % on
the external surface, 25-30 % on wheels housing and 20-25 % from the
underbody of the body and engine area [ 7]. Figure 1a shows forces that
act on the vehicle when driving on the road. The expression of the traction
force is presented in relation 2.
F=FR+Ff .m% 1 - - Sirlar )
F: dragforce, N

E_ : friction force at rolling, N

m : mass of the vehicle, kg

a : angle of road inclination, °

The value of the drag force depends by the mass of the vehicle and friction
coefficient on wheels rolling. Expression 3 presents the equation of the
rolling resistance force.

Fr=fG ()

where,
f, : friction coefficient on wheels rolling
G : gravitational force (G=m*g)

1
Fr.! _EP'CD'A'vz (4)

C,,: drag coefficient
A : cross-sectional area of the vehicle body, m?
V : car velocity, m/s
p : air density, kg/m?
__2:F
7oAV

In relation § is presented the expression of the drag coefficient deducted

©)

from the expression of the drag force.

3.2. Lift force

In vehicle aerodynamics the lift force can be defined as the sum of all
forces generated around the car body which is projected on a perpen-
dicular plane to the air flow direction during travel. The term used to
name this force is ,lift", used especially in aeronautics that makes it
possible to hold the plane in the air. This mechanical force results from
the interaction between a solid body and a fluid, in this case between
the car and the air. The lift force can also have a negative value; this
being oriented towards the road. If the load value has a high negative
value on the car’s tires, an additional pressure is exerted, which implies
a premature tire wear and implicitly an increase fuel consumption, if
the load force is too high there may be a risk of losing control of the car,
due to its too small adherence. For the lift force, the Z axis is conven-
tionally chosen as the driving direction. The expression of the lift force

is presented in relation 6.

a) Surface modelling
Fig. 2. CAD modelling

b) Final model of the vehicle body whit bicycle rack

1"



Ingineria automobilului Nr. 58 / martie 2021

ISSN 1842 - 4074

Fig. 3. Overall dimensions of the final model

F =%p.c,.,q,.v-" ©)
2-F

C.= oAV @

C, - lift coefficient

A, - area of the vehicle body on the ground [m?]

The value of the lift coefficient is given by the relation 7, presented

above.

4. CAD MODELLING

Car geometry modeling was done by SolidWorks software using

advanced modeling techniques applied for surface generation [11].

The three-dimensional model of cars is made with the help of ,blue-

print“ pictures introduced in the working area of the software [9].

The geometry of the car is modeled approximately by the shape and

overall dimensions of the BMW X4.

Figure 2a shows an intermediate stage in the body modeling process

using the surface drawing module. The CAD model was generated in

two modeling stages: in the first stage the body geometry of the car

was modeling for the first simulation case, and in the second stage the

bicycle rack is attached to the car body. To view the shape of the car

body, the position of the bicycle rack and the overall dimensions in

figure 3 is presented the triple projection of the final model.

The cross-sectional area of the vehicle body value used for determining

the drag coeflicient is 2.67 m* and the area of the vehicle projected on

the road surface is m* All surface area is measured in CAD software

environment.

5. CFD APROACH

Performing a CFD simulation involves completing the steps presented

in figure 4. The start point of the CFD simulation process is given

by the CAD modeling of the car body and includes the model in the

CFD simulation environment. The step of defining the computational

domain is very important because depending on the dimensions of this

computational domain, the results can be viewed correctly.

The discretization step of the calculation domain can be performed

automatically or manually, choosing an optimal size of the meshed

elements. Discretization can be achieved gradually by imposing a

Define : : CFD T 5

CAD i Fluid domain Boundary Simulation !

Start ; computational cigy . solver Stop !
modelling Hectak: discretization conditions ctart results

Fig. 4. CFD process

12

smaller size in the important areas to be studied on the surface of the
CAD model. Applying the imposed boundary simulation conditions
presents the next step for performing the CFD simulation process. The
start of the solver presents the stage in which the user has the minimum
input, the whole calculation process being performed by the software.
In the last stage of the CFD process the obtained results are visualized
and interpreted. The CFD simulations from this study is determined by
the Reynolds-Averaged Navier-Stokes (RANS) equations for the incom-
pressible turbulent flow and the k-w turbulence model with the Shear
Stress Transport (SST) [S]. The expression of the continuity equation of
the used RANS is presented in relation 8:

W 0 (8)

-
-l'.x‘l

In the next relation is presented the expression of the momentum

equation:
= — ] = i a=
3o i W, ¥ ST R 9
= (77)=-E+L ‘|'~—'-,—r b ay| oL e —L |- ok, ®)
I"X_ i Fi's '.'x,- ._"'x. X, ) .\L"'X‘l I"X_ 3 f
Where,

Vi : mean of the airflow velocity

X;: coordinates

P : averaged air pressure

| :turbulent viscosity

k : averaged turbulence kinetic energy

The averaged turbulence kinetic energy equation is presented in expres-

sion 10:
—— (10)
lﬁ- 1

2

This iterative process started using the first order numerical scheme and
the second order close the numerical scheme.

5.1 Computational domain and boundary conditions

The virtual simulation domain is designed in order to imitate the real
environment while driving on the road. In this paper the drag force
and the drag coeflicient are calculated for the geometry of the vehicle
that is placed on the road surface. Adding the road in the simulations
appears the phenomenon called in aerodynamics ,ground effect” In
this case, this effect is the result of the interaction between the air and
the geometry of the vehicle when it moves on the road surface. The
virtual wind tunnel is represented by the calculation volume in which it
will be possible to see the behavior of the air flow around the car body.
The computational domain for the study is presented in figure S. For a
detailed analysis of the air flow, the geometry of the vehicle is placed at
a distance of 1.5 m from the air intake, the length of the tunnel is 30 m
and the height are 4 m.

For a higher accuracy of the CFD simulation, the discretized layers
near the surfaces are denser, respectively the number of elements is
higher, compared to the other elements, like can be seen in mesh grid
detail from figure S. The computational domain is discretized for the
first simulation case in 110352 cells, of which 12097 cells are in contact
to the vehicle surface and the second simulation model that contain the
bicycles rack is discretized in 11648S cells, of which 13951 cells are in
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Mesh grid detail

Environment pressure

Fig. 5. Boundary conditions in computational domain

contact with the three-dimensional model surface of the vehicle and
the bicycles rack.

The CFD simulation was performed for two cases: the first case in which
the vehicle is running on the road and the case in which a support with
two bicycles is mounted in the back. Both simulation cases are performed
at different velocity: 60, 90, 120, 150, 180, 210 km/h. In the simulation
have being taken into account the effect of the road.

5.2 Simulation result of the car base model

In this section are presented the visual and the numerical result obtained
for both simulation cases: the simulation of the car body and the

& i1

m

Fig. 6. Pressure distribution at 33,34 m/s velocity

Fig. 9. Isometric view of the airflow at 33,34 m/s velocity

Road surface

simulation of the car body that have attached the bicycle rack whit two
bicycles. In figure 6 is presented the pressure distribution on the body car
surface and the read surface. It can be observed than in the front of the
car on the road surface the pressure value has a maxim value.

On the vehicle surface the maximal value of the air pressure is situated
on the front side of the car body, on the bumper, front wheels, lower
side of the windshield and the front mirror surface. The pressure distri-
butions it presented at 33.34 m/s velocity of the wind. In the rear side
of the vehicle the air pressure is lower which show that car geometry is
manufactured after aerodynamic study.

For a better view of the pressure distributions in figure 7 is presented
two pictures that show the axonometric view of the car model. The
range presentation in the pictures is 101080 - 101450 Pa.

Figure 8 shows the velocity streamline distribution on the car body surface
and the road surface. It can be observed that in the area of the wheel housing
and the rear side vortices are generated. For a better view of airflow on the
car body the pictures are cropped just in the body car zone.

Isometric representation of the streamline velocity is presented in
figure 9, where can be observed the effects of the airflow around the
car body.

The numerical results of the first simulation case are presented in table
2, where are presented the resulted value of the drag force, lift force and
computed value of the drag and lift coefficient. It can be observed that
the drag force increases according to the air velocity, the range of the
drag force values is 202.386 — 2397.84. The value of the drag coeflicient
remains constant during all simulations.

5.3 Simulation result of the car model whit bicycle rack

Adding the bicycle rack in the simulation modifies the pressure distribution on
the vehicle surface. It can be observed that the pressure distribution on the front

Table 2. Numerical results of the car base model

Air Air Drag Drag Lift Lift
velocity | velocity force coeffici- force coeffici-
[km/h] [m/s] [N] ent [N] ent
60 16.67 197.862 0.435 12.255 0.008
90 25 442.605 0.433 30.784 0.008
120 33.34 781.766 0.432 52.149 0.008
150 41.67 1209.880 0.426 74.094 0.007
180 S0 1736.830 0.424 108.271 0.007
210 58.34 2348.730 0.422 141.740 0.007

13
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Fig. 10. Pressure distribution at 33,34 m/s velocity of the model with bicycle rack

Fig. 11. Isometric view of the pressure distribution at 33,34 m/s velocity of the
second model

Fig. 13. Isometric view of the airflow at 33,34 m/s velocity of the second
model

Table 3. Numerical results of the second simulation case

wocty | vlocty | foes | D6 [ biftore | Lif

[km/h] /] IN] coefficient [N] coefficient
60 16.67 202.386 0.445 12.761 0.008
90 25 452.018 0.442 29.193 0.008
120 33.34 797.15 0.438 46.574 0.007
150 41.67 1235 0.434 68.397 0.007
180 NY 1769.98 0.432 92.497 0.006
210 58.34 2397.84 0.430 130.948 0.007

side of the vehicle still unchanged compared to the first simulation results.

In the rear side of the car the pressure distribution is higher on the hatch-
back as can be seen in figure 10. The lower values of the pressure are
distributed on the behind door surface and the roof surface.

In figure 11 can be viewed the pressure distribution on the vehicle surface
and the bicycle rack. The pressure distribution on the road surface is a
little bit smaller than in the simulation case without bicycle rack.

The airflow dynamics is observed in figure 12 for the model that contatin
the bicycle support, where in the rear side of the vehicle in bicycle rack
area the air velocity decreas suddenly resulting a vortex that has an negativ

14

impact in the vehicle aerodynamics.

A better view of the streamline airflow for this vehicle model is presented
in figure 13, where can be viwed the airflow turbulence. In table 3 are
written the resulted values of the CFD second studies.

Analyzing the result obtained in table 2 and 3 it can be observed that the
drag force values increase relative to the airflow velocity. The value of the
drag and lift coefficient remains approximately constant. The lower values
of the lift coeflicient are due to the road surface effect.

6. CONCLUSION

This aerodynamic study was performed by adding the ,ground effect”
presented by the car’s roadway. For establishing the aerodynamic perfor-
mance, the CAD models are CFD simulated for six velocity cases.
Comparing the obtained result in both cases it can be observed that the
values resulted at the vehicle with the bicycle rack have higher values than
the vehicle without bicycle rack. In both simulation cases the values of the
drag and lift coefficient remains approximately constant for all velocity
simulation cases. The average value of the drag coefficient of the vehicle
simulated in first case is 0.429 and for the vehicle with bicycle rack is
0.437. The difference between the values obtained in both cases is rela-
tively small and does not influence much negatively the aerodynamics
performances of the vehicles. The visual representation of the result from
this paper was made at a 120 km/h velocity because this is a reference
velocity for establishing the drag coefficient.
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STUDY OF THE INFLUENGE OF ROOF LUGGAGE BOX

ON A VEHICLE AERODYNAMIGS

STUDIU PRIVIND INFLUENTA MONTAJULUI UNEI GUTII PORTBAGAJ
PE PLAFON ASUPRA AERODINAMICH AUTOMOBILULUI

REZUMAT:

Aceasta lucrare prezintd studiul curgerii aerului pe un model generic de caroserie a unui
automobil modelat in concordanta cu dimensiunile unei automobil real in condisiile
montdrii unei cutii pentru bagaje pe plafonul acesteia. Dupd prezentarea ctorva studii

- 1.INTRODUCTION
r ﬁﬁclﬂl":’ad_r .Illni.dia Nowadays the computer is an
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integral tool in the designing
ancuta,jurco@auto.utcluj.ro

process of product manufacturing.

Universitatea Tehnicd din Cluj-Napoca,
Departamentul de Autovehicule Rutiere i
Transporturi, Bdul Muncii, Nr. 103-105, 400641
CLUJ-NAPOCA, Roménia

Actual software packages contain
modules that can solve problems
related to vibrations and stability of

shock absorbers that are part of the
vehicles structure [1], calculations
to establish the thermal comfort inside vehicles and crash simulations of
structural components of vehicles [9]. Software which contain iterative
CED calculation methods can be used solve external fluid simulation
problems in order to establish geometric parameters for the design of
the car bodies or auxiliary automotive parts such as side mirrors [8],
[10]. The aerodynamic drag is influenced by the geometry of the side
mirrors, the geometry of the underbody and the ground clearance. The
mirrors of the new car models are replaced by the video cameras, so the
dimension of the support is reduced. The underbody geometry is covered
by protective shields and air deflectors that can guide the airflow to reduce
the turbulence. The ground clearance of the car body can be automatically
reduced after the car exceeds a high speed, increasing the stability on the
road and lowering the aerodynamic coefficient. An aerodynamic study
that establishes the car aerodynamics caused by the underbody geometry
of the car is carried out, finding that the flat geometry of the air diffuser
has an important role in achieving a forward effect and a higher down
force. [4]. The car bod

shape and the auxiliarz Downforce

equipment influences the

Drag

aerodynamic  coefficient,
determining an increase in

fuel consumption. For this

aerodinamice recente care utilizeaza metode iterative de calcul, urmate de prezentarea

uspectelor teoretice, se detaliaza modelarea CAD si cazurilor de simulare CFD. Rezultatele
btinute in urma simularilor sunt comparate pentruaobservu concluziile specifice.

Key -Words: Aerodynamic drag, CFD, CAD, Computational domain.

Table 1. Reynolds number values for reference velocity

Velo-
city 11.11 22.22 33.33 44.44 55.56
[m/s]
Re 3.289x10° 6.579x10° 9.868x10° 1.316x107 1.645x107

of this equipment increases the fuel consumption. An aerodynamic shape
of a roof luggage box is studied and optimized by reducing drag force
by 34% resulting to a 1.7% fuel saving compared to the base model [6].
Another aerodynamic study is one in which it is examined the influence of
the position of the roof luggage box for the DriverAer body and uses the
RANS turbulent simulation model using the commercial software Ansys
Fluent [S].

This study is focused on assessing the aerodynamic influence of the
car equipped with a roof luggage box. Performing the aerodynamic
simulation of the roof luggage box together with the car provides a more
and complete detail of the aerodynamics influence behind the car body.
After conducting this study, a luggage box design can be proposed to be
particularly adapted to this type of car.

2. MATHEMATICAL APROACH

2.1 Reynolds number

In aerodynamics studies the value of the Reynolds number establishes
the airflow regime around the car body. Fluid flow can occur in two
modes of movement, different in terms of their structure: laminar flow

Drag

reason, the aerodynamic - :‘t /*x__f;;ﬁ:f\\ : | .f'::_—::x W
study is necessary to | i <0 AW | i <o \\\ | -
determine the best L o | _..J ey |
—1 W £ L
aerodynamic shaPe that ., D 4 N
has an aerodynamic lower Lift Low pressure

Lift

drag coefficient. Auxiliary

equipment  occasionally

mounted on the car is the

roof luggage box. The shape Fig. 1. Aerodynamic force on the car body
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and turbulent flow [3]. Reynolds number is calculated according to the
formula presented in relation 1, at air density p=1.205 kg/m’ length of
the vehicle L=4.484 m, dynamic air viscosity yu=1.825x10".

L
R =£
i
If the Reynolds number has a high value, the airflow is turbulent. To

(1)

determine the flow rate in this study, the value of the Reynolds number
presented in table 1 was calculated, finding that the flow rate is turbulent
for each airflow velocity around the car.

2.2 Mathematical model

Mathematical modelling of the airflow simulation process around the
vehicle model is performed using the Reynolds Averaged Navier Stokes
(RANS) system of equations [7]. Navier-Stokes equations are nonlinear
partial differential equations. Due to the nonlinearity, solve of these
equations can be impossible, especially in the case of turbulent flows.
For CFD calculations, the RANS time averaged equation is used and
supplemented a turbulence model (k- €). In the Cartesian tensor form
these equations can be written:

[:U. 0

* 2
o - O

p=H{U U|+uaur]=——+5[2,uS"} 3)

where,

U, : mean of velocity tensor

X : vector position

uy;; average of fluctuating velocity

P : mean static pressure

p : molecular viscosity

The strain rate expression is given in next relation:

o | (R

Fig. 2. The stages of the CFD process

Pre

a) External surface modelling
Fig. 3. Car body modelling

- -
!

Fig. 4. The overall dimensions of the body car and of the roof luggage boxes.
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The standard k-¢ turbulence model is given in next equation:

(4)
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where,

Tij : Reynolds stress
g, : turbulent viscosity
0, : closure coefficient
¢ : dissipation rate
Dissipation rate of turbulence kinetic energy equation is given in the next
relation:
ity ol il [ by | Og -l

—C—F—'{: p—f — § Ll —
pU._I % o persal_

(6)
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The expression of the turbulent viscosity is:
z

K
r =pC,—
#H ﬁ.vg )

For closure of the RANS equations it is used the turbulence model Shear-
Stress-Transport (SST).

2.1 Aerodynamic load on the vehicle body

During the vehicles driving, on the body surface acts the aerodynamic
force which opposes the movement. When the air hit the surface
geometry of the vehicle, on the car appears a lift force due to the passage
of air under the car body. If the lift force has a high value it can destabilize
the vehicle on the road, this negative effect can appear while driving a car
and it is caused by the high value of air pressure which affect the car’s tires.
The swirl resulted at the rear of the car appear due to the geometry of the
body and the auxiliary elements with which it is equipped. In relation 8
is presented the expression of the aerodynamic force, which is exerted by
the wind on the car body [2]. The distribution of the moments, forces
and reaction forces that occur during the operation of the car on the road
are presented detailed by Todorut and authors in a study that evaluates
the load distribution on the axles and wheels of the car when it is on the

road [12].
Ff%'ﬂ-v’-ﬂn-ﬂ ®

The aerodynamics of a vehicle is given by the value of the aerodynamic
coeflicient, which is calculated with the expression 9.
_ 2xF,
= pxVix A
where, p is the air density, V is the air velocity, A is the frontal area of the

)

body car and C is aerodynamic coefficient.

3. CFD ANALAYSIS

Most CAD-assisted design software’s have also integrated finite element
simulation, fluid simulation and shape optimization modules. A widely
used software for its versatility is SolidWorks, developed by Dassault
Systems [14]. Using this software, it can be performed all the necessary
steps to solve the aerodynamic simulation presented in this study. For
obtaining and visualizing the results the CFD process include three
several stages. All stages of the process are represented by preprocessing,
processing and postprocessing. in figure 2 it shows the diagram of the
CFD simulation stage [10].

In the preprocessing step, the CAD geometry of the model is included
in the fluid simulation environment, after which the loading case is
performed, and the computational domain is defined. The fluid volume
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Air inlet

Fig. 6. Mesh grid generation

is meshed into finite elements, choosing an optimal discretization size.
Also, in this stage the boundary conditions are imposed. In the processing
stage, the model is running for different cases. The calculation time of
the process depends on the accuracy result imposed in the preprocessing
stage, by the size of the CAD model and on the technical characteristics of
the calculation equipment. Post-processing is the last stage, in which the
obtained results can be visualized and interpreted.

3.1 CAD design

The CAD model of the generic car body is modeled from the blueprints
photo ofan Audi Q3 carmodel [ 13]. The sketches of the body are positioned
on the projection planes in the working area of the modeling software.

The exterior surfaces of the body are generated step by step by drawing
sketches. Because the body model is symmetrical to the longitudinal axis,
the surfaces of the car body are modeled just for half of the model and this
is mirrored from the middle plane, as can be seen in figure 3a. The final
model of the car resulting from the modeling process is presented in figure
3b. In figure 4 are presented the overall dimensions of the vehicle and the
roof luggage boxes resulted after the modeling process.

3.2 Boundary conditions and mesh grid generation

Positions of the car body in the CFD computational domain it chosen to
observe the behavior of the air flow when hit the carbody and the turbulent
flow that remain in rear side of the car. Figure S shows the location of the
vehicle in the calculation range. The front side of the body is positioned to
a distance at 2 m from the limit of the air inlet, respectively from the place
where the air flow begins. The computational domain width is 4 m, the 4
m high and 25 m long. The direction of air flow is oriented in the opposite
direction of the car running.

After establishing the computational domain, it is discretized into 26,436
fluid cells, of which 1602 cells come in contact with the body surface. In
this study determination of the drag coefficient and the drag force is made
without applying the ground effect of the road.

In figure 6 is presented the mesh grid of the element’s distribution in
computational domain. For a greater accuracy of the calculations and also
for the reduction of the simulation time it was chosen around the car body
surface the layer elements are denser and depending by the distance from
the car surface the elements size increase gradually.

The determination of the value of the drag coeflicient is performed by

Fig. 7. Air flow visualization at 33.33 m/s velocity

At

Fig. 8. Visualization of the pressure exerted by the air force on the vehicle
surface

16 800 80
165141

10T 14

Fig. 10. Visualization of the air pressure exerted on the vehicle surface and the
luggage compartment
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Table 2. Compare the obtained CFD results

1 with 1 -
Car model without luggage compartment Carmode with lugga
ge carrier
Air Air Drag Drag Drag Dra
velocity | velocity force coeffici- force coe ﬂic;gent
(km/h] | [m/s] [N] ent [N]
40 11.11 68.4172 0.353 77.102 0.377
80 22.22 272.34 0.351 307.758 0.376
120 33.33 612.432 0.351 691.31 0.375
160 44.44 1089.72 0.352 1223.09 0.373
200 55.56 1700.63 0.352 1914.17 0.374

applying expression for computing drag coefficient, and the air density
is 1,205 kg/m? value chosen for the simulation at an air temperature of
20°C. The measured area of the frontal surface of the body is 2.6 m? and
of the luggage boxis 0.15 m?.

4.RESULTS

The obtained results are presented for each simulation case, in table 2. To
reduce the space occupied by the pictures, the presentation of the visual
results was chosen only for the case when the air velocity is 33.33 m/s, for
the other cases the numerical results are writing in the table.

4.1 Simulation result for base model

4.1.1 Velocity

The distribution of the airline’s velocity is presented in the range of 0 -
33.33 m/s in figure 7 in orthogonal projections. It can be seen that the air
velocity decreases considerably in the front of the body, in the area of the
wheel housings, in the area of the exterior mirrors and in the rear side of
the car, where a vortex is created.

4.1.2 Pressure

The maximum values of the air pressure exerted on the frontal area of the
body, has on the bumper surface, hood, and windshield. The minimum
values of the pressure are located on the surface of the ceiling and of the
ceiling support pillars, as can be seen in in figure 8.

4.2 Simulation result for model whit luggage carrier

4.2.1 Velocity

When the luggage compartment is placed on the upper side of the body, the
airflow is no longer fine, generating turbulence in the rear side of the luggage
compartment, as can be seen in figure 9. The representation of the visual results
at a speed of 33.33 m/s have been chosen because of the air distribution on
the vehicle surface almost same, being different only the actuation intensity.
4.2.2 Pressure distribution

The surfaces of the car body on which the air pressure have maximum
values are the surface of the front part of the body and on front part of
the trunk. It can be seen in figure 10 that the minimum pressure is on the
surface of the side windows behind the side mirrors and on the rear pillars
in the upper area of the rear window.

Due to the geometry of the luggage carrier in the rear side of the vehicle
body the airflow is affected creating a small turbulence. It can be seen that
an important aspect is the frontal shape of the luggage carrier which is
flattened to break the air.

Table 2 shows the obtained results after simulating the two cases at five
different air speeds. It be seen that the value of the drag force increases

18

with increasing the air velocity, and the value of the drag coeflicient
remains constant. Compared between these two cases there is an increase
of the drag force and of the drag coefficient in the case of simulating
the body model with luggage compartment. The luggage compartment
imposed an increasing drag force depending by the air velocity.

5. CONCLUSION

In this paper a comparative aerodynamic study is performed for two
simulation cases at five different velocities. The software developed for
simulating the airflow mechanical processes is animportant future research
of study for engineers, who can achieve in advance the optimal design of
products, without additional costs of physical realization of a prototype.
This study can be used to determine the aerodynamic geometry of the
luggage carrier. The simulations performed prior to the vehicle design and
manufacturing of the car must provide the manufacturing of a durable,
high-performance and comfortable car. An additional disadvantage of
using CFD calculation methods are highlighted by the training courses to
learn of staff to be able to perform this analysis and the purchase price and
maintenance of the software package.
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THE MODELING AND SIMULATION OF PROPULSION SYSTEMS

T0 ESTIMATE G0, EMISSION

MODELAREA $1 SIMULAREA SISTEMELOR DE PROPULSIE

PENTRU ESTIMAREA EMISIILOR DE GO,

REZUMAT:

Lucrarea investigheaza nivelul emisiilor de CO, in noul ciclu armonizat de incercare pentru
vehiculele usoare la nivel mondial (WLTC) considerand doud legi diferite de schimbare a
treptelor de vitezd. Pentru a evidentia gradul de incredere ridicat al modelului realizat, se

NOMENCLATURE

m : average vehicle speed, km/h

V : vehicle speed, km/h

VSE: vehicle speed fluctuation, %

o : standard deviation of vehicle
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must be respected, in order for all
types of car manufacturers to predict
CO, emissions, the modelling and
simulation of the propulsion systems
is very important.

A model is a mathematical representation for the behavior of a process, a logic

concept, or the operation of a system. The mathematical models of a dynamic
system are mostly executed in numerical simulation environments. The
purpose of a numerical simulation is to mimic the actual behavior of a system
under controlled operating conditions. By analyzing the model predictions,
one can improve the targeted aspects of the system in consideration [4].

The modelling process needs to sufficiently represent a target system for the
purpose of simulating a model with specific predetermined experiments [3].
Nowadays, developing a product without simulation is inconceivable.
Developing mathematical models which accurately describe physical
phenomena or the studied subsystems was made possible through the ever-
increasing computing power, so that the projection and optimization decisions
could be made in the early design stages, even before creating functional
prototypes.

The CAFE regulations involve 30 to 40% reductions in CO, emissions from the
95 g/km level by 2021 [10]. Therefore, to avoid the penalties of hundreds of
millions of euros, car manufacturers must develop the subsystems of the vehicle
through which CO, emissions can be reduced. One of the most important
subsystems of modern vehicles, even having the role of a command elemeSnt
for the internal combustion engine is the transmission.

To highlight the influence of manual transmission on CO, emissions using
modelling and simulation, in this paper, the CO, emissions for two gear shift
schedules, constructed in concordance to the regulation [8], will be estimated.
The usual programs that can elaborate on such studies are AMESim, ADVISOR,
Dymola, EasyS, SimulationX [1] [S].

In order to simulate the CO, emissions of a vehicle, LMS Imagine.Lab AMESim,
amodelling system and a simulation programming environment, is used in this
paper. One of the main advantages is the library components availability, which
can allow complex studies in most of the technical domains [2].

compard rezultatele obtinute pentru consumul de combustibil atit prin simulare, cdt si cele
obtinute experimental cu ajutorul standului dinamometric.

Key-Words: WLTC, CO, emissions, engine temperature, simulation.

2.MODEL DEVELOPMENT

The complete model of the vehicle with conventional propulsion system able
to follow test cycle (figure 1.) developed in LMS AMESim makes use of three
libraries: IFP Drive, Mechanical and Signal & Control.

The main submodels were extracted from the IFP Drive library and some of
them are listed as follows: a driver submodel (DRVDRVAOOA) necessary
to follow the cycle given by the mission profile and ambient data submodel
(DRVMP2A), internal combustion engine (DRVICEO1E), engine control unit
(DRVVECUI1A), manual transmission with included clutch (DRVMGCO1),
two thermal submodels (DRVCOQOA), one for the internal combustion
engine, and another for gearbox, utilized to compute engine and gearbox
temperature, global variable (DRVGVS2A) and 1-D vehicle (DRVVEH4A).
A special component called ,ECU FOR_SG“ (Electronic Control Unit for
Starter-Generator) has been specially created to control the functioning for the
Start&Stop systems.

The model can be considered of medium complexity, having a number of
12 state variables. The study is done for a class passenger car (SUV type)
equipped with a 1 liter turbocharged gasoline engine with Start&Stop function
and a S gears manual transmission. The fuel consumption characteristics were
determined experimentally.

3.RESULTS

After running the model, since a direct causal model is used, the first step is

to check whether the vehicle speed falls within the speed limits (figure 2)

TEST YLl
ERVER
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Fig. 1. The vehicle model for estimating CO, emissions.
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Fig. 2. The variation of vehicle speed in relation to the required speed profile.
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Fig. 3. The variation of coolant and gearbox lubricant temperature during
WLTC.
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Fig. 5. The variation of cumulative CO, emissions - test 1.
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Fig. 6. The variation of instantaneous CO, emissions - test 2.
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Fig. 7. The variation of cumulative CO, emissions - test 2.

determined according to the test regulations [9].

The first calibration applied to the model consists in the optimal choice of
the fuel consumption coefficient for the cold start of the internal combustion
engine. Using experimentally determined temperature curves, after several
iterations, the model is calibrated in the domain of interest (where the
temperature is below S0 °C), resulting a value of 1.74 for the coefficient.
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Fig. 10. Cumulative CO, emissions at each phase — test 2.

The second calibration applied to the model is the calibration of the thermal
submodels used to calculate the temperatures of the internal combustion
engine and the gearbox, the temperature variation being shown in figure 3. The
aim was to obtain a good correlation in the domain [0 ... 200] s, where the
temperature varies strongly, having a major influence on CO, emissions.

The figures 4,5,6 and 7 show the variation of instantaneous and cumulative
CO, emissions, obtained both in simulation and experimentally for the two
tests [7].

From figures 4,5,6 and 7, one can remark a very good accuracy of the model
developed in relation to the results obtained on the rolling test bench.
Although the simulation showed that the CO, emissions for the whole cycle
are close to those obtained experimentally with a relative error of 2.51% for test
1 and 3.7% for test 2, it is necessary to make an analysis of CO, emissions at
each stage of the WLTC cycle given the different regimes at which the internal
combustion engine operates.

In order to quantify the fluctuation of vehicle speed in a test cycle, a specific
parameter called VSF (Vehicle Speed Fluctuation) is defined in [6] as follows:

Fr m £.200 W)

where: o — standard deviation of vehicle speed; m — average vehicle speed.

(1)
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Table 1. Measured and simulated CO, emissions

Test 1 Test 2
Phase VSF [%]
Simulated Measured |e[%]] Simulated Measured |e[%]]
Low speed SLS 569.12g 56239g 12 $85.45 g 577.56g 1.37
Medium speed 39.3 608.14 g 650.57 g 6.52 586.5g 612.82¢g 4.3
High speed 432 89021g 894.1g 0.43 862.47g 852.5g 117
Extra High speed 359 1326.53 g 1276.85g 3.89 1315.61g 1259.29¢ 4.47
Total 62.8 3468.93 g 338391g 2.51 3424.54 g 3302.17 g 3.7
Table 2. CO, emissions obtained by simulation
Engine thermal regime Start&Stop
Test Phase
Variable Nominal [e[%]] on off |e[%]]
Low speed 569.12 ¢ 406.27 ¢ 28.61 569.12 ¢ 633.82¢ 11.37
Medium speed 61921 ¢ 598.56 ¢ 3.33 61921 ¢ 638.86 ¢ 3.17
1 High speed 913.28 ¢ 895.17 ¢ 1.98 913.28 ¢ 925.58 ¢ 1.35
Extra High speed 1367.33 ¢ 1358.80 ¢ 0.62 136733 ¢ 1369.49 ¢ 0.16
Total 346893 ¢ 3258.81 ¢ 6.06 3468.93 ¢ 3567.74 ¢ 2.85
Low speed 585.46 ¢ 41533 g 29.06 585.46 ¢ 647.36 g 10.57
Medium speed 597.85¢ 57798 ¢ 3.32 597.85¢ 614.76 ¢ 2.83
2 High speed 885.44 ¢ 867.52 ¢ 2.02 885.44 ¢ 89545 ¢ 1.13
Extra High speed 1355.80 g 1347.36 g 0.62 1355.80 ¢ 1357.93 0.16
Total 3424.55 ¢ 3208.19¢ 6.32 3424.55¢ 3515.49 2.66

Figure 8 shows the normal speed distribution and frequency of different speed
values with a multiple

of 10 km/h for the WLTC.

For a speed of between 120 and 130 km/h the occurrence frequency is
approximately 5%, which shows that the gearbox upper gears are used more
often than in the New European Driving Cycle (NEDC).

Table 1 presents the VSF values computed for each of the four phases of
WLTC cycle. Also, in table 1 and in figures 9 and 10 the results obtained by
both simulation and experimentally for each of the 4 phases of the cycle in the
case of the two tests are presented. The relative error values (&) for each phases
of the cycle are also centralized.

Analyzing table 1 and figures 9 and 10, it can be seen that the highest values
for the relative error exceeding 5% are obtained in the phases of medium
speed and extra high speed of the WLTC cycle, but through the whole cycle,
the error is less than 4 %. It should also be noted that the values of the VSF
parameter differ significantly from one phase of the WLTC cycle to another,
varying between 35.9% and 51.5%, which highlight the high level of trust of
the developed model.

Furthermore, it is desirable to evaluate the influence of the main factors which
require additional modelling and calibration: coolant temperature and the
Start&Stop system. In this paper several simulations to highlight the influences
are made. For these simulations, one case implied that the internal combustion
engine works at a nominal regime (the engine temperature is considered 90
°C) and a second case considers variable temperature. Other simulations
were done for the Start&Stop system being active. The results obtained are
presented in table 2.

From table 2, it can be stated that the engine thermal regime has a high influence
on CO, emissions, the largest difference between the variable regime and the
nominal regime being obtained during the initial phase (approx. 29%). Also,
there is a maximum reduction of CO, emissions by activating the Start&Stop
system is obtained in the low velocity phase (approx. 11%) and of roughly 3%
for the whole WLTC cycle.

4. CONCLUSION

Modeling and simulation for the propulsion systems represent important
means in terms of analyzing the CO, emissions. In this paper, it has been
shown that precise models can be developed for conducting studies on the
CO, emissions of the vehicle in a test cycle.

The developed model has a high level of trust, given that the VSF parameter
values vary considerably between WLTC phases (from 35.9% to 51.5%).

In order to reduce the emissions for a manual transmission vehicle, it is
recommended that the superior gears should be engaged, because of the high
gear efficiency and its negligible variation with the torque and engine speed.
The consideration of the engine temperature’s influence on CO, is more
important compared with the Start&Stop system (in the low speed phase of
the WLTC). The cumulated effect can be observed in terms of CO, emissions
byanincrease of 6% over the values obtained at the nominal regime throughout
the cycle. On the other hand, activating the start&stop system implies a
reduction of approximately 3% of CO, emissions over the entire WLTC cycle.
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AERODYNAMIG STUDY OF A CAR TOWING

A MOTOCYGLE TRAILER

STUDIUL AERODINAMICH UNUI AUTOTURISM CARE TRAGTEAZA

UN TRAILER CU MOTOCIGLETA

REZUMAT:

In aceastd lucrare este prezentat un studiu aerodinamic comparativ pentru o geometrie
genericd de autovehicul pentru doud cazuri: in primul caz este calculatd forta aerodina-
micd si coeficientul aerodinamic al structurii de autovehicul, iar in cel de-al doilea caz de
simulare autovehiculul tracteazd si un trailer cu motocicletd. In prima parte a lucrdrii sunt
prezentate cdteva studii depre metodele de simulare CED actuale utilizate in industria de
dezvoltare a autovehiculelor. In cea de-a doua parte a lucrdrii este prezentatd metodologia

1.INTRODUCTION
S1.dring, Nowadays, the aerodynamic efhi-
Monica BALCAU ciency in modern automotive

monica.halcau@auto.utcluj.ro

fabrication is the important factor
Universitatea Tehnicd din Cluj-Napoca,
Departamentul de Autovehicule Rutiere si
Transporturi, Bdul Muncii, Nr. 103-105, 400641
CLUJ-NAPOCA, Roménia

which have an influence on the
performance and fuel consump-
tion. By using the CAD design,

crash simulation and CFD simula-

tion software, the optimal shape of
the car body can be determined from the design stage [6]. An important
recent study is performed for Ahmed body shape with the underbody
diffuser and variable rounded inlet section. The influence of the diffuser
on drag and lift for five length of the diffuser, each of them for the different
angle: 1°, 3°, 5°, 7°, 9° are simulated. The CFD software used was ANSYS
CFX -12.0 and the surface of the Ahmed body reference model for 35°
angle of the rear side and the simple underbody was modelled as a para-
metrized CAD model into the design module [3]. Another aerodynamic
study presents the numerical evaluation of the used Reynolds Averaged
Navier-Stokes (RANS) models and Detached Eddy Simulation (DES)
models of a passenger vehicle with two front bumper models comparing
with DES method. The car surface was meshed in ANSA and Nastran
software, after the model is simulated into a Star CCM+ commercial CFD
code. After simulation is observed that using the DES model the predic-
tion of the drag coeflicient not showing superior performance over using
RANS model, but DES method is able to predict the higher fidelity of
the fluid flow [9]. The comparative study to determine the aerodynamic
under the wind effect are achieved for a baseline SUV vehicle in two body
shape variants: first variant the squareback and the second the notchback.
After simulation can be observed that the air turbulence created by the

wind has a negative influence to establish the SUV vehicle aerodynamics.

de modelare CAD a modelului de autovehicul si a remorcii cu modelul de motocicletd.
Modelul autovehiculului si a remorcii cu motocicleta sunt simulate la sase viteze diferite a
aerului stabilindu-se forta si coeficientul aerodinamic. Interpretarea rezultatelor obfinute si
concluziile studiului aerodinamic sunt prezentate in ultima parte a lucrdrii, unde se poate
observa si comportamentul curgerii aerului in jurul autovehiculului.

Key-Words: Aerodynamic evaluation, Drag force, CED process, CAD modelling.

The sedan shapes may be less sensitive to wind conditions than the
SUV geometry vehicles [2]. The aerodynamic study of a truck struc-
ture using the CFD simulation method is performed in the FlowWorks
module integrated in SolidWorks software. A comparison study is
made between the basic model of a truck and the improved model that
contains air deflectors, mounted to obtain a lower aerodynamic force
and implicitly a better aerodynamic coefficient [1]. The CFD simulation
of the truck structure is performed at a velocity of 25 m/s for both cases.
After interpreting the obtained results, the improved truck model with
air deflectors has a lower aerodynamic coefficient by 0.13 compared to
the base truck model. Also, an auxiliary equipment of the car which can
affect its aerodynamics are the side mirrors. The aerodynamic perfor-
mance of a car is affected by the side mirrors geometry in a proportion
of approximately 2-5S % [4]. A CFD study conducted to determine an
optimal body structure is presented by Scurtu and authors, where the
value of the aerodynamic coeflicient and the aerodynamic force for an
EV prototype car body is determined. The simulation is performed at
four speed cases: 14 m/s, 25 m/s, 34 m/s and 55 m/s. The values of
calculated aerodynamic coefficient for each simulation case are situated
in the range 0.28-0.29 [S].

The aerodynamic study of this paper was done to see the aerodynamic
influence while using the trailer for transporting motorcycles attached
to a SUV vehicle. To observe the differences, two simulation cases are
performed: first simulation case that includes only the car model and
the second case that includes the SUV vehicle that towing a motorcycle
trailer. The idea of this study is materialized to determine the future of an
aerodynamic structure of a trailer for transporting motorcycles. Due to
inexistent aerodynamic studies that show the aerodynamic evaluation of
the actual SUV vehicle that towing a motorcycle trailer this study may be
the first step in determining a new aerodynamic trailer structure.

—_— Create and Define the Solve the Visualisation and
De“gjomrgm mesh the fluid boundary itereative CFD interpretation
violurme conditions process results
L% r LN

Fig. 1. CFD simulation steps
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a) Design the CAD model of the car body
Fig. 2. CAD model of the car body

b) Final CAD model
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Fig. 4. Computational domain and mesh detailFigure 2. CAD model of the

car body

2. CFD APPLICATION

The airflow around the car body while driving on the road present a
complex simualtion process. An important factor to the generate of
an aerodynamic body model is represented by the designer’s experi-
ence in generating the aerodynamic body models. The aerodynamic
study described in present paper is based on the application of the CFD
simulation method to evaluate the car body aerodynamics. In figure 1
is presented the necessary steps to follow to achieve a CFD simulation,
starting with the realization of an CAD model and after it is included into
a fluid simulation software environment, followed by the creation of the
computational domain meshed with finite elements.

By define the boundary conditions the user can add different fluid
mechanical properties and the value of the fluid velocity flow is set. The
final step of the CFD simulation is given by the visualization and inter-
pretation of the obtained results. The method and work steps of the CFD
simulations performed in this study are detailed during the paper for a

better understanding of the process.

Table 1. Reynolds number values for reference velocity

2.1 CAD model design

The geometry of the vehicle body is approximately elaborated by the
shape of the BMW X1 car model using blueprint photos method in the
SolidWorks modeling environment, as can be seen in figure 2a, [11].

The CAD modeling was done in two stages: in the first stage of modeling
the car model was designed, and in the second stage the generic model of
the motorcycle and the trailer was modeled, as can be seen in figure 2b.
The overall dimensions of the CAD models designed in this study are in
concordance with the real motorcycle and trailer models. By following
the modeling process, the resulting car model is represented in figure 3
in which the final shape and overall dimensions can be observed. For the
geometry of the car to be as comparable as possible with the real car, the
wheels housings, rims, mirrors and other details related were modeled in
detail.

The SUV geometry is designed with the closed radiator grille, there is
no airflow in the engine compartment, and no wipers are mounted on
the windshield surface. The exterior details of the SUV body, trailer and
motorcycle model were reproduced as best as possible to obtain the most
accurate results.

2.2 Computational domain creation and meshing of the fluid volume
This stage involves the inserting of the car model into a computational
domain with a width of 4 m, aheight of 3 m and alength of 25 m, presented
in figure 4. The length of the CFD domain is established to observe the
effects of air flow over the car geometry. In case of the first simulation

Velocity 16.67 25 3333 41.67 50 5833
[m/s]
Re 5.047x106 7.57x106 1.009x107 1262x107 1.514x107 1.766x107
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Fig. 5. Pressure distribution on the model surface

Fig. 6. Distribution of flow lines around the car

case, the domain is discretized into 2568 fluid elements, of which 3157
come into contact with the surface of the model and in the second simula-
tion case with trailer and motorcycle the domain is discretized into 33988
fluid elements, of which 5605 come into contact whit the model surface.
Also, the number of discretization layers is higher near the model surface,
as can be seen the mesh detail from figure 4, in order to have a higher
accuracy of the results. The air inlet is positioned at the S m in front of
the body car to view the air stremline behavior in the simualtion process.
2.3 Boundary conditions

An important aspect is given by establishing if the air flow regime is
laminar or turbulent. This aspect it can be determined by the Reynolds
number that gives a measure of the ratio of inertial forces to viscous forces
[7]. The expression of the Reynolds number is defined in relation 1.

.7

u

(1)

where,

p: dynamic viscosity of the air free stream, kg/m-s
L: length of the vehicle model, m

p : air density, kg/m?

V : air velocity, m/s

101500 80
101350 00
101200 00
101050 00
100H00 00
10075000
10000 00
100450 00
100300 00
100150 00
106000 00
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Fig. 7. Pressure distribution on the model surface with the trailer and motorcycle
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The values of the Reynolds number are calculated in Table 1 for all six
reference velocity cases for model without the trailer with motorcycle
simulated in this paper at the atmospheric air density p=1.225 kg/
m® corresponding at 15 °C temperature, dynamic viscosity of the air
u=1.802x10° and the length of the vehicle model L=4.454 m.

The resulted values of the Reynolds number describe the turbulent flow
dominated by the inertial forces, which led to produce vortices or flow
instability. Generally, the typical values of the Reynolds number for the
passenger car are of the order of 107 [7].

On the vehicle act forces that appear due to its advance through the air
volume and forces that appear due to the mechanical effects produced by
the vehicle components. A detailed study that determines the forces acting
on the car during movement is presented by Todorut and authors [8]. The
expression of the aerodynamic force is presented in relation 2 [1].

ﬁ:%.p.vz.cﬂ._,q

where,

)

p : air density

V : air velocity

C,,: aerodynamic coefficient

A': frontal area of the car

From relation 2 results the expression of the aerodynamic coefficient
which is presented in relation 3. The frontal area of the car body surface
used to determine the aerodynamic coeflicient is measured into the
modelling software and is equal to 2.65 m*.

c, -—2F

D P vz A
2.4 Solving the CFD process
This stage is one of the most important stages of the CFD simulation process.
The software module that allows solving this step is called “solver” and is
intended to solve systems of basic equations that describe the CFD process
algorithm [10]. In this study the CFD simulation were performed on an HP
7400 graphics station with a 3 GHz operating frequency Intel Xeon processor,
16 GB of RAM and a 1 GB Nvidia Quadro FX 3800 graphics card.

()




ISSN 1842 - 4074

Ingineria automobilului Nr. $8 / martie 2021

£ e —

|

500 i
i

LFE =
]

= e
N =
Fig. 8. Air flow at 50 m/s velocity

The governing equations used in this CFD simulation are the Reynolds-
Avereged Navier-Stokes (RANS) equations in their conservation form
[3]. The eqilibrum RANS equations for incompresible, viscous and
isothermal flow of a Newtonian fluid in cartesian coordinates given in
differential equation and conservation form are presented in relations 4
and S in the Boussinesq’s hypothesis:

ov
=0
X
4

E?V,Lfr ip 8 v, {'-*Vr 8. )
Pao ===t oy | =t | T P V.'-",]'

X, ox;  ox; ox; oKX X (5)
where,

X, X; ! cartesian coordinates

V; , V} : parts of the fluctuating velocity

p: average pressure

fi, : constant density of the free air stream

i, : constant dynamic viscosity of the air free stream

The turbulent Reynolds stress tensor V;V'j is presented in equation 6,
where is modelled by Boussinesq’s hypothesis [3].

(& ov
(24 M| 2ys

O ﬂ|
plox, ox | 37

Vv =-

(6)
where,

[ turbulent viscosity

éij : Kroneker delta: éij=1 if i=1 and éij=0 ifiz1

The expresion of the turbulence kinetic energy is given in relation 7:

A%

2 7)
Closing the system of equations is done with the turbulent model Shear-
Stress-Transport (SST) developed by Menter that is based on the Willkox
model [3].

2.5 CFD results
The last stage of the CFD simulation process is the visualization and

k:

interpretation the numerical results obtained for each of the six cases. In
the visualization mode present within the software, is also the possibility
of making animations of the fluid interaction process with the model
geometry.

2.5.1 Simulation results for car model without trailer

The pressure exerted on the model is represented in figure S, where it can
be seen that the maximum air pressure is exerted in the front of the car on
the bumper area, hood, and windshield.

The airflow streamline resulted of the simulation at 50 m/s velocity are
presented in figure 6, where it can be seen that in the rear side of the car

body and in the area of the wheels housing have a high turbulent flow
compared to the external car surface.

2.5.2 Simulation results for the car towing a motorcycle trailer

In figure 7 it can be seen that in addition to the pressure exerted on the
surface of the vehicle body, there is also air pressure on the motorcycle and
the trailer surface, which will increase the value of the aerodynamic force.
The distribution of streamline shown in figure 8 shows a sudden flow
velocity decrease when the air reaches the surface of the motorcycle,
generating turbulence flow.

The numerical results of the drag force and drag coefficient obtained for each
case, at different simulation speeds are presented in table 2 for the simulation
of the vehicle without trailer and in table 3 for the vehicle with trailer.

Table 2. esults obtained for the first model simulation

VE':II:I)/CSY Dra[gl\f;]o ree Drag coefficient
16.67 158.35 0.356
25 358.68 0.359
33.33 636.84 0.359
41.67 1005.09 0.362
NY 1450.38 0.363
58.33 1973.72 0.363

Analyzing the obtained results for simulation cases at different flow
velocity, can be observed that the aerodynamic force for the model
without trailer is in the range 158.35 - 1973.72, and in the model with
trailer and motorcycle is in the range 192.38 - 2356.88. It can be seen that
in the second case the aerodynamic force is higher than in the first case,
as well as the aerodynamic coefficient increases in the case of towing the
motorcycle trailer, as can be seen in table 3.

Table 3. Results obtained for the second model simulation

V[i?/csl? Dra[gl\l;]o ree Drag coeflicient
16.67 192.38 0.433
25 435.87 0.43S
33.33 775.48 0.437
41.67 1208.29 0.435
S0 1735.32 0.435
58.33 2356.88 0.434

3. CONCLUSION

In present paper, a CFD study was performed to evaluate the aerodynamic
performance for an existing SUV car body used in two cases at different
driving velocity: the case of driving the car on the road and the second
case in which it tows a trailer on which a motorcycle is placed. In order
to carry out this study, the software necessary for the CAD realization
of the car and the module with the calculation tools within it were used.
Comparing the result for both simulation cases can be observed that in
both cases the drag coeflicient remains approximately constant. The CFD
software applications used before the design process and manufacturing
to determine the flow of fluids is useful to determine the optimal shape of

the product, it is not necessary to make a physical prototype.
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ALEGERI GENERALE IN CADRUL SOCIETATH INGINERILOR
DE AUTOMOBILE DIN ROMANIA — SIAR — 09.02.2021

Principalele activitati din agenda SIAR planificate pentru anul 2020
au fost perturbate semnificativ de situatia sanitard din tara si lume.
Astfel, Congresul international de inginerie a autovehiculelor si transpor-
turilor — AITS 2020, in organizarea Universitatii Tehnice a Moldovei din
Chisindu a fost aménat cu un an, concursul international studentesc de
inginerie a autovehiculelor ,Profesor univ. ing. Constantin GHIULAI”
cu cele doua sectiuni: ,Automotive Dynamics”, cu suport AVL Romania,
editia a 7-a, si ,Automotive CAD — CATIA”, cu suport Magic Engineering
Bragov, editia a 4-a, a fost anulat, asemenea competitiei studentesti ,Kart
Low Cost” planificata in organizarea Universititii din Craiova cu prezenta
a patru echipe romanesti si a uneia din Franta. A fost aménata cu 3 luni
editia a 4-a a Universitatii de vard in ingineria autovehiculelor - UNIVIA —
organizatd de SIAR impreuni cu Academia Tehnica Militard ,Ferdinand
I” din Bucuresti si Registrul Auto Romén, a fost anulat work-shop-ul
planificat in organizarea Registrului Auto Roman si Universitatea Tehnica
a Moldovei din Chisindu pe tema reglementarilor si incercarilor in dome-
niul poluarii mediului. COFRET 2020 a fost anulat, iar alte numeroase
activitati la nivelul sectiilor teritoriale SIAR au fost anulate sau afectate
puternic precum conferintele ACME 2020 si IMT 2020 organizate de
Universitatea Tehnici ,Gheorghe Asachi” din Iagi, respectiv Universitatea
din Oradea. Dar, inci de la inceputul verii comunitatea membrilor SIAR
a intensificat contactele in mediul online, adaptindu-se asemenea atéitor
alte organizatii, institutii etc. Au avut loc mai multe intalniri virtuale la
nivelul SIAR, dar §i participiri semnificative ale membrilor SIAR la
webinar-uri si conferinte online organizate de SIA, SAE, AVL, Dassault
Systemes etc. In aceeasi directie s-au incadrat conferintele organizate pe
teme de maxim interes de citre Facultatea de Mecanica a Universititii din
Craiova §i Departamentul de Autovehicule Rutiere si Transporturi din
Universitatea Transilvania din Bragov.

In contextul general provocat de pandemie, in paralel cu aceste activitati,
dar si cu crearea de noi tehnici/metode/instrumente de lucru in
universititi (amfiteatre si laboratoare), in cadrul SIAR incepind din
toamna anului 2020 s-au derulat activitati statutare, particulare, specifice
procesului de alegere a organelor de conducere ale SIAR la nivel central
si teritorial. Debutind in octombrie 2020 la nivelul structurilor terito-
riale SIAR, procesul s-a finalizat pe data de 09.02.2021 cind a avut loc
Adunarea Generala a SIAR de alegere a conducerii centrale si teritoriale
SIAR. Organizati online folosind platforma Microsoft Teams pentru
a se asigura procedura de vot secret, adunarea generald a prilejuit o
demonstratie de coeziune si implicare a membrilor SIAR, La adunarea
generala au participat 49 delegati dintre cei 52 nominalizati si convocati
potrivit Regulamentului de organizare si alegere a organelor de condu-
cere ale SIAR (3 colegi absentind din motive obiective). O manifestare
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clari a interesului special acordat bunei functionari a SIAR, dar, cred eu,
si un semnal special al dorintei de intilnire - chiar si virtuald — cu ceilalti
membri SIAR, de comunicare pe teme de actualitate, unele preocupante
-cum ar fi calitatea invitimantului universitar de specialitate.

La pagina 2 a actualului numir al revistei ,Ingineria automobilului” gasiti
conducerile alese ale STAR la nivel central si teritorial.

Prezint mai jos si componenta Biroului Executiv al Comitetului Director
al SIAR:

o DPregedinte SIAR: Prof. univ. dr. ing. Nicolae BURNETE -
Universitatea Tehnica din Cluj-Napoca

o  Secretar General SIAR: Prof. univ. dr. ing. Minu MITREA -
Academia Tehnica Militard ,Ferdinand I” Bucuresti

«  Vicepresedinte SIAR: Conf. dr. ing. Victor CEBAN - Universitatea
Tehnici a Moldovei din Chisinau

«  Vicepresedinte SIAR: Prof. dr. ing. Anghel CHIRU - Universitatea
Transilvania din Bragov

«  Vicepresedinte SIAR: Prof. dr. ing. Adrian — Constantin CLENCI —
Universitatea din Pitesti

«  Vicepresedinte SIAR: Conf. dr. ing. Daniel — Mihail IOZSA -
Universitatea Politehnica din Bucuresti

«  Vicepresedinte SIAR: Prof. dr. ing. Liviu — Nicolae MIHON —
Universitatea Politehnica din Timigoara

«  Vicepresedinte SIAR: Prof. dr. ing. Victor OTAT - Universitatea
din Craiova

«  Vicepresedinte SIAR: Prof. dr. ing. Bogdan VARGA - Universitatea
Tehnica din Cluj-Napoca

In cadrul adunirii generale a fost atribuiti calitatea de membru de onoare
al SIAR dlui prof. dr. ing. Adrian — Constantin CLENCI - la incetarea
mandatului de Presedinte al SIAR.

De asemenea, s-a atribuit calitatea de membru SIAR Senior domnilor
prof. dr. ing. Cristian — Nicolae ANDREESCU, prof. dr. ing. Grigore
DANCIU, prof. dr. ing. Mircea — Ioan OPREAN si prof. dr. ing. Aurel
STOICESCU din cadrul Universitatii Politehnica din Bucuregti.
Manifestare importantd in viata SIAR, Adunarea Generald de alegeri
a demonstrat puterea si coeziunea asociatiei noastre, hotirarea de a ne
adapta si de a continua actiunile deja consacrate, dezvoltand noi directii,
sondand noi orizonturi si creind alte perspective.

Prof. dr. ing. Minu MITREA
Secretar General SIAR
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The XXXI-st SIAR International Automotive and Transport Engineering Congress

LAITS 20217

28 — 30 Octomber 2021, Chisindu, Republic of Moldova

Congress Subject: ,Automotive and Integrated Transport Systems”

Congress Topics: 5. Road Safety, Accident Analysis and Traffic Control
1. Green Vehicles 6. Advanced Engineering Methods

2, Advanced Powertrain and Propulsion 7. Sustenable Mobility

3. Integrated Transport Systems 8. Materials, Automotive Technology and Maintenance
4. Automotive Design and Testing 9. Economics and Mana Bmﬂﬂl of Transportation
Jutomotive and Integrated Transport Systems [AITS)" is the 2021 SIAR y

International Congress of Automotive and Transport Engineering main theme. x

The Technical University of Chisinau is the host of the 31st Intemational Congress
of SIAR organised by his Department of Transport.
The congress will be accompanied by a large number of events for the
participants: exhibition of products specific to the automotive industry, car
components and fransports, work-shops, technical visits, the general meeting of
SIAR, the final stage of the international contest for the students on automotive
engineering "Professor eng. Constantin GHIULAI" with the two sections:
Automotive Dynamics” - the Tth edition and Automotive CAD - CATIA V5" - the
4th edition.
Deadlines:

31 May 2021 - Abstract submission

15 June 2021 - Notification of acceptance (abstract)

15 July 2021 — Papers submission

31 July 2021 — Notification of acceptance (papers)

15 August 2021 - Deadline for payment of publication fees

30 September 2021 — Deadline for payment of participation fees
For more information about this event, please visit www.slarcongress.eu.
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