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@ w e AUTOMOTIVE HANDBOOK BOSCH
— Ghidul Automotive Handbook, publicat de firma Robert Bosch GmbH in septembrie 2003,
prezintd in limbile engleza, franceza si germana, pe CD ROM, principalele realizari din
domeniul tehnicii automobilului, cu accent pe cele mai recente si de perspectiva solutii
avansate din acest domeniu.
Principalele avantaje ale ghidului sunt:
- instalare foarte simpla cu demarare automata;
- comanda prin meniu;
- tabld de materii si un index de cuvinte cheie care permit peste 3000 de intrari
- functiuni de cdutare cuprinzatoare;
- marirea electronica a imaginii pentru mai mult de 600 de figuri;
- functii de calcul pentru 700 de formule.
El cuprinde, in partea introductiva, notiuni de baza din domeniul fizicii, matematicii,
materialelor utilizate la constructia automobilului, elementelor de masini, tehnologii de
fabricatie, cerintele catre automobile (inclusiv dinamica automobilelor) .
. in continuare sunt prezentate
& - ultimele evolutii in domeniul motoarelor cu combustie interna, inclusiv motoarelor
hibride, Stirling, Wankel si turbinelor cu gaz, elementele si componentele
motoarelor;
- evolutia si ultimele realizari in domeniul protectiei mediului si reducerea consumu-
lui de carburant si solutiile tehnice aplicate, solutii alternative de propulsie;
- caroseria autovehiculelor;
- sisteme de siguranta rutierd controlul stabilitatii;
- aparatura eletrica-electronica si alte sisteme ale automobilului
- tehnologii moderne de fabricatie a vehiculelor;
- echipamente pentru atelierele auto, aparatura hidraulica si pneumatica.

Anghelache, G., Moisescu, R. si Ciubotaru, O. - Incercarea Autovehiculelor - sisteme de mdsurare clasice si asistate de calculator”, 180 pagini,
Editura BREN, ISBN 978-973-648-630-2, Bucuresti, 2007.

Cartea face referire la doua categorii de sisteme de masurare, o prima grupa cuprinzand sisteme ana-

logice pentru masurarea, prelucrarea, afisarea si/sau inregistrarea datelor. A doua categorie se refera
la sisteme de masurare pe cale numerica, asistate de calculator, intalnite de obicei sub titulatura de
sisteme de achizitie de date. in prezent se utilizeazd la incercarea autovehiculelor ambele tipuri de sis-
teme de masurare, dar se constatd, in ultimii ani, o crestere substantiald a ponderii celor numerice. - ok
Sistemele clasice de masurare sunt prezentate in scopul familiarizarii potentialilor experimentatori a2 Moiggg . ¢
cu structura si modul de lucru al sistemelor respective, cu obtinerea, prelucrarea si interpretarea "Ubotar,
rezultatelor, cu formularea observatiilor si a concluziilor, precum si cu erorile si cu aprecierea can-
titativa a acestora. Au fost realizate mai multe grupe de sisteme analogice de masurare. O prima
categorie are drept obiectiv prezentarea aparatelor pentru vizualizarea, afisarea si inregistrarea
semnalelor. Urmatoarele doud contin sisteme de masurare bazate pe traductoare tensometrice
rezistive, respectiv pe traductoare de vibratii. Un alt domeniu este reprezentat de sistemele optice
pentru masurarea turatiilor.

Introducerea in domeniul sistemelor de masurare asistate de calculator se face prin prezentarea
conceptelor de baza privind achizitia de date. Aplicatii ale unor astfel de sisteme sunt realizate
pentru masurarea parametrilor dinamici ai unui impact, pentru analiza transmisibilitatii vibrati-
ilor si pentru analiza in frecventd a vibratiilor mecanice. De asemenea, sunt prezentate sis-
temele de masurare a zgomotului produs de autovehicul, a parametrilor de demarare si a
celor de franare.

Toate aplicatiile software au fost concepute pentru a fi utilizate in cadrul activitatilor de cer-
cetare experimentala a autovehiculelor. Direct sau cu mici modificari, aceste sisteme com-
plexe de mésurare pot fi utilizate si in alte domenii ale cercetarii ingineresti. Fiecare pachet
software contine aplicatii ~ pentru achizitia si pentru prelucrarea datelor experimentale.
In cuprinsul lucririi se regasesc si informatii asupra prevederilor unor norme si regula-
mente referitoare la modul de organizare, conditiile, pregatirea autovehiculelor pentru efectu-
area Incercarilor specifice.

Lucrarea se adreseaza specialistilor implicati in activitatea de cercetare experimentala a autovehiculelor, cat si celor aflati in

proces de pregatire in acest domeniu. in particular, volumul oferd informatii utile studentilor din domeniul ,,Ingineria autovehiculelor”.
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AUTOMOTIVE ENGINEERING
AT POLITEHNICA UNIVERSITY
OF BUCHAREST

he decision no.
I 1.175/2006 of the
Romanian govern-

ment defined the "Automo-
tive engineering" as a do-
main of university and doc-
toral studies. Several spe-
cialties are available within
this framework: Automo-
bile architectures, Engi-
neering of automotive pro-
pulsion systems, Road vehi-
cles, Automotive operation and control equipments and
systems, Armored vehicles, automobiles and tractors.
The well known synergic characteristic of automotive
engineering led to the foundation of the "Integrated
Automotive Engineering Platform", a new research and
development entity at POLITEHNICA University of
Bucharest, which gathers academic staff, engineers,
researchers, students and technicians from 10 of the 13
university's faculties. Its main goals are the improve-
ment of the university laboratories infrastructure and
the enhancement of education and research activities in
the benefit of the Romanian automotive industry, as
well as the cooperation with foreign universities and
companies in the field of automotive engineering.
The Automotive Engineering Department of the
POLITEHNICA University has already developed
cooperation with important automotive manufacturers,
such as FORD and BOSCH, that organized two mod-
ern laboratories where technical training activities are
carried out with students of the Transport Faculty and
with technicians from allover the country involved in
automotive maintenance activities.
At present, a new project, based on structural funds
from EU, is under construction: the organization of a
pole of excellence in automotive engineering that will
gather the human and technical capacities of
POLITEHNICA University, several research institutes
and automobiles and spare parts manufacturers.

Prof. Dr. Eng. Cristian Andreescu,

Head of Automotive Engineering Department
Politehnica University of Bucharest

CONTROLUL
TEHNIC IN TRAFIC
CONTINUA

ctivitatea de Con-
trol Tehnic 1in
Trafic a inceput

sa fie desfasurata de Re-
gistrul Auto Roman im-
preund cu organe ale poli-
tiei rutiere incepand inca
din anul 1998, pe baza in-
cheierii unui protocol de
colaborare intre cele doua
institutii.

Prin Controlul Tehnic in
Trafic se realizeaza supravegherea parcului rutier cir-
culant. Totodata, acesta reprezinta un feed-back al
activitatii statiilor de inspectii tehnice periodice si o
parghie a activitatii de monitorizare a acestora, avand
in vedere cd in tara noastrd, inspectiile tehnice peri-
odice se efectueaza de Registrul Auto Roman, orga-
nism tehnic specializat al Ministerului Transportu-
rilor, prin reprezentantele sale judetene sau de agenti
economici autorizati si monitorizati de Registrul Auto
Roman.

Daca un vehicul inmatriculat in alt stat membru UE
este depistat cu defectiuni tehnice in urma unui con-
trol tehnic in trafic in Romania, datele de identificare
ale acestuia si defectiunile constatate sunt comunicate
oficialitatilor responsabile din statul membru UE in
care este iInmatriculat vehiculul.

Numarul autolaboratoarelor implicate in aceastd
activitate a crescut de la an la an, ajungdnd ca in
prezent, fiecare Reprezentantda Judeteana a Regis-
trului Auto Roman sa fie dotata cu un autolaborator,
pentru Municipiul Bucuresti si judetul Ilfov fiind alo-
cate patru astfel de autolaboratoare.

Trebuie precizat faptul ca selectarea vehiculelor in
vederea efectudrii controlului tehnic nu se realizeaza
dupa un algoritm prestabilit In scop pur statistic, ci
sunt selectate acele vehicule care vizual sunt suscepti-
bile a prezenta defectiuni cu implicatii in securitatea
desfasurarii traficului rutier.

Ing. Catalin Ghimpusan
Sef Departament
ITP SPNV
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FUEL CELL DEVELOPMENT
FOR AUTOMOTIVE APPLICATION

Yuji Kawaguchi
Honda R&D Co. Ltd.

4630 Shimotakanezawa, Haga-machi, Haga-gun, Tochigi, 321 - 3393 Japan

REZUMAT

Lucrarea prezintd cele mai recente rezultate
ale cercetarilor firmei HONDA in domeniul
automobilelor cu pile de combustie (fuel cell). Se
prezinta arhitectura noului model al ansamblului
de pile de combustie care utilizeaza o solutie origi-
nala (Aromatic Electrolyte Membrane) pentru
PEM cu o structurd moleculard diferitd de cea
conventionald. Membrana electrolitica aromatica
poate functiona pana la temperatura de 95 °C (cu
15 °C mai mult) si are o durabilitate de patru ori
mai mare decdt membrana electroliticd conven-
tionald.

Automobilul HONDA-FCX, model 2003, a
fost primul automobil fuel cell omologat si admis
pe piata statului California, SUA.

in anul 2005 HONDA a livrat primul auto-
mobil fuel cell pentru un client persoana particu-
lara.

Fuel Cell Development for Automotive
Application

1. INTRODUCTION

Honda has been conducting research on the
clean power plants for low emission vehicle
(LEV), natural gas vehicle (NGV), electric vehi-
cle (EV) and fuel cell vehicle (FCV). As a long
term solution, the hydrogen fuel cell vehicle has
the great potential to address future environmen-
tal and energy issues. In the course of this
research, Honda achieved new electronic drive
for EVs, high pressure gas storage technology for
NGVs and precise energy management technolo-
gy for HEVs. These new developments have all
been applied to research on fuel cell vehicles
which incorporate high power electric motors,
compressed hydrogen fuel tanks and electric stor-
age systems.

In September 1999, Honda announced its
first FVC prototypes. An early FC stack manufac-
tured by Honda was used in the FCX-V2 proto-
type (fig.1) and an improved fuel cell stack in the
FCX-V3. In July 2002, the 2003 model FCX (fig.
2) became the first FCV to be certified by the

EPA and CARB. The Ballard fuel cell stack was
used in this vehicle. Fig.3 shows the place of the
major components in the FCX. On December 2
2002, FCX vehicles were delivered to the City of
Los Angeles in California and to the Japanese
Cabinet Office.

Following this a new generation Honda stack
was introduced in October 2003 after real-world
drive-tests in Japan and the United States.

A new Honda FCX fitted with this stack was
delivered to the government of New York State
and to the first private customer in June 2005 in
California. The Honda FC stack for the 2005
model FCX combines compactness and high out-
put with the ability to operate at low and high tem-
peratures

2. DEVELOPMENT OF NEW STACK

FOR THE 2005 MODEL

The Proton Exchange Membrane (PEM)
fuel cell system has been the most commonly used
fuel cell in automobiles because it can be used at
comparatively low temperatures around 80o and
because of its high power density. Although fuel
cell technology is progressing rapidly, issues for
automobile use such as the ability of starting at
below freezing temperatures, effective utilization
of space and energy efficiency still need to be
addressed. For the 2005 model, the two main
goals for the development of a next generation
fuel cell were;

(1) Making it compact but with high output

(2) Providing environmental adaptability
(performance at high and low temperatures)

The PEM fuel cell uses a proton exchange
membrane for electrochemical reactions, utilizing
a polymer electrolyte membrane. It directly
coverts chemical energy to electrical energy. The
polymer electrolyte membrane that conducts the
protons is sandwiched between the electrode lay-
ers and the gas diffusion layers from the MEA, or
Membrane and Electrode Assembly (Fig. 4). The
MEA is held between separators on both sides to
forma single cell. Since theoretically only 1.23 V

can be obtained from one cell, the cells are
stacked to obtain the necessary system voltage.
Voltage and current requirements are as follows:
Voltage - determined by the number of the cells
Current - determined by the area of electrode lay-
ers

Therefore to increase power output it is nec-
essary to either increase voltage or current. As
there is a natural limit to how much the surface
area can be expanded it was important to recon-
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cile the seemingly incompatible ideas of increas-
ing the number of cells and reducing the stack
length.

Carbon separators were applied to the stack
of the V2 and V3 and disk springs and a thick
backup plate were installed to make it very air-
tight. This meant that it was difficult to reduce the
total stack length. Fuel cells must meet different
requirements including very as load conditions
such as idling, highway cruising, climbing and the
range of temperatures from high to low.
Conventionally fluorine electrolyte membranes
were used for the stack. But as this type of mem-
branes softens at high temperatures and displays
poor proton conductivity at low temperatures, its
use has been restricted to a range of temperatures
between 0 degrees Celsius and 80 degrees.

The new fuel cell stack uses an aromatic elec-
trolyte membrane that offers outstanding proton
conductivity and has stamped metal separators
formed with unitized seal for superb electrical and
thermal conductivity enabling high power output
and a wide operating range of temperature from -
20 degrees to 95 degrees. In addition, a simple
stack structure is obtained using the springiness of
the stamped metal separators. As a result, this
arrangement achieved an approximately two-fold
increase and compactness and high output com-
pared to the conventional stack.

3. HONDA FUEL CELL STACK

3.1. Aromatic Electrolyte Membrane

For the new stack an electrolyte membrane
with a new molecular structure was developed by
combining an ion exchange substrate with the
main chains of an aromatic structure having high

6 Ingineria Automobilului Nr.3

thermal stability. The ion exchange substrate con-
centration governing ion conductivity was
increased above that of comparable conventional
fluorine electrolyte membranes. The result was
that the membrane resistance was halved as
shown in fig. 7, and high proton conductivity was
achieved, even at below freezing temperatures.

A conventional fluorine electrolyte mem-
brane softens and deforms abruptly when the
temperature rises above 80 degrees Celsius, and
becomes unusable, making it useless at high tem-
peratures. The newly developed aromatic elec-
trolyte membrane dose not softens or deforms at
high temperatures as its aromatic main chains are
highly durable and have high thermal resistance.
As shown in fig. 8, the new membrane enabled
use at the high temperature of 95 degrees Celsius,
in addition to exhibiting high durability.

In general the traditional hydrocarbon mem-
brane has a tendency to increase water-uptake in
accordance with its high ion exchange rate caused
by its hydrophilic characteristics. The new aromat-
ic membrane has stable water-uptake characteris-
tics, and its unique structure allows for stable
membrane shape and proton conductivity even if
it is soaked in the hot water.

However, fractures occurred between the
electrode layer and the electrolyte membrane
during manufacturing, as shown in fig. 9, even
though the aromatic main chain displays good
anti-deformity characteristics at high tempera-
tures. An original manufacturing method was
developed to address these issues, and superior
adhesion was realized between the electrolyte
membrane and electrode layer.

3.2. Stamped Metal Separator

In the fuel cell the separator forms a pathway
for the electrons, so it needs to have high electri-
cal conductivity. At the same time, it should have
good thermal conductivity (temperature rise
property) so that the water derived does not
freeze when power is generated below freezing.
Therefore the stainless steel which has high elec-
tric and thermal conductivity was examined.

Using stainless steel, which is stronger than
carbon, allowed Honda to design of a separator
only half as thick as a carbon separator. As a
result, the thermal conductivity was increased
five-fold (fig. 10), so that the entire stack can be
warmed quickly, significantly reducing the time
required from the start of power generation to
warm-up of the unit

Because of their superior electrical and ther-
mal conductivity, metallic materials were consid-
ered for separator material. However, oxidation
and corrosion, due to the passage of the current,

are issues with these materials. If passive treat-
ment is used to prevent oxidation and corrosion,
the resistance of the metallic surface increases,
resulting in inadequate performance. Carbon sep-
arators were used in the past, but as shown in fig.
11, conductive particles (electrically conductive
metallic inclusions) through which electricity can
pass easily were dispersed in a stainless steel base,
and passive treatment was performed on the sur-
face to achieve a good balance between high con-
ductivity, and durability and thermal conductivity.
This measure reduced the contact resistance to
one-fourth the resistance of conventional carbon
separators at -20 degrees Celsius (fig. 12).

3.3. Stack Construction

In the previous stack structure, carbon sepa-
rators and separate seals were used, and a disk
spring and backup plate were installed and con-
nected, using large bolts to make the structure air-
tight, as shown in fig. 13. In contrast, the newly
developed fuel cell stack shown in fig. 14 uses
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high-strength metallic separators, reducing the
thickness by 50% compared to carbon separators.
Moreover, the use of unitized seals made it possi-
ble to reduce the cell unit thickness and the num-
ber of parts. The springiness of stamped metallic
separators was used to maintain the air tightness
using simplified construction, in which the stacked
cells are merely encased by panels, thereby reduc-
ing the number of parts of the entire stack to near-
ly half. This modification has resulted in more
compact and lighter fuel cell stacks, and the out-
put density has been increased to more than twice
that of the conventional stack.

4. 2005 MODEL FCX

The 2005 model FCX delivers much more
power. The improved efficiency of power genera-
tion by the stack, the air supply system to the stack,
and the hydrogen circulation system results in a
22% increase over the previous model in torque
energy efficiency. A significant improvement in
fuel efficiency extends the vehicle's driving range
from 355 km to 430 km (in-house data). And with
the newly developed Traction Control System
(TCS) the stability of the new FCXis evident even
on snowy roads.

By improvement the ion and thermal conduc-
tivity, Honda expanded the temperature range in
which 2005 model FCX runs into sub-freezing
temperatures.

In December 2004, Honda leased two FCX
vehicles to the government office of New York
State (fig. 15). Those vehicles were the first fuel
cell vehicle supplied to a customer in the

Motor  Max. autput (KW)

Fuel cell stack  Max, output (KW)

Temperature (°C)

Cross section

Northeastern United States. In Japan the FCX
was leased to the Hokkaido Prefecture
Government (fig. 16). It was the first fuel cell vehi-
cle leased in Japan in a region that experiences
sub-freezing temperatures.

In June 2005, an FCX was leased for the first
time to provide customer in California for a peri-
od of two years. The FCX is put to everyday use,
including commuting to work, taking the children
to school, shopping and household errands. The
lessees are the first private citizens to use
California's Hydrogen Highway refueling stations
(fig. 17).

5. FCX CONCEPT

In October 2005 the next generation concept
was announced at the 2005 Tokyo Motor Show.
The FCX concept provides a glimpse at the next
stage of the fuel cell vehicle's evolution. This vision
of the future boasts a fuel cell system that delivers
more power and uses less space, in a unique, low-
floor fuel cell platform. It is a next-generation
sedan with a low center of gravity and a full-sized
cabin, offering the kind of driving pleasure and
roomy interior previously unimaginable in a fuel
cell vehicle.

The FCX Concept also features Honda's
advanced intelligent technologies which reduce
driver burden, and the spacious interior allows for
extra-large seats to maximize comfort. This pre-
mium sedan offers the ultimate in clean-running
performance.

Compact enough to fit neatly into the center
tunnel, but robust enough to output 100 kW of
power, the fuel cell stack offers both space effi-
ciency and high energy output. The key to fuel cell
performance is water management. With vertical
gas flow in that oxygen and hydrogen flow down-
ward through, the fuel cell stack takes advantage
of gravity to efficiency discharge water formed
during electricity generation. This improves sys-

tem performance in sub-zero temperatures,
achieving a new level of system reliability. (fig. 19)

6. HOME ENERGY STATION

The Home Energy Station (HES) is a com-
prehensive system designed to meet residential
energy needs by supplying electricity and heat in
addition to hydrogen from natural gas supplied
for residential use, the HES system also offers
consumers the convenience of refueling the fuel
cell vehicles at home. The system is equipped with
fuel cell vehicles at home. The system is equipped
with fuel cells that generate and supply electricity
to the home, and is configured to recover the heat
produced during power generation for domestic
water heating. The third generation of the experi-
mental unit was installed to Honda R&D
Americas in Torrance, California (fig. 20).

7. SUMMARY

Development of the aromatic electrolyte
membrane allows start-ups at temperatures below
freezing, through increased proton ion conductiv-
ity, while also enhancing durability at high tem-
peratures. In addition a stamped metal separator,
formed with a unitized seal, significantly reduces
warm-up time following the start of power gener-
ation to be significantly reduced, because of
increased electrical and thermal conductivity. In
addition, the stack size is significantly smaller.

The combination of the aromatic electrolyte
membrane, stamped metal separator formed with
its unitized seal, and compact stack structure
achieves both compactness and high power output.

Informatii suplimentare puteti obtine scriind la

urmatoarea adresa:
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COMMON RAIL PIEZO-INJEKTOREN

VON BOSCH

Piezo-injectoarele Common Rail de la Bosch
Constructia si functionarea lor

ecenta dezvoltare a injectorului pen-
tru sistemul Common Rail pre-
supune inlocuirea elementului de
comanda electromagnetic cu un sistem de
comanda piezoelectric, la care acul injectoru-
lui este comandat direct hidraulic, fara nici o
legatura mecanica si care este mult mai rapid.
Injectorul piezoelectric are o serie de
avantaje fatd de injectorul cu ventil electro-
magnetic dintre care pot fi mentionate urma-
toarele:

- spatiul ocupat este mult mai mic si compact;
- greutatea sistemului este practic injumatatita;
- se pot realiza mai mute injectii pentru un
ciclu de injectie, ca de pilda doud preinjectii,
o injectie principald si doud injectii finale;

- cantitatea de carburant pentru o preinjectie
poate fi redusa in mod sensibil;

- poate fi stabilit un interval intre doud injectii
mai mic.

De aici decurg o serie de avantaje pentru uti-
lizator, cum sunt:

- zgomotul la injectii multiple se reduce cu 3%;
- consum extrem de mic pentru cantitatea de
carburant la preinjectie, redus cu 3%;

- moment de injectie flexibil si reducerea emi-
siilor poluante cu pana la 20%;

- cresterea puterii motorului cu pana la 7% sau
reducerea corespunzdtoare a consumului de
carburant.

- datoritd cantitatilor mici de carburant injec-
tat, se poate utiliza o pompa de injectie de
naltd presiune mult mai mica.

in continuare se prezinti:

- Comparatia intre cele doud tipuri de injec-
toare in ceea ce priveste domeniul de pre-
siune, returul de carburant si masa proprie;

- Constructia injectorului piezo-electric;

- Reprezentarea schematicd a piezo-elemen-
tului (domeniul de temperatura, capacitatea,
curentul de incércare, tensiunea si timpul de
incarcare);

- Constructia schematicd a amplificatorului
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hidraulic;
- Functionarea servoventilului/ventilului de
comanda in pozitille de start, ventil inchis
(acul duzei deschis) si ventil deschis (acul
duzei inchis);

Documentatia este oferitd de reprezen-
tanta in Roméania a companiei ROBERT
BOSCH GmbH.

COMMON RAIL PIEZO-INJEKTOREN

VON BOSCH

Diese Berufsschulinformation beschreibt
den Aufbau und die Funktion des Piezo-
Injektors.

Vorteile gegeniiber dem Magnetven-
til-Injektor und Kundennutzen:
- Mehrfacheinspritzungen: Gerdusch -3 dB(A)

Steller

Druckbereich: 20...180 MPa 20...160 MPa
Rucklaufmenge 0lh 251
it piezo- /o mit Magnetve ntil
eleldrischem S Gewichtd90 g
Steller
Gewicht. 270 g
Gehéduse

Anschliisse

Gekapselter piezoelektrischer Steller: Piezoelement (schematisch dargestellt)
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charakteristischer Verlauf

¢ i Hub
linear, geringer 45 um
Hystereseeffekt
P Kapazitat
Temperaturbereich <47uF
-40..+160°C = il
S — Grofle
—_— 7X7x32.4
— mm
Ladestrom
~15A —
- Ladezeit
ersorgungsspannung
<= 200\ 100 ps

Miederdruckrail mit
Rickschlagventil

Piezosteller

hydraulischer
Koppler

Raildruck
Verstdrkerdruck
10 bar

1 bar

Piezoelement (schematisch dargestellt)

Funktion hydraulischer Koppler/ Verstirker

Startposition

Raildruck
Steuer- Leckagedruck
ventil [ Steuervolumendruck

Auslass
Steuer-

volumen
Bypass

Einlass

Dilsennadel

- extrem kleine Voreinspritzmenge: Verbrauch -3 %
- flexibler Einspritzzeitpunkt und Emission -20 %
- extrem kleine Zeit zwischen Motorleistung +7 %

Der hydraulische Koppler/ Verstérker ist von seiner
Funktion dem Hydrostoel sehr dhnlich. Um bei unter-
schiedlichen Temperaturen einen Spielausgleich zu
erreichen, wird dieser Koppler eingesetzt. Somit ist es
wichtig, dass im Injektorriicklauf ein bestimmter
Riicklaufdruck aufgebaut ist. Dieser Druck wird durch das
Riickschlagventil erreicht und betrigt ca. 8-14 bar. Durch
die unterschiedlichen Durchmesser der beiden Kolben

entsteht eine Druckverstirkung.

Funktion Servoventil/ Steuerventil

Steuerventil schliedt

Disennadel 6ffnet

Steuerventil &ffnet

Einlass

Disennadel schliefit

Nota: Acest articol a fost pus la dispozitie de reprezentanta ROBERT BOSCH S.R.L. din Roménia
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STUDY

OF THE LONG-TIME STABILITY
OF SHAPE MEMORY COMPONENTS
FOR VEHICLE APPLICATIONS

Joachim Strittmatter, Dipl.-Ing.(FH), Scientific associate

HTWG Konstanz, University of Applied Sciences, Department of Mechanical Engineering, Material Testing Laboratory,
Brauneggerstrafle 55, D-78462 Konstanz, Germany, Tel. +49 7531 206-317

email: joachim.strittmatter@htwg-konstanz.de

REZUMAT

La autoturismele moderne sunt integrate o
serie de dispozitive electromagnetice de
comandd, pentru a actiona sistemele de control
si confort. Utilizand aliajele cu memoria formei,
aceste sisteme existente pot fi simplificate 1n cele
mai multe cazuri, realizand aceleasi functiuni cu
ajutorul unor noi mecanisme cu dimensiuni,
greutate si costuri reduse. Principalele avantaje
ale dispozitivelor cu memorie a formei in apli-
catiile pentru aceste vehicule constau in faptul ca
au o miscare lina si directa cu cuplu si forta mare
fard mecanisme aditionale, silentioase si cu fia-
bilitate buna atunci cand miscarea este determi-
nata de proprietatile fizice ale materialului. (1)

Dar cerintele industriei de automobile deo-
camdata arata o utilizare restransa a aliajelor cu
memoria formei, In timp ce stabilitatea pe timp
indelungat a acestor dispozitive inca trebuie con-
firmata.

in aceast lucrare este dati o scurti intro-
ducere referitoare la efectul memoriei de forma,
este descris un sistem de ridicare a capotei ca o
aplicatie aleasa pentru dispozitive cu memorie a
formei cu schimbare rapida, facilitétile de testare
si primele rezultate privind studiul stabilitatii de
duratd a acestor ,,materiale functionale®.

ABSTRACT

In modern passenger cars a lot of elec-tro-
magnetically driven actuators are integrated to
run comfort and control systems. Using shape
memory alloys these existing systems can be sim-
plified in most cases, performing the same func-
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temperature

deformation

Fig. 1: Martensitic phase change and shape memory [2]

inttial shape

deformation

heating

net shape

tion through new mechanisms with reduced size,
weight and costs. The main advantages of shape
memory actuators in these vehicle applications
are a smooth direct movement with high torque
or force, no additional mechanism, noiseless
operation, and intrinsic reliability, since the
motion is related to the physical properties of the

material [i]. But the requirements of automotive
industry still exhibit a re-straint for the use of
shape memory alloys in automotive applications,
since the long-time stability of the actuator mate-
rial still has to be proved.

In this paper a short introduction to the
shape memory effect is given, a bonnet lifting

Climate control

Dashboard
actuators

Wipers

actuators

Engine control
valves and acluators

Adaptive
headlights

Fig. 2: Potential vehicle application for shape memory components [1]

Inside ventilation
control

DoorlLocks

Headrest and cushions
comfort actuators

Rearview mirror
actuators
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Contact sensor, integrated
into passive protection meas-

ures for leg area

Sensor signal

Evaluation with
algorithm in IPPS-

Actuators for lifting
of motor bonnet

Control

electronics

Fig. 3: System set up [6]

system as one chosen application for quick
changing shape memory actuators is described
and the testing facilities and first results concern-
ing the study of the long-time stability of these
'functional materials' is shown.

INTRODUCTION

Shape memory materials show the particular
capacity to revert to their original form when
heating if they are plastically deformed below a
critical temperature before [ii]. This exceeding
effect is the result of a solid state phase change of
special alloys, the so-called shape memory alloys.
Figure 1 shows this mechanism referred to as
marten-sitic phase change. The high-tempera-
ture modification of the lattice (austenite) "flips
over" into a twinned martensite structure (from
top left to bottom). This martensite lattice can be
de-twinned up to 8% (for NiTi). As long as the
material remains below the phase change tem-
perature, this deformation is lasting. Heating of
the deformed martensite above the phase
change temperature causes the reversion into
the original space-lattice structure and therefore
into the original shape of the material. This
behaviour is the basis of the shape memory
effect.

Generally the shape memory effect involves
a considerable reset force and therefore facili-

tates their application as actuators. So it is possi-
ble to create a spontaneous contraction of a
metallic element in the range of some percent
through heating. Such actuator appli-cations can
be found e.g. as adjusting, combining, supporting
or contacting elements, as active implants or as
high damping spring elements. They also find
applications as sensors and actua-tors in passen-
ger cars. More informa-tion about the techno-
logical back-ground of shape memory alloys and
its applications can be found in [2,iii , iv]. Figure
2 shows potential vehicle appli-cations for shape
memory components.

The use of adaptive working safety systems
for automotive applications is continuously
increasing. In modern automotive engineering,
especially quick changing actuators are used in
applications concerning safety regula-tions.
Nowadays the actuators are mainly operated by
complicated me-chanical systems, very often by
so-called pyrotechnic ignition devices. By using
intelligent materials, e.g. shape memory alloys,
an actuator function can be reached easily.
Additionally, in comparison with systems driven
by pyrotechnic ignition devices, with such sys-
tems it is possible to carry out the actuator func-
tion repeatedly, or also reversibly. But the use of
shape mem-ory materials in such safety systems

is reduced because of the lack of material knowl-
edge on this section. A central problem is the
durability of the switching function (long-time
stability of the shape memory effect), which still
has to be proved.

BONNET LIFTING SYSTEM

A pedestrian protection system was devel-
oped by the consortium IPPS, Intelligent
Pedestrian Protection Sys-tems [v]. In this safety
concept the companies Benteler automobile
ETO MAGNETIC, Festo,
Peguform and Siemens Restraint co-operates

tech-nology,

together since 2001. The con-cept contains a
give-way bumper, fiber-optical sensors and an
active hood, raised by a pneumatic muscle. The
functional principle of new fiber-optical contact
sensors acts in different stages. In parts the plas-
tic sheath of the light wave conductor is
removed. If the fibers are bent, a part of the light
there reflects from the fiber. This reflection is
depending on the bending intensity and there-
fore the light loss registers how strong the fiber
was bent. By lay-ing several preserved fibers
horizon-tally about the bumper and removing
different segments of the sheath, a distortion pic-
ture of the vehicle front arises. Through this the
control module should be able to recognize if a
pedes-trian is going to crash into the bumper.

11
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SM-wire

Oil Bath

Inductive Distance
Sensor

Fig. 4: Oil bath testing facility, schematic view

&

Weight

Then it sends an impulse for lifting the modified
bonnet to catch the head of the pedestrian softly.

In the first system a pneumatic muscle is
activated for lifting the bonnet in combination
with a reversing mecha-nism it raises the bonnet.
In the proto-type of IPPS the control unit signals
at the latest 15ms after the first contact on the
release and raises the bonnet within further
35ms. To operate fast enough, the muscle needs
pressure air from pressure air cartridges or a
type of storage, which is filled by a compres-sor.
This system weights less than 1kg for sensor, con-

trol device and pneu-matic actuator, but its
drawback is the weight of the compressor. The
system concept is shown in figure 3 [vi].

In order to profit of this system but avoiding
its disadvantages this safety-system was chosen
as a potential appli-cation for quick changing
shape mem-ory actuators. The replacement of
the pneumatic muscle through changing shape
memory actuators leads to some additional
advantages, e.g. reversible function, compact
construction and less-cost-intensive-solution. In
previous works in cooperation with the ETO

MAGNETIC company it has already been
proved, that shape memory alloys are suitable to
fulfil the requested actu-ating times and forces
for this applica-tion [vii, viii].

The following of this paper is focused on the
study of the long-time stability of the shape
memory actuator elements, that is required not
only in the potential application of the bonnet
lifting system for pedestrian protection, but that
is of significant importance for the success-ful
implementation of shape memory components
in vehicle applications.

Energy Supply

Fig. 5: Laser testing facility, schematic view

SM-wire

Laser

Weight
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——Reference, 4 days at room temperature — 1. Test, 4 days at 120 °C
——2. Test, 4 days at 120 °C

3. Test, 4 days at 120 °C
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Fig. 6: Oil bath results: contraction-temperature diagram of specimens aged 120 °C for 4 days, three tests
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MATERIAL

In the previous works [7, 8] best results were
achieved using a configuration with 30 NiTi
wires plaited to a shape memory muscle. This
configuration was actuated via electrical dis-
charge of a capacitor and was able to lift a weight
of 20kg (bonnet) over a lifting of 12,5mm within
less than 35ms. One single shape memory wire
has a di-ameter of 0,254mm and Ar-temperature
of 95°C (supplier specifi-cation Memory-Metalle
GmbH). For having the same starting material
for the long-time stability tests and to achieve
reproducible results the wires were trained
under a loading that cor-responds to 135N/mm?2.
They were trained 80 times by electrical actua-
tion in special devices that allow fixing and train-
ing of 90 wires. After the last training cycle the
shape memory wires were fixed in the pre-
strained condition under the tension of
135N/mm?2 to simulate exactly the mounting
condi-tion of the quick changing actuator in the
car.

AGEING

The long-time stability of the shape memory
actuators is a significant point that has to be

assured. Safety systems in general could be acti-
vated within the first days of a car's lifetime or
after several years, but the functionality of the
whole system and especially the actuators has to
be reliable at any time. In practice the long-time
stability can be proved through a testing method
upon stored specimens. By storing the shape
memory specimens an ageing process occurs and
a statement con-cerning the functionality of the
speci-mens can be made. The test procedure
bases on the well known fact, that the parame-
ters time and temperature have a direct interre-
lationship. So it is possi-ble to achieve artificial
ageing when the factor time is replaced through
the factor temperature in a certain range.
According to the requirements for parts in the
engine compartment and to as-sure that at every
temperature the pre-strained wires still have
martensitic structure, the ageing temperatures
were chosen between 60 and 140°C. In checking
tests with increased weights it was certificated,
that even at 140°C the pre-strained wires were
still martensitic in the fixing device. For each test
step concerning ageing temperature and expo-
sure time six specimens were aged. In two spe-

cially developed testing fa-cilities these speci-
mens were further examined.

THE TESTING FACILITIES

The first facility is schematically shown in
figure 4. Up to six specimens of the SM wires can
be horizontally fixed and connected to a weight
that causes a specified tension of 135N/mm?2 in
the shape memory wire. By heating and cooling
the oil bath the specimens are cycled and
through inductive distance sensors the length of
each specimen is plotted in a temperature-length
dia-gram. With the data of the phase change
temperatures and the contrac-tion value even
smallest behaviour differences in the specimens
can be analysed. By comparing the data of the
aged specimens with a reference wire possible
ageing effects upon the shape memory effect can
be noticed immedi-ately.

A second testing machine was designed in
order to investigate a possible influ-ence of age-
ing upon the shape memory effect of actuator
wires concerning their functionality. Shown in
figure 5 a sin-gle shape memory wire specimen is
connected on one side to a fixed mounting and
on the other side to a mobile weight over a pul-

13
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Ap-temperatures over the exposure time of specimens aged at 140°C

slightly rising with longer exposure time. It can
be concluded, that tem-perature has an immedi-

Ap-temperature [*C]

g

ate effect on the shifting of the Ar-temperature,
while the influence of the exposure time is less
intensive, but also leads to higher Ar-values with
longer exposure times. In the other temperature
groups the same observations were made. It was
observed that the maximum shifting of the Ae-
temperature always occurred in the first test
after ageing and that the shifting value of the Ae-

temperatures is less intensive with lower ageing

tem-perature. The shifting of the Ar-tempera-
tures of the first tests over the ageing tempera-
ture is shown in figure 8.

By the results of the oil bath tests it can be

Time [days]

Fig. 7: Overall diagram of the 140°C temperature group

stated, that ageing temperature as well as expo-
""" sure time has a measurable effect upon the test-
ed shape memory wires. Higher ageing tempera-
tures lead to stronger shifting of the Ar-temper-

atures, while the influence of longer exposure

time is not so strong. The displacements have

ley. When the specimen is electrically activated
the wire is heated and the phase changing from
martensite to austenite takes place. The hereby
caused wire contrac-tion and the activation time
are meas-ured by the laser sensor.

FIRST RESULTS AND DISCUSSION

A typical diagram of the results achieved in
the oil bath tests is shown in figure 6. In this dia-
gram NiTiwires with a diameter of 0,254mm and
lengths of 244mm, aged at 120°C for 4 days were
examined. Each specimen was cycled three times
between 10 and 170°C and compared with a ref-
erence wire. All four graphs show the same con-
traction values between 4,2% and 4,4%. The red
lines in the diagram indicate the Ap-value of
each graph. A difference can be observed in the
Ap-temperatures: Compared to the refer-ence
wire, the phase change tempera-ture at the first
test after ageing is slightly higher. In the second
and third test of the same wire the observed in-
crease was set back almost to the Ap-tempera-
ture of the reference wire. This elevation can be
explained with the 'effect of the first phase
change trans-formation'. This well known effect
means, that during the first phase change trans-
formation the Ap-values are slightly higher
because of the age-ing. This behaviour is due to
a natural ageing of stored shape memory mate-
rial and also takes place with the artifi-cial aged
shape memory specimens of this investigation.

In the same way such diagrams were pre-
pared of all the realized tests till exposure times
of 180 days. For each temperature group 'overall
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diagrams' were prepared where the Ae-tempera-  their maxima in the first tests after ageing and

tures can be seen as trend lines. In figure 7 the  can be classified as relatively small.
data for the temperature group aged at 140°C is In the laser test facility two wires for each
shown. temperature-time group were single tested and
It can clearly be seen that the Ar-tempera-  the average graph was compared to the reference
ture of the first test is shifted to higher values. In  graph. The NiTi wires were electrical activated
via discharge of a 47000uF-/100V capaci-tor that

was loaded to a voltage of 30V. The pulse time

comparison to the reference data the shifting is
about 20K within the first days and 26K at 180
days. The trend lines of the second and third test ~ was fixed to 30ms. To avoid a strong overshoot of
have the same course, but their displacement  the load the impulse was absorbed through a pro-
concerning the reference line is much smaller.  tector that was placed at a distance of 9mm over

All the trend lines, even the reference line are  the load. In figure 9 it can be seen, that the pro-

Maximum shifting of Ap-temperature over ageing temperature after 180 days

A Ap-temperature shifting [°C]

100

Ageing temperature [°C]

140

Fig. 8: Maximum shifting of AP-temperature of the first tests
aged at different temperatures for 180 days




Supliment Auto Test

Stroke-time diagram of SM wires aged at 140°C for different exposure times
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g. 9: Laser test results: stroke-time diagram of SM-wires aged at 140°C for different exposure times

tector could not ab-sorb the whole energy of

ed, that ageing temperature as well as exposure

that even for a Ar-temperatures raise of 26K no

impulse: The weight was rejected, the lifting  time has no measurable effect upon the function =~ measurable influence can be de-tected concern-
ing the function of the actuator wires.
SUMMARY
Concerning the present results it can be con-
cluded, that the use of quick changing shape
memory elements as actuators in safety systems
should be possible not only for the bonnet lifting

system, but also for other automotive applica-

value dropped from 9 to 6mm and then swungto  of the tested shape memory wires. First, these re-
sults seem to be a contrast to the results of the oil
bath results, where a slight shifting of the Ae-

higher values was

a value between 7 and 7,5mm at 150ms.

In all the test data of the different tem-pera-
ture-time groups no significant difference to the  temperatures towards
reference wires could be observed. Even a closer ~ observed and there-fore constant activation
analyse of the first 50ms of the graphs did not

show any systematic. It can be stated that the small

energy should lead to measurable slowing-down
of the contraction time. Considering the re-sults

of both tests it can be concluded, that through  tions. A final conclusion can be made after the

differences were not caused by different aged
study of shape memory wires that were aged for

material, but by the accuracy of measurement.
By the results of the laser tests it can be stat-

References

iButera F.: Shape Memory Actuators for Automotive Applications, in Shape Memory Alloys.
Advances in Modelling and Applications, edited by F. Auricchio et al, CIMNE, Barcelona,
Spain, 1991, pp. 405-426

i Glaser S., Giimpel P.: Formgedéchtnislegierungen und ihr metallkundlicher Hintergrund, pp.
1-33 in: Gumpel P. et al: ,Formgedichtnislegierungen - Einsatzmoglichkeiten in
Maschinenbau, Medizintechnik und Aktuatorik", expert verlag, vol. 655, D-Renningen, 2004,
156 pp.

iii Strittmatter J.: Formgedachtnislegierungen und ihre Einsatzmdglichkeiten in der Praxis -
Allgemeine Anwendungsbeispiele in der Technik und ausgewihlte Forschungsprojekte der
FH-Konstanz, pp. 93-129in [2]

iv Glaser S., Giimpel P., Kilpert H., Strittmatter J: Quick Changing, Actuators for Safety

the high-speed discharge of the capacitor such a
high energy is applied upon the actuator wires,

longer time periods.

Systems in Automobiles, Proceedings of the 10th International Congress on Automotive and
Future Technologies CONAT 2004, Brasov, Romania, 24 pages

v N.N.: IPPS-Konsortium: Fiinf fir FuBlgingerschutz, in Automobil-Entwicklung, Mai 2004,
p.34

vi Schert O., Bardini R.: A Fibre Optical Sensor System for Control of Active Pedestrian
Protection Systems, VDI Berichte Nr. 1794, 2003, p. 199-223

vii Franke J.: Schnellschalternder Aktor aus FGL, Diploma thesis, University of Applied
Sciences, Konstanz, 2002

viii Gléser S., Gtimpel P.: Schnellschaltende Aktoren aus Formgedachtnislegierungen, fhkfo-
rum 2003/2004, p.65-68, 2003

15



Supliment Auto Test

PILELE CU COMBUSTIBIL
SURSE DE ENERGIE PENTRU VEHICULELE ELECTRICE

Prof. Dr. Ing. Aurelian Craciunescu
Universitatea Politehnica din Bucuresti
Facultatea de Inginerie Electrica

ABSTRACT

A fuel cell is an electrochemical energy con-
verter that produces electrical energy from
chemical free energy of some fuels.

The basic structure of a hydrogen fuel cell is
shown in Figure 1. It consists of an anode and a
cathode which are separate by an electrolyte.
The reactants supplied to the cell are molecular
hydrogen and atmospheric oxygen. The fuel cell
breaks these hydrogen molecules at the anode,
due to the chemical reaction, releasing hydrogen
ions and electrons. The electrolyte allows the two
protons (hydrogen ions) to move to the cathode.
At the cathode chemical reaction takes place in
two stages: first, the bond between the two oxy-
gen atoms in the molecule breaks and then oxy-
gen atoms grabs two electrons coming from the
anode through the external circuit to become
negatively charged. The negatively charged oxy-
gen atoms are balanced by the positively charged
hydrogen atoms at the cathode, and the combi-
nation produces water molecules. The flow of
electrons from the anode to the cathode through
the external circuit is what has electrical energy.

Fuel cell voltage current relationship is
shown in Figure 2. The linear region where the
reduction in cell electric potential is due to the
ohmic losses is where fuel cell operates.

Fuel cells operate, theoretically, isothermal-
ly. The hydrogen fuel in the fuel cell does not
burn as in the IC engines and its efficiency is not
subject to the Carnot limitation imposed on heat
engines. In Figure 3 are shown the efficiencies of
various energy converters in comparison with
fuel cells electric efficiency.

The six major types of fuel cells are as fol-
lows: alkaline, proton exchange membrane,
direct methanol, phosphoric acid, molten car-
bonate, and solid oxide. The features of these
cells are summarized in Table 1, and its usable
energy and relative costs are given in Table 2.

The selection of fuel cells as the primary
energy sources in EVs and HEVs depends of
fuel cell technology and of the infrastructure to
support the system. Based on the discussion in
this paper, the alkaline and proton exchange
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cells are appropriate for vehicular application.
The options for storage of hydrogen play a criti-
cal role in the development of infrastructure for
fuel cell electric vehicles. These options are dis-
cussed in the paper too.

Finally, the structure of a drive train of a fuel
cell vehicle is described.

PILA CU COMBUSTIBIL

O pila cu combustibil este un convertor elec-
trochimic de energie care produce energie elec-
trica din energia libera stocata in legdturile chi-
mice ale unor combustibili.

Structura de baza a unei pile cu combustibil
este prezentatd In figura 1. Ea contine doi elec-
trozi, unul negativ numit anod si altul pozitiv
numit catod, electrozi care sunt separati de un
mediu conductor de ioni, numit electrolit. Pila
este alimentata cu doi reactanti: hidrogen mole-
cular (H2), la anod, si oxigen molecular atmos-
feric (02), la catod.

T
Sarcina

Oxidant, O,

Electroni

Hidrogen
n exces

Y Vapori de apa
Anod Electrolit Catod

Figura 1: Schema de principiu

a unei pile cu combustibil

Molecula de hidrogen contine doua nuclee,
cu cate un proton fiecare, inconjurate de doi
electroni. in urma unor procese chimice care au
loc la anod, molecula de hidrogen este spartd in
cele patru componente ale ei. Cei doi protoni,
care au sarcini electrice pozitive, migreaza prin
electrolit catre catod iar cei doi electroni, care au
sarcini electrice negative, sunt introdusi in cir-
cuitul electric in care pila este conectatd. Apare,
astfel, un curent electric ce trasfera o anumita
energie circuitului exterior pilei. Viteza de sepa-
rare a componentelor moleculei de hidrogen se
poate creste folosind catalizatori. La catod,
reactia chimica are loc in doua etape: mai intéi se
sparge legdtura chimica dintre cei doi atomi ai

moleculei de oxigen iar apoi se ataseaza atomilor
de oxigen cate un electron primit din circuitul
electric In care pila este conectatd, incdrcandu-se
astfel atomii de oxigen cu sarcini electrice nega-
tive. Atomii de oxigen incdrcati negativ se vor
combina cu atomii de hidrogen incarcati pozitiv,
care sosesc la catod, si in urma acestei combinari
se vor produce molecule de apa (H20). Asadar,
reactiile chimic care au loc intr-o pila cu hidro-
gen-oxigen sunt urmatoarele:

La anod: H2 — 2H+ + 2¢”
La catod: 2¢” + 2H+ + 1202 —» H20
in pila: H: + 402 — H:0

Pilele cu combustibil au fost utilizate la
inceput ca surse auxiliare de energie pentru
vehicule spatiale (pentru modulul lunar si pentru
navetele spatiale). in ultimii ani existd un mare
interes pentru folosirea acestora si la alte
vehicule cum sunt vehiculele electrice terestre
(automobile, autobuze sau scutere).

CARACTERISTICA EXTERNA

TENSIUNE-CURENT

O pild cu combustibil converteste energia
liberd a legaturilor chimice, numitd si energie
Gibbs, 1n energie electricd, sub forma unui
curent de electroni, in conditii izoterme.
Valoarea maxima a energiei electrice a unei pile
cu combustibil, care functioneaza la temperatura
si presiune constante, este datd de variatia
energiei libere Gibbs:

Wa = -AG = nFE (1)

unde n este numarul de electroni produsi de
reactia anodicd, F este constanta lui Faraday,
care are valoarea de 96412,2 C/mol, iar E este
potentialul electric reversibil. Pentru reatia
chimica a pilei:

Hx(gaz) + ¥20x(gaz) — H20(lichid)

in conditiile standard, cind presiunea este
de o atmosferd iar temperatura este de 25°C,
variatia energiei libere Gibbs are valoarea de -
236 kJ/mol sau -118 MJ/kg. Din ecuatia (1), pen-
tru n = 2, rezultd pentru potentialul electric
reversibil, in conditiile standard, valoarea maxi-
mi B0 = 1,23 V. in conditii de functionare
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diferite de cele standard, valoarca maxima a
potentialului electric reversibil, pentru pila cu
hidrogen-oxigen, este datd de ecuatia lui Nernst:

1/2
E:EO+ ﬂ In m (2)
nF P

H,0

unde T este temperatura in grade Kelvin, R
este constanta gazelor, iar Pu, Po si Puo sunt
concentratiile sau presiunile partiale ale reac-
tantilor si, respectiv, produsului de reactie.

Caracteristica externd tensiune-curent a
pilei cu hidrogen-oxigen este prezentata in figu-
ra 2. Valorile mari ale tensiunii, apropiate de 1 V
pe celula, sunt valori teoretice care nu sunt acce-
sibile in cazuri practice. Zona in care
functioneaza pilele cu combustibil este zona line-
ard usor cazdtoare in care, din cauza pierderilor
ohmice interne, tensiunea celulei scade pe
masura ce curentul debitat creste. Valori mai
mari de tensiune, cerute de alimentarca
motoarelor electrice, se obtin prin inserierea mai
multor celule.

Randamentul electric al pilelor cu com-
bustibil este limitat de pierderile interne de
energie. El este insd superior motoarelor cu
ardere internd deoarece in pilele cu combustibil
nu are loc un proces de ardere care sa trans-
forme energia chimica in energie mecanica prin
intermediul energiei termice, transformare
supusd limitdrilor ciclului Carnot. in figura 3 se
prezintd pentru comparare randamentele
diverselor convertoare de energie.

TIPURI DE PILE CU COMBUSTIBIL

Sunt sase tipuri principale de pile cu com-
bustibil: 1) pile alcaline; 2) pile cu membrana
schimbdtoare de protoni; 3) pile cu metanol; 4)
pile cu acid fosforic; 5) pile cu carbonat topit; 6)
pile cu oxid solid. Tn cele ce urmeazi se va face o

scurtd descriere a caracteristicilor reprezentative
ale acestor pile in perspectiva aplicatiilor lor la
vehicule.

Pile alcaline. Tn pilele cu combustibil alca-
line se foloseste ca electrolit o solutie apoasa de
hidroxid de potasiu (KOH). in comparatie cu
pilele cu combustibil care folosesc electroliti
acizi, pilele alcaline au performante la fel de
bune dar au in plus avantajul cd electrozii lor
sunt mult mai putin supusi la coroziune. Pilele cu
combustibil alcaline sunt utilizate de mult timp si
au un randament electric de pana la 60%. Ele
necesitd hidrogen pur ca combustibil si
functioneaza la temperaturi joase (la 80°C), fapt
care recomanda folosirea lor la vehicule.

Pile cu membrana schimbatoare de protoni.
Aceste pile folosesc electroliti solizi si
functioneaza la temperaturi joase (aproximativ
80°C). Randamentul lor electric este mai mic
decat al pilelor cu combustibil alcaline (aproxi-
mativ 40%), insd constructia lor simpla si robusta
face ca ele sd fie recomandabile pentru utilizare
la vehicule. in plus, fata de pilele alcaline care
necesitd hidrogen pur, pilele cu membrana
schimbdtoare de protoni au avantajul cd tole-
reaza impuritdti in combustibil.

Pile direct cu metanol. Aceste pile folosesc
ca combustibil metanolul care este transportat
de vehicul si reformat pentru a furniza hidrogen
pilei. Pentru ca reformarea internd a metanolu-
lui 1n hidrogen sa fie posibild, temperatura de
functionare a pilei trebuie sa fie intre 90 si
1200C. Randamentul electric al acestor pile este
aproximativ de 30%. in prezent, pilele cu
metanol sunt inca in faza de cercetare, cautarile
fiind indreptate in directia descoperirii unor
catalizatori care sd creascd eficienta procesului
de reformare si de reducere a oxigenului.

Pile cu acid fosforic. Acestea sunt cele mai
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Figura 2: Caracteristica externa a
unei pile cu combustibil
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Figura 3: Randamentele unor
convertoare de energie

vechi pile cu combustibil. Ele folosesc ca elec-
trolit acidul fosforic si functioneaza la tempera-
turi de aproximativ 200°C. Randamentul lor
electric este de aproximativ 40% si produc si
energie termicd. Pentru vehicule ele nu sunt
recomandabile din cauza gabaritelor mari dar
sunt indicate pentru aplicatii stationare datorita
randamentului lor ridicat.

Pile cu carbonat topit. Aceste pile au fost
dezvoltate initial ca sa functioneze direct cu car-
bune. Ele folosesc ca electrolit carbonatul.
Alimentarea lor la catod se face cu monoxid sau
cu bioxid de carbon (CO sau CO2).
Randamentul lor este de aproximativ 50% iar
temperatura lor de functionare este de aproxi-
mativ 600°C. Ele nu sunt indicate pentru a fi uti-
lizate la vehicule din cauza temperaturii mari de
functionare, dar sunt recomandabile pentru apli-
catii stationare.

Pile cu oxid solid. Aceste pile folosesc ca
electrolit un conductor ionic solid de tip ceramic,
astfel ca problemele de coroziune sunt mult
reduse fatd de cele existente in pilele cu electrolit
lichid sau polimer. Pentru realizarea, Insd, a unei
conductivitdti adecvate, pila trebuie sa
functioneze la temperaturi foarte mari, aproape
de 1000°C. Randamentul electric al acestor pile
este intre 50 si 60% iar caldura produsa poate fi
si ea utilizata. Pentru vehicule nu este o solutie
dar pentru aplicatiile stationare este, in prezent,
cea mai bund optiune.

Caracteristicile pilelor cu combustibil
descrise mai inainte sunt centralizate in tabelul 1.
Energia utilizabild si costurile raportate ale
diferitelor tipuri de combustibili utilizati in pile
sunt date in tabelul 2.

Pentru vehiculele electrice si hibride,
alegerea pilelor cu combustibil ca surse de
energie trebuie sa tind seama atat de perfor-
mantele pilelor cét si de cele ale infrastructurii
capabile sa suporte sistemul de transport. Din
cele prezentate mai inainte, pentru vehicule pot
fi alese pilele alcaline si pilele cu membrana
schimbatoare de protoni. Dimensiunile, costul,
randamentul cat si timpul de amorsare la aceste
pile sunt acceptabile pentru vehiculele electrice
si hibride actuale. Sistemul de comanda, insa, al
pilelor de combustie este extrem de complex si,
desi a fost verificat in aplicatiile spatiale si pe
prototipurile unor vehicule, nu este maturizat
suficient pentru a fi utilizat pe scard larga.

SISTEME DE STOCARE

A HIDROGENULUI

Pentru realizarea infrastructurii de ali-
mentare cu hidrogen a vehiculelor electrice si
hibride, modul de stocare al hidrogenului are un
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Tipul pilei Combustibilul Electrolitul Temperatura Randa- Aplicapi
de funcponare | mentul
Alacalin Ho, Solupe de 80°C 40-50% Sisteme portabile
hidroxid de
potasiu
Membrana H,, metanol, Polimer 80°C 40-50% VE °i VEH, sisteme
schimbéatoare GNL industriale pana la
de protoni 80 kW
Direct metanol Metanol, etanol Polimer solid 90-100°C 30% VE °i VEH, sisteme
portabile mici
(AW — 70 kW)
Acid fosforic H,, metanol, Acid fosforic 200°C 40-50% Stajionare (>250 kW)
GNL
Carbonat topit H,, CO, metanol, | Carbonat 600-700°C 50-60% Stajionare (>250 kW)
GNL
Oxid solid H,, CO, metanol, | Ceramic 1000°C 50-65% Stajjonare
GNL

Tabelul 1: Tipuri de pile cu combustibil

Combustibilul Energia utilizabila, Costul relativ,
MJ / kg cost / MJ

Hidrogen:

- puritate 95% 118,3 1,0

- puritate 99% 120,0 7,4

GNL (propan) 47,4 0,5

Benzind 45,1 0,8

Metanol 21,8 3,3

Amoniac 20,9 3,6

Tabelul 2: Energia utilizabila si costul relativ

rol esential. Hidrogenul sub formd de gaz la pre-
siunea atmosfericd are o densitate de energie
foarte mica si nu este o forma potrivita pentru
stocare. Hidrogenul poate fi stocat sub forma de
gaz comprimat sau lichefiat, ori sub o forma mai
avansatd folosind hidruri metalice sau nano-
tuburi de carbon.

Stocarea gazelor sub forma comprimata este
o solutie utilizatd de mult timp. Realizarea ei
este necesita o cantitate mare de energie pentru
comprimarea gazului la un nivel la care stocarea
sa fie eficienta (de obicei, la o presiune de cate-
va sute de atmosfere). Lichefierea hidrogenului
necesitd comprimdri si mai mari, asociate cu
refrigerdri la temperaturi criogenice si nu repre-
zinta o solutie acceptabild pentru vehicule.

Stocarea hidrogenului cu ajutorul hidrurilor
metalice sau a nanotuburilor de carbon se face
comprimind gazul la presiuni cuprinse intre
cateva atmosfere si cateva zeci de atmosfere,
intr-un recipient in care se afld un material care
poate absorbi sau elibera hidrogen molecular
(H2) in functiune de presiune, temperatura si
volumul de hidrogen stocat. Hidrurilor metalice,
cand sunt complet saturate cu hidrogen, pot
contine de doud ori mai multi atomi de hidrogen
decat un volum echivalent de hidrogen lichid, iar
greutatea rezultatd, desi este mare, ar putea fi
consideratd  acceptabila  pentru  vehicul.
Folosirea nanotuburilor de carbon ar putea
elimina dezavantajul greutdtii mari a stocarii cu
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hidruri metalice dar performantele acestei posi-
bilitati de stocare sunt incé controversate.

Exista prejudecata conform cdreia prezenta
pe vehicul a hidrogenului sub presiune este un
potential pericol pentru pasageri. Experienta a
aratat insd cd, folosind solutii ingineresti adec-
vate, pericolul prezentat de hidrogenul prezent
pe vehicul poate fi mai mic decat pericolul
prezentei propanului sau benzinei.

VEHICULE ELECTRICE

CU PILE CU COMBUSTIBIL

Sistemul de propulsie al unui vehicule elec-
tric cu pild cu combustibil contine urmatoarele
componente: un dispozitiv de stocare a com-
bustibilului, un reformator de combustibil, pila
de combustibil, dispozitivul de comanda a pilei si
lantul de actionare electrica format din urma-
toarele componente: un convertor de tensiune
continud, un dispozitiv de stocare a energiei elec-
trice, un convertor de frecventd si un motor elec-
tric de curent alternativ.

Convertorul de tensiune continud este nece-
sar pentru ridicarea nivelului tensiunii date de
pila cu combustibil la nivelul cerut de motorul
electric de actionare. Cu cat tensiunea de ali-
mentare a motorului electric, de o anumita pu-
tere, este mai mare, cu atat curentul absorbit de
acesta este mai mic, pierderile electrice sunt mai
mici §i sectiunea conductoarelor de alimentare
este mai mica.

Dispozitivul de stocare a energiei electrice

(acumulator sau/si ultracondensator), este nece-
sar pentru asigurarea alimentdrii motorului la
accelerdri si la suprasarcini, deoarece constanta
de timp a pilei cu combustibil este mult mai mica
decat constantele de timp caracteristice proce-
selor dinamice ale vehiculului si pila nu poate
asigura alimentarea in aceste regimuri. De
asemenea, estenecesard stocarea energiei recu-
perate la franare. Nivelul de tensiune al bateriei
de stocare trebuie sa fie ridicat, la nivelul tensiu-
nii de alimentare a motorului electric, cerinta
care se realizeaza prin conectarea in serie a mai
multor elemente. in cazul folosirii unei baterii cu
tensiune joasa, cresterea tensiunii date de ea la
nivelul tensiunii motorului electric se face cu un
convertor electronic de tensiune continua.

Functionarea corectd a pilei cu combustibil
se asigura daca combustibilul este livrat pilei pe
masurd ce el se consumd. Daca se solicitd pilei
mai multd putere, fara a se modifica admisia de
hidrogen, atunci concentratia acestuia scade, se
reduce nivelul tensiunii electrice furnizate de
pild si se poate distruge membrana ei separa-
toare. Daca gradul de utilizare a hidrogenului
atinge nivelul de 100%, pila incepe sa
functioneze in regimul cu curent constant, carac-
terizat de pierderi interne mari, situatie care tre-
buie, de asemenea, evitatd. Asadar, pentru o
buna functionare a pilei este bine si fie livrat
hidrogenul putin in exces.

Produsele eliminate in urma functionarii
pilei sunt apa, sub forma de vapori, si eventual un
exces de hidrogen. Vaporii de apa pot fi utilizati
pentru incalzirea vehiculului dar hidrogenul
eliminat constituie o pierdere pentru sistem.
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SURSE ALTERNATIVE DE PROPULSIE PENTRU AUTOMOBILE
Autorul lucrarii este profesor al Universitatilor Paris 6, Pisa, Perugia si Zwickau, si Director al
Institutului pentru Transfer de Tehnologie al Universitatii de stiinte Aplicate din Zwickau.
" {.\Ebe Lucrarea prezinta acumularile profesionale realizate de autor, atat in calitate de profesor univer-
“atwe An sitar, cat si in cea de cercetdtor si autor a mai multor vehicule cU surse alternative de propulsie,
A“e‘ Ob ile multe dintre ele aflate deja in productie de serie. Solutiile tehnice aplicate pentru optimizarea
fur A\f\tom proceselor de combustie si formare a amestecului carburant sunt brevetae de profesorul Cornel
. prennstoffzelien: Stan in Germania si alte state membre ale Uniunii Europene, precum si in SUA.
“‘r““d“ﬁ“fg\n}wp\x agel Elaborat pe 312 pagini si structurat in sase capitole, tratatul analizeazd cateva teme majore cum
U sunt:
- Surse energetice clasice si alternative pentru motoarele autovehiculelor,
- Performantele ciclurilor masinilor termice si identificarea solutiilor de ameliorare a acesto-
ra;
- Potentialele motoarelor cu combustie interna si ale mecanismelor de distributie, echipa-
mentelor de injectie si traseelor de admisie;
- Combustia amestecurilor omogene si convergenta ciclurilor Otto si Diesel;
- Realizdri tehnice in domeniul motoarelor Wankel si Stirling precum si al turbinelor cu
gaze;
- Automobile electrice si hibride.

s
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EXPERTIZA TEHNICA AUTO JUDICIARA SI CRIMINALISTICA
Analizarea accidentelor de trafic rutier constituie un domeniu in care concura atat stiintele clasice si exacte, cat si dezvoltarea
tehnologiilor care participa la constructia de automobile si cu precadere a autoturismelor. De la materiale cu compozitii noi, pana la
solutii electronice si digitale cu programe ale inaltei tehnologii, toate participad la constructia si dezvoltarea constructiei autove-
hiculelor.

Abordarea unei lucrari de o asemenea amploare care presupune si un caracter monografic, reprezinta o sarcina dificild deoarece pre-
supune cunoasterea in detaliu a raportului drum, sofer si autovehicul. Numai experienta poate sa acopere o asemenea initiativa si nu
o rutind oarecare, ci o experientd de profesionist in analiza si cercetarea accidentelor de trafic rutier. Ca expert cu o experientd
indelungata, autorul lucrarii introduce multe noutati in domeniul expertizarii unui accident soldat cu deces sau cu vatamare de per-
soane, uzand de cunostinte temeinice de criminalistica, fara de care elaborarea unei lucrari de o asemenea anvergurd, nu ar fi fost
posibila.

Lucrarea de fata a fost scrisa, chiar pe structura unor obiective formulate de catre un organ judiciar, pentru elaborarea unei expertize
tehnice auto judiciare sau criminalistice, astfel incat un eventual explorator sa se edifice asupra
ideii de expertiza la modul propriu. Autorul a urmarit lamurirea unor idei noi asupra consumarii
unei parti din energia acumulatd de un autovehicul prin deformarea caroseriei, fapt ce nu este
simplu din punctul de vedere al exprimarii matematice a fenomenului fizic. Ideea de echivalent
energetic al vitezei, vine si clarificd numeroase probleme fata de calcularea vitezei dupa urmele
de franare la acele autoturisme care nu sunt dotate cu sisteme moderne in echipamentul de
franare, constituind un factor nou abordat intr-o lucrare de expertize din domeniul autove- Ex: Iy,
hiculelor si circulatiei rutiere. Xpertiza tehnjc; { ,
Autorul lucrarii a abordat si aprofundat in mod stiintific domeniul constructiei autove- auto judie;

hiculelor impletit cu domeniul comportamentului autovehiculului si a conducatorului auto, ]
pe scurt dinamica autovehiculelor pe roti. Elaborarea lucrarii a presupus nu numai ..
cunostintele teoretice si practice in domeniu, dar si experienta bogata in elaborarea exper- |
tizelor, acoperita de o activitate indelungata, si apelarea la noutati in domeniul respectiv.
Anexele deosebit de valoroase, vin sa serveasca pe cei care consulta lucrarea pentru elab-
orarea expertizelor de specialitate.

Datorita structurii sale, lucrarea se adreseazad organelor judiciare, expertilor judiciari din
domeniu, societatilor de asigurari, studentilor, candidatilor la titlul de expert judiciar si
chiar conductorilor auto profesmmstl Ea este bine 1nchegata valorificand si utilizand i
comunicdri stiintifice din tard si din strdinatate, demonstrand preocupari serioase in
domeniul respectlv precum si o activitate de documentare de foarte multi ani.

Cartea prezinta unele noutati intr-un domeniu foarte putin abordat pana in prezent, const1tu1nd
o lucrare de referintd in tara noastrd in domeniul expertizelor tehnice auto judiciare si criminalistice.
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