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The Vienna International Sym
posium, which is dedicated to 
the automobile propulsion, one 

of the worldwide most important scien
tific events in this domain, hosted in the 
Hofburg Castle on 8th and 9th May 2014, 
reached the 35 edition, but not as a rou
tine:

So much ingenious technical solutions with nonconven
tional scientific ground as in this edition have been not often 
presented.
The electric propulsion, which is very propagated, support
ed and accelerated in the last twothree years, is now upon 
the prototype level, being introduced in series production. 
The BMW cars i3 and i8, as presented by the BWM vice
president, which is responsible of the development, marks 
in a convicting manner a new technical level of the electrifi
cation. On the other hand, the topics which were presented 
by the presidents, vicepresidents and development lead
ers of Audi, AVL, Hyundai, General Motors, Volkswagen, 
Scania, BMW, Daimler, FEV, Toyota, Nissan, Porsche 
Magna, Bosch, Continental, Schaeffler, PSA, Delphi, Mahle 
and MAN remarkably demonstrated that the thermal en
gine did not given up his supremacy as the propulsion sys
tem for automobiles. However, the classical perspective is 
changed from two points of view: the thermal engine is now 
increasingly supported in his main function by electric mo
tors – there are compressors for supercharging with electric 
drive, electrically controlled intake or exhaust valves, wa

ter pumps with motors in the cooling circuit. On the other 
hand, both engines and motors participate to the automo
bile propulsion in numerous forms: hybrids with engine and 
motor(s) on the same propulsion axle, range extender, plug 
in, systems with a car axle driven by an engine and the other 
driven by a motor, without mechanical contact to each other 
– these examples are convicting testimonies of such tenden
cies. 
The thermal engine as entity becomes more and more com
pact, at higher power. During the symposium of this year 
have been presented not less than seven SI and CI engines 
with 3 cylinders (!) with swept volumes in the range of 
11,5 Liters (BMW, PSA, VW, Toyota, GM), provided with 
turbocharging in one or two stages , with one, two or three 
separated cooling circuits in the same engine. The complex
ity of the thermodynamic processes considerably increases 
and the technical solution are more and more sophisticated, 
facts which show the available potential in such classical en
gineering area.
The remarkable diversification of the propulsion systems 
which become modular, being integrated in vehicles with 
many variabilities from a common base have been demon
strated as well by the exposition of new prototypes in the 
Castle of Hofburg.
Prof. Dr. Ing. Habil. Dr. h. c. Cornel Stan

Prof. Dr. Ing. Habil. Dr. h. c. Cornel STAN
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Ingineria Automobilului (Automo-
tive Engineering): Dear Mr Rec-
tor, how do you appreciate the level 
of scientific research in the field of 
engineering, its integration in the 
comprehensive field of industrial re-
search and the areas that have to be 
dealt with in the future?
Professor Dan Claudiu Dănișor: 
The University of Craiova is one of 
the most outstanding higher educa
tion institutions in Romania, a genu
ine melting pot for the human, sci
entific and professional education of 
20,000 students, who are guided with 
competence, professionalism and in
tellectual generosity by about 1,000 
highly qualified teaching staff.
Aware that the mission of each univer
sity is to actively contribute to every
thing related to stateoftheart eco
nomic development, the University of 
Craiova has launched a major strategic 
and operational project in order to 
achieve effective university training 
that should underpin the current im
perative of fast adjustment to the new 
global environment of economy and 
culture.
We are facing a real shift of paradigm, 
since today’s teaching does not mere
ly involve a transfer of knowledge 
and abilities, but it aims at helping 
students acquire the cognitive and 
behavioural autonomy required for a 
quick and efficient socioprofessional 
integration, which is why univer
sity education has grown into a space 
where institutions and countries ac
tively interplay, a space of competi
tion between economies and educa
tional systems. 
Considering the importance of 
scientific research for the develop
ment of knowledge and training of 
highly qualified human resources, 
the University of Craiova is focused 
on excellence, interdisciplinarity and 
international visibility, carrying out 
complex research in groundbreaking 
fields and supporting participation in 
international research networks. Sci
entific research in the university aims 
at generating knowledge and subse

quently transferring, disseminating 
and capitalizing such knowledge. 
Such scientific activity of the Univer
sity (accredited as a research & devel
opment unit) is carried out in terms 
of fundamental research, applied 
research, technological research, 
design, expertise, consulting, experi
mental analyses and determinations, 
having regard to the European pri
orities in the field of development, 
innovation and technological transfer 
activities, with a focus on automo
tive engineering, transportation and 
aerospace sciences, information and 
communication technology, nano
technologies, materials with special 
properties, environment protection 
and green energy etc.
How would the University of Craiova 
contribute to meeting the challenges 
automotive engineering is facing in 
terms of environment protection and 
to solving future energy issues, given 
the predictable depletion of natural 
gas and hydrocarbon resources?
Partnerships, as real exchanges of ex
perience, exchanges of good practice, 
actual cooperation with prestigious 
universities, development of com
mon research projects with the so
cial and economic environment, are 
a prerequisite for promotion of the 
authentic profile of a 21st century Eu
ropean university. The professional 
and scientific capacity of the teaching 

staff, our infrastructure, the determi
nation and the involvement of insti
tutional decisionmakers represent 
enough guarantees for the accession 
and assertion of the University of 
Craiova on the competitive market 
of topflight educational and research 
systems. 
Our institution has a range of actual 
achievements in the priority fields of 
automotive engineering and trans
portation: from setting up a new 
research infrastructure in applied 
sciences (INCESA), to participation 
in internal and international research 
programmes. With a view to get
ting young teaching staff to focus on 
research activity, the University of 
Craiova is carrying out its own grant 
programme for both advanced and 
interdisciplinary research, being in 
fact the only higher institution in Ro
mania with such an initiative. Along 
the lines of your question, one can 
equally notice that the University of 
Craiova, through the Faculty of Me
chanics, is, together with the Ford 
Company, the Craiova Municipality 
and the SouthWest Oltenia Regional 
Development Agency, a founding 
member of the ResearchDevelop
ment Cluster – Automotive Innova
tion SouthWest Oltenia. The results 
were quickly visible, so we are now 
taking part in three large CDI pro
jects as a member of the Automotive 

SouthWest Oltenia Competitiveness 
Pole, where complex scientific chal
lenges are being dealt with, ranging 
from automotive design to optimisa
tion of transportation and road traf
fic. Thus, in addition to other projects 
related to alternative fuels, hybrid 
solutions for automotive, automobile 
integration in traffic flows, concerns 
arise regarding urban mobility (as 
part of MoDeRn and Dorothy pro
jects in the FP7 programme of the 
European Union).
This year, between 23-25 October the 
University of Craiova, together with 
SIAR, will organize the 3rd edition of 
the International Congress “SMAT 
2013 – Science and Management 
of Automotive and Transportation 
Engineering”, under the aegis of the 
world-level authority FISITA (Inter-
national Federation of Automotive 
Engineering Societies). How do you 
appreciate this event and which are 
your expectations?
The choice of the University of Craio
va as the organizer of these major sci
entific manifestations is an honour 
for us and ensures the recognition of 
our professional and scientific value 
in the field, especially since Craiova is 
a significant centre of automotive en
gineering. The importance and worth 
of this Congress, which is included in 
a range of annual scientific manifesta
tions organized in turn in the six main 
university centres of Romania in the 
field of automotive engineering and 
transportation, are emphasized both 
by the topics proposed for specialists, 
and by the activities developed by 
participants, with a view to strength
ening and developing research and 
cooperation partnerships.
We wish that such event should bring 
to our university as many research
ers as possible, as well as outstanding 
representatives of the automotive and 
transportation industry. 
Thank you very much, dear Mr. Rec-
tor, for having answered our ques-
tions and we wish you good luck for 
the SMAT 2014 International Con-
gress.

Interview with Professor Dan Claudiu DĂNIŞOR, Ph.D.
Rector of the University of Craiova
Interviu cu domnul prof. univ. dr. Dan-Claudiu DĂNIŞOR
Rector al Universităţii din Craiova 
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From appearance to the present, the 
dynamics of the vehicle has received 
theoretical and experimental studies 
based on the knowledge of resear
chers and practical possibilities at 
their disposal for investigation; mo
reover, the approaches were based 
on the technical level of the vehicle 
itself (classic or electronic control 
systems). The theoretical develop
ments in the various disciplines, the 
emergence of investigative equip
ments becoming more efficient and 
the equipping of the vehicles with 
electronic control systems (onboard 
computer, embedded sensors and ac
tuators) were the main factors which 
have influenced the techniques of the 
theoretical and experimental study 
of dynamics of vehicles [1; 2; 3; 4; 
8; 9; 10]. To register the functional 
parameters, during the experimental 
researches can be used the diagnos

tic testers, some of them are shown 
in Figure 1: Opel (Fig. 1a), Daewoo 
family (Fig. 1b), Dacia Logan (fig.1c) 
and Skoda, VW, Audi, SEAT (fig.1d).
Consequently, the study of dyna
mics of the vehicle based on experi
mental data presents in this moment 
following specific characteristics: it 
is a systemic approach, taking into 
account the action of the driver; it 
uses concepts and algorithms that 
have not used in the literature, but 
that belong to the system dynamics 
(neural networks, genetic algori
thms, fuzzy, neurofuzzy algorithms, 
fractals, extremal analysis, symbo
lic analysis, tensor analysis etc.); it 
applies all three techniques to the 
processing of the experimental data 
(through the time analysis, frequen
cy analysis and timefrequency 
analysis); it uses new algorithms and 
methods for the study of dynamics 
and fuel saving car; it approaches 
unitarily the whole operation by the 

three inseparable components: the 
identification (the establishing of the 
mathematical models based on expe
rimental data), the control and the 
diagnosis [3; 4; 5].
In Figure 2 and Figure 3 are presen

ted some results obtained in testing 
the car Skoda Octavia fitted with 
onboard computer and that used 
both petrol and LPG (liquefied pe
troleum gas). The values   in Figure 2 
are played the values of travel speed 

Fig.1. Testers for the acquisition and the storage of data from on-board 
computer

Fig.2. The vehicle speed   and the fuel consumption per 100 km

The Study of Dynamics of the Vehicle Based on Data 
Provided by the On-Board Computer
Studiul dinamicii autovehiculelor pe baza datelor 
furnizate de calculatorul de bord
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V and fuel per 100 kilometers C100 for 
50 gasoline samples (upper graphs) 
and 50 LPG samples (lower graphs). 
In these graphs are presented the ex
treme values   for the whole sample 

(minimum and maximum), too; In 
addition, for the fuel consumption 
are played the mean values   for all 
samples, too: 7.4 liters/100 km on 
petrol and LPG 11.3, so 52.7% higher 

for the last.
The graphs on the left side of Figure 
3 show the values   of engine speed n 
and the graphs on the right side show 
the values of the throttle position x 

the last marking the engine load. The 
graphs of Figure 3b and Figure 3d 
show that during the experiments, 
when it has performed normal move
ment, the engine operation at partial 
loads, so not full load x = 100%.
In Figure 4 are highlighted some 
functional dependencies between 
the sizes measured for an experimen
tal sample with Skoda Octavia petrol 
operation: in Figure 4a between the 
accelerator pedal` position and the 
throttle position x, and in Figure 4b 
between the accelerator pedal` posi
tion and the engine power Pe. 
On the basis of experimental values 
it   can be calculated main statistical 
characteristics of the first order used 
frequently in the literature, as shown 
in Figure 5 for the speed operation 
belonging a sample with petrol (Fig. 
5a) and the LPG operation (Fig. 5b) 
of Skoda car.
The graphs in Figure 5 show, in addi
tion to known sizes (variance, stan
dard deviation, coefficient of variati
on etc.) and others used in statistical 
and in the electronic control, respec
tively the norms of measurements; 
the electronic control algorithm used 
H2 (which uses 2norm) and H¥ algo
rithm (that uses infinite norm).
Also, on the basis of the experimen
tal data it can be estimated the fuel 
consumption required to achieve a 
required mean speed, as shown in 
Figure 6. Indeed, for example, from 
Figure 6 results that to achieve an 
mean speed Vm=70 km/h it is requi
red a fuel consumption as C100m=9.15 
liters/100 km mean gasoline, respec
tively C100m=12 liters/100 km GPL, ie 
31.1% more. In the graphs in Figure 
6 are shown the experimental values, 
the trends in addiction targeted and 
the 95% confidence intervals. 
Based on experimental data, we can 
study the influence of various factors 
on dynamics and fuel saving vehicles. 
For this purpose we use the genera
lized multivariate analysis of variance 
MANOVA (Multivariate ANalyse 
Of VAriance), which highlights both 
the influence of various factors on 
some functional variables and their 

Fig.3. Turația motorului și poziția clapetei obturatoare (sarcina motorului)

Fig.4. The highlighting of the functional dependencies between sizes.

Fig.5. The main statistical characteristics of the first order of speed.
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mutual influence [2; 4]. The exam
ple in Figure 7 shows the results of 
MANOVA generalized through the 
study of the influence of engine spe
ed n, throttle position x (engine load) 
and the accelerator pedal` position p 
of fuel consumption per 100 kilome
ters C100.
From Figure 7 is found that the resi
dual variance represents 0.31% (for 
operation with petrol) and 0.13% 
(for LPG operation) of the total 
variance. Greater values than the 
residual variance have them all other 
distributions (factorial and inter
factorial). Thus, it appears that the 
engine speed has the greatest contri
bution to total variance (38.29% for 
petrol, LPG   respectively 39.02%), 
followed by the corresponding 
of throttle position (5.21% and 
10.78%) and of the accelerator pe
dal` position (4.70% and 3.94%). 
Therefore, the engine speed influen
ces the most the fuel consumption 
per 100 km, followed by the throttle 
position (the engine load) and by 
the accelerator pedal` position (the 
driver’s action). The graphs in Figu
re 7 show that the three factors in
fluence the fuel consumption target 
rate of 48.20% for gasoline, respec
tively 53.74% for LPG. This means 

Fig.6. The estimation of the mean consumption to achieve an mean speed required.

Fig.7. The influence of functional factors on fuel consumption.

Fig.8. The estimation of the density of probability for the speed
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that the interrelationships between 
factors significantly influence the 
fuel consumption, respectively in 
total 51.8% to petrol and 46.26% to 
LPG and, therefore, it can`t neglect 
these interdependencies; for exam
ple for gasoline the interdependence 
of the three factors influences with 
the 15.02% for gasoline (product 
nxp), rather than the throttle positi
on and the accelerator pedal` positi
on  together (9.91%). This aspect is 
particularly important for a car with 
electronic control, where onboard 
computer manages the overall ope
ration, so the functional variables 
and the interrelationships between 
them.
Figure 8 and Figure 9 present the 
densities of probability of the ve
locity V and of the engine power Pe 
for eight experimental samples. The 

graphs show that the speed and the 
engine power are not subject to the 
law of normal distribution Gauss, 
the curves are not symmetrical 
with respect to their maximum.
The processing of all the experi
mental data obtained from tests of 
several types of vehicles led to the 
conclusion that no functional varia
ble is subject to the distribution laws 
used frequently in classical statistics 
(Gauss, Weibull, exponential, logari
thmic etc.), which requires stocastic 
analysis of dynamics of the vehicle, 
for example by the bootstrap algori
thm [5].
Also, the processing of the expe
rimental data showed that the de
pendencies between functional 
variables are emphasized nonli
near; this aspect can be confirmed 
by applying correlation analysis, 

coherence analysis and frequency 
bispectral analysis [4; 6; 7; 8]. For 
example, Figure 10 presents the re
sults of bispectral analysis of vehi
cle speed of the experimental sam
ple; because the images of fig.10b, 
fig.10c and fig.10d are not empty, in 
this case result that the speed dyna
mic series contains a nonlinear 
component, too. The most impor
tant consequence of the mentioned 
issue is that the dynamics of the 
vehicle must be described by non
linear mathematical models.
The nonstationary nature of dyna
mics of the vehicles usually is con
firmed by a timefrequency analysis 
of the experimental data [4; 10]. 
The most important consequence 
of the  nonstationary nature (with 
timevarying spectrum) is that the 
dynamics of the vehicle must be 

described by mathematical models 
with variable coefficients in time, 
for example by using the neural ne
twork or neurofuzzy algorithms.
Also, based on experimental data 
we can establish mathematical mo
dels of the dynamics of the vehicle, 
including the analytical expressions 
of the static characteristics [4; 9].

Fig.9. The estimation of the density of probability for the engine power.

Fig.10. The bispectral analysis of speed travel
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ABSTRACT
With the advent of new tech-
nologies in the design of vehicle 
and widespread introduction of 
electronic control and OBD op-
eration have been developed the 
possibilities of study of dynam-
ics of the vehicle, too, through 
the data acquisition even during 
operation, with the possibility of 
storage and of processing later 
by computer using appropriate 
software for this purpose. This pa-
per aims to present some aspects 
related to the study of dynamics 
of the vehicle based on data from 
the on-board computer and using 
algorithms and methods currently 
used to study the dynamics of the 
systems of any kind.
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Keywords: composite materials, 
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1.INTRODUCTION
Basically, the steering systems of 
motor vehicles consist of the fol
lowing components: steering col
umn, steering shaft, steering box  
(fig.1). 
High strength steels are used for 
light construction materials in the 
automotive industry. Unconven
tional materials (composite mate
rials based on carbon fiber) have a 
high potential for use in industry, 
due to low weight and high rigidity, 
successfully replacing traditional 
materials. Since automotive steer
ing columns are produced in large 
series, it is necessary that the manu
facturing process to be automated. 
In this regard it highlights four 
manufacturing processes: RTM 
(Resin Transfer Moulding), wind
ing, roling by molding and pultru
sion  (pultrusion is a continuous 
process in which the reinforcing 
fibers are impregnated with ther

mosetting resin, placed in a heated 
mold to get a profile, profile then 
cooled and continuously pulled 
and cut to desired size). Roling by 
molding and pultrusion may be 
used according to the state of the 
art for the manufacture of pro
files. Based on the requirements of 
achieving lightweight components 
and mechanical performance, the 
paper aims to present the structure 
of technology for use fiber rein
forced plastics, especially plastics 
reinforced with carbon fiber wrap 
winding spacetechnology (technol
ogy developed to obtain compo
nents complex form of composite 
materials based on carbon fiber). 
The choice of a particular technol
ogy must be supported by mechan
ical calculations with FEM (Finite 
Element Method).

2. WHY CARBON 
FIBER REINFORCED 

COMPOSITES?
Advantages:
• Carbon fibers are lightweight 
ρ≈1.8 kg/dm3 

• Stiffness and the high modulus on 
fiber direction E=230 GPa;
• Excellent stiffness and high dy
namic loads fatigue lasting;
•10% stiffner, close to breaking 
loads; 
• Pronounced anisotropic behavior 
(depending on component con
struction and operation);
• Carbon fibers are easy to process 
compared to the glass fiber;
•  Anisotropic behavior to thermal 
stresses (thermal expansion coeffi
cient is negative in the direction of 
the fibers, and positive in the direc
tion perpendicular to fibers);
• Resistance to acids and bases, and 
high biocompatibility;
• Roentgen radiation permeability.
Disadvantages:
• Carbon fibers are brittle and have 

a low elongation at break (A = 0,2% 
to 2%);
• They have lower compressive 
strength than tensile strength in the 
direction parallel to the fibers, the 
buckling due to compression of the 
fibers;
• Anisotropy due to non-transpar
ent fibers. There is no way to con
trol them sufficient wetting by the 
matrix material;
•   High price of the fiber

3. FEM MODELING
FEM composition patterns can 
be made using various „solvers”. 
In this sense, we can use „Hyper
works” from the Altair company. 
The program allows to optimize 
certain processes using FreeSize, 
Radioss, OptiStruct. Depending on 
the marginal requirements and as
sumptions, the program calculates 
the ideal form of different layers 
according to multilayer composite. 
As a result it causes stiffness and 
natural frequency of the entire con
struction groups to enable a com
parison with the requirements of 
the specificationsi.
To verify the model, in the struc
tural components it performs calcu
lations and tests on physical models 
and specimens. 
For simulation, the following char

New Concepts Manufacturing Components for Column Steering 
Automotive in Composites Materials
Concepte noi de fabricaţie din materiale compozite a componentelor
coloanei mecanismului de direcţie al automobilelor
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Fig.1. Steering system representation

Table 1. Comparison between 
prices of different carbon fibers 
and glass

Fiber  Preț
  [euro/kg]
Carbon Standard 1530
Carbon High Modulus 20150
Carbon Special 1001000
Glass  23
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acteristics of the material are re
quired as input:
•	 Module E on X and Y direc

tions, in the directions paral
lel and perpendicular to the 
fiber direction;

•	 The shear modulus;
•	 transverse contraction coef

ficient / Poisson’s ratio.

4. EXAMPLES OF PARTS 
MADE OF COMPOSITE 
MATERIALS REINFORCED 
WITH CARBON FIBER
Currently known many automotive 
applications, but they are limited 
primary in sports cars production 
and special vehicles executions in 
very small series; eg: Bugatti Vey
ron Monocoque (fig.2), BMW M3 
antiroll bumper or collision protec
tion (fig.3), structural components 
of the steering system (box or case 
column (fig.4) and console (fig.5))
4.1 Steering column case
For steering column fibers were 
selected based on requirements 
and achieve high rigidity bearings. 

For implementation has been used 
high modulus fibers, manufactured 
by TenaxUMS 40 (0°) and IMS65 
(45° and +45°). 
Manufacture of pultrusion has two 
decisive advantages:
•	 fiber volume content is high 

in pultrusion:60 ±5% ;
•	 0 ° fiber orientation are re

quired due to the manufactur
ing process,to traction, so ba
sically there will be no ripple

As matrix material was used epoxy 
resin Hunstman XB3585 and hard
ener XB3458. Housing weighs 258 
g and 342 g lighter than the steel se
ries and has an oblong continuous 
profile at the ends, so that they can 
be processed tilt bearings and other 
components mounted. The average 
thickness of the wall is 5 mm and 
80% layers construction with fiber 
orientation 0° and 20% two layers 
construction with fiber orientation 
+45°, respectiv 45°. 
For an ideal sizing casing allowed 
a proper layer structure takeover 
tasks, no details applied, respectiv 

componente auxiliary compo
nents, as shown in table (2) where 
is structured fiber orientation, layer 
thickness and number.
4.2. Console steering column
Console obtained by the winding 
space technology, is attached to 
the frame by means of metal in
serts. Due to the metal insert sites, 
the construction of the console, in 
the form of a hybrid structure is 
more complex because in addition 
to the variations in fiber orienta
tion should be taken into account. 
This results in a new composite. 
Fiber orientation is adopted based 
on the maximum packing density. 
This assumption is an idealization 
pronounced because precision fil
ing individual filaments and fibers, 
is not predictable. It is generally 
accepted, the existence of overlap
ping. They have little influence on 
the component. In the process it 
was developed different variants, 
but the comparison was made be
tween the reinforcement console 
(fig.6) and one without reinforce

ment (fig.7). 
Simulations and calculations (hori
zontal and vertical) made   to deter
mine the frequency and stiffness 
with FEM, showed that the differ
ences between the two variants are 
not major. BS2 variant can be used 
to reduce weight, reinforcements 
without causing a reduction in the 
mass of 7g (1%) or overall with 
48%, respectively 325 g to a steel 
console.
Significant evaluation criteria are 
stiffness and natural frequency of 
the steering column. 
A: Stiffness
A highly rigid steering column will 
have its own frequency higher than 
a less rigid column. As a measure of 
stiffness is considered ratio force / 
displacement [N/mm]. This report 
is the equivalent of elastic constant 
of the steering column.  The value 
of the ratio is higher, we obtained 
the more rigid steering column. 
It is therefore desirable to achieve 
a high rigidity of the steering col
umn.  Radial stiffness measurement 

Layer no. Layer thickness 
[mm] Fiber orientation Fiber class Name

1 0,5 0 HT Tenax UMS 40
2 0,5 45 HT Tenax IMS 65
3 0,1 45 HT Tenax IMS 65
4 3,6 0 HT Tenax UMS 40
5 0,1 45 HT Tenax IMS 65
6 0,1 45 HT Tenax IMS 65
7 0,5 0 HT Tenax UMS 40

Fig.7. BS2 image FEM without reinforcement console and Hyperworks images simulation in the horizontal and vertical

Fig.2. Bugatti Veyron Monocoque

Fig.3. Anti-roll bumper BMW M3

Fig.4. Steering column case

Fig.6. BS1 image FEM reinforced console and Hyperworks images simulation in the horizontal and vertical

Table 2. Steering column casing layer structure, obtained by pultrusion

Fig.5. Console steering column
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is made after the vertical and hori
zontal. Radial forces are applied to 
the end of the steering pipe. Here 
deflection is measured.
For a defined radial force, resulting 
deflection should not exceed a cer
tain limit (table 3). Tangent curve 
force/displacement is a measure 
of mouvements. The value of tan
gent at any point of the curve, there 
should be below a certain limit 
value (fig.8).
B: The natural frequency of a com
plete steering column is measured 
on the vertical and horizontal. For 
this purpose the steering column 
is mounted on a rigid support. At 
the end piping steering column 
mounted a mass equivalent to mul
tiple properties. Then, the steering 
column is brought into a specific 
position. On the board applies an 
acceleration transducer. The excita
tion frequency is effected by means 
of an impact hammer (Dirac pulse) 
in steering piping. If it is desired to 
measure the natural frequency in 
the vertical direction, the accelera
tion sensor is applied to the top or 
bottom surfaces of the equivalent 

Natural frequency[>50Hz] Real Test [Hz] FEM simulation [Hz]

BS 1 Vertical 47 45,6

BS 1 Orizontal 61,8 58,2

BS 2 Vertical 45,3 45,5

BS 2 Orizontal 59 57,9

Stiffness[mm] Real Test [mm] FEM simulation [mm]

BS 1 Vertical (<1,6) ±1,47 ±0,96

BS 1 Orizontal (<1,0) ±0,71 ±0,73

BS 2 Vertical (<1,6) ±1,45 ±1,02

BS 2 Orizontal (<1,0) ±0,85 ±0,75

Table 3. Real measured values   of stiffness and values   of simulation results

Table 4. Frequency values   and their real measured and values   from the simulation results

Fig.9. Determining natural frequency

Fig.10. Forming device

Fig.8. Graphical representation of stiffness measurement and the resulting diagram
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mass, and the tubing is excited to 
vibration, to a mechanical impulse 
in the vertical direction. Measuring 
direction must correspond to the 
excitation.

5. DESIGNING AND 
DEVELOPING FORMING 
DEVICE
The construction of the form
ing device is a real challenge for 
the new winding space  process, 
because at the winding we need 
to avoid collisions between parts 
of the device. Translational and 
pressing plates are fixed and can 
be translated on deviceport. On 
the deviceport insert is fixed using 
cover plates (fig.10). After wind
ing, the device is removed from 
the robot, it is checked possible 
defects winding the console and 
pressing plates fixed with screws. 
Subsequently, the polymerization 
process of the console is carried 
out in the closed form, in a furnace 
preheated to 80 ° C. Five minutes 
after the introduction into the fur
nace, its temperature reaches 100 ° 
C and the device is left in the oven 
for 25 minutes, followed by cooling 
in air of console in forming device 
for one hour. Then the console is 
removed from the mold.

6. DESIGN AND 
IMPLEMENTATION 
IMPREGNATION BATH 
Carbon fiber, before being wound 
on the forming, have to be impreg
nated with resin. Thus, we designed 
a resin impregnation and squeez
ing additional fiber by means of a 
squeezing cylinder (fig. 11).
After the carbon fiber is out of the 
impregnation bath, it must be suf
ficiently squeezed so that in the 
winding process does not appear 
resin spraying forming device.
This additional resin sprinkled on 
the forming device, is hardening, 
which leads to additional cleaning 
operation with direct impact on the 
total production time per piece.

Fig.12. Guidance system

Fig.13. The 
representation of 
the space winding 
process

1 – Robot
2 – Eyelets leader
3 – Forming device
4 – Step by step 
 motor
5 – Shaft
6 – Impregnation 
 Bath
7 – Table
8 – Coil support

Fig.11. Impregnation bath

Fig.14. The 
representation of 
the space winding 
process optimized

1 – Robot
2 – Impregnation  
 bath
3 – Coil support
4 – Handling unit
5 – Second robot
6 – Oven
7 – Step by step  
 motor
8 – Extraction, 
 cleaning
 device
9 – Human
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7. DESIGN AND 
IMPLEMENTATION 
GUIDANCE SYSTEM
Guidance system is mounted to 
the robot flange being the element 
which guide the impregnated fib
er on forming device. There has 
been several models for guidance 
system (fig.12), but we chose the 
one which had the fiber outlet as 
small as possible to prevent the re
turn fiber during winding process 
(fig.12 C).
The winding space technology has 
the following structure:
 In fig.13, the roving’s are submit
ted on a coil support (8). Depend
ing on the component can be used 
at the same time one or more of 
these. From the spool support, the 
roving is passed through an im
pregnating bath (6) to the eyelets 
leader (2)  of robot (1). Winding 
roving is made by robot on form
ing device (3) in the defined in
flection points.  Step by step motor 
(4) is rotating the device around 
the longitudinal axis according 
to the program defined. The step 
by step motor is located next to 
the forming device for reasons 
of maintenance ergonomic work 
bench. 
Spatial winding technique is also 
characterized by other proceed
ings parameters. 
In (fig.14)  is the entire process, 
schematically winding space. 
The presented process (fig.13)  
was expanded with procedural 
steps presented in (fig.14). A sec
ond robot (5)  takes the forming 

device from the robot (1), after 
winding space and lead to the cur
ing oven (6).
After curing and cooling, service 
personnel (9) console extract 
form (8), clean the forming device 
and it makes the reuse. The robot 
(1) take the forming device and 
leads him to step by step motor 
handling device.

CONCLUSIONS:
Tact production achieved is 15 
minutes / piece through winding 
space process described above. Af
ter optimization, it should be less 
than 2 minutes / piece.
In (fig.15) are the steering column 
consoles obtained by winding 
space technology.
The winding space is developed 
suitable for the production of 
complex shaped parts made   of 
composite material based on car
bon. Tact obtained in the labora
tory for 15 minutes is not enough 
for technology to be applied to 
large production scale.
In addition, there are a number 
of unresolved issues, such as non
uniform impregnation of carbon 
fiber, which means that we will 
have a different quality  in different 
sections, fiber resin flow, spraying 
forming device with resin during 
the winding, twisting fibers during 
winding process.
All this leads to a greater produc
tion time and postproduction 
processing operations, which cu
mulative amounts  the production 
cost of parts.

The impregnation bath, the steer
ing system, the forming device 
the way to carry out the wind
ing has been optimized, however, 
but so far no experiments were 
performed to certify solving the 
above.
The next steps for the develop
ment of this new technology 

should be made   taking into ac
count the achievement of quality 
parts in a shorter production time.

Fig.15. Console steering column reinforced BS1 and without reinforcement BS2
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ABSTRACT 
The presented work engages with 
the design of lightweight steering 
columns components by using 
fibre-reinforced structural compo-
nents in particular carbon fibre-
reinforced plastics. The previously 
known winding technology is 
being further developed to a new 
method of manufacturing struc-
tural components in hybrid de-
sign with inserts and with a high 
degree of automation, by using a 
robotic space winding process. For 
this purpose prototypes have been 
produced and their mechanical 
properties tested. It was shown 
that irregularities in the roving 
tray can be tolered within certain 
limits and achieving the required 
quality by using the new robotic 
space winding technology. This 
entire newly developed manu-
facturing technology, provides 
enhanced degrees of freedom by 
using an additional robot that 
enables winding in space. This 
new technology has been registe-
red for patent.
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Key words: Energy storage sys
tems, battery, condenser, fuel cell, 
hydraulic hybrid systems, KERS, 
IVT, toroidal variator with rollers. 

1. INTRODUCTION  
The history of human culture can 
be described as a continuous de
velopment of energy sources and 
the associated technologies. The 
evolution of our capacity to under
stand energy, the invention of the 
steam engine by James Watt and 
the use of crude oil made an unbe
lievable transformation of our so
ciety. These discoveries greatly de
veloped the possibilities of humans 
to use both energy and raw materi
als leading to an increase of global 
population. The link between peo
ple and energy is very important 
and the improvement of energy 
sources was always a factor which 
characterized the level of social de
velopment. With the evolution of 
energy sources like fire, the usage 
of animals for traction, the discov
ery of oil and (of) nuclear fuels, the 
human environment evolved from 
a primitive form to what we can 
see today. With the passing of ages, 
many of the common problems of 
people were solved or improved, 
but the energy sources and the 
means of their storage still remain 
under primary attention due to 

the high number of people and the 
necessity to produce cheap energy 
without disturbing the natural en
vironment.  

2. HISTORY OF ENERGY 
STORAGE SYSTEMS 

The first references denoting the 
usage of energy sources by hu
mans date back 500.000 years ago 
when coal remains alongside scarce 
traces of a small manufacturing 
workshop for stone tools were dis
covered in Chou k’outie, China. 
From these archaeological sources 
it was also found out that around 
the year 10.000 b.C. the natives 
from North America used warm 
water springs for cooking, hygiene 
and sometimes shelter. The be
ginning and the development of 
the first modern energy storage 
systems was considered to be the 
year 1745 when Ewald Georg von 
Kleist discovered that the electri
cal charge can be stored by con
necting an electrostatic tension 
generator using a wire connected 
to a water volume stored in a glass 
kept at palm’s level. Thus, he cre
ated the first condenser. As we can 

see in Fig. 1 the palm and the water 
worked as main conductors and the 
glass as a dielectric material. A year 
later, Pieter Van Musschenbroek 
developed an improved condenser 

named Leyden Jar (Fig. 2). This 
device was relatively simple and it 
was made from a glass jar 5 partially 
filled with water and wrapped both 
on the exterior and interior faces by 
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Fig.1. First laboratory condenser invented  . Fig.2. The Leyden Jar condenser made by 
by Ewald Georg von Kleist [3]    Pieter Van Musschenbroek [4].

Fig.3. The first chemical battery made by Alessandro Volta [5].

Fig.4. The electrical pile Crown of Cups made by Alessandro Volta [6].
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a metal coating 3 on exterior and 2 
on interior. The glass fulfilled the 
purpose of dielectric material al
though a long time it was thought 
that water was the key element. At 
the upper level of the jar a dielectric 
cork 1 having an interior metallic 
bar 4 made the link to the metal
lic interior coating of the jar using 
the metallic chain 6. The electrical 
charge was induced by using the 
metallic bar which leads to the po
larization of both metallic coatings 
with equal but different sign charg
es which could be further used for 
producing small sparks or electrical 
shocks. Several years later, Dan
iel Dralath combined a couple of 
Leyden jars and formed a parallel 
system; thus he created a battery 
which could store a high quantity 
of electrical charge. 
The term Battery was firstly intro
duced by Benjamin Franklin as a 
result of several experiments made 
using Leyden Jar condensers for 
describing an assembly made from 
these devices. In 1775 Allesandro 
Volta invented the electrophorus, 
an instrument used for storing elec
tricity which is the base for modern 
condensers. Seven years later, Al
lesandro proposed the name of ca
pacitor for condensers making ref
erence to a device capable to store 
a high density of electrical charge. 
One of the most important accom
plishments of the nineteen century 
is represented by the first electri
cal battery made by Volta in 1800 
which was named Voltaic Pile. As 

we can see in fig.3, this battery was 
formed from several electrical ele
ments made from copper and zinc 
plates separated one by each other 
using a metallic spacer.
The second battery made by Volta 
is presented in fig.4 and was called 
Crown of Cups. This battery was 
made of several plates C and Z, 
where C was a copper plate, and Z a 
zinc plate. The plates were disposed 
in glass jars which contained brine 
or water combined with lye. In each 
bowl, excepting the ones from the 
edge, the copper and zinc ends of 
each plate were introduced togeth
er to establish a serial system. This 
structure ended with the copper 
end in one bowl and with the zinc 
one in the other bowl. Thus, the ar
rangement formed was similar to 
a modern fluid battery. For his nu
merous contributions to electricity 
the unit of Volt is assigned to volt
age.
In 1836 the Danielle battery is 
invented by John Frederic Dan
ielle which was a British chemist 
and meteorologist.  The working 
scheme of a battery of this kind is 
presented in Fig. 5 in which 1 rep
resents the vessel containing the 
electrode 3 who acts as anode. The 
anode is immersed in a solution 5 
of ZnSO4. In the right side of the 
first vessel a second bowl 2 is found 
which contains the cathode 4 made 
from copper, which is immersed 
into a solution 6 of CuSO4. To be 
out to fuel the consumer 9 the an
ode and the cathode are linked to 

it using the wires 8. To be out to 
obtain an increased efficiency of 
the chemical reaction, a salt bridge 
7 establishes the link between the 
two containers allowing the ions 

and to go freely be
tween the two bowls. The nitric 
acid fuel cell made by Grove (Fig. 
6), similarly to the Danielle electric 
pile is, formed from a system con
taining two fluids represented by 
two separated electrolytes. In one, 
the cathode is immersed and in 
the second the anode. These elec
trolytes are separated by a ceramic 
spacer. For creating his first proto
type, Grove used several cylindri
cal vessels made from china which 
played the role of spacers together 
with an inert cathode made from 
platinum. For the electrolyte solu
tion Grove used the concentrated 
nitric acid [H(NO)3] which he 
poured into the inner central vessel. 
As a material for creating the anode 
Grove used zinc. The anode was 
immersed into a diluted solution of 
H2(SO)4 which was located in the 
exterior vessel. The chemical reac
tion from which the electricity was 
generated is given by relation (1).

 

               (1)
Due to their high electrical poten
tial, these cells became the primary 
energy source for the telegraph 
industry and for various scientists. 
Although, due to high manufactur
ing costs implied by platinum cath
odes and the toxicity generated by 

the NO2 produced in the chemical 
reaction, these cells required vari
ous improvements.
The first of these was made by 
Robert Bunsen in 1841, when he 
proposed the replacement of the 
inert platinum cathode with an
other inert cheaper cathode made 
from coal or carbon. Thus, Bun
sen’s carbon fuel cell was born. 
This cathode was placed inside a 
cylindrical vessel made also from 
china which was located at the ex
terior, but due to some technical 
problems, the carbon cathode and 
the electrolyte composed of nitric 
acid were displaced inside the ce
ramic spacer, while the zinc anode 
and the H2(SO)4 electrolyte were 
placed outside the spacer. In Fig. 7 
we have a presentation of the first 
fuel cell made by Bunsen, which 
had a rectangular cathode made 
from carbon.  
In 1857 Gaston Planté created the 
Pbacid electrical pile, which was 
the first rechargeable battery of that 
time. His first model was consisted 
in a spiralled roller made from two 
Pb pure foils separated one by each 
other through a linen. The next 
year Planté presented to the French 
Academy of Science a Pbacid bat
tery with nine cells. Although this 
battery had a low ratio of stored 
energy per unit of mass, it could 
provide high instantaneous cur
rents because the contact realised 
between the plates and the electro
lyte was made on a large surface. 
This ability along with their low 

Fig.5. Elementary schematics of the electric pile made by Danielle in 
1836 [7]. Fig.6. Grove fuel cell [8]. Fig.7. Bunsen’s fuel cell [9].
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prices comparing to other types of 
batteries leads to their high spread 
in the automotive industry which 
will evolve more and more over the 
following years. In Fig. 8 we have a 
representation of the first Pbacid 
battery made by Planté. This bat
tery was made by rolling two long 
plates of Pb in one sheet. The plates 
were separated one by each other 
through a linen and were immersed 
in a jar containing a 10 % sulphu
ric acid solution. Electrochemi
cally speaking, this battery had 
two working phases as all modern 
accumulators: one discharge phase 
and one charge phase. In the dis
charging phase both the negative 
plate and the positive one react 
with sulf and form PbSO4, while 

the electrolyte loses much of its 
H2SO4 concentration and becomes 
almost pure water. This discharging 
process is fuelled by the electrons 
transfer from the negative plate to 
the outer electrical circuit and back 
to the negative plate. 
In 1951 Philip Edwin Ohmart from 
Cincinatti, Ohio, invented the ra
dioactive pile, and eight years later 
Francis Bacol made a fuel cell in 

which hydrogen and oxygen react 
with a mixture of Potassium hy
droxide diluted in water to produce 
electricity. 

3. TYPES OF ENERGY STO
RAGE DEVICES USED IN THE 
AUTOMOTIVE INDUSTRY 
From an energetic point of view the 
main energy storage systems can 
be classified in mechanical energy 
storage systems and electrical en
ergy storage systems. The electrical 
energy storage systems can store 
energy in batteries, supercapacitors 
and in fuel cells. The widest spread 
are the batteries which are generally 
based on Pb, NiFe or Li. The Table 
1 below presents the main types 
of electrochemical piles, together 
with their specific energy densities. 
In what concerns supercapacitors, 
these devices are basically condens
ers which can store a high amount 
of electricity due to their construc
tion materials and special design. 
The supercapacitors are gener
ally made from several condensers 
linked in series or in parallel one to 
each other; their disposal strongly 
depends on the desired application. 

A working scheme of a condenser, 
element which forms their base 
is represented in Fig. 9, in which 
1 represents the electrical energy 
source from which they take the 
energy destined to be stored, 2 and 
3 are the collector plates, 4 is the 
electrolyte which fills the space that 
separates the polarised electrodes 6 
and 7, and 5 represents a spacer. 
Table 2 below presents several 
supercapacitors made by various 
companies for storing electrical 
energy according to the relation 

. In this relation, 
Ecap represents the stored energy, 
U the voltage created between the 
condenser’s plates, and C repre
sents the equivalent capacity of the 
supercapacitor. As we can observe 
from the table, due to the fact that 
the energy density of these capaci
tors is lower comparing to batteries, 
these devices were not largely used 
in the electrical vehicle industry 
because they are inefficient in what 
concerns performances and costs. 
In what concerns fuel cells, these 
devices can supply a very high 
power and can offer higher energy 
densities then electrochemical bat

teries. Unfortunately, because their 
high prices, operating safety pa
rameters and also because the dis
tribution network of the chemicals 
needed in the working processes 
is not well organised, these kind 
of energy storage systems weren’t 
widely spread, but they still repre
sent a viable solution and research 
opportunity. Fig. 10 below presents 
a working scheme of an elementary 
fuel cell in which 1 represents the 
anode, 2 is the electrolyte, 3 is rep
resented by the cathode and 4 des
ignates the consumer which is sup
plied with electricity by this device. 
The main advantages of these de
vices are represented by the power 
output which can reach hundreds 
of kWs and their ability to store a 
high quantity of energy.
The mechanical energy storage 
systems are devices that can store 
energy in a mechanical form. This 
type of mechanical energy can be 
stored by lifting a liquid at a certain 
height or by pressurising a certain 
fluid. From the first category we re
call the hydro which stores the po
tential energy of water which is be
ing converted into electricity when 

Table.1. Main properties of modern electrochemical batteries [11].

Fig.8. The first Pb-acid battery 
made by Gaston Planté [10].
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needed. From the second category 
we mention the hybrid hydraulic 
systems used in the automotive in
dustry which store energy as a com
pressed fluid. These systems are 
divided in serial hydraulic systems 

and parallel hydraulic systems. 
The serial hydraulic systems are 
made from a hydraulic machine 
(hydraulic pump), a low pressure 
tank, a high pressure tank and a 
hydraulic acting assembly which 

contains the hydraulic motor which 
is used to convert the hydraulic en
ergy in mechanical energy used for 
propulsion and vice versa. In the 
case of a hybrid vehicle contain
ing a system like this, the thermal 

engine is disposed in series with 
the hydraulic machine and the hy
draulic assembly. When the ther
mal engine is stopped, the vehicle’s 
propulsion is provided by using the 
stored pressure from the high pres
sure tank which transmits the work
ing fluid to the hydraulic motor 
that uses it to generate movement, 
transferring it to the low pressure 
tank. When the high pressure tank 
is almost empty the thermal engine 
gets in action and takes the role of 
propulsion. The power excess gen
erated by it and the deceleration en
ergy of the vehicle are further used 
by the hydraulic acting assembly 
for charging the high pressure tank 
by compressing the fluid from the 
low pressure tank.  
Parallel hydraulic systems gener
ally have the same components as 
the serial hydraulic systems. The 
main differences are represented by 
the fact that these systems are only 
used to assist the thermal engine 
in its working cycle and they aren’t 
connected in series with it. The 
stored energy transfer is similarly 
obtained as for the serial hybrid, 
but the difference lies in the charg
ing process which is realised only 
when the vehicle is decelerating or 
braking.
Another mechanical energy storage 
system is represented by inertial 
flywheel energy storage system. 
This kind of mechanical system can 
store energy into a flywheel which 
can spin with very high angular ve
locities. At these systems the stored 

Table.2. Various supercapacitors used for storing electricity [11].

Fig.9. Working scheme of a condenser.

Fig.10. Working scheme of a fuel cell.
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energy depends greatly on a factor 
determined by the squared angular 
velocity of the flywheel. 

4. MECHANICAL ENERGY 
STORAGE SYSTEMS 
FOR THE AUTOMOTIVE 
INDUSTRY 
From the three types of mechani
cal energy storage systems, in this 
chapter we will focus on the KERS 
(Kinetic Energy Recovery System) 

which is an inertial flywheel energy 
storage system. 
This system was first profession
ally designed and made for F1 cars. 
The first high quality system that 
used a flywheel was made by the 
company Flybrid Systems [13]. As 
time passed, different types of sys
tems like this were developed by a 
large variety of companies. From 
these we can mention the experi
mental system made by Volvo [14], 

presented in Fig. 11. This system 
consists in a toroidal continuously 
variation transmission with rollers 
(CVT), a link in and out clutch A, 
a mechanical system SM used to 
increase or decrease the rotational 
velocity and a flywheel V.   

         
The flywheel is KERS’s component 
which stores kinetic energy. Be
cause of its high rotation speeds it is 
positioned in a vacuum enclosure, 
thus allowing a great reduction of 
air friction losses. The flywheels 
used can store high kinetic ener
gies. Due to this, the rotation speed 
can reach up to 60,000 rpm and the 
bearings system is professionally 
designed. One possible solution 
for the bearing system is by using 
magnetic bearings. The company 
Waukesha bearings is a manufac
turer of this kind of bearings. 
        The mechanical system has the 
role to amplify the movement and 
to transfer it to the flywheel. Epi
cyclical gears are used due to their 
high efficiency and their ability to 
work at very high rotation speeds. 
The clutch is used to disconnect 
the flywheel when there is no 
power exchange but also when the 
system is idling in order to reduce 
friction losses. An optimal power 
transfer is made with the aid of the 
continuously variation transmis
sion which varies the gear ratio 
function of demand. Volvo used a 
toroidal gearbox with a single row 
of rollers whose position is used to 
determine the gear ratio. In Fig. 12 
we can see a model of this dimmer 
which has a single row of rollers. 
A second type of KERS includes 

a toroidal continuously variation 
transmission with two rows of roll
ers. The schematics of a system like 
this is given in Fig. 13. In this figure, 
the inertial flywheel 1 has a mass of 
8kg and is made of carbon fibre and 
can rotate itself with a maximum 
rotation speed of 60,000 rpm. The 
flywheel is positioned in a vacuum 
enclosure 2 which has a sealing el
ement 3. A magnetic clutch 4 can 
connect or disconnect the flywheel 
from the rest of the mechanical 
system. In the vacuum enclosure 
we find the epicyclical gears 5, the 
toroidal dimmer with two rows of 
rollers 6, the gears 7 named IVT 
(Infinite Variation Transmission) 
and the mechanical system 8 used 
for torque control. The movement 
is transmitted through the system 
9 which is made of: main transmis
sion, differential and drive shafts 
which are used to form the link 
with vehicle’s wheels. 
 A similary systems is the one from 
Fig.14 in which we used the follow
ing notations: 1 – inertial flywheel 
made from carbon fiber which 
can reach 60.000 rpm, 2 – vaccum 
chamber, 3 – high rotation speed 
sealing, 4 – epicyclical gearing used 
for creating the gear ratio 1i , 5 – 
high speed connection clutch, 6 – 
toroidal variator with a single roller 
(CVT) which has a maximum gear 
ration 2i , 7 – hydraulic command 
system of the CVT, 8 – secondary 
epicyclical gearing used for obtain
ing the gear ratio 3i , 9 – connec
tion clutch used for starting and 
10 – secondary gearings with gear 
ratios 4i  and 5i . The total gear ra
tio obtained for a system like this is: 

54321 iiiiiit ⋅⋅⋅⋅= .
The flywheel is without doubt the 
most important component of a 
KERS. It is able to store kinetic 
energy when vehicles are braking 
leading to its increase in angu
lar speed. The quantity of energy 
which can be safely stored in a fly
wheel depends on the point from 
which the flywheel is in danger of 
wearing or damaging itself. The fly

a)General view                                                                 b) Schematic drawing  
Fig.11. Volvo’s KERS assembly [14].

Fig. 12. Rotation speed dimmer with discs and a single row of rollers 
[15].

Fig.13. Schematic drawing of a KERS which has a toroidal dimmer with 
two rows of rollers [15].

Fig. 14. Schematic drawing of a KERS which has a toroidal dimmer 
with a single row of rollers [15].
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wheels used for KERS are generally 
made of certain materials function 
of their design and their maxi
mum rotation speed. High speed 
flywheels, for over 30,000 rpm are 
made of high strength carbon fibre. 
This solution is used to reduce the 
mass of the system. Low speed fly
wheels used below 20,000 rpm are 
mainly made from steel and other 
materials and have a relatively low 
price. The weight of the flywheel is 
a decisive factor used in establish
ing the systems efficiency. In Fig. 15 
we can see the construction model 
of an inertial flywheel made by Fly
brid Systems for F1. 

5. CONCLUSIONS 

The present paper is composed of 
two main parts. The first part pre
sents a short history of the energy 
storage systems and the second one 
describes the mechanical ones. The 
mechanical systems are generally 
described by high efficiency because 
there is no transformations of en
ergy from one form to another. As 
all new technologies these systems 

have certain problems which must 
be solved in the near future in order 
to lead to their large spread around 
the world. 
The main problems related to these 
systems concern their high rotation 
speed because any malfunction can 
lead to very serious problems. An
other problem which must be solved 
for this kind of systems is related to 
their energy storage ability because 
these systems cannot maintain for a 
long time the energy stored within 
due to friction. Other problems con
cern the weight of the system which 
must be very small in order to don’t 
introduce an additional increase of 
the car’s fuel consumption. 
As a final conclusion we may say 
that the KERS represent a technol
ogy with an astonishing potential 
in what concerns the relation be
tween costs and performances. The 
introduction of this system at serial 
vehicles will lead to increased au
tomotive efficiencies, reduced fuel 
consumption and toxic emissions 
by realising in the same time a power 
increase. 

Fig. 15. Inertial flywheel design by Flybrid Systems for F1 racing [16].

ABSTRACT 

The present paper is divided in 

two parts. The first part includes 

an introduction to the general 

content of energy storage devices 

with a brief presentation over 

their history from the beginning of 

mankind. The second part of the 

paper contains a classification of 

these energy storage devices and a 

detailed analysis of the mechani-

cal ones, especially of (the) KERS 

(Kinetic Energy Recovery Sys-

tems). As a conclusion, we may 

say that from this variety of ener-

gy sources, (the) KERS represent 

a viable solution for improving 

some of the most important prob-

lems of modern vehicles like fuel 

consumption, performance and 

pollution reduction. 
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Kart Low Cost project - KLC is the result of collaboration between the University of Bourgogne, Institut Supérieur de l’Automobile et des Transports 
de Nevers, France and University of Pitesti, Department Automobiles and Transport Romania. Challenge KLC aims at preparing future engineers 
by developing knowledge of a technical project management, teamwork spirit by assigning responsibilities and, not least, by the respect of deadlines 
and fixed budget. Therefore, it is not just a race karting. It is equally a technical, pedagogical and human challenge, the winner being not necessarily 
the fastest. Concept, design and manufacture of high performance karts with a fixed budget are the key point of competition. The karts are made from 
scratch by students participating in the competition. After qualifying, which will establish the order of entry in the contest, karts are going through 
sprint tests, maneuverability, endurance, design and evaluation of chassis and technological innovations.

KLC 2011 – 1st edition
Details: F-58 karting track in the Formula 1 Grand Prix circuit of France at Magny-Cours was the place of the competition KLC 2011 (20 May 2011). 
Four thermal engine powered karts lined up at the starting: two for each of the two participating institutions.
Results: UPIT team: 2nd place 

KLC 2012 – 2nd edition
Details: The 2012 KLC edition took place on the circuit of Dacia-Renault Group from Merişani, Arges, on 18 May 2012. In this edition, given the 
current orientation of the automobile industry, competition organizers have decided to introduce other challenges, the electric propulsion, so there 
were two competitions: one with karts powered by combustion engines and another for karts powered by electric motors. Three thermal engine karts 
and one electric kart attended from the University of Pitesti; and for ISAT Nevers, two thermal karts and one electric.
Results: UPIT team: 2nd place (thermal engine kart), 1st place (electric kart).

KLC 2013 – 3rd edition
Details: The competition was held on 28 May 2013 and was hosted by ISAT Nevers, France; the place was the same F-58 karting track in the Formula 
1 Grand Prix circuit of France at Magny-Cours. 2013 marked the second participation of electric karts. Despite the fact that the track was covered 
with water and put problems to the pilots, students have demonstrated technical capabilities of karts. In this competition we have also seen excellent 
motivation of both participating teams, UPIT and ISAT.
Results: UPIT team: 1st place (thermal engine kart), 1st place (electric kart). 

KLC 2014 – 4th edition
Details: This time the competition was held saturday, 17 May 2014, at the Carrefour parking karting circuit from Pitesti. University of Pitesti had two 
thermal engine karts and one electric kart and ISAT Nevers, a thermal and an electric kart. This time, French students have won the first place at the 
thermal propulsion karts competition. UPIT students obtained second and third places. UPIT team (thermal component) was formed this year by 10 
students from Automotive Engineering program study, 3rd year: Pâslaru Radu, Niculae Mihai, Neacşu Dragos, Deaconescu Mihai, Nicula Ramona, 
Niţulescu Alina, Georgiana Miricel, Neacşu Alina, Dumitru Razvan, Neculai Claudiu. The UPIT team responsible for electric kart consisted of two 
students from the English taught master program Automotive Engineering for Sustainable Mobility: Cristian Cioroianu and Silviu Suleimanovici. For 
the successful conduct of this competition, the organizers were sponsored by Renault Group Romania, Society of Automotive Engineers of Romania, 

Cogeme S & t, Euro Tehno Group (VW-Audi-Seat concession), Pro Eco Gas Systems and Alseca.
This 4th edition is part of a series of events scheduled to take place this year, meant to mark the celebration of 45 years of the automotive engineering school at 
the University of Pitesti.
Results: UPIT team: 2nd and 3rd places (thermal engine kart), 1st place (electric kart).

Challenge Kart Low Cost at the 4th edition: 
an opportunity for a brief reporting/review
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