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The 32nd SIAR International Congress Automotive and Transport Engineering
The 3-rd Motor Vehicle and Transportation Conference
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26 — 28 Octomber 2022, Timisoara, Romania
Congress Subject: ,Together for a better and safer mobility —
Motor Vehicle and Road Transportation”

Congress Topics:

1. Advanced Powertrain and Propulsion 4. Advanced Engineering Methods
5. Materials, Automotive Technology and Maintenance
6. Road Safety

3. Terrain Vehicles 7. Mobility of Things

EAEC - MVT 2012 - The 32nd edition of the International Congress of i
SIAR of Automotive and Transport Engineering is at the same time the
17th European Automotive Congress organized by EAEC, but also the third
edition of the Motor Vehicle and Transportation Congress hosted from the
Palytechnic University of Timisoara. Located in the Banat region, Timisoara is
known as the most important economic, cultural, and higher educalion town in
the west side of Romania. Tradition and spirit of the school is revealed by
important realizations in domains such as mechanical, electrical, chemical
engineering. The last decades show significant achievements in the
autormotive industry in the region. 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 transports, workshops, 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
8th edition and ,,Automotive CAD - CATIA V5" - the 5th edition.

For more informations about this event, please visit www.siarcongress.eu.

2. Automotive Design and Testing
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GONGURSUL INTERNATIONAL STUDENTESG DE INGINERIE
A AUTOVEHICULELOR .,PROF. UNIV. ING. CONSTANTIN GHIULAI”
INTRE INTENTH SI REALIZARI
THE INTERNATIONAL CONTEST FOR STUDENTS IN AUTOMOTIVE ENGINEERING
-PROFESSOR ENG. CONSTANTIN GHIULAI
BETWEEN INTENTIONS AND ACHIEVEMENTS

e parcursul anului 2013, dorind — asemenea
colegilor din celelalte universitati — o impli-
care mai pronuntata a studentilor nostri in
activitatile SIAR, am propus demararea
unui concurs profesional de inginerie a autovehi-
culelor cu titulatura ,Profesor univ. ing. Constantin
GHIULATI” destinat studentilor de la programele
de studii universitare de licentd de profil - folosind ca model cunos-

cutul concurs national studentesc de matematici ,Traian Lalescu”.
Organizarea unui concurs profesional studentesc in domeniul ingineriei
autovehiculelor era priviti cu un oarecare scepticism ca urmare a impre-
siei generale legate de sciderea semnificativi a interesului fati de studiul
stiintele ingineresti si redusa implicare a studentilor in activitati extra-
curriculare. Decizia organizirii concursului a fost adoptatid de adunarea
generala SIAR din 2013.

In scopul reglementirii modului de organizare a concursului s-a procedat
la elaborarea unui regulament specific, analizat in sectiile SIAR, sugestiile
formulate fiind incluse in documentul final. Desi disciplina ce s-a avut in
vedere pentru concurs a fost ,Dinamica autovehiculelor”, regulamentul a
fost elaborat intr-o conceptie deschisi ce a permis ulterior initierea unei
noi sectiuni: ,Automotive CAD”!

Organizarea concursului studentesc simultan cu desfisurarea congresului
international anual al STAR de inginerie a autovehiculelor si transportu-
rilor a avut la baza atit considerente logistice, dar si de vizibilitate i valo-
rizare a prezentei delegatilor la congres — cadre didactice universitare si
cercetatori stiintifici din tard §i striinitate, dar §i reprezentanti ai mediului

industrial.

Organizarea primei editii a concursului studentesc cu sectiunea

» A

yDinamica autovehiculelor” in anul 2014 a fost sustinutd cu entuziasm de
regretatul profesor Victor OTAT - coordonator al sectiei SIAR din cadrul
Universitatii din Craiova si presedinte al Congresului SMAT 2014.
Printr-o implicare semnificativa a asigurat primei editii a concursului
un nivel de organizare de referinti, aspect pe care il consider deter-
minant pentru evolutia ulterioard a acestei manifestari SIAR menite
(in primul rind) si incurajeze performanta profesionald in randul
studentilor. Disponibilitatea AVL Romania de a asigura fondul de
premiere a studentilor clasati pe primele locuri in concurs a incurajat
implicarea sectiilor SIAR in promovarea concursului, astfel incét la prima
editie desfagurati simultan cu Congresul International de Inginerie
a Autovehiculelor si Transporturilor ,SMAT 2014” organizat de
Universitatea din Craiova au participat un numir de 28 studenti repre-
zent4nd 7 universitati.

Concursul a fost gindit a se desfisura in doui etape: o primi etapa -
desfasurata la nivelul universitatilor i etapa a doua - la nivel national - cu
participarea studentilor castigitori ai fazei intai organizate in universitati.
Faza intdi a concursului are in primul rind menirea de a incuraja studentii
in studiul disciplinelor de specialitate, precum si de a promova domeniul
de studii in cadrul universitatii. Faza finald a concursului asigura atin-
gerea mai multor obiective in afard de evidentierea/premierea studentilor
performanti astfel: participarea studentilor la lucrarile plenare si pe
sectiuni ale congresului SIAR si contactul cu participantii la congres si
lucrarile prezentate de acestia, participarea la un workshop organizat cu
sprijinul Registrului Auto Roman special destinat studentilor, realizarea

Continuare la pagina 20
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INTERVIEW WITH ASSOC. PROF. DR. ENG. FLORIN DRAGAN,
RECGTOR OF THE POLITEHNICA UNIVERSITY OF TIMISOARA

Stimate domnule Rector, Universitatea Politehnica din Timisoara
este unul dintre cei mai importanti furnizori nationali de
programe de studii universitare de formarve a specialistilor in
domeniul ingineriei. In ultimele trei decenii mediul economic si
social romdnesc a evoluat semnificativ si a determinat schimbdiri
majore in structura s§i dezvoltarea industriei romdnesti. Cum
apreciati adaptarea invitiméantului universitar ingineresc la aceste

schimbadri?

Invigimantul universitar tehnic s-a adaptat foarte bine schimbirilor
din zona industriei si a serviciilor. La Universitatea Politehnica

Timigoara avem un Comitet Director format din principalii manageri

de companii sau investitori din zona Banatului, iar in Board-urile de
domenii avem prezenti reprezentanti din companii cu profil specific.
Astfel, planurile de invigimant sunt adaptate permanent la cerintele
mediului economic. Mentionez ¢ nu suntem singura universitate cu
o astfel de abordare, ea fiind prezenti in majoritatea universititilor

roménesti cu profil tehnic.

Avind in vedere informatiile pe care le detineti, cum apreciati
gradul de absorbtie in economia Romdniei a absolventilor de studii

universitare ingineresti din universitatea dumneavoastra?
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Conform informatiilor pe care le avem din bazele de date ale institutiilor
statului, angajabilitatea in zona ingineriei este una care depiseste
in multe cazuri 80%. La ora actuald, cea mai mare angajabilitate se
manifestd in domeniul IT&C si in Constructii. Vorbim de peste
80%, in conditiile in care o parte din absolventi isi deschid afaceri sau
lucreazi la firme din striinitate, situatie in care nu se regasesc in aceste
baze de date. Comparativ cu domeniile neingineresti din universitate,
cele ingineresti manifestd o angajabilitate mai mare cu 10-20%.

O parte dintre cadrele didactice universitare sustin ci una dintre
dificultitile importante intdmpinate in formarea unor foarte buni
ingineri o constituie nivelul mediocru de pregitire al absolventilor de
liceu. Cum considerati ca ar putea fi ridicat nivelul invitimaintului
liceal, mai ales in liceele cu profil tehnologic (tehnic), cele care la
un moment dat furnizau un numdr important de candidati la
examenele de admitere pentru programele de studii universitare din
domeniul ,, Stiingelor ingineresti”?

Depinde foarte mult si cu ce comparim. Daci facem o comparatie cu
generatiile formate in anii 90 cind, pe de o parte, studiile universitare
aveau o anumitd importantd, iar, pe de altd parte, tentatiile erau mult
mai putine, atunci da, generatiile actuale sunt mai putin pregitite. Pe
de altd parte, sunt mult mai bine conectate digital, obtin informatiile
intr-un alt mod decit se intAimpla in urma cu 30 de ani. Cred ci o
abordare a invitimantului dual si la nivel universitar poate ajuta foarte
mult zona liceelor industriale si, totodatd, poate rezolva o lipsi de
specialisti din piata muncii.

Cum apreciati rolul cercetirii stiintifice universitare in domeniul
ingineriei, integrarea acesteia in ansamblul cercetirii stiintifice
nationale?

Cercetarea din domeniul ingineresc este una aplicat in general. Cred
cd introducerea unui tip de doctorat industrial ar facilita o conexiune
si mai bund cu specialistii din companii. Totodatd, o atentie mai
mare acordatd rezultatelor cercetdrii aplicate ar putea face companiile

romanesti mai competitive.

O legituri strdnsi de colaborarve intre industrie §si universititi
permite exploatarea eficientii a resurselor si competentelor
disponibile in aceste institutii. Cum apreciati relatiile de cooperare
dintre Universitatea Politehnica din Timisoara si mediul economic

din zond? Cum considerati cdi poate fi intensificatd aceastd cooperare?

Universitatea Politehnica Timisoara are o traditie de peste un secol de
colaborare cu companiile din regiune. La fondarea universititii circa o
treime din bugetul acesteia a fost asigurat de citre companii. Dincolo
de Comitetul Director al universititii, la care am ficut referire si mai
sus, existd brevete obtinute impreund cu companiile, contracte comune
de cercetare §i un numir important de specialisti din companii care
predau cursuri in universitatea noastrd. Am intensificat in ultimii ani
aceste legaturi incercAnd si vedem cum evolueazd piata muncii si chiar

deschizand noi oportunitati in piaga.

In general, firmele consideri insuficienti pregitivea practici a
studentilor acumulati pe durata studiilor. Se considerd ci mai
ales conditiile speciale din ultimii doi ani au afectat grav acest
tip de competente. Tindnd cont ca SIAR reuneste, in prezent,
mai ales cadre didactice universitare din domeniul ingineriei
autovehiculelor si transporturilor rutiere, am dori si stim care este
aprecierea dumneavoastri generald privind pregitirvea absolventilor
universititilor din Romdnia; de asemenea, cum este implicati
Universitatea Politehnica din Timisoara in dezvoltarea de proiecte
destinate dobdndirii abilititilor practice de citre studenti?

Domeniul ingineriei autovehiculelor si transporturilor rutiere este un
domeniu in trend la ora actuald, lucru manifestat prin solicitarea mare
de locuri la admitere, atat la Facultatea de Mecanica din Timisoara,
cat si in cadrul Facultitii de Inginerie de la Hunedoara. De fapt, din
cAte stiu solicitarea e in toate zonele unde existd aceste domenii. Zona
Banatului are un mare avantaj prin prezenta aici a mai multor companii
din domeniul Automotive, deci nu sunt probleme cu pregitirea
absolventilor, locurile de practici in acest domeniu fiind foarte
multe. Dincolo de locurile de practica din cadrul companiilor avem
laboratoare in universitate dotate cu ajutorul acestora, in care studentii
pot face stagii de practicd sau dezvolta proiecte specifice.

Domnule Rector, in perioada 26 - 28 octombrie 2022
Universitatea Politehnica din Timisoara gizduieste a 32-a editie
a Congresul International al SIAR de Inginerie a Autovehiculelor si
Transporturilor - EAEC — MVT 2022 - ,,Together for a better and
safer mobility — Motor Vehicle and Road Transportation, care este in
acelagi timp si al 17-lea Congres European de Automobile al EAEC
(European Automobile Engineers Cooperation) si al 3-lea congres
de ingineria autovehiculelor si transporturilor organizat de SIAR
— Societatea Inginerilor de Automobile din Romdnia impreund cu
Facultatea de Mecanicd din universitatea dvs. Vi rugdm si expuneti
cdteva aprecieri asupra acestui moment special in comunitatea
inginerilor de automobile si transporturi din Romdnia!

Facultatea de Mecanici a Universititii Politehnica Timisoara este una
dintre facultitile infiintate incd de la fondarea universititii. Acest fapt,
impreund cu importanta domeniului manifestati prin prezenta unui
numir mare de firme in regiune, face ca organizarea Congresului
International al SIAR de Inginerie a Autovehiculelor si Transporturilor
sd fle un moment important pentru comunitatea noastra.

Vi doresc mult succes in activitate si vd asteptam cu drag la Universitatea
Politehnica Timisoara!

Vi multumim si vi wrdm mult succes in dificila, dar nobila
dumneavoastrd misiune!

Prof. dr. ing. Minu MITREA
Secretar General SIAR
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CLARIFICARI $1 ECHIVALENTE: RAZELE ROTILOR
GLARIFICATIONS AND EQUIVALENCES: WHEEL RADI

REZUMAT: Comunicarea de specialitate impune in primul rdnd un vocabular
comun, neechivoc, cunoscut si acceptat. Pentru Romdnia, inovatia tehnicd in d iul
ingineriei autovehiculelor si transporturilor rutiere a avut in diferite etape istorice surse
stiintifice i tehnologice in tari puternic industrializate precum Germania, Franta, Marea
Britanie, Statele Unite ale Americii. Aceastd infuzie eterogend (dar benefic industriei si

| if * Prof.dr.ing.
L 4.1 lon PREDA!
> W Pon@utbvro

Prof. dr. ing.
Corina SANDU?
csandu@vt.edu

invatamantului universitar de profil) a condus insd la unele confuzii, perpetuate inclusiv in
lucrari tiinfifice prezentate sau publicate in ultima vreme. Lucrarea de fatd propune clari-
ficarea unor aspecte specifice vocabularului limbilor romand si engleza (SUA) aplicabile in
studierea ingineriei autovehiculelor.

Keywords: automotive, whell, whell radii

1 Universitatea ,Transilvania” din Brasov, Departamentul de Autovehicule si Transporturi, B-dul Eroilor, Nr. 29,
500036 BRSOV, Romdnia

2 Virginia Tech, Mechanical Engineering Department, 106 Randolph Hall, 460 Old Turner St., Blackshurg, VA
2406, SUA

1.INTRODUCTION

Wheels, which in the context of this paper mean the rim and tire
assembly, have a decisive influence on vehicle performance. For this
reason, the vehicle dynamics literature employs several definitions of
the wheel radius, as needed, for performing various types of calcula-
tions, depending on the scope of the study. This is primarily due to the
fact that the tires can undergo significant deformations; navigating on
deformable ground also influences the definition of the wheel radii.
The purpose of this article is to provide people interested in vehicle
dynamics (engineers, students, teachers) with a compact set of defi-
nitions and linguistic equivalences between Romanian and English
terms. This idea started from the observation that there are numerous
ambiguities and confusions in the definition and use of wheel radii
in Romanian language papers related to vehicle dynamics. In fact,
significant differences between the definitions can also be found in the
specialized publications available in English.

Two extremely valuable and useful standards developed by two presti-
gious societies, Society of Automotive Engineers (SAE) [1] and Inter-
national Society for Terrain-Vehicle Systems (ISTVS) [2], have been
particularly helpful in clarifying the terms of interest for this study.

In an attempt to eliminate any confusion and in order to properly and
precisely define the meanings related to the different wheels radii, the
authors found it useful to have the text written side by side, both in
English and in Romanian. The information that follows, presented
very succinctly, is based on an extensive bibliography; due to space
limitation, only a few significant publications are included here.

Most of the following definitions and notations were adopted
according to [1] and [2]; some critical observations were made, and
other frequently used notions found in other works were presented,
too. In the following, if multiple names are used for the same notion,
the first one is the one preferred by the authors.

2. SUPPLEMENTARY DEFINITIONS

To facilitate the understanding of different wheel radii meaning, addi-
tional definitions must be introduced first:

* velocity indicates a vector (with magnitude and orientation); speed is
the magnitude of velocity.

* torque and (angular) moment: torque - rotating force: force that causes

1.INTRODUCERE

Rotile au o influentd hotiratoare asupra performantei autovehiculelor. Din
acest motiv, literatura specificd dinamicii autovehiculelor utilizeazi mai
multe definitii ale razelor rotilor, dupd cum este necesar pentru efectuarea
diferitelor calcule, in functie de scopul studiului respectiv. Acest lucru este
in principal datorat faptului ci pneurile pot suferi deformatii semnificative;
operarea pe sol deformabil influenteazi de asemenea definitia razei rotii.
Scopul articolului de fata este de a veni in ajutorul persoanelor inte-
resate de dinamica autovehiculelor (ingineri, studenti, profesori) cu
un set compact de definitii si echivalente lingvistice intre termeni din
limba romani si din limba engleza.

Ideea scrierii lui a venit ca urmare a constatdrii ca in lucrarile de speci-
alitate de limb3 romana se intilnesc numeroase neclarititi si confuzii
in definirea si utilizarea razelor rotilor. De altfel, diferente semnificative
intre definitii se constatd si in articolele si cirtile de specialitate disponi-
bile in limba englezi.

Un ajutor deosebit pentru clarificarea termenilor il reprezinti existenta
adoud standarde, extrem de valoroase si utile, realizate de doud societati
prestigioase: Society of Automotive Engineers (SAE) [1] si Internati-
onal Society for Terrain-Vehicle Systems (ISTVS) [2].

In incercarea de a stabili cu precizie sensurile legate de diferitele raze
ale rotilor si pentru a elimina orice confuzie, autorilor li s-a parut util
ca textul si fie scris in paralel, atat in limba englezd cAt si in limba
romana. Informagiile care urmeaza, prezentate foarte succint, se bazeazi
pe o bibliografie ampla, mai jos fiind indicate, din lips3 de spatiu, doar
cateva titluri semnificative.

Majoritatea definitiilor si notatiilor care urmeaza au fost adoptate in
conformitate cu [1] si [2], ficAndu-se insi observatii critice si prezen-
tandu-se si alte utiliziri frecvente ale notiunilor aga cum se intalnesc si
in alte lucriri. In cazul in care in continuare sunt prezentate mai multe
denumiri pentru aceeasi notiune, prima este cea preferaté de autori.

2. DEFINITII SUPLIMENTARE

Pentru facilitarea intelegerii semnificatiei diferitelor raze ale pneurilor,
mai intdi trebuie introduse alte definitii suplimentare:

* vectorul vitezd are magnitudine si orientare; scalarul virezd este
magnitudinea (marimea) vectorului viteza.

o cuplu si moment (unghiular): cuplu - sistem de doua forte egale si de

7
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rotation, twisting, or turning, for example, the force generated by
an internal-combustion engine to turn a vehicle’s drive shaft; ability
to overcome resistance: the measurement of the ability of a rotating
gear or shaft to overcome turning resistance [3]; moment — tendency
to produce rotation: a tendency to cause motion, especially rotation;
product of force times distance: the product of a quantity, for example,
force, multiplied by its perpendicular distance from a given point [3].
(The two previous definitions are a little different from the ones in the
Romanian dictionary [4].)

e drive wheel (driving wheel) represents a wheel at which propelling
torque (trying to increase the wheel’s rotational speed) is applied; the
wheel is able to generate longitudinal force at the hub (denoted by DP
in the figure 1).

* braking wheel, a wheel at which braking torque is applied (trying to
stop its rotation); the wheel is able to generate braking force at the hub.
* free rolling wheel (sometime called driven wheel or pulled wheel [5]),
corresponds to the case when no torque is applied to the wheel; the
wheel rotates due to a force generated at the contact with the ground
[11,[6],[7],[8]; to sustain the movement of a free rolling wheel, a
pushing force must be applied at the hub (a force of opposite orienta-
tion as DP in the figure 1).

e pure rolling wheel, a wheel at which the torque applied is the one
needed to sustain a constant speed movement (to overcome the rolling
resistance) [7]; in other words, the tangential velocity at the wheel in
the contact patch matches the velocity of the vehicle (i.e., there is no
global slip in the contact patch); also, no longitudinal force (net trac-
tive force) is generated by the tire; a particular case is represented by
a straight pure rolling wheel, which is a pure-rolling wheel moving in a
straight line at zero camber angle and zero side-slip angle.

* neutral rolling wheel, a wheel at which both a small torque (to over-
come the rolling resistance generated by the tire) and a small pushing
force at the hub (to overcome the rolling resistance generated by the
ground) are applied in order to sustain a constant speed movement
[19]1,[9],[5]; obviously, this definition corresponds to the rolling on soft
grounds, because the rolling resistance component generated by the
ground is negligible.

The following notations will be used in this paper:

* o — (side) slip angle of the wheel.

* w — current angular speed of the wheel.

* o, ,— reference angular speed of the wheel [10] (for free, pure, or neutral
rolling).

* w, — reference angular speed of the wheel in the case of pure-rolling (in
SAE and European conventions).

* V. — wheel actual linear speed (travel speed of the wheel center).

o V. — wheel actual linear speed along the wheel longitudinal direction
(V.=V -cosa).

With the help of the current and reference angular speeds ( and © ),
the wheel longitudinal slip (6) can be computed. Different definitions
equations exist for it [11], but these will not be presented here.

* X — longitudinal force, the component of the tire (grip) force in the
longitudinal direction of the wheel [1].

* (net) tractive force, the component of the tire grip force in the direc-
tion of travel of the center of tire contact [1].

As can be seen, the two forces are generally different, being iden-
tical only if the wheel is not sliding laterally. Even so, the name
“net tractive force” is used almost always instead of “longitudinal

8

sensuri opuse [4]; moment - marime fizica care caracterizeazi localizarea
sau repartitia spatiald a unei alte marimi in raport cu un punct, cu o axa
sau cu un plan [4]; mdrime egald cu produsul dintre valoarea unei marimi
datesi unasau mai multe distante in raportcu un punct, o axd sau un plan;
desi definitiile sunt diferite, in dinamica autovehiculelor ele sunt folo-
site ca si cum ar fi echivalente, cuvantul cuplu (motor sau de frinare)
fiind folosit adesea pentru a indica notiunea de moment unghiular.
(Cele doud definitii anterioare sunt putin diferite fati de cele din
dictionarul american [3].)

* roatd motoare (roatd motrice) reprezintd o roata la care se aplica un
cuplu motor (incercAnd si-i mireascd viteza de rotatie); roata este
capabild si genereze fortd longitudinala la butuc (indicatd prin DP
in figura 1).

® roatd frinatd, roatd la care se aplicd cuplu de frinare (incercind si
opreasci rotatia acesteia); roata este capabild si genereze fortd de frinare
la butuc.

* roatd liberd (denumitd si roatd impinsd sau roatd trasi [5)), corespunde
cazului in care nu se aplica cuplu la roatd; roata se roteste datoritd unei
forte generate la contactul cu terenul [1],[6],[7],[8]; pentru sustinerea
miscirii unei roti libere, o fortd de impingere trebuie aplicata la butuc
(o forta cu orientare invers fatd de DP din figura 1).

® roatd cu rulare purd, roatd la care se aplica cuplul necesar pentru a
sustine miscarea cu vitezd constantd (pentru a invinge rezistenta la
rulare) [7]; cu alte cuvinte, viteza tangentiald la roatd in pata de contact
este egald cu viteza vehiculului (nu exista alunecare globald in pata
de contact); de asemenea, pneul nu genereazi fortd longitudinali de
aderenta (fortd netd de tractiune); un caz particular este reprezentat
de o roati cu rulare puri in linie dreaptd, care este o roatd ce se miscd
in linie dreaptd, avind unghiuri de cidere si de alunecare laterala egale
cu zero.

® roatd cu rulare neutrd, o roatd la care se aplicd atdt un cuplu mic (pentru
invingerea rezistentei la rulare generate de pneu), cit si o fortd mici
de impingere la butuc (pentru invingerea rezistentei la rulare generate
de teren) pentru a mentine o miscare cu vitezd constantd [19],[9],[5];
evident, aceastd definitie corespunde rulirii pe terenuri moi, deoarece
componenta generatd de sol a rezistentei la rulare este neglijabila.
Urmitoarele simboluri vor fi utilizate in continuare:

* o — unghi de alunecare (laterali) al rotii.

* 0 — viteza unghiulari curentd a rotii.

* o . — viteza unghiulari de referintd a rotii [10] (pentru rulare libers,
puri sau neutrd).

* o, — viteza unghiulari de referingi a rotii in cazul ruldrii pure (in
conventiile SAE si europeana).

V. — viteza lineari realii a rotii (viteza de deplasare a centrului rotii).
* V_— viteza lineard reald a rotii pe directia longitudinali a rogii (V, =
V. -cosa).

Cu ajutorul vitezelor unghiulare curenta si de referingi (o si ® ) se
poate calcula alunecarea longitudinali a rotii (). Existd diferite relatii
pentru definirea acesteia [11], care insa nu vor fi prezentate aici.

* X — forta longitudinali, componenta fortei de aderentd a pneului in
directia longitudinald a rotii [1].

* forta de tractiune netd, componenta fortei de aderentd a pneului in
directia de deplasare a centrului zonei de contact [1]. Dupa cum se
poate vedea, cele dou forte sunt in general diferite, fiind identice doar
dacd roata nu aluneci lateral. Cu toate acestea, denumirea “forta de
tractiune netd” este folositd aproape intotdeauna in locul cele de “forta
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force”. To avoid supplementary explanations, we will do so in this
paper, too.

Other two important notions, gross tractive force and rolling resis-
tance force, will be presented at the end of the next section.

3. RADII

e 7, () — unloaded (tire) radius (2] (undeflected tire radius (1], radius of
the free tire [12],[13], free radius [6),[14], design radius [5]), the radius
of the unloaded tire inflated to normal recommended pressure; this
radius is very important to establish the necessary space to mount the
wheel on the vehicle.

* 1, — loaded (tire) radius, is defined in [2] as the distance from the wheel
rotation axis to the point corresponding to the largest soil deformation
in the direction perpendicular to the original, undisturbed soil surface,
as shown in figure 1.a. This description, clear for deformable ground
surfaces, is no longer acceptable for hard surfaces (which are practically
undeformable). The SAE definition [1] “the distance from the center
of tire contact to the wheel center measured in the wheel plane” can
be applied only for undeformable surface and wheels with no camber
and no toe angles.

The deficiency of the SAE definition has been noted before, for example
in [7], for the tires that develop lateral forces (and deformations) or
present non-zero camber angles (e.g., the case of cornering motorcycles
being the most evident), as shown in figure 2.

Taking into consideration the aspects presented here, a better defini-
tion, valid for a wheel which is rolling or stands on a hard surface, may
be: the distance measured in the plane of the wheel from the wheel center
to the ground plane, shown in figure 2.

* 7. — static loaded radius, the loaded radius of a stationary tire, inflated
to normal recommended pressure [1],[14].

e r=r=V/w — effective (current) rolling radius, the ratio of the linear
speed of the wheel center in the wheel longitudinal direction to the
current angular speed [11,[6],[13],[19],[2].

* r=VIo_.— rolling radius (2], named also kinematic radius [15], is the
reference rolling radius and is defined as the ratio of the linear speed
V. of the wheel center in the wheel longitudinal direction to the refer-
ence angular speed ®_; this radius (which can’t be measured directly)
is calculated from the kinematic parameters (V, and ©_) of an wheel
at zero slip angle and zero camber angle (i.e., the wheel is not sliding
laterally and its plane is perpendicular to the ground) [7],[16]; for a
pure rolling wheel, ® _=w; rolling radius is a special case of effective
rolling radius under a zero longitudinal slip condition (6=0); being
used to define the longitudinal slip of the wheel, the rolling radius
allows establishing a functional connection between the longitudinal
grip force (net tractive force) X and the kinematics of the wheel (rim)
[71,[11].

* d=2-m-r, — rolling circumference (6], the distance covered by a point
on the circumference when the tire revolves once; the rolling circumfer-
ence indicated by the manufacturer corresponds to a straight pure rolling
wheel (with null slip and camber angles), not developing grip force,
and is measured at 60 km/h (37 mph). The rolling radius that corre-
sponds to this rolling circumference is often used in common compu-
tations. This may lead to inaccuracies if used inappropriately, especially
for deformable tires negotiating deformable terrains.

e r=M IF — dynamic radius (6] (torque radius (2], moment arm [5],
kinetic rolling radius [15]), the ratio of the input torque over the gross
tractive force; the distance from the axis of rotation of the wheel to the

longitudinald”. Pentru a se evita explicatii suplimentare, si in acest text
se va proceda la fel. Alte doud notiuni importante, forta la roati (forta
de tractiune brutd) si forta de rezistenti la rulare, vor fi prezentate la
finalul sectiunii urmitoare.

3.RAZE

e r (r) — raza liberd [0), [14] (raza pnenlui neincircat (2], raza pneului
nedeformat (1], raza de proiectare [5)), raza pneului neincircat cu forte,
umflat la presiunea normali recomandati; aceasta razi este foarte
importantd pentru stabilirea spatiului necesar pentru montarea rotii pe
vehicul.

* 1, — raza pneului incircat este definitd in [2] ca distanta de la axa
de rotatie a rotii pand la punctul corespunzitor deformatiei maxime
a solului pe directie perpendiculard pe suprafata inigiald a solului
(neafectatd de trecerea pneului), dupi cum este prezentat in figura 1.a.
Aceastd descriere, clard pentru suprafete de teren deformabile, nu mai
este acceptabild pentru suprafete tari (care sunt practic nedeformabile).
Definitia SAE [1] “distanta de la centrul petei de contact a pneului la
centrul rotii mdsuratd in planul rotii” nu poate fi aplicatd decit pentru
suprafatd nedeformabild si roatd cu unghiuri de cidere si de deviere
laterali egale cu zero. Deficienta definitiei SAE a mai fost sesizatd, de
exemplu in [7], pentru pneurile care dezvolta forte (si deformatii) late-
rale sau prezintd unghiuri de cidere nenule (cazul motocicletelor aflate
in viraj fiind cel mai evident), cum se vede in figura 2.

Luand in considerare aspectele prezentate aici, o definitie mai buna,
valabild pentru o roati care ruleazi sau se sprijind pe o suprafa¢i tare,
ar fi: distanta masuratdi in planul rotii de la centrul rotii pand la planul
solului, ca in figura 2.

7 —razd staticd, raza pneului incdrcat a unui pneu stationar, umflat la
presiunea normald recomandata [1],[14].

e r=r=V/® — raza de rulare efectiva (curentd), raportul dintre viteza
lineara a centrului rotii in directia longitudinali a rotii si viteza unghiu-
lard curenta [1],[6],[13],(19],[2].

e n=Vliw, — raza de rulare (2], numita si raza cinematici [15], este raza
de rulare de referinta si este definiti ca raportul dintre viteza liniard V/,
a centrului rotii in directia longitudinala a rotii si viteza unghiulari de
referingd @_; aceastd razi (care nu poate fi masurati direct) este calculati
din parametrii cinematici (V, si © ) ai unei roti la unghiul de alunecare
zero si la unghiul de cidere zero (adicd roata nu aluneci lateral si planul
sau este perpendicular pe sol) [7],[16]; pentru o roatd cu rulare purd,
© =0 raza de rulare este un caz special de raza de rulare efectiva in
conditii de alunecare longitudinali zero (6=0); fiind folosita in definirea
alunecirii longitudinale a rotii fatd de cale, raza de rulare permite stabi-
lirea unei legaturi functionale intre forta de aderenta longitudinali (forta
netd de tractiune) X'si cinematica (jantei) rotii [7],[11].

* d=2-w1, — circumferinta de rulare (6], distanta parcursd de un punct
de pe circumferintd atunci cind pneul se roteste o datd; circumferinta de
rulare indicati de fabricant corespunde unei roti “drepte” (cu unghiuri
nule de alunecare si de cidere), care nu dezvolti fortd de aderentd si se
misoard la 60 km/h (37 mph). Raza de rulare corespunzitoare acestei
circumferinte de rulare este folositd adesea in calcule obisnuite. Acest
lucru poate duce la rezultate imprecise, mai ales la deplasarea rotilor cu
pneuri deformabile pe teren deformabil.

e r=M |F — raza dinamici (0] (raza momentului la roati (2],[5]),
raportul dintre momentul la roati si forta la roat (forta de tractiune
brutd); distanta dintre axa de rotatie a rotii si suportul fortei de reac-
tiune a solului paraleld cu suprafata inigiald a solului (suportul fortei

9
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Fig. 1 - Planar model of a wheel with tire [11]:

a) on deformable ground; b) on undeformable ground.
Model plan al unei roti cu pneu:

a) pe teren deformabil; b) pe teren nedeformabil.

My = My = X-rg = J, 20

e (1)
action line of the ground reaction parallel with the unperturbed ground
surface (the support line of the longitudinal grip force), as seen in figure
1; even though the definition is simple, measurement or estimation
by computation of the dynamic radius is extremely difficult on soft
terrains; on hard grounds, it is equal with the loaded radius 7, (because
the grip force acts at the ground level); it is used to link forces and
moments applied to a wheel.

The significance of the gross tractive force and rolling resistance force can
be obtained using Newton’s second law for the rotation movement of
the wheel, using the scheme and notation from figure 1. This takes the
form of equation 1.

Here, the meaning of the terms is: M — wheel torque; M — rolling
resistance torque; X — longitudinal force (net tractive force); / — equiv-
alent moment of inertia of the wheel; ® — angular speed of the wheel.
Then, dividing equation 1 by the dynamic radius r,» equation 2 results.
This includes the definitions for the gross tractive force (F =M, /r,) and
rolling resistance force (RfM /rd). Also, equation 2 gives a possibility to
obtain the rolling resistance force for a free rolling wheel (M =0) with
constant angular speed (o =ct): R =X, and, further, to obtain the gross
tractive force in stationary regime (w _=ct): F =X+R. Care should be
taken when using this method to estimate the gross tractive force (in
order to deduce the rolling radius 7, on soft soil), as it is applicable only
under these particular conditions.

4. FINAL OBSERVATIONS

While the unloaded radius 7, and the loaded radius 7 are directly
7, can

k
only be computed from the linear and angular speeds of the wheel.

measurable, the effective rolling radius  and the rolling radius

Because the longitudinal grip force X is obtained by the integration of
the elementary forces developed in the contact surface, the next state-
ments can be made for a wheel with zero camber angle:

* on soft ground, dynamic radius will be always smaller than the loaded
radius, 7,<7,

radius 7, can’t be directly measured, but only approximatively computed

by measuring the wheel torque and estimating the gross tractive force

as can be seen in figure 1.a; this also means that the dynamic

(details on the estimation ways can be found, for ex., in [19],[17],[11]);
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Fig. 2 - Influence of the camber angle and lateral deflection of the wheel
over the dynamic radius r, and torque radius r,.

Influenta unghiului de cidere si a deformatiei laterale ale pneului asupra razei
pneului incdrcat 1, si razei dinamice r,.

M

M el kg,
- X=Fy=R - X =il
Ta Fa rg dt

@

longitudinale de aderentd), dupi cum se poate observa in figura 1;
desi definitia este simpld, misurarea sau estimarea prin calcul a razei
dinamice este extrem de dificild pe terenuri moi; pe terenuri tari, este
egald cu raza pneului incircat 7, (intrucét forta de aderenti actioneazi la
nivelul suprafetei ciii); este folosita pentru a face legatura intre fortele si
momentele aplicate unei roti.

Semnificatia fortei la roati si a fortei de rezistenti la rulare R poate fi
obtinutd aplicand legea a doua a lui Newton pentru miscarea de rotatie a
rotii, folosind schema si notatiile din figura 1. Aceasta ia forma ecuatiei 1.
Aici, s-au folosit notatiile: M — moment la roata; M_— moment de
rezistentd la rulare; X — fortd longitudinald (fortd netd de tractiune);
J,, - moment de inertie echivalent al rotii; ® - vitezd unghiulari a rotii.
Apoi, prin impirtirea ecuatiei 1 cu raza dinamica 7, rezultd ecuatia
2. Aceasta include definitiile fortei la roata (F =M /r) si a fortei de
rezistenta la rulare (R=M/r). De asemenea, ecuatia 2 da posibili-
tatea de a obtine forta de rezistentd la rulare pentru o roati cu rulare
liberd (M =0) la viteza unghiulari constantd (@ _=ct): R=X, si, apoi,
de a obtine forta la roati in regim stationar (®_=ct): F =X+R. Insi
trebuie precautie atunci cAnd este utilizatd aceastd metodé de estimare
a fortei la roati (in scopul deducerii razei de rulare 7, pe terenuri moi),
intrucit este aplicabila doar in aceste conditii particulare.

4. OBSERVATII FINALE

Pe cand raza liberd 7, si raza pneului incircat 7, sunt masurabile in mod
direct, razele de rulare efectivi 7 si cinematici 7, pot fi doar calculate pe
baza vitezelor lineari si unghiulari ale rotii.

Deoarece forta longitudinald de aderentd X se obtine prin integrarea
fortelor elementare dezvoltate in suprafata de contact, pot fi ficute
urmitoarele afirmatii pentru o roatd cu unghi de cidere zero:

* pe teren moale, raza dinamici va fi intotdeauna mai mici decit raza
pneului incarcat, 7,<7, aga cum se poate vedea in ﬁgura 1.a; aceasta
inseamnd insa si ca raza dinamicd 7, nu poate fi masurata direct, ci doar
calculatd aproximativ prin mésurarea momentului la roatd si estimarea
fortei la roatd (detalii despre modul de estimare pot fi gisite, de ex., in
[19L,[17],[11]);

* pe teren tare, raza dinamicd 7, este egala cu raza pneului incircat,
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* on hard ground, the dynamic radius 7, is equal with the loaded radius,

7,=7., as shown in figure 1.b (because the support of the net tractive force

ity
is placed on the ground plane); that means the dynamic radius 7, can be
directly measured; the experimental determination can be made using
distance sensors placed inside or outside the tire or by image processing.

‘The magnitudes of the rolling radius 7, and loaded radius 7 are signifi-

i
cantly modified by changes of tire inflation pressure, tire normal load,
and travelling speed. Moreover, the loaded radius 7 is affected also by
the wheel torque [17],[11].

From the catalog data provided by the tire manufacturers, it can be esti-
mated that, for most automobile tires (with null camber), the rolling
radiusis  4-8% greater than the static loaded radius, rk=(1 .04—1.08);’5,
and 4-6% smaller than the unloaded radius, rk=(0,94. . .0,96)ru.

In many cases, the rolling radius and dynamic radii (s, and 7)) are
confused or used as if they were equivalent.

Often, for demonstrations and usual computations, only a single value
is considered for all loaded, dynamic, and rolling radii [6],[18]: a
calculation radius. But, since significant differences exist between the
values of these radii and, even more, this calculation radius is assumed
constant, the results obtained in these cases may be significantly
affected by errors [17],[11].

For example, due to the large camber angles that may appear at motor-
cycles ride, the dynamic radius during turning becomes (much) smaller
than the one during straight line movement, as it can be seen in figure
2. Moreover, its approximation with the loaded radius is not accept-
able. Also, the tire lateral deflection will accentuate the previously indi-
cated phenomenon for the wheels with camber angle through the inner
side of the curve (as for motorcycles), but will diminish it at the wheel
inclining through outside, as shown in figure 2.

Finally, it must be emphasized that the definitions of loaded, dynamic,
and rolling radii were presented here in the assumed hypothesis that
the ground surface would be flat before the tire pass. If this assump-
tion is not met (for example when going up or down a curb, rolling
on curved surfaces, as when testing on roller benches, or driving over
uneven ground), the definitions for dynamic and rolling radii remain
generally valid, but the loaded radius is not defined (at least to the
authors” knowledge).
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STUDIU CFD ASUPRA GARACTERISTICILOR AERODINAMICE
ALE AUTOMOBILULUI ., AUREL PERSU”

GFD STUDY ON THE AERODYNAMIC CHARACTERISTICS

OF THE AUREL PERSU’S CAR

REZUMAT: Aerodinamica automobilelor se ocupd cu studiul fenomenelor rezultate
din interactiunea dintre caroserie si aer. Scopul principal al acestei lucrdri este evaluarea
bazata pe tehnica CFD a caracteristicilor aerodinamice ale automobilului Persu care este
considerat primul automobil aerodinamic din Romania. Pentru a evidentia caracteristicile
sale aerodinamice, folosind programul AVL FIRE care se b i pe metoda voll

finite a fost realizat un studiu CED 3D, utilizind formalismul RANS (Reynold-average

automobilului Persu au fost evidentiate prin analiza unor mdarimi specifice curgerii flui-
delor in jurul caroseriei: presiune, vitezd de curgere a aerului si energia cineticd turbulentd.
Abordarea CFD a permis insd si gdsirea coeficientului aerodinamic al automobilului
Persu, care s-a dovedit a fi in strans acord cu declaratiile generice gasite pe aceastd temda
media romdneascd.

Keywords: Persu’s aerodynamic car, aerodynamic characteristics, drag coefficient, CFD

lation

Navier-Stokes) si modelul de turbulenti k-{-f. Astfel, particularititile aerodinamice ale

1.INTRODUCTION AND
LITERATURE OVERVIEW
Car aerodynamics deals with the
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over the body surface and forces
due to skin friction, which is
a result of the fluid viscosity.

However, despite the fact that the
aerodynamic drags cause is the
viscous friction, the turbulent drag does not depend on viscosity.

The usual way to express the resistance of the air is with the following

relation:

)

[kg/m?] is the air density, [m/s] is the aerodynamic velocity

Ry :%'Fmr'ﬂz'ﬂ;"fn
where:
(vehicle’s velocity plus the component of the velocity of the wind
projected along the longitudinal axis of the vehicle), [m*] is the frontal
area (i.e., the projection of the car on a plane perpendicular to the
direction of motion, which is usually via a rectangular shape given by the
vehicle’s height and track), and [-] is a dimensionless parameter called the
drag or aerodynamic coefficient (it is also denoted as ).

To put it very straightforward, the aerodynamic coefficient depends on
the shape of the object interacting with the air flow. In fact, the air jets
that cross the contour of the vehicle body establish the aerodynamic
characteristics and when the flow becomes turbulent, different vortices
adjacent to the body surface are generated. The formed vortices
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influence the aerodynamic coeflicient and, consequently, the dynamic
performances, fuel consumption, and the amount of polluting emissions;
it also influences the noise level generated by the interaction between the
car and the air and on the efficiency of the windshield wipers.

Based on relation (1), the following straightforward reasoning is
common: since air resistance is proportional to the square of the vehicle’s
velocity (assuming zero wind velocity), its effect is mostly evident at
high velocities. In other words, since the air resistance increases the power
required for traction (proportionally with ), it is usually at issue for a vehicle
featuring uniform linear motion and positive acceleration linear motion.
For conventional internal combustion engine vehicles (ICEV), this may
be fully valid because in this case, typically, there is no regenerative braking
(i.e., energy recovery during braking or deceleration). This means there is
no relevance of taking into consideration the aerodynamic characteristics of
the ICEV for the negative acceleration motion since in this case the braking
energy is lost via dissipation as heat through the powertrain (commonly
known as engine braking) and/or the vehicle’s brakes. However, with the
electrification of the vehicle’s drivetrain, energy recovery during the negative
acceleration motion became possible and accessible. Consequently, for
hybrid electric vehicles (HEV) and battery electric vehicles (BEV), the
aerodynamic characteristics are important not only for uniform motion
and positive acceleration motion but for the negative acceleration motion,
as well. Indeed, since the energy recovered while decelerating is harvested
from the energy remained after deducting the energy loss in the vehicle’s
interaction with the environment (rolling and aerodynamic drags) from
the vehicle’s kinetic energy, it results that the smaller the air resistance the
greater the energy recovered during vehicle’s deceleration.

It is known that the nowadays focus of the automotive industry is on
the improvement of the energetic performance of the vehicles, as a result
of the regulatory pressure to reduce the carbon footprint of the future
vehicle. From this point of view, the market is having a shift towards
the BEV, which based on a tank-to-wheel assessment is a zero-emission
vehicle (ZEV). The improvement of the energetic performance of the
BEV, which is already far better than ICEV’s is one of the present
important research topics.

This being the context, as explained before, the aerodynamic characteristic
of the BEV is a far more important issue than for the ICEV.
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The

well populated with studies on

scientific literature is very
the aerodynamic characteristics of
the wvehicles. Generally speaking,
two approaches are noticed: (1)
numerical investigations via CFD
software which in the recent years
became more affordable and, thus,
more popular, and (2) experimental
investigations in wind tunnels to
finally validate a model (numerical
or physical). For instance, paper
[1] presents an aerodynamic study
conducted on three car models,
by performing CFD simulations
with ANSYS Fluent; the aim was
the

characteristics of a car with and without front spoiler, and with firewall

to investigate aerodynamic

holes. The focus was not only on the aerodynamic coefficientimprovement
but on increasing the negative lift, as well, which is paramount for a race
car. The same motivation was found in paper [2] which thanks to a CFD
study declared an improvement of the down-force and aerodynamic
drag by an enhanced geometry of the following elements: front wing,
headrest, rear engine hood and aerodynamic extractor. Moreover, to
evaluate the areas of separation and reattachment of the fluid on the
car body, this having a direct influence on the aerodynamic coefficient,
paper [3] presents another CFD study performed on an Ahmed body
model for two different cases at 25° inclination of the rear and 30°. The
flow around Ahmed and Asmo car models were experimentally studied
in paper [4]. For validation, the experimental results were compared with
those obtained by numerical simulation. Then, using LES turbulence
model, a comparison of the flow structures was made in the case of two
car shapes. Paper [5] presents the possibility to reduce the drag coefficient
by 22.13% modifying the geometric shape of the rear under-body and
up to0 9.5% by exhaust gas redirection towards the separated region at the
rear of the car. Other CFD based studies were noticed on aerodynamic
assessment of vehicles equipped either with a bike rack [6] or with a roof
luggage box [7]; the effect of pulling a motorcycle trailer was presented
in [8].

Thus, after this introduction outlining the study in the current scientific
concerns, the remaining part of the paper is organized in three main
sections: section 2 presenting the first Romanian aerodynamic car (Aurel
Persu’s) built to illustrate a more streamlined body, section 3 showing a
CFD study on the aerodynamic performance of the Aurel Persu’s car and
section 4 dealing with the results and their interpretation. Finally, the
conclusions of this study are summarized.

2. THE AERODYNAMIC CAR OF AUREL PERSU

Aurel Persu (1890 — 1977) built the first Romanian aerodynamic car
with wheels placed inside the body, being among the first in the world
to study the application of this form to cars. Through his research,
he concludes that the car should have the elongated shape of a drop
of falling water, cut longitudinally into two halves. It is in this way
that he suggested a way to obtain a more streamlined body featuring
better acrodynamic characteristics with respect to the passenger cars of
his times. Going on the line imposed by this aerodynamic shape, the
passenger space was placed in front, and the engine compartment was

Fig.1. Car prototype built by Aurel Persu [11][12]

put in the back. Thus, the balanced distribution of the vehicle’s mass
was achieved on both the front and rear wheels. The declared advantage
of his vehicle’s shape was that, with the best utilization of the space and
simplification of transmission (no differential needed further to a small
rear track), it can present the smallest possible air resistance at its highest
speed (60 km/h) generating the greatest fuel economy. As a result, in
1923 Persu built a prototype based on the mentioned characteristics and
patented it in Germany in 1924. With this car, the Persu covered over
100,000 km [9][10][11]. The car prototype of Aurel Persu was donated
completely functional in 1961 to the “Dimitrie Leonida” National
Technical Museum from Bucharest and since then it is exhibited for the
visitors [12][13].

Based on the information found so far, there are only generic statements
regarding the values of the aerodynamic coeflicient specific to this car
prototype [11][12][13]. In other words, no scientific study was found by
the authors of this paper to support the statements according to which
the aerodynamic coefficient of the Persu’s prototype is either 0.22 as
mentioned in [11][13] or 0.28 from [12].

Consequently, the main purpose of this paper is the CFD-based assess-
ment of the aerodynamic coeflicient of Persu’s car.

3. CFD-BASED STUDY ON THE AERODYNAMICS OF AUREL
PERSU’S CAR

To highlight the air flow characteristics along the Persu’s car body, a 3D
CFD (Computational Fluid Dynamics) RANS-based (Reynold-average
Navier-Stokes) study was conducted using AVL FIRE software, which
is based on the finite volume approach, and used the £-(-f turbulence
model, [14, 15].

As it is well known, Navier-Stokes equations are used to describe the
fluid dynamics, laminar or turbulent. They are non-linear, second-order
partial differential equations without exact solutions. The RANS model,
which considers the statistically averaged equations derived from the
principle of Reynolds decomposition, offers a good balance between
the duration of the simulation, the accuracy of the results and cost
effectiveness. This approach is about decomposing the flow properties
into an average value and a fluctuation component, which gives rise to a
new unknown, Reynold-stress tensor that must be modelled in order to
solve the rest of the equations, [16].

Thanks to the CFD approach, the following aerodynamic features of the
Persu’s car were detailed: pressure zones in front and rear, the detachment

13
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a. general view of the model
Length [mm] = 155.7;
Front/Rear width [mm] = 47.9/30
Wheelbase [mm] = 109;
Height [mm] = 109.2;
Front/Back gauge [mm] = 19.2/38.5

b. front view c. side view

Fig. 2. CAD geometry

a. mesh detail

Fig. 3. Computational domain

and reattachment of the air flows and velocity. At the same time, using
the data obtained from the numerical simulation, the drag coefficient
was calculated.

3.1. CAD modelling

This study was possible thanks to the sketches found in [17]. Based
on these drawings, the three-dimensional CAD model was realized in
SolidWorks™. The dimensions of the Persu’s car model used in this study
are shown in figure 1.

The geometry of the computational model consists of a parallelopiped
with a length of 1000 mm, a height of 376 mm and width of 338 mm,
which represents the wind tunnel. The calculated volume created repre-
sents the air inside a wind tunnel, in the interior of which was placed
the car whose aerodynamic characteristics are to be evaluated. The car
was placed at a distance of 221 mm from the entrance to the tunnel (see
figure 2, a).

3.2. Mesh generation, turbulence model and simulation description
After the process of importing the geometry and cleaning it of any
elements that do not influence the calculation results, the next step was
to mesh the computational domain. Meshing or discretization consists
in dividing the entire volume into smaller elements. Thus, due to these

14

b. y* dimensionless wall normal distances

elements, it is possible to
calculate by numerical CFD
methods and obtain accurate
results.

The most important part of
the discretization process is
choosing the right size of the
cells. In order to capture the
flow characteristics in the
areas of interest, the cells must
be small enough (high mesh
density). Zones of interest are
the regions close to the vehicle
body and wake region. As for
the rest of the computational
domain, the size of the cells
increased to

can be save

computational time. Thus,

] when choosing the dimensions
d. bottom view .
of the cells, the aim was to

the

time, as it is known that their

reduce computational
number has a direct influence.
The computational domain
(figure 3) was automatically
meshed, totalling 4,475,864
cells. Mesh refinements were
used in the critical and high
gradient flow areas, so the
cell density decreases while
moving away from the car
model, leading to very large
cells in the far-field of the
computational domain,
figure 3.

The maximum size of the cells is 22 mm in the upper part of the model,
2.7 mm in middle side and reaching 0.32 mm for the cells near the
car body. The distribution of the cells according to the geometric shape
is: 4,121,867 hexahedral; 229,117 prismatic; 120,908 pyramidal; 3,972
tetrahedral.

The A-(-f turbulence model used for this application is of the high-
Reynolds numbers type, which means it is not applicable in the near-
wall region. To model the near-wall effects, the hybrid wall function was
set, which was meant to ensure a gradual change between the viscous
sublayer and the wall function. This hybrid wall function, which, as
mentioned in [18], is recommended for use in conjunction with the &-(-f
turbulence model, is actually a proprietary semi-empirical based fitting
function between the laminar and the turbulent part of the boundary
layer, obtained from experimental evidence. Therefore, the chosen wall
treatment was an automatic one. Thus, the CFD code evaluated the y*
(the usual dimensionless wall normal distance, utilized in the boundary
layer problem) and then selected the appropriate wall function on the fly
without any user input. Hence, the computational domain was meshed
automatically with a greater refinement in the areas susceptible to very
high flow velocities.
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the flow. However, for passenger cars, the drag
coefficient may be considered constant (Ma
and Re are too low to influence it, while the
flow direction may be considered as one, i.e.,
on the longitudinal direction of the car). The
drag coefficient is a common variable in auto-
motive design. Based on relation (1), the drag
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Fig. S. Persu’s longitudinal middle cut view showing some specific regions

Figure 3,  show a magnified image of the mesh near the car body. As
mentioned above, in the computational domain, hexahedral cells are
predominant. The height of the first element near the wall, along the car
body and in the regions where the flow remained attached to the walls,
corresponds to dimensionless values of y* between 1 and 15, figure 3, 4.
As for the £-(-fturbulence model, [14], which was chosen for this study,
according to paper [19] it provides a good balance between computational
cost and accuracy of results due to the particularities of the { term (eddy
viscosity) modelling based on Durbin’s elliptic relaxation concept, £, [20].
The same paper [19] argues that 4-{-fmodel produces reasonable results
with good accuracy in resolving the dominant structures of the turbulent
flow.

The velocity boundary condition was used on the inlet surface of the
domain, while zero gradient was used at the outlet, figure 2, 4. All the
walls of the wind tunnel were assigned with wall type boundary condition
with 20°C temperature. The initial conditions were as follows: 30 m/s
flow velocity in the car’s longitudinal direction, 100000 Pa pressure,
293.15K air temperature, 1.188 kg/m? air density.

4, RESULTS AND DISCUSSION

As already discussed in the first section, there is a lot to gain from aero-
dynamic drag reduction as it directly influences fuel consumption, top
speed, acceleration, noise, energy recovered during braking or decelera-
tion. In the case of this study, aerodynamic drag is taken as the resulting
force acting along the Z-coordinate, which coincides with the longitu-
dinal direction of the vehicle (see x, y; z coordinates in figure 4).

The drag or aerodynamic coefficient is a dimensionless quantity used
to express the resistance of an object in a fluid stream. It depends on

the Reynolds number (Re), Mach number (Ma) and the direction of

R 10888
Pt Pl raeng )

b. drag force

or aerodynamic coefficient may be found with
the following relation:

a o= Rair
kL) - = ﬁ
{E " Pair * |:'~:| . .-‘l_r

Note that in the above relation, the dynamic

120 1ace

)

pressure appears between the parentheses at

= the denominator. The drag force or the resist-

ance of the air for the Persu’s car is obtained
via the CFD numerical simulation, as seen in
figure 4. This value was then used in relation
(2) to obtain the drag or the aerodynamic coef-
ficient: 0.25. This finding is concordant with
the values already announced, as mentioned in
the second section.

Investigating the flow fields makes possible
the understanding of the interactions between
the flow and the vehicle body, as shown in
figure 6.

Regarding the pressure distribution around
the car’s body (figure 6, 4), as expected, the pressure is higher in the
front side of the car. By comparing the pressure in the front side with
the one obtained in the rear side, one can observe that the pressure
difference is about 5,300 Pa. Comparing the pressures of the top
and the bottom of the vehicle, they are very similar, meaning there is
neither up-force nor down-force. Examining the air velocity (figure. 6,
b), there is a flow stagnation in the front of the vehicle. In this region,
at the point of impact, the flow velocity is near 0 m/s and, as seen, the
air is then directed up and down. Moreover, the same figure indicates
a recirculation zone at the rear-top part placed underneath the turbu-
lence zone (figure 6, ¢), which is followed by a reattachment of the air
flux to the vehicle body in the rear descending car’s body.

Figure 7 presents the specific regions discussed above: stagnation, turbu-
lent, recirculation and reattachment regions.

The regions close to the vehicle walls have an important influence on the
development of the flow around them. At the front part of the vehicle,
the airflow is practically steady and with no major perturbations. In the
region that follows the highest point of the car, the flow changes to a
turbulent type (region 2). In this turbulent region, the flow is unsteady
and can contain a few areas with small recirculation zones (region 3). This
may be very well seen in figure 6, 4, which shows the velocity streamlines.
Nevertheless, as found, the flow is mostly attached and streamlined with
the shape of the body.

Actually, the Persu’s car is a streamlined half-body designed specifically to
achieve a low aerodynamic coeficient, meaning that the boundary layer
around the body mostly remains attached to the surface of the car, trying
to avoid, thus, what in fluid dynamics is called a wake, i.e., a region
where the turbulence is created by the flow separation.

15



Ingineria automobilului Nr. 64 / septembrie 2022

ISSN 1842 - 4074

Frrmraje

NERTE B DB FHE) BEITE (S04 LI LEAT

Ty

B A S TN IS AT S

b. velocity vectors and fields

S AW WA WAl e DS ITH U

d. velocity streamline

Fig. 6. Aerodynamics of Persu’s car
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5. CONCLUSIONS

Aurel Persu’s car is considered the first Romanian aerodynamic car.
Despite its popularity, the authors of this paper did not find any scientific
study on its aerodynamic performance. Consequently, in order to high-
light the air flow characteristics along the Persu’s car, a CFD investigation
using 4-(-f turbulence model and a scaled-down model compared to the
real car was presented in this paper. Thus, the aerodynamic particularities
of the Persu’s car were highlighted by presenting the pressure fields, air
velocity and turbulent kinetic energy around the car’s body. Moreover,
this CFD approach allowed the finding of the drag or the acrodynamic
coefficient of the Persu’s car, which was found to be in close agreement
with the generic statements on this topic found in the media.

Returning to present times, as discussed in the paper, the relevance of the
car acrodynamics became increasingly higher with the electrification of
the drivetrains, which permitted the introduction of what is commonly
known as regenerative braking.
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NOMENCLATURE

v = velocity

A, = braking distance difference
a, ; = the area of the tire contact
patch at a pressure of 1.5 bar

a, = the area of the tire contact
patch at a pressure of 2.0 bar

1. INTRODUCTION

This paper addresses the issue of

correlation between the braking
distance of a vehicle and the

velocity parameters of the vehicle,
and the contact patch determined

e a
Drd. ing. .
Claudiu NEDELESCU by the value of tire pressure.
The traction and braking perfor-
- mance of asphalt tires has
. Did.ing. attracted a lot of attention from
Andrei BOT

researchers and not only from

Universitatea , Transilvania” din Brasoy, around the world, as it is closely

Departamentul de Autovehicule si Transporturi,

lated i fety bei h
B-dul Eroilor, Nr. 29, 500036 BRSOV, Romania refated to active salety being the

first component of the vehicle

that can be influenced by the
environment and road type [1].
Driving, safe acceleration and braking performance are the main
performance criteria when it comes to driving safety. Modern braking
systems are designed to be so efficient that the response time is less than
0.5 seconds after the brake pedal is actuated [2].
The driver can decide the intensity of the braking process, so as to
partially or totally reduce the speed of the vehicle, at which point the
kinetic energy accumulated by the vehicle is converted into caloric
energy by rubbing the brake pads, some of which was lost to rolling
resistance and air resistance, which always oppose the vehicle’s move-
ment [3].
The traction force, the economic effects and the operating period of
a car tire depend on the air pressure in them, if the manufacturer’s
recommendations are followed. Researchers have found that a correct

Table 1. Determination of tire contact area at a pressure of 1.5 bar and 2.0 bar

REZUMAT: Acest studiu se concentreazd pe imbundtdtirea infelegerii aderentei vehi-
culelor comerciale pe drumurile asfaltate uscate. Prezintd o metodologie de obtinere a
zonelor de contact ale anvelopelor si a 1 testelor experimentale de franare la
viteze diferite si avand o presiune in anvelopd de 1,5 bari, respectiv 2,0 bar:

Keywords: Tyre contact patch; tyre pressure; braking distance; analysis methodology;
comparative analysis.

Ttatol

Fig. 1. Taking over and processing the tire contact patch

tire pressure significantly reduces the loss of power associated with the
tire’s contact area with the road surface [4]. By varying the pressure in
the tires, the contact area of the tires can be reduced or increased and
the wheelbase and the theoretical axle speed change [5].

It is found that tire pressure deviations are generally outside the toler-
ances recommended by manufacturers, so that over 20% of Europe’s
active vehicles are in this situation, these deviations leading to their
aging much faster [8].

Based on the concerns related to the increase of the vehicle’s safety in
terms of optimizing the operation of the braking systems, there is an
urgent need to continue research to determine as many correlations as
possible between the vehicle’s operating parameters and the braking
system performance [6][7].

2. OBJECTIVES

To establish the correlations between the parameters: velocity, tire pres-
sure, tire contact patch and performance of the braking system, the
following objectives were formulated:

- Measuring the contact patch of the vehicle wheels according to the
tire pressure;

- Determination of the effective braking distance of the vehicle
depending on the travel velocity;

Wheel position Left front wheel Right front wheel Left rear wheel Right rear wheel
Tire pressure 1.5 bar 0.0236 m2 0.0218 m2 0.0205 m2 0.0188 m2
Tire pressure 2.0 bar 0.0163 m2 0.0176 m2 0.0162 m2 0.0156 m2
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Fig. 2. Velocity, acceleration and coefficient of adhesion during braking at a
speed of about 10 km/h and a tire pressure of 1.5 bar
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Fig. 4. Velocity, acceleration and coefficient of adhesion during braking at a
speed of about 50 km/h and a tire pressure of 1.5 bar
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Fig. 6. Velocity, acceleration and coefficient of adhesion during braking at a
speed of about 10 km/h and a tire pressure of 2.0 bar
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Fig. 8. Velocity, acceleration and coeflicient of adhesion during braking at a
speed of about 50 km/h and a tire pressure of 2.0 bar
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Fig. 3. Velocity, acceleration and coefficient of adhesion during braking at a
speed of about 30 km/h and a tire pressure of 1.5 bar
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Fig. 7. Velocity, acceleration and coefficient of adhesion during braking at a
speed of about 30 km/h and a tire pressure of 2.0 bar
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Table 2. Centralization of the obtained values

Velocity 10 km/h 30 km/h 50 km/h 70 km/h
Tire pressure [bar] 1.5 2.0 1.5 2.0 1.5 2.0 1.5 2.0
Braking time [s] 1.65 1.25 3.55 2.75 5.85 3.55 42 4.05
Max speed [km/h] 10.37 11.67 36.85 32.41 563 56.67 7352 | 73.34
Braking space [m] 1.88 1.49 13.15 9.19 28.96 21.49 34.51 32.56
Maximum deceleration [m/s2] -5.17 -7.22 -7.22 -7.22 -7.22 -9.28 -9.28 -9.28
Average deceleration [m/s2\ -1.77 -2.55 -2.86 -3.03 -2.79 -4.38 -4.78 -4.28
Maximum friction coefficient 0.53 0.74 0.74 0.74 0.74 0.95 0.95 0.95
Average friction coeflicient 0.18 0.26 0.29 0.31 0.28 0.45 0.49 0.49

- Calculation of the difference of the braking distance of the vehicle
according to the tire pressure.

3. EXPERIMENTAL TESTING METHOD

3.1 Contact patch determination methodology

3.1.1 Used equipment:

- The vehicle equipped with 195/65 R15 tires

- Hydraulic jack;

- Compressor equipped with manometer;

- Paper support for printing;

- Lubricating substance

- Photo camera;

3.1.2 Measurement methodology:

- Tire pressure adjustment;

- Successive suspension of the vehicle’s wheels;

- Lubrication of the tire contact surface;

- Lowering and printing on the paper support of each previously lubri-
cated wheel;

- Photographing A4 paper supports with the obtained results;

3.1.3 Data processing:

- Necessary software for digital image processing;

- The digital image was processed in the sense of rectifying the A4

format to its real size;

Distance Braking Diagram
T

1 Braking Space for Tyre pressure at 2 Bar

a 0 N !1 4 0
Wlooily k]

Fig. 10. Distance braking diagram for different pressure in tires

- Identifying the areas impregnated with lubricant on the A4 sheet and
performing image processing;

- Identify the number of pixels assigned to the A4 image;

- Calculation of the areas of contact spots of the tires using the formula:

(1)

area format A4 x calculated contact patch

stain area =
area format A4 in pixeli

3.2 Braking space determination methodology
Equipment used:
- The vehicle intended for experimental tests;
- GPS sensor;
- Hardware - software support: laptop, GPS application
- Road in alignment: length of 230 m
- Polygon of experimental tests: ICDT UnitBV Brasov platform.
3.3 Test methodology
3.3.1 Vehicle preparation:
- Tire pressure adjustment;
- Mounting the GPS equipment and connecting with the laptop
support.
3.3.2 Test scenario:
- Driving the vehicle at speeds of 10 km/h, 30 km/h, 50 km/h, 70
km/h and operating the braking system until it stops;
- Acquisition of digital speed data provided by the GPS system during
experimental tests;
- Repeat the test scenarios at a
: pressure of 1.5 bar and 2.0 bar
respectively.
3.4 Data processing
- Speed data processing in
Microsoft office Excel;
- Determining the accelerations
by derivation;
the

distances by integration:

- Determining travel
e - Determination of braking
time, maximum speed, braking
distance, maximum deceleration
of the vehicle, average decel-
eration of the vehicle, maximum

friction coefhicient of the vehicle,
L

@ o " average friction coefficient of the

vehicle;
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- Determination of analytical curves of braking spaces by mathematical
regression;

- Data analysis and interpretation of results.

4.RESULTS

It is found that at a pressure of 1.5 bar on a dry road at an ambient
temperature of 23°C it is found that for a larger contact spot of the tires
corresponds to a larger braking space.

5. CONCLUSIONS

On specialized literature, it is found that the safety of the vehicle is
closely related to the performance of the braking system, depending
on the tire pressure and the conditions of their use according to the
manufacturer’s recommendations. To determine the braking perfor-
mance, it was necessary to solve the objectives of determining the size
of the contact patches depending on the tire pressure, the determina-
tion of the braking distance, the variation of the vehicle velocity and
the determination of the correlations between these parameters. After
applying the methodology for determining the contact patches, the
braking spaces and the observance of the test scenarios when driving
the vehicle at velocity of about 10 km/h, 30 km/h, 50 km/h and 70
km/h respectively and operating the braking system up to stopping it
on a 230 m long alignment road.

The results of the experimental tests were processed and analyzed so
that the correlations between speed, tire pressure and braking distance
resulted.

After determining the graphs based on the data centralization of:
velocity, tire pressure, braking time, maximum speed, braking distance,
maximum deceleration, average deceleration, maximum coefficient
of friction, minimum coefficient of friction, for each travel velocity
determined by the experimental tests established the braking distance
resulting in a curve of the braking distance as a function of speed, and
by mathematical regression the analytical equation of the function was
established.

y = 0,0043x* + 0,203, (for pressure 2.0 bar)
y = 0,0054x* + 0,1214X (for pressure 1.5 bar)

2
€)

Based on these equations, the mathematical relationship of each value
of the speed parameter x and of the braking spat y was established.

It is found that for braking with a lower tire pressure on a dry road at an
ambient temperature of about 23°C, the braking space is more efficient
being smaller.

For an average patch at a tires pressure of 1.5 bar has the value a , =
0.0212m?, and for 2.0 bar a, = 0.0164m>.

A, for: v =10 km/h, A, = 0,71 m; v = 20 km/h, A, = 1,19 m; v = 30
km/h, A = 1,46 m; v = 40 km/h, A, = 1,50 m; v = 50 km/h, A, = 1,33
m; v = 60 km/h, A= 0,94 m; v = 70 km/h, Ag=0,32 m.

The highest value of the difference A  being obtained at a speed of 40
km/h. This value reaches 0 once the vehicle speed reaches 70 km / h.
It can be said that for braking on a horizontal road in alignment, the
higher contact spot of the tire determines a better performance of the
braking system, without taking into account other dynamic stresses
related to other driving conditions.

REFERENCES:

[1] He Rui, Jimenez E., Savitzki D., Sandu C., Valentin I. Investigating the
parameterization of Dugoff tire model using experimental tire- ice data —
SAE International — University of Minnesota, 2018, pag 1-3.

[2] Reithmaier Walter, Salzinger Thomas, Motor vehicle tyres and related
Aspects, TUV AUTOMOTIVE Germany 2003, pag 48-50.

[3] Untaru M., Peres GH., Stoicescu A., Potince GH., Tabacu I., Dinamica
autovehiculelor pe roti” Bucuresti 1981. pag. 182-183.

[4] Kiss . Rolling Radii of a pneumatic tire on deformable soil — Biosystem
enginnering, 2003, pag 153-155.

[5] Kurkauskas V., Janulevicius A., Gediminas P, Damanauskas V.,
Interaction between driving wheel and road surface of all wheeled driven
tractor — Engineering for rural development - University Stulginskis
Lithuania — 2013, pag. 1-2.

[6] Zopf C., Garcia M., Kaliske M., A continuum mechanical approach to
model asphalt, Int ] Pavement Eng, 2015, pag . 105.

[7] Behnke R., Wollny I., Hartung E, Kaﬁske M., Thermo-mechanical
finite element prediction of the structural long-term response of asphalt
pavements subjected to periodic traffic load: Tire-pavement interaction and
rutting, Dresdem Technische Universitat, 2019, pag. 1-3.

[8] Jansen S., Schmeitz A., Maas S., Rodarius C., Study on some safety-
related aspects of tyre use, Tehnical Science, 2016, pag. 24-27.

Continuare de la pagina 3

de legituri si schimb de experienti intre studentii din diferite universitati
cu consolidarea sentimentului de apartenenta la aceeasi comunitate —
aceea a inginerilor de automobile, vizitarea unor agenti economici de
profil, dar si a unor obiective turistice din orasul gazdi a concursului.
Pentru cadrele didactice din comisia nationald de concurs faza finald
prilejuieste discutii profesionale, schimb de experienta, idei si practici.
Crearea sectiilor SIAR la Chisindu in anul 2013 §i participarea studentilor
de la Universitatea Tehnica a Moldovei la concurs a confirmat caracterul
international al concursului. Mai mult chiar, in 2021 concursul studentesc
a fost organizat de Universitatea Tehnica a Moldovei din Chisindu,
simultan cu congresul AITS 2021!

Incepand cu anul 2017, cu sprijinul MAGIC ENGINEERING SRL
din Brasov in cadrul concursului studentesc s-a organizat §i sectiunea
,Automotive CAD — CATIA VS’

La editia din anul 2019 la faza finald a concursului la cele doua sectiuni au
participat 53 studenti din 12 universitati.

O analiza (chiar sumari) a modului in care concursul studentesc a
evoluat in timp scoate in evidentd, pe de o parte implicarea consecventa si

20

consistenti a unor sectii SIAR in organizarea si desfisurarea concursului,
dar si atentia mai redusa sau chiar neimplicarea altor sectii.

Implicarea cadrelor didactice de specialitate in desfisurarea fazei finale
asigura atingerea obiectivelor mentionate mai sus, dar este determinanta
in prima etapi cand regulamentul asigura o ridicata autonomie in organi-
zarea concursului. Este evident ca o pregitire consistenti a etapei locale
prin informarea studentilor si a comunitatii universitate asupra specifi-
cului concursului (organizare, conditii de participare, regulament, tema-
tica, comisie de concurs premii etc.) va asigura o participare importanti a
studentilor, vizibilitate concursului §i profesorilor implicati.

Implicarea cadrelor didactice in desfisurarea concursului studentesc ar
putea reflecta, pe de altd parte, §i o misura a atentiei de care se bucura
studentii nostri din partea profesorilor lor!

Si cum intotdeauna este loc de mai bine, sa privim cu speranta spre viitor!

Viitor pe care il vor proiecta i construi si studentii nostri!

Prof. dr. ing. Minu MITREA, Secretar General SITAR
Academia Tehnica Militara ,Ferdinand I” din Bucuregti
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1.INTRODUCTION

To study the tire deflection
appearing during the impact
wit obstacles, in this research, a
special platform was designed and
realized to record the depth of the
tires deformation as function of
the applied load.

The tire is very complex product,
containing multiple layers of

which

include strings of materials like

parallel reinforcements,
nylon, polyester and steel. The
strings may have different spatial
orientation, which are imprinted
in a rubber matrix. Due to the
different design and construction
aspects, the study of tires behavior
can be performed based only on
detailed numerical and experi-
mental methods [1].

Analyzing the contact between
the road surface and the vehicle wheel, the researchers encounter diffi-
culties in describing road pavement even though the driveway it’s well
defined [2][3].

A significant number of vehicle accidents are associated with mechan-
ical tire imperfections, and many vehicles travel on public roads with
tire pressure outside the tolerances of the manufacturer’s specifications.
A low inflation increases the tire-ground contact area and affects the
mechanical properties of the tire. Another effect is observed when the
tire pressure is too high: in the road curves, the tire lateral force reduces,
resulting a decrease of vehicle stability [4][5].

The driving safety of the vehicle is estimated by calculating the contact
force between the wheels and the road pavement. It is well known that
a wheel cannot transmit horizontal forces as long as the vertical force
is zero [6].

The tire-pavement contact area increase produced by the decrease of
the air pressure in the tire may lead to a bigger traction force, mainly
on soft grounds [7].

A correct air pressure in the tire will significantly reduce power loss
in association with the road surface. A controlled tire pressure will
increase the friction force between tire and road, because of increasing
the steering force of the vehicle’s wheel [8][9].

Table 1. Tire specifications

Rim material

Tire specification

Tire width [mm]

REZUMAT: Acest articol prezinti o platformd special conceputd pentru inre-
gistrarea si mdsurarea addncimii de deformare a anvelopei vehiculului cauzati de
sarcina normald a anvelopei in cazul obstacolelor cu geometrii diferite. Pentru studiu,
au fost utilizate doud forme de nicovale, triunghiulare si semicirculare. Folosind un cric
hidraulic, anvelopa a fost incdrcatd cu forte de pana la 14715 N si deformarea sa a fost
inregistratd utilizand o camerd profesionald. In cele din urmd, rezultatele obtinute au
fost comparate.

Keywords: Tire, experimental test bench, static deformation, tire analysis

The properties of the tread are influenced by its pattern and by the
existence of compression and shear, which depend directly on the infla-
tion pressure. A higher inflation pressure of the tire will affect the tire
patch due to changing of the soft ground, and, on rigid ground, will
affect the tread wear grade [10].

The contact between the surface of the road and the wheel affects
the vehicle behavior when moving, and when overcoming obstacles
(potholes, bumps, etc.) affects its movement. Assessing the tire load,
the distribution of forces and the stiffness changes during obstacles
overcoming may be very useful in analyzing vehicle motion.

The tire deformation when vehicle moves on a flat horizontal road is
quite small and depends on the tire stiffness and particularly on the
inflation pressure and tread stiffness. In this case, for small deflections,
the tires can be assumed to be linearly dependent on their stiffness [11].
Longitudinal deformations are the least obvious, as the contact area
moves relative to the rim due to the longitudinal forces acting and
the elastic, soft tire wall and the rigid belt. This displacement depends
on the direction of the induced torque. A drive torque results in a
displacement in the direction of travel, while a braking torque results
in a displacement against the direction of travel [12].

2. OBJECTIVES

Based on the needs resulting from the analysis of the current state of
for the research presented at the beginning of this paper, we have estab-
lished the following objectives for further studies:

- measuring the tire maximal deformation vs. the tire load, in the case
of two obstacle shapes;

- observing the tire deformation aspect for the same obstacles and
different loads.

3. EXPERIMENTAL TESTING METHOD

The first part of this research was the construction of the test bench.
‘This consists in a platform on which is mounted a wheel assembly that
can be operated by a hydraulic jack.

In the experiments a: 185/65 R14 wheel tire was used. The corre-
sponding rim was made of metal sheet, hawing 5 bolts arranged on a
circle of 120 mm diameter.

Rim Specification Tire diameter [mm]

185/65 R14 SAE101S

120,25

51/2Jx14H2 475,85
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Table 2. Tire deformations for different normal static forces

Semicircular
obstacle

Maximal Maximal
Push force intrusion for intrusion for
F[N] the semicircular  the triangular
shape ds[mm] shape dt[mm]
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The platform was built as a bottom-up hydraulic press, where the wheel
assembly is supported by a triangular metal frame guided by rollers. A 5

tons maximal-load hydraulic-jack was used for actuation.

The experimental platform consists in:

=
=

Fig. 1. The shape of fixed static obstacles

Fig. 2. Tire marking and 3D model of the test stand

- The support and the guide frame where the wheel is placed;
- The sliding support of the wheel;

- The support base equipped with force sensor;

- The location base of the impactor head of the anvil;

Tire deformation - triangular shape
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Fig. 3. Tire deformation vs. load in the case of semicircular obstacle
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Fig. 4 Tire deformation vs. load in the case of semicircular obstacle
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- The digital display for force values.

In order to visually track its deformations
when engages the obstacles, the tire was
precisely marked, as can be seen in figures
1 and 2.

With the mentioned wheel, a number of
16 tests were performed. The pressure point
of the tire is located on the plane passing
through the axis of symmetry of the wheel
and no other positions were taken into
account.

For the experiments, 2 variables were
considered, the pressing mass and the defor-
mation of the tire at a nominal pressure of
2.2 bar. These 2 variables were determined
using 2 semi-circular and triangular profile
anvils.

In figure 1 are shown the two types of obsta-
cles, the semicircular one which has a radius
of 100 mm and the triangular one which
has an angle of 90 degrees.

These tests offer the possibility to determine
the deformation of the tire to the action of
a static load, the tire inflation pressure being
at normal values according to the manufac-
turer’s recommendations.

The tire was marked for better accuracy in
collecting experimental data.

A professional Nikon D750 full DSLR
camera equipped with a Sigma 35mm
F1.4 lens was used for the experimental
measurements.

4.RESULTS

The images in table 2 show the results of the
experimental tests: contact of semicircular
and triangular anvils with the tire.

The images of the contact between tire and
triangular anvil show more accentuated intru-
sion as the ones obtained for the semicircular
shape. The corresponding numerical values are
presented also in the table. Based on the exper-
imental results (presented in the figures 3 and
4, second degree polynomial equations were
obtained by regression to indicate the depend-
ency of the deformation on the applied force.
These equations were used afterwards for the
comparison of the tire deflections obtained in
the cases of the two obstacle types, figure 5.
The contact force value of 14715 N, induces
a tire deformation depth of 95 mm for the
semicircular profile and 103 mm for the
triangular profile. This second deflection
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Fig. S Comparison of regression curves presenting the tire deformation vs. load for both obstacle types

value indicates that the triangular obstacle is on the point to hit the
wheel rim, which means also the wheel will be destroyed.

On the figure are also presented the deformation depths corresponding
to the cases of loaded and unloaded vehicle. In the case of the unloaded
vehicle for the wheel weight of W = 2819N for the triangular profile
it corresponds to a value of d_ = 30.31mm compared to the circular
profile where the same loads correspond to a deformation value of d,
= 28.90mm resulting in a relative variation of the deformation A =
1.41mm. In the case of the vehicle loaded for the wheel weight of W_
= 3824N for the triangular profile it corresponds to a value of d_=
39.97mm compared to the circular profile where the same loads corre-
spond to a deformation value of d, = 38.05mm resulting in a relative
variation of the deformation A = 1.92mm.

Comparing these normal contact force and deflection values for the
loaded vehicle with the maximal values presented on the plot, it results
that the wheel damage (the rim hit) appears at a deflection approxi-
mately three times bigger and a force four times bigger.

5. CONCLUSIONS

The study of the tire-road interaction has a particular importance for
the vehicle dynamics (mainly for vehicle ride and grip force genera-
tion), but also for the design and construction of the tire.

Even in this work the tire deflection was studied in (quasi)-static condi-
tions, the results are important because the chosen experimental case
leads to the maximum deflections and stress of tire.

The results of these studies of static tests of the vehicle wheel are directly
correlated with the conditions of driving at low speeds in the parking
lot, so that when climbing on curbs or obstacles where these types of
profiles can be found (triangular and semicircular) the values of the
corresponding recorded deformations the pressing forces are similar to
the test conditions. For the movement of the vehicle in high-speed
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regimes where in contact with the obstacles there are also dynamic
stresses, additional measurements are needed to correlate the static
pressing force with the dynamic pressing forces and the afferent values
of the deformations. In future research, the authors intend to enlarge
the experimental cases, modifying the test conditions: more tire types,
different shapes and dimensions of the obstacles, changed inflation
pressures, of the type loading gases as well as of the and movement of
the tire over the obstacles.
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centrat pe hidrogen.

Specialisti de top din Austria
(AVL GmbH), Franta (Renault
Group), Germania (FEV Europe)
si Roménia (ICSI Rm. Valcea,
RATEN, Universitatea din Pitesti)
au generat dezbateri intense pe su-
biectul hidrogenului.

Avantajul cert al hidrogenului deriva
din posibilitatea furnizirii de energie fird emisii de CO2 (gaz considerat ca
fiind principalul responsabil pentru incalzirea globald).

Din discutiile celor doua zile a reiesit ci in acest moment sunt inci multe
intrebari referitoare la problemele ce deriva din dorinta utilizirii sale pe scara
larga:

* cum producem hidrogenul curat §i cu ce consum de energie?,

* cum si cind se va crea infrastructura necesard dezvoltirii unei economii in

care hidrogenul ar trebui sa joace un rol major?,
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* cum se va stoca hidrogenul? ...

Si prin acest eveniment stiintific,
Universitatea din Pitesti a sarbatorit,
alituri de cei peste 150 specialisti
participanti, cei 60 de ani in care s-a
cladit o traditie a excelentei acade-
mice.
Programul complet al evenimentu-
lui si cele sase prezentari se regisesc
la https://www.upit.ro/ro/cerceta-
re-stiintifica/events
A scientific event organized by the University of Pitesti with the help of AVL List
Austria, FEV Europe, Renault Group, National R&D Institute for Cryogenic and
Isotopic Technologies - ICSI Romania, Technologies for Nuclear Energy State
Owned Company - RATEN, Society of Automotive Engineers of Romania - SIAR,
Romanian Automotive Manufacturers Association - ACAROM.
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Adrian Constantin CLENCI



