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EXPERTIZA S1 DINAMICA
ACCIDENTELOR RUTIERE

Complexitatea lucrarilor de expertizare a accidentelor de trafic rutier a impus utilizarea unor noi
instrumente accesibile inginerilor si expertilor care lucreazi in acest domeniu. Analiza aprofundati
a dinamicii autovehiculelor, a influentelor aderentei asupra dinamicii accidentelor de circulatie, pro-

cedurilor de cercetare la fata locului accidentului expuse in sinteza si evaluare critica, prezentarea si
intelegerea modelelor teoretice care stau la baza programelor de modelare si simulare a dinamicii
ﬁ EDITURA UNIVERSITATII DIN ORADEA accidentelor de circulatie sunt elementele definitorii care au stat la baza lucririi prezentate.
= Pornind de la elemente avansate de dinamica a autovehiculelor §i continuind cu bazele teoretice ale
pachetelor software concepute pentru reconstructia accidentelor de circulatie, autorii prezinta in
lucrare soft-urile specializate PC-CRASH, versiunea 9.1 si VIRTUAL CRASH, versiunea 2.2. Sunt subliniate similaritatile si deosebirile dintre
acestea, precum si modelele fizico-matematice utilizate in modelarea/simularea accidentelor de trafic rutier folosite in aceste programe.
Pentru o intelegere corecti a potentialului celor doud instrumente software, au fost analizate urmatoarele tipuri de accidente/evenimente rutie-
re: accidente autovehicul-pieton, accidente autovehicul-autovehicul, accidente in care sunt implicate autocamioane cu remorci/semiremorca,
accidente in care sunt implicate biciclete/motorete/motociclete si accidente in care se analizeazi ocupantii autovehiculelor implicate.
Atatin PC-CRASH, cétsiin VIRTUAL CRASH, prezentarea rezultatelor modelirii, obtinerea raportului final, a variatiei marimilor cinematice
si dinamice ale autovehiculelor implicate sunt puse in concordanti cu simularea finali.

DINAMICA AUTOVEHICULELOR

Autori: Victor OTAT, Dumitru BOLCU, Walter THIERHEIMER,
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Anul aparitiei: 2010
Editura Universitaria Craiova
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Dezvoltarea impetuoasi a constructiilor de autovehicule precum si a transportului rutier presupune
folosirea intr-o misura din ce in ce mai mare a celor mai noi cuceriri stiintifice si tehnice din acest
domeniu.

Dinamica autovehiculelor se ocupi cu studiul procesului de miscare al autovehiculelor cu roti (auto-
turisme, autocamioane, autobuze, autospeciale, tractoare si autotrenuri), precum si al autovehiculelor
cu senile, cu stabilirea relatiilor matematice care servesc la determinarea legiturilor cinematice si di-
namice dintre elementele ce definesc si conditioneaza miscarea autovehiculelor.

In lucrare sunt prezentate, in ordine, notiuni privind organizarea generali si principalii parametrii
constructivi ai autovehiculelor, procesul de autopropulsare, mecanica rotilor cu pneuri, rezistentele la
inaintare, reactiunile ciii de rulare asupra rotilor, aspecte fenomenologice ale interactiunii dintre pneul de automobil si calea de rulare, cu impli-
catiile acestor interactiuni asupra miscirii autovehiculului, maniabilitatii si stabilitatii acestuia in timpul mersului (este analizati interactiunea
fati de ciile nedeformabile, precum si fatd de cele deformabile).

Performantele de frinare sunt prezentate cu implicatiile lor asupra sigurantei circulatiei autovehiculelor.

Se prezinti elementele de bazi din mecanica suspensiei autovehiculelor, evidentiindu-se parametrii si criteriile de apreciere a confortabilitatii
autovehiculelor. Sunt trecuti in revista principalii parametrii de apreciere a economicitatii autovehiculelor, indicandu-se si solutii practice de
reducere a consumului de combustibil cu mentinerea performantelor.

Notiunile si relatiile matematice stabilite la aceastd disciplina stau la baza calculelor de proiectare generali a autovehiculelor, la baza stabilirii
metodelor si conditiilor de incercare in laborator a ansamblurilor autovehiculului, precum si incercarea autovehiculelor in conditii de drum, cu
utilizarea tehnicii moderne de investigare, la baza teoriei circulatiei rutiere, precum si la baza studiului fiabilitatii si terotehnicii autovehiculelor.
Lucrarea se adreseazi — in principal — studentilor sectiilor de Autovehicule Rutiere si Ingineria Transporturilor, fiind in acelasi timp utild spe-
cialigtilor care lucreaza in domeniul constructiilor de autovehicule, precum si celor din domeniul exploatirii intretinerii si repararii acestora,
unele capitole putind fi folosite ca indrumar in activitatea expertilor tehnici auto.
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DESPRE OMOLOGAREA AUTOTURISMELOR IN CONTEXTUL
MOBILITATH DURABILE/SUSTENABILE

ABOUT THE HOMOLOGATION OF CARS IN THE CONTEXT

OF SUSTAINABLE MOBILITY

A\ n prezent, omologarea autoturismelor (passenger
cars) si a autovehiculelor utilitare ugoare (light
> duty vehicles) se realizeazi utilizand un ciclu
normalizat (e.g. New European Driving Cycle

dh
e N emisiilor poluante reglementate (e.g. CO, HC » NO,,
PM & PN) si a celei de CO, in conditii identice din punct de vedere vitez3,
acceleratie, schimbare trepte de viteza, temperaturi si umiditate. Altfel spus,

— NEDC - cit de nou mai mai este acesta se vede din
anul implementirii sale: 1992), scopul fiind misurarea

incercarile de omologare sunt incerciri de laborator, desfasurate in conditii
repetabile, de unde deriva si avantajul fundamental: posibilitatea analizei
comparative intre performantele de depoluare ale diferitelor autovehicule/
strategii de calibrare energetici utilizate. In mod evident, existi dezavantaje
ale acestei maniere de omologare: de exemplu, lipsa de realism (i.e. in ce
misuri realitatea este reprodusa la standul cu rulouri? - evident, aceasta
este o intrebare retorici pentru ci realitatea este irepetabila si nu poate fi
reprodusi) si faptul ci optimizarea autovehiculelor se face cu precidere pe
zonele de functionare specifice ciclului normalizat.

La toate cele mentionate anterior, ar trebui adiugat faptul ci ciclurile
normalizate, emisiile reglementate si limitele lor difera la nivel global. Cu
alte cuvinte, exista 0 neomogenitate globali a cerintelor legislative; ca si
cand atmosferd planetei noastre nu ar fi a tuturor...

Desigur, acestea sunt in vizorul organismelor internationale ce se ocupa
cu reglementarea standardelor de omologare. Din punctul meu de vedere,
problema principala este viteza de interventie a acestora §i asigurarea
respectirii standardelor impuse (a se vedea scandalul Dieselgate...). Cred
ca este evident pentru toti: in actualul context de dezvoltare globali, nu se
mai poate continua in acelasi stil, cu aceleasi mentalitati. In ciuda severi-
zrii reglementirilor legislative (e.g. de la Euro 1, implementat in 1992, la
Euro 6, implementat in 2015, emisia de NO_a motoarelor Diesel a scazut
dela 500 mg/km la 80; emisia de PM a scazut de la 140 mg/kmla 4.5 mg/

km; totodatd, de la Euro 3, introdus in anul 2000, la Euro 6, introdus in
2015, ,durabilitatea” sistemelor de depoluare, altfel spus, ,durabilitatea”
privitoare la respectarea normelor de omologare a crescut de la 80000 km,
la 160000 km), poluarea atmosferei s-a intensificat. De aceea, gindesc ci
mobilitatea sustenabild nu ar mai trebui sa fie doar un slogan.

Ca urmare a acestor preocupdri pe subiectul mobilititii sustenabile, se
prefigureazi urmatoarele pentru testele de omologare: adoptarea la nivel
global/mondial a unui singur ciclu normalizat (World harmonized Light
vehicles Testing Cycle - WLTC), mult mai reprezentativ pentru traficul
real (i.e. cu acceleratii mai agresive si neuniforme; cu vitezi maxima mai
mare; cu o duratd de timp mai mare) i, mai ales, completarea cu teste
in trafic real (Real Driving Emissions — RDE). Misuritorile emisiilor
in cazul testelor RDE se efectueaza cu echipamente imbarcabile de tip
PEMS (Portable Emission Measurement System) si vizeazi analiza
conformititii in functionarea reald a autovehiculelor (In-Service Confor-
mity). Conform anumitor publicatii, teste de tip RDE, realizate pani in
acest moment, releva faptul ca in conditii de trafic real, valorile emisiilor
poluante depigesc semnificativ (de peste 4-S ori) valorile impuse de regle-
mentirile de tip NEDC/FTP (v. scandalul Dieselgate declangat in USA).
La nivel national, toate acestea trebuie avute, de asemenea, in vedere.
Autoritatile statului, producitorii autohtoni de automobile, universititile
trebuie si conlucreze pentru a asuma si disemina noile tendinte privi-
toare la omologare. Societatea Inginerilor de Automobile din Romania
(SIAR), prin membrii sii, poate contribui si aici. Un exemplu in acest sens
il reprezintd cooperarea dintre Renault Technologie Roumanie (RTR) si
Universitatea din Pitesti, aceasta fiind, actualmente, singura institutie din

tard care detine un echipament de tip PEMS pentru teste RDE.

Adrian CLENCI, Pregedinte SIAR,
Director al Departamentului Autovehicule si Transporturi
Universitatea din Pitesti
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INTERVIU GU DL. PASGAL GANDAU
DIRECTOR GENERAL RENAULT TECHNOLOGIE ROUMANIE

INTERVIEW WITH MR. PASCAL GANDAU
HEAD OF RENAULT TECHNOLOGIE ROUMANIE

Stimate domnule Director General, in ce mdsurd activitatea Renault

Technologie Roumanie este integratd in proiectele majore ale Renault?
Intr-o foarte mare misuri, avind in vedere ci Renault Technologie
Roumanie a primit intreaga responsabilitate pentru dezvoltarea gamei
Global Accessla nivel mondial. Vorbim de masini precum Logan, Sandero,
Duster, Lodgy si Dokker care reprezinti nu mai putin de 40% din vanza-
rile Renault la nivel global si care acoperd multe piete precum Europa,
America de Sud, Africa de Nord, Rusia, India, daci e si le mentionim
doar pe cele mai mari.

Douisprezece uzine fabrica cel putin o masini din gama Global Access.
Acest lucru este important §i este cu siguranti un lucru cu care inginerii
din Romania se pot mandri. Peste 2000 de ingineri lucreaza astazi la
Renault Technologie Roumanie si inca ne mirim, in fiecare an. Principala
mea preocupare este: voi gisi in Romania, in echipele mele, in universitati,
resursele si competentele de care Renault Technologie Roumanie are
nevoie pentru a creste?

Testarea si dezvoltarea solutiilor concepute de proiectanti este in mare
parte in sarcina Centrului Tehnic Titu. Cum este implicat acest centru in
dezvoltarea noilor proiecte Dacia si Renault?

PE—— |

Centrul Tehnic Titu este integrat complet in procesul nostru de dezvol-
tare. Printre celelalte centre de inginerie pe care Renault le are la nivel
mondial (Coreea, Brazilia, India ... ), Renault Technologie Roumanie este
singurul care are un asemenea centru de testare. Cu 32 km de piste si zeci
de bancuri de testare, cu noul sau atelier de prototipuri, Titu este unic si
cu siguranti una din cele mai valoroase resurse ale Renault Technologie
Roumanie.

Titu lucreaza in principal pentru proiectele din gama Global Access, dar
nu numai. Astizi, mai mult de 450 de persoane lucreazi acolo si inca avem
proiecte de extindere care sa acopere noile nevoi.

O legdturd stransd de colaborare intre industrie si universitdti permite
exploatarea eficientd a resurselor si competentelor disponibile in aceste
institutii. Cum apreciati relatiile de cooperare dintre compania dumnea-
voastrd si centrele universitare din Romdnia?

Relatiile de cooperare dintre Renault Technologie Roumanie si
universitati constituie o prioritate pentru noi si considerim ci sunt foarte
bune. Programele de masterat in ingineria autovehiculelor dezvoltate
in parteneriat cu universititile si stagiile de practici din Renault Tech-
nologie Roumanie, din fiecare an, pentru un numar mare de studentj,

5
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participarea specialistilor nostri, ca lectori, la cursuri §i sponsorizarea cu
echipament a lucrérilor de laborator, sunt doar citeva exemple ale acestor
bune relatii. De asemenea, vreau si mentionez ci Renault Technologie
Roumanie participa activ in proiectele de cercetare i inovare, in partene-
riat cu universitatile si institutele de cercetare.

Cum considerati cd poate fi intensificatd aceastd cooperare? Formularea
de citre Renault Technologie Roumanie a unui inventar de probleme
care si se constituie directii/teme de cercetare pentru parteneriate
comune cu departamentele de profil din universititile din Romdnia ar
putea fi o solutie?

Intensificarea acestei cooperiri inseamnd, in primul rind, sa gasim
impreund modalititi de a asigura o buna formare teoretici §i practica
a studentilor, astfel incét viitorii ingineri si raspunda asteptarilor anga-
jatorilor. In plus fati de cooperarea actuali, am ciutat noi modalitati de
deschidere a Renault Technologie Roumanie citre mediul universitar.
Creative Lab este una dintre ele. Acesta este un spatiu dedicat creativititii,
dotat cu imprimante 3D, unde organizam ateliere, formiri, dezbateri,
expozitii, prototipare rapidi, robotic, proiecte de inovare, §i unde
studentii au acces liber §i pot participa la proiectele noastre sau isi pot
dezvolta ideile. Considerim, de asemenea, ci dezvoltarea colaboririi intre
specialistii nostri si profesorii universitari prin vizite, reuniuni, prezentari
ale produselor si proiectelor, va contribui la 0 mai buni cunoastere a
necesitatilor noastre. Dintr-o astfel de colaborare strinsi ar putea rezulta
teme de cercetare in parteneriat cu universitatile din Roménia.

O preocupare majord a constructorilor de automobile este reprezentatd
de dezvoltarea solutiilor constructive de automobile cu surse de energie
diferite de motoarele clasice cu ardere internd (vehicule electrice/BEV,
vehicule hibride/HV, vehicule cu pile de combustibil/FCEV etc.). Care
ar fi variantele viabile? Are Renault cercetdri in toate aceste directii sau
a optat pentru dezvoltarea si implementarea rapidd si rentabild doar a
unora dintre ele?

De fapt, dupi cum arati studiile, automobilele sunt responsabile
de 15% din emisiile de dioxid de carbon provocate de om la nivel
mondial. Vehiculele electrice (VE), care au emisii zero in timpul
conducerii lor §i pot fi reincircate utilizind 100% surse regenerabile
de energie, reprezinti o solutie pentru a reduce drastic aceste emisii.
Astazi, Alianta Renault-Nissan este numarul unu in vinziri VE la nivel global:
330.000 de unititi vindute la nivel mondial pani la sfargitul lunii martie 2016.
Delainceput, Renault a adoptat o strategie clari, cu o0 gama completi de vehi-
cule electrice, folosind bateriile electrice ca sursa de energie:

- Kangoo Z.E. este primul vehicul electric comercial lejer din gama.

Lansat in 2010, a fost votat ,2012 International Van of the Year” — prima
data cAnd un vehicul electric a fost premiat;

- SM3 Z.E. este primul sedan complet electric dezvoltat la nivel local de
Renault Samsung Motors din Coreea;

- Twizy, lansat in 2010, este un vehicul electric cu doui locuri proiectat
pentru oras;

- ZOE este primul automobil Renault conceput in intregime ca un model
complet electric, lansat in 2012 si cel mai vandut in Europa, cu o rata
foarte mare de satisfactie din partea clientilor.

De fapt, principala problemi pentru masinilor electrice este lipsa
infrastructurii de incircare, de care se plang astizi utilizatorii.
Pe termen scurt, pentru a indeplini cerintele de reglementare, vehicu-
lele hibride reprezinta etapa de tranzitie dintre vehiculele cu motoare cu
ardere interni (clasice) si vehiculele complet electrice.

In timp ce continui si imbunititeascd autonomia vehiculelor sale elec-
trice, Renault dezvolti, de asemenea, alternative pe termen scurt. De
exemplu, tehnologia Hybrid Assist, prezentata pe noul Scenic 4 la Geneva
Motor Show in martie 2016, consti in asistarea motorului cu ardere
internd de citre un motor electric i o baterie Li-Ion de 48 V. Motorul
electric suplimentar inlocuieste alternatorul, ofera reducerea consumului
si un confort sporit de conducere pentru un cost foarte competitiv in
comparatie cu vehiculele hibride clasice (Full Hybrid Electric Vehicles).
In ceea ce priveste pilele de combustie, chiar daci oferi o autonomie
mai mare, pretul unei astfel de tehnologii este inci ridicat in comparatie
cu pretul bateriilor electrice de tractiune. In plus, daci avem astizi o
problema cu infrastructura de incircare a vehiculelor electrice, vi puteti
da seama ce problematici ridica implementarea de statii de alimentare cu
hidrogen.

In contextul mobilititii sustenabile/durabile, intelegem ci omologarea
autovehiculelor va include, incepdnd din 2017, si asa numitele teste de
tip Real Driving Emissions. In ce mdsurd, considerati ci va fi afectati
activitatea de dezvoltare a noilor motoare? La Renault Technologie
Roumanie, aveti previzute astfel de teste anul acesta?

Bineinteles ca Renault va respecta toate noile standarde. Testele de tip
Real Driving Emission (RDE) vor avea un impact asupra felului in care
dezvoltim noilor motoare. In ceea ce priveste testele propriu-zise, sunt
deja realizate teste RDE gratie bunei colaboriri pe care o avem cu univer-
sitatea din Pitesti, care a achizitionat un astfel de sistem si foloseste pistele
noastre de la Titu §i vehiculele noastre pentru cercetare.

Automobilele autonome sunt deja o realitate. Se proiecteazi automo-
bilul inteligent care va comunica in permanentd cu partenerii de drum,
cu calea (mediul) de rulare, cu conducitorul auto etc. In aceastdi dezvol-
tare se pune problema vulnerabilitdtii la actiuni neautorizate — deci a
securitdtii cibernetice a automobilului. Cum apreciati integrarea noilor
tehnologii intre competentele inginerului de automobile?

Integrarea noilor tehnologii pe un autovehicul ii provoaci pe inginerii
nostri, deoarece acestia sunt obisnuiti sa priveasca lucrurile in termeni
de componente, jar acum trebuie sa gindeasci din ce in ce mai mult in
termeni de sistem. Ingineria sistemelor nu este o abordare noud, dar nu se
regaseste in bagajul de cunostinte pe care il gisim de obicei in randurile
inginerilor. Suntem in lucru cu Universitatea din Bucuresti privind propu-
nerea unui Masterat de ,Ingineria Sistemelor” si ii invitim §i pe ceilalti
membri din industria noastri sa participe si si-si impartiseasci ideile.
Vi multumim, stimate domnule Director General, pentru amabilitatea
de a acorda acest interviu revistei noastre si dorim mult succes Renault
Technologie Roumanie in realizarea proiectelor sale!
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FREE PISTON TWO STROKE ENGINE
FOR A HYDROSTATIC TRANSMISSION

CONSTRUCTIA UNUI MOTOR iN DOI TIMPI, CU PISTOANE LIBERE,
UTILIZAT PENTRU 0 TRANSMISIE HIDROSTATICA

REZUMAT

Pentru a raspunde cerintelor actuale impuse constructorilor de autovehicule de a
reduce semnificativ consumul de combustibil si emisia de bioxid de carbon asociata,
este necesard cercetarea si dezvoltarea a noi sisteme tehnice care sd reducd cantitatea
de emisii poluante si consumul de carburant. O directie care s-a conturat in ultimii
ani este aceea de a dezvolta sisteme de propulsie hibrid -hidraulice.

Acest lucru permite reconsiderarea obiectivelor de cercetare a motoarelor pentru o
functionare optimizata.

Motorul cu pistoane libere reprezintd o alternativi la motoarele cu ardere internd
conventionale, putind imbundtati considerabil reducerea cantitatii de emisii

1.INTRODUCTION

The free piston engine represents

;L%:Etian RADU! an alternative solution for conven-
sfadu@unitburo tional internal combustion engines.
It gives us the possibility to improve
considerably the fuel and emission
Prof.dr. ing. quantity reduction. The two stroke

. Horia ABAITANCEI engine will always be permanently

an interest due its energetic perfor-
mances, reduced specific mass,

Prof. dr. ing.
Gheorghe- constructive simplicity and the low
Alexandru RADU*
number of components. The two
Drd. ing. stroke engine integration approach
Marton IAKAB-PETER' with the hybrid system broadly,
electrical or pneumatic systems are
justified by the evolution of both
Dr.ing. concepts.
Adrian TUSINEAN' In contrast to the classical
! Universitatea Transilvania din Brasoy, hydraulic ~ systems  (internal

Str. Politehnicii . 1, 500024 BRASOV, Romdnia

! i i h li
g combustion engine and hydraulic

pump), the free piston engines
have as advantage the simplifica-
tion of the hydraulic constructive solutions and the increasing of the
hydraulic systems efficiency. Another advantage is that the free piston
engines can function at optimal operating modes speaking about the
energetic and ecological efficiency. In the case high power hydraulic
systems are required, this can be configured by integrating more indi-
vidual units [1].

The functioning of the free piston engines can be understood the most
by analyzing the energy transfer. At the moment of moving from the
bottom dead center to the top dead center the energy is transferred from
the piston to the fresh intake mixture that enters the cylinder [2].

The thermal energy resulted from the combustion process is transformed
in kinetic energy at the time of the stroke expansion of the piston. The
most of the energy, at the stroke extension process, is transformed in
hydraulic energy in the work cylinder and another part is transferred to
the command and control system. After the piston reached the bottom

poluante si a consumului de combustibil.

Motorul in doi timpi va fi permanent de interes datoritd performantelor sale ener-
getice, masei specifice reduse, simplitatii constructive si a unui numdr redus de
componente.

Abordarea integrarii motorului in doi timpi cu propulsia hibridd in sens larg, elec-
tricd si hidro-pneumaticd este justificatd de evolufia actuali a ambelor concepte.
Prezenta lucrare descrie rezultatele simuldrii functiondrii unui motor cu pistoane
libere in doi timpi, utilizat ca sursd primard de energie pentru o transmisie
hibrid-hidraulicd.

Keywords: free-piston engine, fluid power, combustion, hybrid-hydraulic.

dead center, the energy stored in the control and command system is
transferred to the piston that it can reach the top dead center.
2.METHODOLOGY

The numeric model was developed for a conventional spark ignition two
stroke engine. One of the objectives of the study was to investigate the diffe-
rences between a conventional and a linear engine. The thermodynamic cycle
simulations were done using AVL Boost, 1D numerical analysis, software.
The engine functioning simulation was necessary to be done on a multi-
disciplinary platform since the piston motion dynamics of a free piston
engine are influenced by the gas exchange quality, the combustion quality
and the hydraulic system load.

A one-dimensional model of the free piston engine was made in AMESim
program created by Siemens Software.

3.SYSTEM DESCRIPTION

A single piston free piston engine was studied in order to evaluate the
energetic potential, as primary hydraulic transmission system.

-

il I — | R I
[ [

Fig. 1. Configuration

of free piston engine
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Fig. 2. AVL Boost model
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Fig. 3. Effective flow area for intake and exhaust manifold
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Fig. 5. Cylinder pressure evolution for different speeds

A spark ignition two stroke engine was chosen that has the following
constructive parameters:

« Bore: 50 mm;

« Stroke: 50 mm;

« Compression ratio: 9, 10, 13;

« Piston mass: 0.720 kg;

« Diameter of the hydraulic piston: 15 mm;

« Diameter of the commanding piston: 24 mm.

Because exist the possibility to realize a variable compression, the
performances of the engine were evaluated for the following compres-
sion ratios: 9, 10, 13.

8

Also the performances were evaluated at more engine speeds.

In Figure 1 is presented the schematic diagram of the studied free-
piston engine.

4. THERMODYNAMIC MODEL [3]

The thermodynamic model originates from mass conservation
equations.

The calculation of the thermodynamic state of the cylinder is based on

the first law of thermodynamics:

d(m, -u)z_p v o, _ZJQ,_
da da da da (1)
dm dm dm dm
—hyy —E+ Yy — b=y —=-h-q_ - f —=
* da ) da * ) R e

The variation of the mass in the cylinder can be calculated from the
sum of the in-flowing and out-flowing masses:

dm_,
dt

dm,_ dm, dm, dmg,
F S Z = Z = * (2)
a

da da da

To obtain the air-fuel mixture outside the cylinder the following
hypothesis were considered:

o the air-fuel mixture is homogenous at the beginning of the
combustion;

« the air-fuel ratio is constant during combustion;

« the burnt and unburned loads have the same pressure and tempera-
ture even though « their composition is different.

5. GAS EXCHANGE

Gas exchange is a multi-phase process. In the case of a two-stroke
engine, the perfect mixing model is not sufficient for accurate simu-
lations. For the two stroke engine cycle simulation, BOOST software
gives two “user-defined”, mathematical models of gas exchange, which
are "Scavenging type A” and “Scavenging type B” In the A type mathe-
matical model doesn’t exist mix of fresh intake gases and burnt gases
which leaves the cylinder.

In the B mathematical case the program delimitates the cylinder in two
zones: a shift zone and a mixture zone. To evaluate the efficiency of the
gas exchange of the two stroke engine it was necessary to define the
flow coeflicient depending on the scavenging coeflicient.

6. COMBUSTION MODELING

To model the combustion process the heat release rate was directly
specified. The quantity of heat released on crankshaft rotation angle was
calculated using the cycle’s total heat release, which was determined by
the fuel quantity introduced in the cylinder and the air-fuel ratio. The
combustion process was modeled using the Vibe equation knowing the
start and length of the combustion and the Vibe shape factor.

7. THE HYDRAULIC SYSTEM

To evaluate the free piston engine global performances, we must study
it in close contact with the technical system driven by it (linear alter-
nator or hydraulic pump).

In the studied case a simulation model was made which contains
the hydraulic system that controls the piston displacement and the
hydraulic pump.

To use the mathematical model of thermal engine results achieved in
AVL Boost it was necessary to make the hydraulic systems in AMEsim,
separately of the thermal engine system. The two 1D programs were

connected through transfer functions [4].



Ingineria automobilului Nr. 39 / iunie 2016

8. SIMULATION RESULTS

The analysis carried out on mono-cylinder in Boost resulted in infor-
mation on energy and operating parameters of the engine. Simulations
were performed for three speed regimes and the cylinder pressure
developments were compared. The simulation speeds are: 2000
min-1, 6000 min-1 (maximum torque speed), 13,000 min-1 (rpm of
maximum power).

In figure S shows how the pressure is developing inside the cylinder for
different speed regimes.

It can be observed that the once with the speed increasing the pressure
available to drive the hydraulic systems of the free piston engine will
increase to drive the hydraulic systems of free-piston engine.

It was studied also the compression ratio influence on the pressure
evolution resulted by the combustion process and on the effective
power of the two stroke engine.

It can be observed that once with the increasing of the compression ratio
from 9 to 10 the maximum pressure in the cylinder increases by 9%.
Also with the increasing of the compression ratio from 10 to 13 the
maximum pressure in the cylinder increases by 24% (Figure 6). It is
preferred to work at a high compression ratio but this is possible only
if additional control measures are applied to the system. In Figure 7 is
presented the evolution of the engine power influenced by the compre-
ssion ratio.

Information was obtained on free piston engine functioning in various
operating conditions. Answers were got regarding the influence of the
pressure, within the burning chamber and the hydraulic circuit. Results
were achieved regarding the thermodynamic parameters of the two
stroke engine.

The hydraulic free piston energy conversion system was analyzed using
the Amesim software. The parameters considered were: free piston
frequency, amplitude, hydraulic generator and actuator diameter and
spring stiffness. For the translational / rotational conversion mecha-
nism using a lever and freewheel device, the lever length and moment
of inertia were considered. Examples of this studies are given in figure
8and9.

It can be noticed that a controlled frequency — stroke pair of parame-
ters may define a large range of vehicle speed, in the range of a typical
off road vehicle. This possibility is a great possibility to identify and
optimize the thermodynamic cycle.

9. CONCLUSIONS

The one-dimensional simulation made with the AMESim software is
relevant for the study of free piston engine behavior in various functi-
onal conditions.

The thermodynamic cycle simulation analysis made with AVL BOOST
software provides an appropriate approximation of the energetic para-
meters of a two stroke engine.
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DESIGN OF A GOMPOSITE DRIVE SHAFT

FOR A HEAVY WEIGHT VEHIGLE

PROIEGTAREA UNUI ARBORE CARDANIC COMPOZIT
PENTRU UN AUTOVEHICUL COMERCIAL GREU

REZUMAT

In aceastd lucrare, se prezintd unele elemente privind proiectarea si analiza unui
arbore cardanic compozit destinat vehiculelor comerciale grele. Tubul arborelui ar
trebui sd fie produs dintr-un materialul compozit carbon/epoxy prin infasurarea
fibrelor de carbon. Capetele arborelui sunt realizate din ofel. Conectarea cu tubul
din material compozit se realizeazd odatd cu infasurarea fibrelor de carbon.

1.INTRODUCTION
Samet TATAROGLU! , , ,
fataroglu@itu.edur Drive shaft is an automotive
Erdem OK: component, which transmits
rdem

torque from gear box to the rear

Halit Silleyman TURKMEN? axle of a vehicle. Being an impor-

Sibel KAYA? tant component of vehicle drive
Aykut SEN? train, many studies were carried

: out to improve drive shaft designs
Vedat Ziya DOGAN: in the past. The focus has been
Zahit MECITOGLU! the implementation of composite
Erdem AKAY! materials in recent years, which

- offer considerable benefits over
Sedat SUSLER'

conventional metallic materials.
When the length of a steel drive
shaft is beyond 1500 mm [1], it

is manufactured in two pieces to

'ITU, Maslak Campus, 34469 ISTANBUL, Turkey
2 Ford Otosan, Akpinar Dist. Hasan Basri Avn. No.2
34885 ISTANBUL, Turkey

increase the fundamental natural
frequency, which is inversely proportional to the square of the length
and proportional to the square root of the specific modulus [2]. The
basic attraction of composite materials for propeller shaft applications
is that they make it possible to increase the shaft length, which is other-
wise constrained by bending resonance [3].
The use of single torque tube reduces assembly time, inventory cost,
maintenance, and part complexity [2] which leads to simplified design
and engineering of the vehicle floor pan [3]. A composite drive shaft
offers excellent vibration damping, cabin comfort, reduction of wear
on drive train components and increased tire traction [2] thus signifi-
cant reductions in weight, noise, vibration and harshness [4]. Besides,
much better corrosion resistance and near zero coeflicient of thermal
expansion are common characteristics of composite materials [5].
The purpose of this paper is design and analysis of a single piece
composite drive shaft which will replace a two piece steel drive shaft.
Static torque transmission, torsional buckling load factor and natural
bending frequency of the first mode are three basic design constraints
that must be considered during the design phase of a drive shaft [1,
2].Material properties are determined performing coupon tests and
the issues regarding the production of composite material by fila-
ment winding method are also presented. The composite shaft tube
is modeled using the finite element method. The static, torsional

10

Proprietatile materialului compozit folosite in analizd sunt obtinute prin efectuarea
de teste pe epruvete. Se modeleazd tubul arborelui prin metoda elementelor finite,
utilizand elemente stratificate si folosind software-ul ANSYS. In concluzie, aplicind
metoda studiatd se poate economisi 35% din masa arborelui.
Keywords: Composite drive shaft, Filament winding, Coupon manufacture and
testing, Finite Element Method, Tsai — Wu Failure Criterion.
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Fig. 1. Single piece shaft versus two piece shaft

Table 1.Fiber and matrix properties together with calculated material
properties for various fiber volume ratios [S].

Fiber Matrix Vp=30% Vp=350% Vr=70% Kaw
8 ["!]w]) 1800 1200 1380 1500 1620 1600
E4[GPal 230 3.4 71380 116700 162.020 181
E3[GPa] 22 3.4 5.409 7.561 11298 103

0.30 (vak)
iz 0356y 03 0.316 0.326 0.336 028
Gz [GRa] 22 1.3 2.112 3.007 5.497 77
(o1),(MPal 2067 72 641.489 1048.778 1456.067 1500
(ef),.(MPa] 1999 102 69.200  70.000 70.800 1500
(¢3), [MPa] 77 72 107.279 93594 75988 40
(¢5),,(MPa] 42 102 154.956 147.640 136.818 246

(133 [MPal 36 34 22992 20095  16.015 68

buckling and modal analyses are achieved. End connections are adhe-
sively bonded with shaft tube and the theoretical strength of the bond
is also investigated.

2. COUPON MANUFACTURE AND TESTING

Manufacturing of composite materials is a complex issue and material
properties depend on many parameters. The properties of actual mate-
rial may differ from catalogue values found in the literature. To address
that issue, test plate production is carried out in accordance with ISO
1268 [6] [7]. Coupons are cut from test plates and mechanical proper-
ties are determined by testing per regarding ASTM standards.

At that point, question may arise as what properties to expect from our
production material. Micromechanical analysis [S] provides a viable
reference point according to the fiber and matrix properties, which are
provided in Table 1.

The material properties obtained using micromechanical analysis are
given in Table 1 for several fiber volume ratios. Values provided here are
an average from the results of 3 different approaches; strength of mate-
rials, elasticity and Halphin-Tsai [S]. The material properties found in
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Fig. 2.The mandrel and the mounting of the mandrel on the filament
winding stand

Fig. 3.Winding process and the test plate

the literature [S] are also given in the same table, for comparison.

The possible maximum fiber volume ratio is around 70% for carbon
fiber reinforced composites produced by filament winding method [8].
On the other hand, it is mostly an ideal figure and very hard to achieve
in practical conditions. Furthermore, higher fiber volume ratios would
cause the increase of the density and cost. Considering all these factors,
a fiber volume ratio of 50% is accepted as an ideal value in the present
study.

2.1. Coupon Manufacturing

Test plates are manufactured using the filament winding method per
ISO 1268 standard [6, 7]. A mandrel is designed for this purpose,
which is shown in Figure 2. It is roughly a steel plate of 24 mm thick-
ness with fully rounded edges and chuck connections for filament
winding stand. Winding on the mandrel would produce 2 pieces of test
plates, which are 1m in length and 500 mm in width.

Winding pitch and the number of layers are important parameters
for controlling the fiber volume ratioduring the filament winding
process [8].

They are given in expressions (1) and (2).

Fig. 4.Test specimens and the placement of a strain gage

S.peg@e10
e )

= e
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2)

In expressions (1) and (2), p is winding pitch [mm], n is the number of
layers, p, is the linear density of fibers [g/km], h is the plate thickness
[mm)], p is the volumetric density of fibers [gr/cm?®], and ¢ is the fiber
volume ratio. It is clearly seen that the fiber volume ratio is directly
related to the winding pitch for a specific number of layers and vice
versa.

The CAD Fill' software is used for winding process and the winding
of 8 plies with a 1.6mm pitch is planned. The predicted ply thickness
is 0.3 mm, winding speed is calculated as 10000 degrees per minute
for a total winding time of an hour. In the process, it is consumed that
1.5 kilometers of fiber and around 1.2 kilograms of resin. The winding
process and the produced test plate are shown in Figure 3.

2.2. Determination of Mechanical Properties

Coupon tests are carried out to obtain the mechanical properties,
using an MTS322.21 universal testing machine. Tests are carried
out per ASTM D3039 [9] for tension, D6641 [10] for compression
and D3518 [11] for shear properties. Strain gages are used to obtain
moduli and Poisson Ratio data.

Test specimens are shown in Figure 4, along with the placement of a
strain gage.

Each of the tests are repeated for three specimens and the average of
these values are presented. The mechanical properties obtained from
the tests are shown in Table 2.

Table 2. Material properties obtained from the tests.

B, [CPa] 61.1315
E4[GPa] 3.887
V12 03018

1.489
658.930
330.025
11.520
41.835
8.288

Gy7[GPa]
(ﬂ;f ]m[l(l‘!ﬂ.l
(¢.€),..[MPa]
(z27)  [MPa]
(7:°),,,[MPa]
a2 (MPa]

1"
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Fig. 6. Project schematic in ANSYS Workbench environment.

Density tests in accordance with ASTM D792 [12] is performed to
determine the density of production material. Eight specimens are
evaluated in total and densities between 1.20 and 1.27g/cm® are
recorded. Results would provide an average density of 1.24 g/cm?.
Difference between the densities of different samples are remarkable.
2.3. Evaluation of Material Properties Obtained

The material properties are found to be lower than desired values. The
reasons are found to be related to winding process. These are listed
below:

« A controlled environment could not be achieved during manufacturing
(regarding temperature, humidity and dust in the production environ-
ment). That could be a probable cause for the formation of voids.

Table 3. Analytical and numerical model regarding design constraints.

« Constant mandrel temperature could not be maintained. It would
contribute to the formation and consolidation of voids.

« Winding parameters could not be maintained as planned due to
various reasons. Winding pitch was close to 3mm in practice, which
means a lower fiber volume ratio than planned.

« Resin content had variations throughout the whole structure. Fiber
tow broke off many times nearly in all plies of winding. These would
cause the variation of material properties.

« Process took longer time to complete than it is planned. Resin gel
time could probably be exceeded and pre-curing of the resin is started
on the stand. That may have reduced mechanical properties of cured
resin so the whole composite.

« Pilling of the tow. It would contribute to the formation of voids in
addition to the roughness of external surfaces which are not molded
directly by mandrel.

« Tension creel was not present in the winding device and the shape
of the mandrel was not suitable for fiber to get tension. That is a highly
probable cause for inferior material properties in fiber direction.
Microstructure of coupons are investigated by an optical microscope
qualitatively, which is presented in Figure 5. Left hand side is a section
of fiber direction in which individual fibers would shine as brighter
pixels. Distribution of fibers does not seem to be uniform as bright
pixels are mostly concentrated around first plies at the bottom. Fibers
get sparser in the plies above, in a more uniform fashion nonetheless.
There are some darker strips than the resin itself concentrated around
the middle which may be commentated as voids.

In the right hand side is a section of transverse direction which verifies
the existence of voids. There are some white dots in the upper plies
which are evaluated to be prematurely cured resin blobs. Voids are
greater in scale and more or less distributed towards the bottom plies.

Fig. 7. Finite element models of the drive shaft.

Tsai -

Model Stacking Sequence

Strength Ratio

Wu 1st
Frequency [HZz]

Bending Buckling Torque
[Nm]

B1
B2
B3
B4
BS
B6
C1
Cc2

C3

C4
C5
C6

0.34
2.25
2.1
1.99
2.07
1.83
0.29
2.35
2.30

[(45/-45),/45],
[(45/-45)14/45]
[30/-30/30/(45/-45)13]
[03/(45/-45)13]s
[(30/-30)4/(45/-45),,/45]
[06/(45/-45)11/45]s
[(45/-45),/45],
[(45/-45)47]s
[30/-30/30/(45/-
45),5/45],

[(45/-45),/45],
[(45/-45)14/45]s
[30/-30/30/(45/-45)13]

2.21
2.20
1.98

1118.23
95259.65
112741.67
166546.56
125019.44
209672.25
1078.42
138599.54
160870.60

38.20
42.34
48.86
62.68
54.56
77.86
35.53
40.58
45.97

230037.02
177448.82
289946.15

57.63
50.77
70.66

12
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That may be a good explanation for inferior properties in transverse
direction.

Opverall, fiber volume ratio of the test plates would be calculated around
30% for consumed amount of materials in the process. However;
slightly lower mechanical properties and density would be credited to
the existence of voids in the material, due to improper manufacturing
conditions.

3. DESIGN AND ANALYSIS OF THE DRIVE SHAFT

Static torque transmission, torsional buckling load factor and natural
bending frequency are three basic design constraints that must be
considered during the design phase of a drive shaft, as it is mentioned
before. The design requirements are given as; the transmission of a
17000 Nm torque with a desired Tsai — Wu strength ratio of 2, torsional
stability (in other words, no torsional buckling), and a natural bending
frequency of 130Hz, respectively for the constraints mentioned.
Analysis of the composite drive shaft tube is carried out numerically
by using finite element method. Finite element method is a powerful
numerical tool which enables to discretize complex structures and
obtain numerical results where no analytical solution is possible.
Numerical model is developed using ANSYS' software, with ACP in
Workbench environment and Mechanical APDL.

Safe transmission of design torque in a static state is the first and most
important criteria to start with. It must be ensured that the shaft tube
will not fail under given design torque. Composite materials need
special criteria to define failure due to their anisotropic nature. Litera-
ture is growing exponentially in that regard, however there is no widely
accepted failure criteria yet. Tsai-Wu failure criterion is selected to be
implemented in our case because; it is easy to implement in various situ-
ations, it distinguishes between the compressive and tensile strength
of a lamina and it has been around for many years thus provides high
degree of reliability. The expression (3) is the calculation of Tsai-Wu

failure index.

Rlﬂl_ + H:G; + H..'F:l’ + En’_ﬂ’_: + H:-ﬂ':’ + Hg‘?igi +
# 2H 130405 = Tsaf — Wu Faffure Inder . 3)

Expressions (3) employs various constants which are calculated using
material data, given below:
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There are different approaches to appoint H , though, Mises —
Henckyapproach [5] is taken here because it accounts for material

properties of both fiber and transverse directions and distinguishes
between tensile and compressive strength.

Models in ACP and Mechanical APDL both employ the same geom-
etry whereas element structures are a little bit different. Shaft is fixed in
one end and the torque is imposed on the central node placed on the
other end. In Mechanical APDL central node is a MASS21 element
connected to circumference with “Dist F/M at Mstr” option. In Work-
bench environment, that is succeeded with a TARGET 170 element in
the center and CONTACT17S5 elements in circumference. Structure is
meshed with SHELL181 elements of 10 mm edge sizing, 1650 in total.
Drive shaft has a geometry of thin cylinder, which makes it susceptible
to torsional buckling under shear loading. Buckling analysis is carried
out in order to ensure torsional stability. Boundary conditions are the
same with static analysis, since the software requires a static structural
analysis to be performed beforehand and investigates the buckling
possibility of that given case.

Resonance is a dangerous phenomenon for dynamic components and
needs to be avoided. Modal analysis is carried out to investigate natural
frequencies and mode shapes of the drive shaft. Shaft is analyzed in
a free — free condition, in other words no constraints are imposed.
Meshing is the same with previous models.

There are 12 models considered in total, 6 of them are classified as B
and C models each. Fundamental difference between them is that B
models have a 140 mm bore while C models are with 130 mm bore.
Models with different numbers have different stacking sequences. Plies
of different angles are evaluated by their impact on design require-
ments. Finite element analysis results of the models, regarding the
design constraints are provided in Table 3.

In conclusion, single-piece composite drive shaft provides roughly 28
kilograms of weight saving which constitutes 35% over two-piece steel
drive shaft. Bear in mind that it is achieved with a material that has
inferior properties than expected. There is still room for further weight
savings through improvement of material properties by better produc-
tion process.

4. DESIGN AND ANALYSIS OF END CONNECTIONS

End connections, which are made of steel, are planned to be co-cured
with filament wound carbon/epoxy shaft tube. An adhesive layer of
epoxy would develop between them and its strength should be investi-
gated in order to safely transmit the design torque. The situation could
be modelled as adhesively bonded concentric tubes [ 1] which is shown
in Figure 8. Theoretical expression of shear stress which would develop
in adhesive layer [1] is expressed as (4).

N |
= 2mn, 3

= ¥{1 - cochal)y
sinb ok 5

Tz coehaz - ‘P‘slnh.ctzl (4)

In expression (4), T is the torque r_ is the mean radius of the adhesive

Adhesive

Adhesive

Adhesive

Fig. 8. Adhesively bonded concentric tubes.
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ring, | is the adhesion length, z is the axial position along the adhe-
sion length. The equation employs various parameters which are given

below:

(o]

Q= mn

8= zmmzrllrﬁa.
G1Jan

G2)2ryp
vz Gy +rgg Gyl

En=(10 *r2 )2,

v=

In the expressions above; , is the outer radius of the inner tube, r,, is

1
the inner radius of the outer tube, G, G,, and G are shear moduli of
tubes and adhesive, J, and ], are polar moment of inertias of tubes, and
1 is the adhesive thickness.

The expression (4) yields the distribution along the adhesion length
which should be checked for maximum shear strength of the adhesive,
in our case epoxy matrix of the composite.

For the safe transmission of torque, maximum shear stress in the adhe-
sive should not exceed shear strength of the material.

In our case, the most critical p=rameters to be employed in the expres-
sion (4) are adhesion length (E ) and adhesive thickness (Tl ). Adhe-
sion length could be tailored according to the distribution of shear
stress, however adhesive thickness should be appointed beforehand.
Ply thickness is predicted as 0.3 mm in coupon production, 0.2 mm

————|=10mm I=25mm [=530mm I=100mm
400 | .
= | !
= | |
2, 300 I |
A | |
%200 | j
> | |
z100 | /
£ / /
ooy =
0 20 40 60 80 100
Adhesion Length [mum]

Fig. 9. Distribution of shear stress along the adhesion length.

Fig. 10. Shape of the end joint and production shaft.
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would be a fair prediction for adhesive thickness at this point.

Rest of the parameters employed are; r, = 64.8 mm, r, = 65 mm, G, =
80 GPa, G, = 1489 MPa,G, = 1300 MPa.

Shear stress distribution is calculated for adhesion lengths of 10 mm,
25 mm, 50 mm and 100 mm respectively. Distribution of shear stresses
are roughly starting from the same point and asymmetrical up to adhe-
sion lengths of S0 mm, giving a higher spike towards z/1 = 1. The last
case is asymmetrical too, however without the higher spike in the end
which looks like a favorable situation. Further increasing adhesion
length does not considerably decrease the shear stress at z/1 = 0, thus
the adhesion length is decided to be 1= 100 mm.

In order to ensure safer transmission, hexagonal shape for the joint is
chosen to provide coupling between the shaft and joint. Grooves on the
outer face of the joint are to provide additional coupling and area of adhe-
sion. An appropriate amount of taper is given to provide a smooth inner
bore and continuous layers. Joints and the shaft, in the figure below, are
designed to be utilized in torsion test setup. An actual production shaft to
be utilized on a vehicle would have a different design of joints.

5. CONCLUSION

In this paper, design and analysis of a single piece composite drive shaft
which would replace a two piece steel drive shaft for a heavy weight
vehicle is achieved. 28 kilograms of weight is saved in total, which consti-
tutes to 35% of the structure. Design requirements are fulfilled, except
for the natural frequency which may be attributed to the lower moduli of
the production material. Better planning of the filament winding process
would yield a production material with better properties resulting in further
weight savings and a higher natural frequency for a production shaft.
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MATHEMATICAL MODEL VARIANT IN TIME FOR THE STUDY OF
VERTIGAL OSGILLATIONS OF THE TIRE-SUSPENSION ASSEMBLY

MODEL MATEMATIC VARIANT IN TIMP PENTRU STUDIUL
OSCILATHLOR VERTICALE ALE SISTEMULUI PNEU-SUSPENSIE

REZUMAT

Aceastd lucrare prezintd un model matematic variant in timp pentru studiul osci-
latiilor sistemului pneu-suspensie si, de asemenea, este prezentatd o metodd itera-
tivd pentru determinarea raspunsului dinamic.

Keywords: mathematical model, oscillations, tire-suspension assembly
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INTRODUCTION

In this paper it is presented a mathe-
matical model of oscillations of tire-
suspension assembly (mechanical
model with two degrees of freedom)
for the general case in which the
elastic constant and damping
constant of the tire are nonlinear
functions and considering the displa-
cement u(t) as factor of excitation

introduced by base (Figure 1).

k, = Co
my v 2
X
K, = —p
P

Fig. 1. The mathematical model of tire -suspension assembly

We note g,(t) and q,(t) the mass displacement related to the static equi-
librium position. Usually, it is known the time dependence u = ¥(t) and
the time function x = ®(¢). It is obtained a time dependence u. It is also
admitted as known the dependence u = ¥(®(t)) of the tire coefficient of
elasticity variation kp and the tire coefficient of damping variation c, This
variation may be known from experimental or theoretical analysis of the
behavior of the elastic element.

ky, =G = G[¥ (o (1))]

¢, = F(w) = F[¥ (o (0)]

The mathematical model of the mechanical model attached to Figure 1

(1)
)

found out with Newton — Euler, Lagrange and Kane method is:

[M1{G} + [Cl{q} + [RI{q} = {f} (3)

where

M] = [ml 0 ]
“ [ 0 my| - is mass matrix with constant elements in time;

[ —cs
[€1= [—CS cs + Cp] — is the damping matrix with time variant elements;
k —k
R A B e
—ks ks +ky| —isthe stiffness matrixwith time variant elements;

(@) = {010 3 q2(0)7 (Y ={073k, + i)

The mathematical model (3) is an time-invariant model. Construction of
the dynamic response, consisting in determining of vector q, is through
an iterative method.

If you use the matrix differential operator

[P](x) = [M]% + [C]% + [R]x @)

Then the mathematical model (3) of oscillations tire-suspension assembly

can be write in a condensed form:

LCCHERTS;

For the first iteration the operator [P](x) is approximated with

©)

[P ](x) = [M]% + [Cy]x + [Ry]x

where:
[C] = cs[]oxz [R1] = ks[I]2x2

[1],,,is the unit matrix with 2x2 dimensions.

(6)

The mathematical model of the first iteration is:
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[P 1(faD) = {f} ™)

It further notes, with A(S) the unilateral Laplace transform in relation to
the time of original functions h(t).
In case of null initial conditions by applying Laplace in:

[Pl@) = [IM1s? + [C.)s + (R @) = (F) ®)

is obtained the dynamic response of the first iteration:
[N]{r}

(@) = [[MIs? + [C,]s + [R,] {F} = ©)

where:
1 1 1 1 1 1 1 1
My ——+ Ce——— k.——— Cs k.—
V] = 250 tSsaw T isEae wm"’ $520(s)
B 1 U T U
Sses TS5t em > 5Q(s) S s2Q(s)

Q(s) = mymys? + (my + my)cs - s + (my +my)ks

(10)

For a dependence u(t) known, the inversion of Laplace in relation (8) is
made by the convolution theorem and is obtained the dynamic response
of first iteration under the next form:

{01} = [, [N] - {f}odt. (11)

The [N] matrix is obtained by inversion of Laplace in relation (10):

[j d1(0)  ¢,(0)

b0 b5(0)) ()

where:

o, (t) = e'”“"sin(mt\;‘l —Dz)

t
1
+7JE'D“" sin (w1 = D?)dr
mymywvV1 — D? ( )

e fdrj D“""sm wvy1—D2%)dv
m1m2aw‘1 -

mywv1—D?

my+ms; 9 = (my+mz)ks (13)
mymy myms

t

[ .
P.(t) = 71 e Polsin (wry/1 — D2 ) dr
z mymywy1 —DZO (

e DoV gin (wv\! 1- Dz) dv

t

s
ks fuf
mymyw l—sz

0 o

+

(14)
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P, (t) = e P sin (wt 1- Dz)

1
mywv1 — D?
t
Cs f —Dat o /—)
+t— e “hgin | wt 1—02 dt
m,mzw\fl—Dzo (
t 4

5 .
+—fd'rJ- “bwvgin (wuy1—D?)dv
mymywv1 —DZO ) ( )

(15)

For the second iteration the next mathematical model is considered:

[P11({g}2) = {f} - [C){a} + [Rz]{a1} (16)

where:

(17)

[C;] = [g Cp(zt)] R,] = [0 kp[it)]

Applying Laplace in the (...) relationship, extracting algebraic {@]
and reversing is obtained the dynamic response for the second iteration:

(@} = [, IN) =y} — [R,].{q,)-dr

where {g,} is determined at the first iteration.

[Czl {"-?i—l}'r - (18)

For the I iteration, the dynamic response is:

{qi}e = J: (N i-n{f}: — [C2]{qi-1}: —

The iteration process is stopped when:

g} — {gi-1}ll <€

[Ro]{qi-1}edr  (19)

where € > 0 and it is fixed depending on the desired accuracy in
calculation.

CONCLUSION

Exposed iterative process allows solving the mathematical model by algo-
rithms, computer-aided, in case of vary over time mathematical model of
the vertical oscillations of the tire-suspension assembly. The process can
be adapted for any other models vary in time (systems of differential equa-
tions with variable coefficients). Dynamic responses for each iteration,
allow easy the determination of probabilistic characteristics (mean, mean
square, autocorrelation coefficients, etc.) of the dynamic response, in case
the probabilistic characteristics of random function u (x) are know.

Lucrare prezentatd in cadrul Congresului European de Automobile, EAEC-
ESFA 2015, 25.11 - 27.11.201S, Bucuresti, Romdnia si publicatd in Procee-
dings of the Congress (ISSN 2067-1083).
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ROAD TRAFFIC GONTROL VIA INDUGTIVE LOOPS APPLIED

IN A URBAN INTERSEGTION

GONTROLUL CIRGULATIEI RUTIERE PRIN INTERMEDIUL UNOR BUGLE
INDUCTIVE, APLICAT INTR-0 INTERSECTIE URBANA

ABSTRACT

The paper presents some elements about on adaptive traffic light solution imple-
mentation in Oradea, at the intersection of Transilvania Street with Boulevard
Stefan cel Mare.

Keywords: traffic optimization, adaptive lights, inductive loop detectors, opera-
ting diagram.

1.INTRODUCERE
SLdcin Intersectia dintre bulevardul Stefan
N sgndg BOGDAN cel Mare si strada Transilvaniei este o

g sandaromocea@yahoo.com intersectie in “T”, bine sistematizati

din punct de vedere topologic. Astfel,
iesirea de pe strada Transilvaniei

Conf. dr.ing. pe bulevardul Stefan cel Mare spre
George DRAGOMIR Gara si viraj dreapta beneficiazi de o
bretea care scoate de sub reglemen-
tarea prin semafoare a acestei relatii.
Asist. dr. ing. Conflictele cu trecerea de pietoni si
¥ Sorin MOCA intrarea pe bulevardul Stefan cel Mare
Universitatea din Oradea, Sr. UniversitafiNr. sunt rezolvate prin marcaje rutiere si
410087 ORADEA, Romania

indicatoare. La fel §i intrarea pe strada
Transilvaniei de pe bulevardul Stefan
Cel Mare pe sensul dinspre Satu Mare si viraj dreapta, beneficiazd de o
bretea care scoate aceasta relatie de sub reglementarea prin semafoare. $iin
acest caz conflictele cu trecerea de pietoni si intrarea pe strada Transilvaniei
s-au reglementat prin indicatoare si marcaje rutiere [3][4][11].

Prin aceasta sistematizare creste capacitatea de trecere a intersectiei, deci
randamentul sdu isi sporeste siguranta dirijarii traficului rutier i de pietoni
atit prin semaforizare, cit si prin marcaje rutiere si indicatoare.
Semaforizarea trebuie sa rezolve urmatoarele conflicte:

« intrarea pe strada Transilvaniei de pe bulevardul $tefan cel Mare pe sensul
dinspre Gari §i viraj stinga ;

« iesirea de pe strada Transilvaniei pe bulevardul $tefan cel Mare pe sensul
spre Satu Mare si viraj stinga;

« traversarea bulevardului Stefan cel Mare de citre pietoni ;

« traversarea strizii Transilvania de catre pietoni.

Aceste conflicte sunt rezolvate printr-o semaforizare in trei faze de circulatie:
« Faza I-a, faza principali de circulatie, permite circulatia in ambele
sensuri pe bulevardul Stefan cel Mare, fara viraje si simultan cu aceasta a
circulatiei pietonilor care traverseaz strada Transilvaniei;

« Faza a II-a, fazi secundari, permite virajul la stinga a vehiculelor care vin
dinspre gari si intrd pe strada Transilvaniei, simultan cu fluxul de vehicule de pe
bulevardul Stefan cel Mare care vine dinspre gari si se indreapti spre Satu Mare.
Acestei faze nu-i sunt asociate treceri de pietoni.

« Faza a IlI-a, este tot o relatie secundara, permite iegirea de pe strada Tran-
silvaniei pe bulevardul Stefan cel Mare in sensul citre Satu Mare, viraj stinga.

Simultan este permisi traversarea pietonilor pe trecerea de pietoni de pe
bulevardul $tefan Cel Mare. Ordinea numirului ales pentru fazele de circu-
latie este si ordinea de derulare a fazelor. Aceasti ordine asigura cel mai mic
timp de scurgere (securitate) intre fazele de circulatie, deci cele mai mici
pierderi de timp, deci cei mai mici ,,timpi morti”.

Toate cele trei faze de circulatie sunt cu timpi variabili. Astfel timpul de
verde al fazei I-a este prelungit de cererile inregistrate in timp real de detec-
toarele D1 §i D3.

Timpul de prelungire pentru fiecare cerere, de fapt pragul frecventei la care
se intrerupe prelungirea, este setat la 2,4 secunde. Daci timp de 2,4 secunde
detectoarele D1 si D3 nu mai inregistreazi cerere, faza I-a se incheie prin
trecerea la secventele de tranzitie dintre aceasta faza si cea care urmeazd. Asa
cum s-a mai spus, functie de ce semnaleaza detectorul D2 se trece la faza a
II-a saula a Ill-a. Faza a Il-a are ,verdele” prelungit de detectorul D2, iar faza
a III-a de detectorul D4. Nu s-au definit cazuri de intrerupere a prelungirii
wverdelui” asociat fazelor de circulatie. Acest lucru poate fi implementat,
dacid un criteriu de urgentd sau prioritate va fi evidentiat ulterior.
2.STUDIU ASUPRA IMPLEMENTARII SISTEMULUI DE
SEMAFORIZARE ADAPTIVA

Semaforizarea adaptiva se referd la adaptarea timpilor ,,de verde” a fazelor de
circulatie la fluxurile de vehicule asociate. Adaptarea se poate face in doua
moduri, care nu se exclud.

Astfel adaptarea timpilor ,,de verde” si implicit a duratei ciclului de sema-
forizare i a repartitiei duratelor fazelor ce il compun, care se realizeaza in
urma masuritorilor de trafic pe o perioada de o siptimana, continuu (atit
in orele de varf cat si in cele cu trafic scizut), se materializeaza prin proiec-
tarea mai multor programe de semaforizare.

Selectarea lor de catre automatul de semaforizare se face orar, dar poate fi
realizata si automat prin analiza unor parametri selectati, precum volumul de
trafic, timpul de ocupare al benzilor de circulatie, lungimea cozii de agteptare
pe fiecare bandi. O matrice multidimensionald cu pragurile parametrilor
selectati decide care din programe va fi selectat pentru a fi derulat. Adaptarea
in timp real presupune luarea deciziei de prelungire a timpului ,,de verde” sau
de scurtare a acestuia instantaneu pe baza datelor culese si prelucrate in fiecare
secunda a ciclului de semaforizare. Adaptarea prin schimbarea automata a
programelor de semaforizare, determinate apriori in urma masuritorilor,
necesiti senzori de trafic amplasati in punctele cheie. $i in acest caz trebuiesc
repetate periodic masuritorile de trafic si pe baza lor generate noi programe
sau ajustate cele vechi. Generarea matricei multidimensionale pe baza cireia
se face schimbarea programelor, este o intreprindere deosebit de laborioasa,
necesitind multe ore de observare si incerciri de variante. Adaptarea offline,
prin selectia orari a programelor de semaforizare obtinute in urma analizei
datelor de trafic culese pe un interval suficient de mare, nu necesita senzori
pentru determinarea valorilor de trafic. Dar necesita repetarea periodica a
masuritorilor si generarea de noi programe sau ajustarea vechilor programe
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Bl Stefan cel Mare__

Fig. 1. Conceptia functiondrii intersectiei dintre bulevardul Stefan cel Mare
si strada Transilvaniei - varianta cu detectoare de trafic §i bucle inductive

de semaforizare, cit si a intervalelor de aplicare a lor. Cea mai rispanditi este
adaptivitatea in timp real. Ea are la bazi culegerea de date de trafic la ore de
varfsi in citeva intervale de timp din zi si siptimana, cu intervale definitorii,
deci mult mai putinid munci si implicit costuri. Pe baza acestor date se defi-
neste o duratid maximala de ciclu, o repartitie a timpilor ,,de verde”, asociati
fazelor de circulatie, corespunzitoare momentelor maximale. Ajustarea dina-
mica in timp real presupune un numar mai mare de senzori de trafic. Efectul
lor este concretizat prin prelungirea timpului minim ,,de verde” alocat fazei de
circulatie in executie daca sunt evidentiate cereri pentru acest lucru, cereri care
survin cu o anumit frecventd. Daci cererile au o frecventi mai mare decat
una de prag, programati, timpul ,de verde” se poate extinde pani la unul
maxim, in pasi suficienti de fini, de obicei secunde. Timpii ,,de verde” maximi,
asociati fazelor de circulatie se dimensioneazi pentru orele de vérf. Sunt si
cazuri cand trebuie intrerupta imediat faza in derulare, chiar daca frecventa
cererilor e mai mare decit cea programati. Aceast intrerupere se soliciti in
baza unor urgente, a unui regim de priorititi si a unor scheme sau algoritmi.
Metodele de adaptivitate, prezentate succint mai sus, dezvaluie complexitatea
problemei. Aceste metode pot fi combinate pentru anumite intervale orare

Oradea: Str. Transilvaniei - B-dul Stefan Cel Mare
DIAGRAMA DE FUNCTIONARE A SEMAFOARELOR: Planul 0
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Fig. 2. Prima varianti a diagramei de functionare a semafoarelor in intersectia
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din zi sau siptimana. Acest tip de adaptivitate, care nu ia in calcul constran-
geri sau solicitari globale survenite dintr-o zona semaforizati poarta numele
de microreglare. Microreglarea optimizeazi in cadrul unor limite prestabilite
timpii ,,de verde’, alocati fazelor de circulatie.

Macroreglarea presupune politici zonale de optimizare. Una dintre aceste
politici este sincronizarea fluxurilor de vehicule intr-o anumiti zona pe
anumite itinerarii cu scopul de a minimiza timpul de parcurs. Cum timpul
de parcurs este o rezultanti, se cauti micsorarea numarului de opriri si a
timpilor de asteptare, in cazul cind opririle nu pot fi evitate. “Unda Verde”
pe 0 anumit arteri este un exemplu de politici zonale de dirijare a traficului.
Este necesar de a fi precizat faptul ci indiferent de performantele algorit-
mului de optimizare utilizat, punerea lui in practici se poate transforma

intr-un esec, daca nu se tine seama de elemente de inginerie, cum ar fi fiabi-
litatea culegerii de date, a transmisiei si prelucrarii acestora, functionarea in
modul degradat etc.

Un program de semaforizare cu timpi fixati nu poate functiona mai prost,
dar un sistem adaptiv la care nu functioneaza un senzor sau mai multi, sau
mai grav care genereazi semnale eronate, pot deveni un dezastru pentru
dirijarea semaforizata.

3.ALEGEREA SOLUTIEI PENTRU SEMAFORIZAREA
ADAPTIVA

O combinatie intre programe sincrone ajustate prin microreglare, utilizate
in intervalele cu trafic ridicat si de varf si programe nerestrictionate zonal,
asincrone, cu ajustarea completi a timpilor ,,de verde”, selectate la ore cu
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Fig. 5. Tabelul cu stiri si configuratii a semafoarelor in intersectia bulevardul Stefan cel Mare si strada Transilvaniei
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Oradea: Str. Transilvaniei - B-dul Stefan Cel Mare
Orarul de selectie al regimurilor si planurilor de functionare
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Fig. 6. Tabelul cu orarul de selectie al regimurilor si a planurilor de
functionare in intersectia bulevardul Stefan cel Mare si strada Transilvaniei

trafic scazut sau rarefiat, este o solutie promitatoare pentru monitorizarea si
optimizarea traficului rutier.

Implementarea solutiei alese impune urmitoarele:

- faza a II-a de circulatie, la care nu sunt asociate traversiri pietonale, s-a ales

sd fie o fazd “la cerere”. Astfel daci in momentul de tranzitie de la fazaI-ala
urmitoarea nu este inregistrata o cerere, prin detectorul D2 pentru faza a
II-a, se sare peste aceasta si se trece la faza a ITl-a.
- nu s-au definit cazuri de intrerupere a prelungirii ,verdelui” asociat fazelor
de circulatie. Acest lucru poate fi implementat, daci un criteriu de urgenta
sau prioritate va fi evidentiat ulterior.
Prezentarea variantelor de diagrame de functionare a programului de sema-
forizare a intersectiei strada Transilvaniei — bulevardul Stefan cel Mare
pentru functionarea semaforizarii adaptive prin detectori de trafic si bucla
inductiva descrie activitatea de testare din ,aproape in aproape” a mai
multor variante de program.
In cele ce urmeazi sunt prezentate etapele de elaborare a unui program de
semaforizare dupa cum urmeaz:
« in functie de masuratorile de trafic se stabileste:

« lungimea ciclului de semaforizare;

« directia fluxului principal si a celui secundar.
« configurarea fazelor si a semafoarelor aferente fiecarei faze;
« elaborarea schitei si a diagramei de functionare a semafoarelor in baza
masuritorilor de trafic (Figurile 1,2, 3, 4);
« elaborarea tabelului care cuprinde starile automatului de semaforizare §i «
configuratiile canalelor de iesire, ale modulelor de executie, ale automatului
de semaforizare (Figura S).
« elaborarea tabelului cu orarul de selectie al regimurilor si a planurilor de
functionare (Figura 6);
« elaborarea tabelului cu prezentarea ecuatiilor folosite (Figura 7);
« configurarea conexiunilor intre bornele automatului si semafoare.
4. CONCLUZII
Monitorizarea eficientei solutiei alese presupune selectia unor parametri
misurabili, pe baza cirora si se stabileasca indicele de performanti. Se pot
inregistra parametrii precum durata timpului ,,de verde” pentru fiecare faza

o g -
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Fig. 7. Tabelul ecuatiilor logice folosite in intersectia bulevardul Stefan cel Mare si strada Transilvaniei
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in parte. Pe baza lor se calculeazi procentul timpului ,,de verde” utilizat din
cel maxim alocat, durata ciclului §i repartitia timpilor ,,de verde” in cazul
ciclului. Reprezentarea grafici a acestor valori face posibild analiza traficului
pe intervale si permite reglarea unor parametri precum timpul ,,de verde”
maxim alocat fiecirei faze si repartitia acestor timpi in cadrul ciclului. Ajus-
tarea parametrilor in functie de reprezentarile grafice i reiterarea procesului
poate conduce spre un optim. Acest lucru este valabil numai pentru inter-
valele orare la care valorile de trafic sunt repetitive. Teoria traficului rutier
cauti si descrie intr-un mod matematic cit mai precis, interactiunea dintre
vehicule si operatorii acestora (componentele mobile) precum si infrastruc-
turd (componentele imobile).

Infrastructura presupune sistemul de drumuri si cii de rulare cu toate compo-
nentele operationale: dispozitive de control si semaforizare, semnalizare si
monitorizare. Astfel incat, aceste teorii sunt indispensabile pentru proiec-
tarea si constructia tuturor modelelor si facilititilor utilizate in proiectarea si
operarea pe strazi §i autostrizi. Misurarea eficientei programelor implemen-
tate necesita un sistem de culegere a datelor de trafic, de inregistrare a lor pe o
perioada rezonabild, de transfer printr-o retea de comunicatie intr-un punct de
calcul si in final de prelucrare, de reprezentare grafica si analizd, intocmindu-se
rapoarte statistice. O metoda simpli este observarea directd locald. Formarea
cozilor la semafor, firi ca acestea si fie evacuate la urmatoarea servire a fazei
asociate, denotid o eficientd scizutd a semaforizarii. Prin urmare daci un
vehicul agteapta mai mult de un ciclu la semafor, programul de semaforizare
nu este eficient. Totodati si asteptarea la semafor, in timp ce sunt derulate faze
de circulatie neincarcate cu fluxuri consistente de vehicule, este considerati o

slaba adaptivitate a programului de semaforizare.

Lucrare prezentatd in cadrul Congresului European de Automobile, EAEC-
ESFA 2015, 25.11 - 27.11.201S, Bucuresti, Romdnia, si publicatd in Procee-
dings of the Congress (ISSN 2067-1083).
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Oradea: Str. Transilvaniei - B-dul Stefan Cel Mare
Conexiuni intre bornele automatului si semafoare
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Fig. 8. Configurarea conexiunilor intre bornele automatului si semafoare in
intersectia bulevardul Stefan cel Mare si strada Transilvaniei
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]
ASPEGTS ON MODELING

OF THE PRESSURE WAVE COMPRESSORS

ASPECTE PRIVIND SIMULAREA PROGESELOR
DIN GCOMPRESOARELE CU UNDE DE PRESIUNE

REZUMAT

O alternativd la turbosuflantd poate fi compresorul cu unde de presiune. In acest
compresor de supraalimentare, aerul de admisie este comprimat in mod direct de
gazele arse, astfel ca permormantele lui sunt semnificativ influentate de presiunea
gazelor de evacuare ale motorului cu ardere internd. In compresoarele cu unde de
presiune se desfisoard procese complexe de comprimare si destindere a aerului si
a gazelor arse. Compresorul trebuie astfel antrenat incdt la sfarsitul unui ciclu de

1.INTRODUCTION
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are functioning mainly at partial

speeds and loads. This is a short-
coming of compression ignition

engines that are supercharged

with turbochargers. At these oper-
ating modes, the turbocharger
performances are diminished by

the insufficient exhaust air quan-

tity. The insufficient quantity of
intake air that diminish the quality
of combustion inside the cylin-

ders is limiting the ecological

and energetic performance of the
engine. One effect of increasing

¥ Drd. ing. the amount of unoxidized fuel in
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the exhaust gases, is the increase
Universitatea Transilvania din Brasov,

Si. Polehnic . 1, 500024 BRASOV, Roméria of deposits on the turbine rotor,

which affects the correct func-
tioning of the turbocharger, especially at the one with variable geom-
etry. In this context, where, with the road transport have also increased
significantly the pollution emissions, we are searching solutions that
environmental performance of the engines reduction [9].

A solution to this is the replacement of the turbocharger with another
type of compressor that can provide appropriate air quantity for the
engine for all the operating modes [7].

The pressure wave compressor can be an alternative to the turbocharger.
The performances of the compressor depend mainly on the exhaust gases
pressure. Therefore, this compressor is capable of providing high intake
pressures in a large domain of engine operating modes than can assure a
turbocharger. Achieving this performance is conditioned by the correla-
tion of the drive speed of the pressure wave compressor with the exhaust
gases pressure at each engine operation mode [6]. Inside the pressure

wave compressor rotor the intake air is in direct contact with the exhaust

22

functionare interfata aer de admisie/gaze arse si nu ajungd, la capdtul canalelor
rotorului, sau mai precis, in colectorul de admisie al motorului. Simuldrile au ca
scop evidentierea modului in care se deplaseazd gazele arse si aerul, impreund cu
undele de presiune, in raport cu presiunea gazelor de evacuare. Simularile furni-
zeazd informatii care simplifici procedurile experimentale de adaptare a compre-
soarelor cu unde de presiune cu motoarele cu ardere internd.

Keywords: Pressure wave compressor, Simulation, Engine, Intake air, Exhaust gases.
gases [2]. That is why the pressure wave compressor must be driven at a
speed which does not allow the interface of the two gases to reach the end
of the channel, or more precisely inside the intake manifold of the engine.
Considering the exhaust gases pressure, the paper presents a series of
process simulation results, processes that are conducted by the rotor
channels.

2. THE GEOMETRIC MODEL

Two of the most types pressure wave compressors are Comprex and
Hyprex. The Comprex compressor is designed for the compression igni-
tion engines, it is build in several models of different sizes and different
maximum speeds, between 15000 — 24000 [rpm] [8].

The pressure wave compressor that is analyzed is Comprex type, model
CX-93. This model has a 93 [mm)] length rotor. The channel rotor has
arranged in two rows out of phase (Figure 1).

The height of the channels is 10 [mm].

The rotor is limited at the ends by stators, one through which the
exhaust gases is passing, and one which the intake air is passing. At each
speed of the compressor takes place two cycle of gases exchange, as the
stators contain two inlet/evacuation ports of air, and two inlet/evacua-
tion ports of exhaust gases (Figure 2).

The air inlet ports are inclined so that when the air is entering into the
rotor to create a positive rotation moment of the rotor. Also the evacu-
ated ports of the compressed air are inclined to reduce the dynamic
resistances. Similarly, the exhaust gases ports are inclined [5].

3. SIMULATION RESULTS OF THE PROCESSES THAT TAKE
PLACE IN THE PRESSURE WAVE COMPRESSOR

Have been simulated processes performed in a rotor channel while going
through the area between the inlet port of the exhaust gases and the evacu-
ation port of the compresses air. Within, a cycle gas exchange, interface
exhaust gases/intake air through the channel from one end to the other, to
compress fresh air. During the development of processes in the compressor,
pressure waves that cross the port between the ends are formed, but with a
higher speed than the exhaust gases/intake air interface [S].

Simulation aimed to highlight the way that the pressure waves are
moving in channel in relation with the value of the exhaust pressure. The

simulations were performed with the software Fluent 6.0. To simulate
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Fig. 2. Simplified model of: a. intake air stator, b. exhaust gases stator.

phenomena occurring during fluid flow, this program uses finite volume
method. This can solve the equations that describe the flow of exhaust
gases and air through the rotor channels [1].

In Figure 3 is shown the simulation results that highlight positions
simultaneously interface exhaust gases/intake air and pressure wave.
This is possible if the evolution of the temperature is highlighted
while the interface is moving from the exhaust gases stator to the
intake air stator.

The ordinate shows the change in the gases pressure T [K] in the channel,
and on the abscissa is denoted the channel length L [mm)].

In Figure 3 is presented the evolution of the temperature at the entry of the

exhaust gases in the channel in which is located fresh air, at the atmospheric

pressure. Inside the air volume in which the pressure wave is moving the
temperature is increasing due to local rising of the pressure [3].

In Figure 3 and Figure 4 it can be seen (in terms of temperature), the
way that the pressure wave is moving in front of the interference. In
order to capitalize the potential of this pressure wave, it must reflect to
the intake air stator wall, as shown in Figure S.

Because the pressure wave is reflected from the intake air stator wall, the
wave will return to the exhaust gases stator. In this way, the air pressure
will increase again, as can be seen, in terms of temperature, in Figure 6.

Reflecting the pressure wave must be made before the channel reaches
the evacuated air port. Thus, the compresses air will leave the rotor

channel with a higher pressure.
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Fig. S. Reflection wave pressure from intake

4. CONCLUSION

The processes carried out in the channels of the compressor rotor are accom-
panied by pressure waves. The pressure wave is moving at a speed greater than
the interface exhaust gases/intake air. Pressure waves pass through the rotor
channel from one end to another several times, with the condition that it is
reflected by the walls of the stators (stators area between the ports). The pres-
sure and the temperature of the air through which the pressure wave is passing
are growing. Therefore the pressure wave should reach the intake air stator
before the channel reaches the evacuation of compressed air port.
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COMPETITIA STUDENTEASCA INTERNATIONALA
-KART LOW COST", 2016 — EDITIA A VI-A

INTERNATIONAL STUDENT GONTEST
-KART LOW GOST”, 2016 — THE SIXTH EDITION

CARE SUNT COORDONATELE COMPETITIEI?

Vineri, 13 mai 2016, s-a derulat cea de-a sasea editie a proiectului
studentesc Kart Low Cost, proiect consacrat ca o competitie intre diferite
scoli de ingineri in automobile si transporturi, la nivel international.

A fost randul Universititii din Pitesti si organizeze acest eveniment
care s-a desfigurat pe singurul circuit outdoor din Bucuresti, Tunari
(AMCKart), multumiti sprijinului neconditionat al partenerilor de la
Renault Technologie Roumanie (RTR).

Participantii au fost: Université de Bourgogne — ISAT de Nevers, cu un kart
termic si unul electric, Universitatea din Pitegti, cu doud karturi termice si
unul electric (cele doua institutii fiind competitori nelipsiti din 2011 si pana
acum), Universitatea din Craiova (implicati, acum, pentru prima dati in
aceastd competitie), cu doud karturi termice si RTR, cu un kart termic. Ca
de obicei, competitia a fost sprijinitd §i promovati de catre SIAR.

CUI SE ADRESEAZA COMPETITIA?

Concursul, al cirui scop este conceptia, proiectarea si fabricarea unui kart
numit “low cost” de citre echipe pluridisciplinare, este deschis oricarui
student, viitor inginer pasionat de tehnica automobilului. O particu-
laritate interesanti este aceea ci studentii ce apartin unei institutii de
invatimant superior pot astfel si se asocieze cu alte institutii cu scopul de
lirgire a domeniilor de competenta.

CARE SUNT OBIECTIVELE COMPETITIEI?

Printre obiective se enumerd pregitirea viitorilor ingineri in gestiunea
proiectelor, dezvoltindu-si astfel spiritul de lucru in echipa, reparti-
zarea sarcinilor de lucru, respectarea unui buget, notiuni de sintezi si de

compromis ce rezultd din dezvoltarea unui caiet de sarcini.

In ceea ce priveste gestiunea concretd a unui proiect, studentii sunt
familiarizati cu toate etapele de conceptie, intelegind problemele impuse
de necesitatea ca fiecare piesi/reper si functioneze intr-un ansamblu cu
compromisuri coerente, rispunzand totodata la un caiet de sarcini precis.
Concursul incurajeazi inovatia printr-un regulament tehnic care lasi o
mare libertate de conceptie si permite studentilor si-si dezvolte ideile
inovatoare. Respectarea termenelor, realizarea unui proiect cu un buget
redus, dezvoltarea spiritului de competitie sunt cuvinte cheie si constituie
provocarile acestei competitii.

Dincolo de dezvoltarea competentelor tehnice necesare deruldrii unui
astfel de proiect, un alt obiectiv important este dezvoltarea unor abilitati
complementare necesare unei bune integrari pe piata muncii: comuni-
carea profesionala/inter-relationarea in interiorul si in exteriorul echipei.
Acest lucru va permite cresterea potentialului de inovare prin intersec-
tarea cunostintelor fiecirui membru al echipei, relativ la fiecare domeniu
de lucru.

Nu in ultimul rdnd, proiectul studentesc ofera posibilitatea viitorilor ingi-
neri participanti de a schimba puncte de vedere cu alte persoane de dife-
rite nationalitati cu scopul principal de a crea, astfel, un schimb cultural.
CE VEHICUL INTRA IN COMPETITIE?

Scopul concursului este de a construi un kart cit mai inovant din punct
de vedere tehnologic, cu un buget de 2000 euro, pentru proiectul termic,
respectiv 3500 euro, pentru cel electric. Conceptia kartului este supusa
constrangerilor mentionate printr-un regulament tehnic precis. Cu kartul
astfel construit se va participa intr-o competitie sportivd pe un circuit
adecvat.
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CE IMPLICA EVALUAREA PROIECTULUI?

Pentru a putea clasa concurentii se vor realiza mai multe etape:

- evaluarea bugetului,

- evaluarea solutiilor tehnice utilizate §i a designului caroseriei kartului,

- participarea la probele dinamice pe circuit.

Asadar, competitia este, inainte de toate, una inginereasci, probele sportive
avand, mai ales, menirea de a demonstra ci prototipul realizat este viabil.
Pentru descrierea sumard a probelor dinamice, participantul trebuie sa
realizeze teste libere de cunoagtere a circuitului si ulterior, de realizare a
reglajelor corespunzitoare functionirii kartului. Urmeaza probele de cali-
ficare pe locurile grilei de start, aici, cel mai bun timp va fi alocat primului
loc pe grila. Cursa de sprint si cea de anduranti sunt probele in care se
dovedeste ci proiectul studentesc concretizat practic prin crearea unui
vehicul a fost realizat corect.

In final, clasamentul general va desemna echipa invingatoare a campio-
natului KLC.

CARE ARPUTEA FIEVOLUTIA PE VIITORA PROIECTULUI?
Mai intai de toate, noi, reprezentantii Universitatii din Pitesti, sperim
ca din ce in ce mai multe universititi din Romania si intre in aceastd
competitie, care poate fi extrem de formativd pentru studenti. Ea este
una din actiunile prin care se poate implementa pedagogia prin proiecte
(project-based learning). Totodatd, de ce nu, sperim in realizarea unui
adevirat campionat de karturi ,low cost” al Europei, castigatorii fiind
studentii nostri, viitoare persoane active pe piata muncii. Caracterul
slow cost” este avantajul esential, spre deosebire de foarte cunoscutele
competitii Formula Student, EcoShell Marathon, MiniBaja etc.
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CARE A FOST CLASAMENTUL FINAL AL COMPETITIEI?

In aceasti competitie s-a putut observa excelenta motivare a tuturor echi-
pelor participante. In urma rezultatelor obtinute pe parcursul probelor spor-
tive, cat i in urma evaluarilor fiecirui proiect, din punct de vedere design
si inovatie tehnologica, studentii Universititii din Pitesti au castigat primul
loc la componenta termici si locul IT 1a cea electrica. Cei 6 studenti francezi
participanti au obtinut locul I la componenta electrica. De remarcat faptul
ca echipa Universititii din Craiova, care a participat pentru prima data la
aceasti competitie, ocupand locul III in clasamentul general, a fost pe
primul loc la cursa de anduranta a karturilor termice. Ii asteptim si la urma-
toarele editii. Privitor la RTR, echipa sa a participat in afara concursului.
UNDE VA F1 ORGANIZATA URMATOAREA EDITIE?

Proiectul Kart Low Cost este un rezultat al colaboririi Université de Bour-
gogne, ISAT de Nevers, France — Universitatea din Pitesti, Departamentul
Autovehicule si Transporturi, Roménia. Conventia actuali a celor doua
institutii este organizarea alternanti: intr-un an in Romania, in celalalt, in
Franta. Asadar, urmitoarea intalnire va fi organizati in luna mai 2017, in
zona Nevers, Franta, pentru care profesorul Ernest GALINDO (coordo-
natorul echipei ISAT de Nevers si initiatorul acestui proiect de succes) a
lansat deja invitatiile de participare.

MULTUMIRI SPONSORILORNOSTRI!

Renault Technologie Roumanie, Leoni Wiring Systems Pitesti, Cogeme
S&t Micesti, Faurecia, Proeco Gas Pitesti, AMAT Pitesti, SIAR.

Mai multe detalii la:

Catilin ZAHARIA (catalin.zaharia@upit.ro),

Adrian CLENCI (adrian.clenci@upit.ro)






