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EDITOR’S NOTE

Nowadays technology is evolving at a rate that is hard to quantify, being in permanent change,
becoming increasingly efficient and applying its new concepts directly to the field of manufacturing.
Therefore, we truly believe that the Annual Session of Scientific Papers organized by the Faculty of
Management and Technological Engineering of the University of Oradea provides a unique opportunity to
all researchers in engineering and other related fields to disseminate and publish original, valuable and
competitive scientific papers.
The papers written in the five sections featured by the conference –Mechanics, Mechatronics,
Technologies and Machine Engineering, Management and Economic Engineering, Road Vehicles and
Transportation Engineering – will be included in the volumes of conference.
Yet, there are also highly valuable scientific papers that are difficult to include in one of the above
mentioned sections, as their topics belong to related or overlapping fields of study, not necessarily
engineering, but having applications that involve engineering principles. Moreover, we particularly
appreciate the value of these overlapping fields, given by the elements of novelty, evolution and progress
that they involve.
It should also be noted that the editors shall not take any responsibility either for the authenticity of
the findings or for the originality of the opinions and conclusions expressed in the papers published by the
authors.
We really believe in the idea of progress and evolution upheld by the publication of the scientific
papers of all those who can step forward and bring engineering to a higher level, but also by the participation
in the debates occasioned by the scientific event organized by the University of Oradea, Faculty of
Management and Technological Engineering.

Editorial’s Board
Oradea, May 2015
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1
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nominal value, they are applied in different fields of
mechanical engineering. When modelling the impact
between two bodies, the relation is expressing the
dependence of the interaction force by the normal
approach raised to power 3/2, is the basis of viscoelastic
impact model.
A recent paper of Alves [3], is an exhaustive review of
viscoelastic impact models from the literature and
confirms the above affirmation. From the 15 viscoelastic
impact models presented in the mentioned paper, 14
consider that the relation describing the force variation
with normal approach is a Hertz type relation, despite the
fact that during impact processes the velocity variations
are extremely important and the accelerations reach an
order of 10.000g.
Johnson gave a reference book in contact mechanics,
[4]; citing Zukas, Johnson shows that the elastic contact
hypothesis is extremely restrictive and justifies this
affirmation by proving that a ball in impact with a flat
surface will produce a plastic indent if the free falling
height is of orders of millimetres.
The indentation remnant after an impact process offers
important information. One of the essential application of
plastic indentations, referring to shape and dimensions, is
hardness testing. Tabor [5], proposes a simple theory
concerning static and dynamic hardness evaluation. In
order to estimate the work of plastic deformation, Tabor
adopt Meyer’s hypothesis, similar to the elastic contact
model, the interaction force being proportional to the
approach raised at power q, 1  q  3 / 2 , the extreme
values corresponding to plastic deformation, q  1 and

Abstract—The remnant imprint from the surface of a
rotating disc collided by a dropping steel ball is experimentally
analysed. The study of post-impact indentation performed via
laser scanning technique revealed a systematic aspect
concerning the radial profile of the imprint, namely a deviation
from the slope predicted by theory of elasticity in the region
between imprint and the periphery of the disc.

Keywords—Plastic

impact,

rotating

disc,

scanned

indentation

I. INTRODUCTION

M

systems from engineering applications
are assemblies of simpler elements that, in order to
fulfil the running task, interact with each other. The
interaction between the parts of a system can be
accomplished in two ways: by direct contact or by means
of a field. The handiest example illustrating the two
modalities of interaction is the shaft and bore assembly.
The requirement of diminished friction between the
two parts conducted to the introduction of a third
element, the ball bearing (mechanical contact) or the
magnetic bearing (the non-contact solution). In most of
the applications from mechanical engineering between
the elements of a system a direct contact occurs, and this
subject continues to be a matter of awareness.
The first research in contact mechanics domain is due
to Boussinesq, [1], who finds the stress state and strain
state due to a concentrated normal load acting on the
surface of an isotropic elastic halfspace.
The problem for the loading of an isotropic elastic
halfspace by a concentrated tangential load was solved
by Cerruti. The reference paper in the elastic contact
domain was elaborated by Hertz [2], who establishes the
relations describing the stress state and strain state
between two elastic non-conforming bodies in contact, in
the absence of friction. Though the results of Hertz’s
problem concern the static load, when the normal loading
between bodies increases infinity slow from zero to the
ECHANICAL

q  3 / 2 respectively. This
elastic deformation,
assumption was adopted by Goldsmith too, [6], who, in
addition, accepts that the restitution phase is always
elastic. Oliver and co-workers, [7]-[12], consider the
same hypothesis and based on theoretical results obtained
by Sneddon, [13] propose a new method of hardness
evaluation, based on impact force variation with normal
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approach. Field and Swain, [14], [15] and Swain, [16],
use the imprints obtained by spherical indenters in
hardness estimations. Another domain where the analysis
of plastic imprints is a main source of information is the
automotive crash study, [17]-[19].

Since the plastic imprints shapes and dimensions offer
numerous data concerning impact kinematics and impact
dynamics, the imprints from the disc’s surface were laser
scanned for shape and dimensions analysis.

II. IMPRINT SHAPE SUBSEQUENT TO DISC AND FREE
FALLING BALL IMPACT
The post-impact kinematics for a system with
percussions was the main subject studied in a series of
recent own works. The requirement of obtaining
analytical models compels to using shapes as simple as
possible for the impacting bodies. Therefore, numbers of
works concerning dynamical modelling of systems with
collisions consider the unidirectional collision of two
spheres as the basic model. With the intention of
maintaining geometric simplicity and obtaining a spatial
motion between the elements subjected to collision, the
impact between a disc rotating around a vertical axis and
a free falling metallic ball was considered, Fig. 1.
Dropping
ball

tangential
direction
rotating
disc
radial
direction

Fig. 3. Photo image and 3D scanned image of a plastic imprint
from an aluminium disc

In order to perform the analysis, two indentation
profiles, radial and tangential, were defined. The section
planes for obtaining these profiles are defined by the
vertical direction in the impact point and the vector
position radius of this point, and by the impact point
vertical direction and the velocity of the point,
respectively.
The radial profile of an indentation is presented in Fig.
4.a and the tangential profile is shown in Fig, 4.b.
For comparing several tangential profiles, it was
chosen [20] bringing all the profiles with the point A at a
common point. To evaluate the profiles of the same
indentation, [21] both profiles were brought to the
minimum point of imprint in the same point.
Fig. 5 presents the radial and tangential profiles
together with the ideal profile of the ball, for the case of a
steel ball impacting a steel disc that rotates with a
velocity of 4000 rot/min.

Fig. 1. Experimental set-up principle

The disc is driven in rotation motion using a d.c.
engine; the rotation velocity is controlled varying the
voltage and measured using a non-contact tachometer.

.
Fig. 2. Post-impact plastic marks on the disc

The velocity of the ball can be precisely controlled by
measuring the height from which the sphere is set to fall
free. Following the collision, the post-impact plastic
indentations can be observed on the surface of the disc,
Fig. 2.
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A

Fig. 4. Tangential and radial profiles of indentation on aluminium disc

tangential

ball

radial

Fig. 5. Comparison between radial and tangential profiles

Fig.7. Detail from radial section
Fig. 6. Axial section through the disc
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From Fig. 5 it can be observed that tangential profile is
strongly asymmetric and presents the pile-up
phenomenon. By tracing the medium horizontal for the
tangential profile region in front of the imprint one can
observe that with the exception of a reduced zone,
comparable with the imprint’s radius, the two profiles are
practically identical.
The same conclusion results more clearly by analysing
the profiles from the imprints on the aluminium disc. It is
observable that for the tangential profile, in the contact
initiating region, the pile-up phenomenon is absent while
in the exit region it is strongly present. For the radial
profile, the indentation presents a very good symmetry
while outside the imprint, the asymmetry is obvious.
From Fig. 4.a, it cannot be mentioned on which side if
the figure the axis of the disc is situated.
The test was repeated, and an orientation scratch on
the disc surface was made. A new scanning operation
leads to the conclusion that the lower region from the
outside radial profile is situated towards disc’s
periphery. To remove any possibility of the presence of
parallelism deviation between the face of the disc with
the indentation and the opposite one, the positioning face
for laser scanner examination, the entire surface of the
disc was analysed.
From Fig. 6 it is confirmed that there is no deviation,
but there is a change in the slope of the radial profile of
the indentation in the impact zone.
Fig. 7 presents a detail where it was traced the medium
horizontal to the disc’s surface and the axis of the
imprint. The obvious observation is that the portion of
the radial profile placed peripheral with respect to the
imprint is situated below the undeformed surface and one
can state that the region where the impact influence is
noticed has reduced dimensions – a size order of one
imprint radius.
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temperature is noticed. The paper presents the influence
of the temperature variation on the friction coefficient in
the case of lubricated PA46 polyamide – steel type
contacts.

Abstract—The PA46 polyamide material has a wide
application in engineering due to its good mechanical behaviour
in transmissions with variable temperature – gears, slides,
cams, bearings, guides for chains. In contact with steel
materials, small values of the friction coefficients are obtained.
The paper presents the testing procedure and the analysis of the
obtained results for tests regarding the polyamide/steel type
contacts, by considering a variable temperature.

II. THE EQUIPMENTS
The equipment where the tests are performed is a 2
axes tribometer which allows measurements for the
normal and tangential forces – Fig. 1.

Keywords—polyamide, friction, steel plate, temperature.
I. INTRODUCTION

I

N order to obtain high wear, abrasion and vibration
resistance – noise reduction – the polyamide type
materials are used, in the last period, to design
mechanical components. These mechanical elements –
gears, slides, cams, bearings, guides for chains – made
from polyamide, are characterised also by high impact
resistance, good heat resistance and with good physical
properties – high tensile strength and modulus of
elasticity [1].
Another optimization direction is the weight reduction
of the mechanical components with directly influence on
the masses and inertias; the materials which are
accomplishing this condition should be, on the other
hand, with the same main mechanical properties as the
steel type materials. One of the materials which are
accomplishing these conditions is the polyamide; high
values of the elastic modulus are inducing small values
of the deformations and high values for the hardness are
reducing the wear. In the case of small forces, even with
temperatures up to 90o C, a linear elastic behaviour may
be assumed for the polyamides [1], [2].
In the case of sliding mechanical contacts – cam/plate
cam followers, gears, chain/guides, guides – one of the
mechanical parts is made by steel and the other part by
polyamide [3]; the reason is that this solution offers small
values for the friction coefficients and high values for
durability [4] – [6].
In the case of all these mechanical contacts, in order to
reduce the wear these contacts are lubricated and due to
the functioning conditions, an increase of the local

1

Fig. 1. The tribometer

The tribometer may measures forces up to 1000 N
with a resolution of 50 mN; the vertical stroke is 150 mm
with a speed adjustable between 0.001 and 10 m/s. The
lateral positioning stroke is 75 mm with the speed
between 0.01 and 10 m/s; the lateral positioning
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resolution is 2 m. The maximum heater’s temperature is
150 oC – Fig. 2. The rotational speed can be adjusted
between 0.001 and 5000 rpm, in 2 directions.

Fig. 4. The polyamide disk mounted inside the rotational device
Fig. 2. The heater

On the tribometer there may be performed wear tests
and Stribeck tests; the friction coefficient is determined
as the ratio between the measured values of the vertical
force and of the tangential force.

Fig. 5. The steel plate holder

III. THE TESTS
The tests were performed in 2 steps; first is made a
running-in test for a period of 2 hours, with a rotation of
the disk of 500 rpm and with the position of the steel
plate on a radius of 20 mm from the centre of the disk.
The normal force has the value of 5 N, calculated from
the condition of hydrodynamic friction between the disk
made by PA46 polyamide and the front face of the steel
plate.
The variation in time of the dynamic friction
coefficient is presented in Fig. 6. The dynamic friction
coefficient has a descendent variation during the runningin period due to the polishing action of the harder
material (the steel plate) on the weaker material (the
PA46 polyamide); after 100 minutes of running-in, the
dynamic friction coefficient has a stabilised value at
around 0.12.

Fig. 3. The polyamide disk

The polyamide disk – Fig. 3 – is made from PA46
polyamide and has a diameter of 50 mm; the disk is
mounted inside the rotational device of the tribometer –
Fig. 4 which is lubricated and heated.
The steel plate is mounted in a holder which is fixed in
the vertical guide – Fig. 5.
The upper device may be used with or without a
suspension in order to damp the shocks; in the case of
friction coefficient tests the suspension is not used due to
the measurements accuracy.

1

6

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
with the variation of the temperature and it has an
average value of 0.1, value which is validated by the tests
results from [7].
The variation of the wear with the temperature is
presented in Fig. 9. The wear is decreasing with the
increasing of the temperature due to the properties of the
PA46 polyamide which is recommended to be used at
high temperatures [5].

Fig. 6. The dynamic friction coefficient

The evolution of the wear during the running-in test is
presented in Fig. 7. The wear has a small decreasing
variation and it is stabilised at a value of 70 m after 100
minutes of running in.

Fig. 9. The variation of the wear with the temperature

The wear track on the PA46 polyamide disk,
magnified on a microscope, is presented in Fig. 10; its
limits are determined by the lateral faces of the steel plate
and they have a bigger depth due to the sharp corners of
the plates. The wear track limit from the right side is
higher because this side is placed on a bigger radius
according to the rotational motion.
Fig. 7. The evolution of the wear in time

After the running-in tests, there are performed tests
where the heater’s temperature has a variation between
20 and 90 oC; the normal force is set up to 9 N due to the
reason that for this value the lubrication is a mixed one.
The rotational speed of the disk is equal with 500 rpm
and with the position of the steel plate is on a radius of
20 mm from the centre of the disk. In order to validate
the results, there are performed two sets of tests.
In Fig. 8 is presented the variation of the dynamic
friction coefficient with the temperature for the two tests
which have been performed on the tribometer; Poly
represents the trend lines for the two tests which are
created by using 2 degrees polynomial functions.
Fig. 10. The wear track on the PA46 polyamide disk

The wear on the steel plate is presented in Fig. 11; the
shape of the wear is a circular one due to the rotational
motion of the disk. Due to the clearances on the holder,
the steel plate doesn’t have a contact on the entire width
of it. Anyhow, this is a testing which reproduces a real
functioning condition – for instance the steel plate could
be a link from a chain which is in contact with the active
face of a tensioning guide, made from PA46 polyamide.
In this case, the chain links have also oscillations in the
vertical and horizontal plane, meaning that they could

Fig. 8. The variation of the dynamic friction coefficient with the
temperature

The dynamic friction coefficient has a smooth increase
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have a mechanical contact with the guide only on a part
of their width, depending on the error from the normal
position of them to the guide.

the properties of the PA46 polyamide which is
recommended to be used at high temperatures [5].
The limits of the wear track on the PA46 polyamide
disk are determined by the lateral faces of the steel plate
and they have a bigger depth due to the sharp corners of
the plates. The wear track limit from the right side is
higher because this side is placed on a bigger radius
according to the rotational motion.
The shape of the wear on the steel plate is a circular
one due to the rotational motion of the disk. Due to the
clearances on the holder, the steel plate doesn’t have a
contact on the entire width of it. Anyhow, this is a testing
which reproduces a real functioning condition – for
instance the steel plate could be a link from a chain
which is in contact with the active face of a tensioning
guide, made from PA46 polyamide.
In conclusion, the PA46 polyamide – steel plate
contacts are suitable to be used in working conditions
with variable temperatures due to the small values of the
friction coefficient and the small values of the wear.
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users [1]. According to Romero and Molina co – creation
is a process of consumers or customers involvement into
organizational creative activities [1]. From this point of
view core competencies, knowledge, past experience
from both sides contribute to ideation, conceptualization
and production of new products or services [1].
However, a customer – driven approach is promoting
the consumers or customers as key drivers of innovation
activities [1], or technology development [2].

Abstract—as it was highlight in the first part of this
research, the emergence of platforms emphasize consumers as
triggers for product development. The organizational
challenges for use of open innovation became oriented to the
creation of virtual instruments as an essential part of innovation
strategy. Thus, this paper aims to present social communities as
co – designers and their engagement into value co – creation
process through collaboration. Based on case study approach on
Electrolux AG, there will be highlighted the company’s main
concerns for innovation implementation and its approach for
consumers’ engagement into ideation process. From this point
of view there will be analyzed the past experience of Electrolux
in terms of successful digitalized innovation, the platform
structure and company’s approach for data collection and
analysis in order to promote creativity and ideation importance.
The foreseen result is to understand the Design Lab as an
innovative tool for socializing and ideas generation within
product design context.

II.CONSUMERS AS CO – DESIGNERS
The adoption of value co – creation means the
involvement of social communities into the product
development process at the early stages – co – design.
Basically it is about the consumers’ power to influence
the innovation and provide creativity aspects [2] and
establishing the contact through continuous dialogue [2].
The main requirement for a successful communication
with consumers, is reflected by specially designed tools,
such as virtual platforms [2].
Consumer’s engagement into product development
stages (ideation, conceptualization, design and testing)
represents the mechanism of value generation and the
creation of innovative solutions [3]. Thus, Romero and
Molina identified the main features of social community
by presenting the consumers from four point of views:
1) Consumer as co-designer
2) Consumer as innovator
3) Consumer as brander
4) Consumer as responsible actor [1]
As a part of consumer - based approach, the social
communities are seen as an important source of
technological innovation in terms of product design and
ideas exchange with the companies [2]. However, their
engagement is essential in:
1) Co – ideation – idea generation stage which implies
active participation in product concept development [2]
2) Co – design – stage characterized by filling the gap

Keywords— collaboration, co - designers, digitalized
innovation, ideation, platform structure
I. INTRODUCTION
HE value co – creation, as well as the process of co –
innovation exceeds the common conceptualization of
product development. The future of product design and
development is narrowly shaped by consumers or / and
customers, in terms of their needs, expectations,
innovative ideas.
The organizational context allows and develops new
ways to engage the social community as an important
integrative approach to co – innovation. The modern
technologies facilitates businesses to create their own
ways and tools for communication with consumers and
customers. Going further, open innovation became a
must for product design and development processes.
The active role of social community into these
processes, creates the prerequisite for their
transformation into co – designers, co – innovators, lead
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The engagement of the experts is important for
competition evolution and success as the team provide
the assessment of submitted concepts and ensures the
feedback to the participants [16].
The approach for Healthy Houses was concretized
through three main concerns:
1) Cooking delight
Comprises the concepts and ideas which provide the
motivation for adoption of healthy life style [17]
2) Air purification
Development of flexible and innovative solutions for
air quality management [17].
3) Textile Care
The creation of innovative, sustainable and creative
solutions for the design of houses according to
consumers’ needs and their own lifestyles [17]. The key
aspect is to ensure the balance between the environment,
quality and efficient solutions [17].

between developed concept and the best practical
solutions [2].
III. PLATFORM DEVELOPMENT: THE CASE
OF ELECTROLUX
The platform development process depends upon
previous experience of organizations within consumers’
engagement activities. Innovation represents the driver
for co – creation in the case of Electrolux Company.
From this point of view there was launched the
competition “Electrolux Design Lab” [4], a discussion
forum for students around the world [5].
The main concern was to gather and analyze
innovative ideas for development of appliances for the
future [6] and to create new concepts along with
consumers in order to create a new “face” of the products
– co – design activity [6]. As it was mentioned bellow
the experience of the company has a major impact on the
product development.

C. Digitizing innovation
The key aspect is not only to promote the innovative
and creative concepts and ideas, but also to create and
provide innovative ways for their submission. From this
point of view, Electrolux Design Lab represents a virtual
forum for discussions, which comprises participants’
blogs. Each blog should contain the participant’s
information, such as: photo of the participant, academic
curricula, contact, social media accounts, the main
concerns or hobbies [18]. This platform is developed
around the main theme of the competition and provides
the information about the mission of the competition, the
rules and intellectual property aspects [18], [19].
The platform is structured as a collection of blogs,
where participant can upload their concepts. The access
to Electrolux Design Lab is realized through accounts,
each participant should be registered in the platform in
order to access their information and to visualize the
feedback from the experts.
Each participant should demonstrate their capabilities
to be co – designers, as well as maintain the contact with
potential consumers. From this point of view, on each
blog participant will post description of their activities,
opinions about social and innovative issues [19].
In the front page of the platform it can be seen the
evolution of the competition, the final count-down, also a
shortcut to the most interesting projects. However other
contributors can search the projects based on criteria:
projects, people, the most popular concepts and the most
discussed projects [18]. The platform contains also
participants’ statistics: the countries of origins, the
number of votes, the number of shared concepts on social
media and the countries of origins of the persons that
participate at the vote [18].
The vote can be expressed through the registration
with: e-mail address, the Facebook or Twitter accounts
on Design Lab platform. In the first case, the voters will
receive a link for confirmation from Electrolux Design
Lab which the voters should access in order to confirm

B. Previous experience of Electrolux Design Lab
The main concern of Electrolux Design Lab is to
ensure the continuous development and generation of
new concepts or ideas. From this point of view the
competition is based on the evaluation of consumers’
needs, requirements and expectation, so that it comprises
various themes (table I).
TABLE I: ELECTROLUX DESIGN LAB PAST EXPERIENCES [6] – [14]
Period
2004 2005
2006

Competition Theme

2009
2010

The design of the
future
Design and healthy
alimentation
Design and
Sustainability
Design for Generation
of Internet
The Next 90 Years
New Spatial Era

2011
2012

Intelligent Mobility
Design of Future

2013

Urban Life

2014

Healthy Houses

2007
2008

Key Aspects
Innovative ideas for 2020
Promoting innovative solutions
and healthy habits
New ecological concepts
Energy and water efficiency
Short term implementation
Internet-based concepts
Concepts for cooking, washing
activities in small spaces
Past and future designing
experience
Innovative and creative concepts
for daily life
Creative and innovative ideas and
concepts for

The Electrolux Design Lab is targeting mostly students
from Industrial Design or Engineering Curricula, who are
engaged into interactions with company’s team of
experts. The involvement of potential consumers occurs
at the end of each competition stage, through the
possibility to vote the most interesting design concept
[15]
For the evaluation of innovative ideas and concepts,
Electrolux team of experts comprise personalities from
Departments of Design, Research & Development,
Consumers, Innovation Marketing at global level [16].
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the electronic address and the information provided at the
registration. Those who express their vote, gain the
possibility to participate at the competition for consumers
by expressing their opinion for what a healthy house
means. The platform contains also the visual trademark
of Electrolux Group: the framed letter E with Electrolux
keyword and it can be found on each section of the
platform. The visibility of the platform is ensured
through the presence of Electrolux on social media, such
as:
1) YouTube
Includes the presentation of the past competitions or
current one through short videos
2) Facebook and Twitter
Can be found the information about the present
competition, the results and innovative products [20]
3) Pinterest, Flickr and Instagram
Comprises a collection of pictures, images of the
developed concepts [20].

The Announcement of the Competition

Registration and Submission of the Concept and the
Sketch
Teams of Experts’ Evaluation

First 100 of ideas Selection
Consumers’ Voting Process
Stage 1: First 70 ideas selection, “My Concept”

Experts’ Feedback and Instruction

D. The collection, processing and analysis of the concepts
Electrolux Design Lab represents a competition
evolving in four distinct stages (fig. 1).
Starting from the announcement of the competition,
the participant have to submit their ideas and the sketch
of the concept. The first 100 best ideas will be competing
in the Design Lab, after a rigorous evaluation from the
team of experts.
However, based on voting process from the potential
customers, in the first stage will participate only the best
70 proposed and submitted of concepts [22]. Each stage
is followed by experts’ feedback and guidelines for next
level [22].
At stage 3 the participants should motivate their choice
of concept and describe how their concept will change
people’ live [23] and to provide an image which reflects
the human nature of developed concepts. Additional,
they should send the materials which demonstrate the
functionality and utility of their concepts [23].
In the process of evaluation, the team of experts assess
the conformity of the concept and idea with following
criteria:
1) Concept or project conformity with the main theme
and objective of the competition
2) Inclusive intuitive design
3) The degree of innovation
4) The conformity of the concept with consumers or
clients’ needs and requirements
5) Aesthetic features
6) The concept is reflecting the Scandinavian design
values: sensibility and environment friendly

1

Stage 2: First 35 Ideas’ Selection according to the
Guidelines from the Experts, Concept Development

Stage 3: First 6 Ideas’ Selection, “Visual Development”

Team of Experts’ Evaluation
Consumers’ Voting Process

Stage 4: Finalist Announcement
Fig. 1. The collection, processing and analysis process at
Electrolux AG [21]

III. THE COMPANY’S RESULTS AND FUTURE
PROJECTS
The Electrolux Design Lab launching represented the
first step to gaining significant financial results. The
results of the competition were concretized through new
product development, for participants it was new
opportunity to promote their own portfolios of designs
[24].
Also Electrolux creates opportunities for young
specialist to develop from the early stages their concepts
through internship at one of the Centers of Design and
Innovation Electrolux at global level [24].
The utility of platform was shown through new
implemented designs. As opportunity, Electrolux
Company believes that consumers should be co –
designers and co – innovators of their products. From
this point of view each year Electrolux Design Lab
addresses new design challenges, mostly oriented for
innovation, consolidated brand and efficiency, as well as
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[9]

attracted talented participants at global level [14].
In the first quarter of the year 2014, Electrolux
consolidated their position on premium markets and
achieved a growing rate of net sales of 28.284 million
(+5.5%) [25].
In the future Electrolux will perceive to achieve the
significant results in the terms of innovation and
consumers’ engagement into product development
process, ecology enhancement. New range of ecological
products brought Electrolux a growing rate of 12%
compared to the year 2013 [14].

[10]

[11]

[12]

IV. CONCLUSIONS
This research aims to present the main features of
value co – creation or co – innovation based on case
study of Electrolux Company. In the first part, there was
presented the organizational context for adoption of
consumers as driving force of innovation. The experience
of the company in the field of collaboration with
consumers or customers have a major impact on financial
or other results.
The digitalized innovation ensures the visibility of
organizational efforts to gain consumers loyalty, as well
as promotes open innovation tools, such as competition
platform Electrolux Design Lab. Organized as contest,
this competition gathers together each year students
around the world and challenge them for new creative
and innovative ideas. The main concern is concentrated
on the mix of creative designs, functionality of future
product and capabilities and abilities needed to develop
the concept further.

[13]
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geometry optimization, in order to achieve truly
optimized and feasible solutions. While this can be
achieved both by manual iterations [2] or by any other
optimization techniques, genetic algorithms (GA) have
been proven to be a very effective shape optimization
method [5-10]. There are numerous GA tools available
for all programming languages and platforms. The
problem of shape and size optimization implies using
such a tool in conjunction with a FEA software for the
evaluation and comparison of optimality of proposed
solutions [8], [9], [11].
This research uses the original Object Oriented Genetic
Algorithm (OOGA) for running the GA, an objectoriented programming (OOP) platform proposed by the
author for the implementation of GA in MATLAB [9].
The platform allows for the rapid and powerful set up of
common GAs, offers many options to configure and
customize their behaviour and allows for a seamless
integration with the corresponding FEA software.
For the FEA evaluation of the objective functions, two
common approaches are:
1) using the APDL parametric language of ANSYS [8];
2) using the Simulia Abaqus FEA software in relation
with the Python scripting language for the variation and
simulation the modeled parametric solutions [9], [11].
In this paper we chose the second approach, considering
both the ease of use and effectiveness of Python scripts
and the advanced modeling and simulation capabilities of
Abaqus.

Abstract—This paper represents a case study regarding the
structural optimization of a typical gear bracket used in
automobiles. The functional specifications mimic those found
in real gear brackets, both in terms of geometry and boundary
conditions, including the loading, thus a direct comparison with
such existing brackets can be made. The optimization
procedure uses an original implementation of genetic
algorithms, as found in the Object Oriented Genetic Algorithm
framework for MATLAB. For the evaluation of solutions, the
FEA software Abaqus was used, in conjunction with the
scripting language Python. The results show the methodology
can lead to lighter parts, while keeping the same strength and
rigidity requirements. It also allows the automation of a task
that would otherwise require important design efforts, without
guaranteeing the same quality of solutions.
Keywords—shape optimization, gear bracket, genetic
algorithm, Abaqus, MATLAB
I. INTRODUCTION

S

and size optimization is usually carried out as
the last step in structural optimization, dealing with
fine-tuning geometries for which a general topology has
already been established. In finding a final design for a
given problem, topology optimization has an impact of
up to 70% [1], thus being the main structural
optimization drive force. However, results given by
topology optimization usually need to be interpreted,
requiring further processing, with notable but still
insufficiently developed exceptions [2], while those
given by shape and size optimization are most of the
times final CAD designs [1]. More, as shown in [3], most
topology optimization algorithms, including the most
popular one in the industry: Solid Isotropic Material with
Penalization (SIMP) [4], lead to globally feasible
designs, but which violate the stress requirements at
certain points where important stress concentrations
appear. That is to be expected, as these methods optimize
the total strain energy under a fixed volume fraction,
which is a measure of rigidity rather than stress. In these
conditions, the step of shape and size optimization is
absolutely necessary as the final procedure in functional
HAPE

1

II. PROBLEM FORMULATION AND SET UP
The structure chosen for this study is a typical bracket
used to support the gear box of auto vehicles. The
technical specifications impose 3 supports and 1
connection point and the proposed topology is indicated
in Fig 1. This topology resembles the one currently used
by the auto manufacturer but proposes slight
modifications in the number and position of surfaces and
ribs. The steel screws at the 3 supports have a fixed
diameter of 10 mm and are modeled as 1D beam
elements with the ends connected to the parts respective
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surfaces and fixed at the bottom. The part is assumed to
be made of the aluminum alloy ENAC-AlSi9Cu3(Fe),
having the following material characteristics:

to describe the essential parts of the structure. These are
generally edge lengths, arcs radii, points positions, plates
and ribs thicknesses. The parameters, along with their
imposed bounds (limits for their values) and the discrete
increments in their domain, are listed in TABLE II.

1) Material density:   2.56t m3 ;
2) Young modulus: E  0.7 105 N mm2 ;

TABLE II
PARAMETERS DESCRIPTION AND BOUNDS

2
3) Conventional yield strength: R p0.2  140 N mm .

4) Tensile strength: Rm  240 N mm2 .
The bracket is subjected to 2 load combinations:
1) LoadX – The load sustained by the bracket in case of
brake or impact. Beside the horizontal load, the
gravitational load (supported mass) is also present.
2) LoadZ – The vertical, gravitational load carried out by
the bracket.
The technical regulations require the part to be verified
for 3 load cases:
1) Normal – the maximum stress must not exceed half of
the conventional yield strength (  max  0.5  R p0.2 ).

Parameter Name
HConnPlate
WConnPlate
WCenterSkewPlate
WCenterSuppPlate
WLRSkewPlates
WLRSuppPlates

SkewLRDCenter

2) Incidental – the maximum allowed stress is the
conventional yield strength (  max  R p0.2 ).

SkewLRDSide

3) Accidental – the maximum allowed stress is the tensile
strength (  max  Rm ).
For this study we assumed the incidental load case and
considered the conventional yield strength ( R p 0.2 ) as the

SkewLRShapeF
DTopBackPlate
WBackPlates
HFrontPlates
WCenterLRPlates

limit stress. The actual loads in the 2 load combinations
are given in TABLE I below.

HTopCenterLRExtra

TABLE I
LOAD COMBINATIONS

DTopCenterLRExtra
DInterCenterLRExtra

Load Combination
LoadX
LoadZ

Fx

Fz

-8250 N
0

-1200 N
-6000 N

HInterCenterLRExtra

The topology of the part, along with the boundary
conditions and load directions are indicated in Fig. 1.

Bounds

Inc

2-5
2.5 - 3.5

0.5
0.1

1–4

0.1

3–5

0.1

1-4

0.1

12 – 16

0.1

10 – 30

1

20 – 60

1

0–1

.01

20 – 40

1

3–7
6–8
1–4

0.1
0.2
0.1

20 – 35

1

10 – 20

1

10 – 30

1

6 - 20

1

The GA routine was applied using the MATLAB
framework developed by the author in a previous work:
Object Oriented Genetic Algorithm (OOGA) [9]. The
connection with the Abaqus software used to evaluate the
candidate solutions with FEA was possible due to the
Abaqus connection class built in OOGA and with the
help of a Python script responsible for the model
geometric
variation,
remeshing,
analysis
and
postprocessing.
The objective function of the optimization is the
minimization of the total volume of the structure (as a
measure of its mass), under the constraint of maximum
allowed stress (conventional yield strength). The
constraint was handled by the means of the penalty
function developed in [7].
Because the genetic algorithms are stochastic in
nature, the end results are unpredictable and usually
unrepeatable. To account for this fact and verify that the
optimum solution is really the global optimum and not
just a local minimum, we have run the algorithm 4 times
(called Run A through Run D), varying some of the GA
from one run to the other, as shown in TABLE III. These

Fx

Fz

Fig. 1. Model topology and boundary conditions.

Based on the imposed topology, a set of parameters is
attached to the geometry. We considered 17 parameters

1

Parameter
Description
height of upper plate
width of skew upper
plate
width of ceneter
skew plate
width of center
support upper plate
width of left and
right skew plates
width of left and
right support upper
plates
center distance at
side skew plates
side distance at side
skew plates
shape factor at side
skew plates
center disctance at
back plates
width of back plates
height of front plates
width of center side
plates
vertical distance for
extra ribs
center distance for
extra ribs
intermediate
distance for extra
ribs
intermediate height
for extra ribs
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parameters are the total number of generations, the
number of individuals in the population (population
size), the mutation method and the mutation parameter
final value.
A comprehensive list of classic mutation operators is
given in [12]. We chose for this study the Uniform
mutation for Run A and Run B, and Polynomial mutation
for Run C and Run D. The actual implementation of
these mutation operators in OOGA, detailed in [9], is
slightly different than their original form, in order to
enhance their flexibility and versatility. OOGA also
allows the variation of the parameter value over
generations, in order to keep the exploration capability of
mutation in earlier generations but improve its
exploitation capabilities in later generations.

TABLE IV
OPTIMUM SOLUTIONS
Parameter Name
HConnPlate
WConnPlate
WCenterSkewPlate
WCenterSuppPlate
WLRSkewPlates
WLRSuppPlates
SkewLRDCenter
SkewLRDSide
SkewLRShapeF
DTopBackPlate
WBackPlates
HFrontPlates
WCenterLRPlates
HTopCenterLRExtra
DTopCenterLRExtra
DInterCenterLRExtra
HInterCenterLRExtra
MaxMises (MPa)
Volume (103 mm3)
Mass (kg)

TABLE III
GA SETTINGS FOR RUNS A-D
Setting
Number of
generations
Population size
Mutation method
Mutation parameter
final value

Run A

Run B

Run C

Run D

51

101

101

81

42
Unif.

32
Unif.

40
Poly.

40
Poly.

0.1

0.1

8

1

Run
B
3
2.9
2.5
4
2
14.4
25
45
1
33
4
6.2
2
25
13
11
10
139.1
123.8
0.309

Run
C
3
2.5
2.5
4
2
14.8
25
45
1
33
4
6
2
26
11
10
10
139.3
123.3
0.308

Run
D
3
2.5
2.5
3
2
16.0
20
44
1
33
4
6
2
25
10
10
10
139.1
123.4
0.308

The similarity between end results shows the GA
optimization procedure is reliable. We chose to detail the
results only for Run C, as this gives the best end result,
even if by a very small margin.
In order to illustrate the general convergence of the
solution, Fig. 2 depicts the evolution of the best
individual’s score over the 101 generations performed in
Run C. The evolution is typical for a GA, with a more
pronounced convergence in the early stages, when the
domain is thoroughly explored and a slower convergence
towards the end, when the main interest is exploiting and
fine tuning the best solutions.

For all runs, the common GA settings used are given
in the list below:
1) Crossover method: 3-point (generalization of singlepoint and 2-point crossover)
2) Crossover probability: 80% of the new individuals
undergo crossover;
3) Elitism: 2 individuals are automatically passed to the
new generation, ensuring the best solutions survive;
4) Individual mutation probability: 100% (all individuals
have a chance of mutating);
5) Gene mutation probability: 20% of the genes of each
individual mutate;
6) Mutation parameter initial value: 1 (affecting the
mutation probability; the final value for each run is given
in TABLE III);
7) Selection: stochastic uniform (combination between
deterministic and stochastic);
8) Fitness scaling: rank based (each individual receives a
scaled fitness score indirectly proportional to the square
root of its rank).

5

1.4

Evolution of Best Individual
Best Score: 123302.49

x 10

Best Fitness

1.35

1.3

1.25

III. RESULTS

1.2

As shown in the previous section, the optimization
procedure was run 4 times, with different settings. The
final best solution for each case is described in TABLE
IV. This shows the final values of the 17 parameters, the
maximum equivalent von Mises stress, the volume of the
part and its mass. As can be observed, all the runs lead to
similar models, most of the parameters being the same or
almost the same across runs and the final mass of the part
being practically the same. At the same time, the
maximum von Mises stress in the structure is close to the
limit  lim  140MPa .

1

Run
A
3
2.6
2.5
4.8
2
14.5
25
45
0.86
33
4
6
2
25
10
13
10
139.6
123.7
0.309

0

20

40
60
Generations

80

100

Fig. 2. Evolution of best individual over generations (Run C).

It is worth noting that the end mass is about 0.308 kg,
at a volume of about 123.5 x 103 mm3. The real gearbox
bracket this model is based upon has a mass of a little
above 0.5 kg, which is considerable more than the
solution found in this research. Part of this difference can
be explained by the slight differences in initial
specifications and by the fact this model is only in
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functional stage, while the real gearbox is the final
product, obtained after experiencing technological
redesigns. However, these factors can’t account for the
whole difference, the mass reduction aimed by the study
being thus achieved. However, the exact magnitude of
this reduction is hard to be assessed exactly in the
absence of detailed and precise data about the real model.
The distribution of the equivalent stresses in the
optimum model is depicted in Fig. 3. A view from the
bottom of the part was chosen, as that is where the
highest stresses appear. Considering there are some areas
with stress concentrations and some with low stress, a
new design with a different topology could possibly offer
opportunities for even lighter models.
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Fig. 3. Equivalent vonMises stress distribution for the LoadZ
load case of the optimum model (Run C).

IV. CONCLUSIONS
The results obtained in this research show the
procedure of functional structural optimization using
genetic algorithms can lead to improved designs of auto
parts. Besides being able to output lighter structures in
the same strength and rigidity conditions, the algorithms
allow the automation of this process that would
otherwise take much more time and would not guarantee
true optimal solutions.
Considering all the software needed to run the
optimization technique should be part of the endowment
of any design department, the only additions needed are
the tools presented in [9-10]. As shown here, these can
successfully be applied to real-world design problems in
the automotive or any other industry.
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classifications and accounting rules that must be used for
compiling accounts and tables in a comparable way for
the purposes of the EU. It also set out a program (Annex
B) with deadlines by when EU countries have to send
Eurostat these accounts and tables.
The data will be used for the coordination of economic
policymaking between EU countries and the coordination
of fiscal policies (especially through ratios of
government debt and deficit), which are part of the EU's
economic and monetary union (EMU), which in turn
underpins the euro. [2]
The reasons for the accounting system include the
following:
1) policymaking in the Union and monitoring of the
economies of EU countries and of the economic and
monetary union (EMU) require comparable, up-to-date
and reliable information on the structure of the economy
and the development of the economic situation of each
EU country or region;
2) the Commission plays a part in monitoring the
economies of EU countries and of the EMU and reports
regularly to the Council on the progress made by EU
countries in fulfilling their obligations relating to the
EMU;
3) EU citizens need economic accounts as a basic tool for
analyzing the economic situation of an EU country or
region;
4) the Commission can use aggregates of national and
regional accounts for EU administrative purposes and,
in particular, budgetary calculations.
EU countries have to provide the Commission
(Eurostat) with a report on the quality of the data to be
sent. The Commission (Eurostat) will then assess the
quality of the data sent. [3]

Abstract—The information systems of the enterprises and
organisations are rather varied and complex due to the many
entrepreneurial forms, the diverse activities and the various
internal and external information needs. The responsibility of
the controlling unit includes the development of the reporting
system and the coordination of the preparation of the reports.
The aim of the reporting system is the provision of the accurate
and tailor-made information necessary for the different
management levels and responsibility areas of the company in
order to perform their tasks and to make their decisions. The
structure of the reports should correspond to the structure of the
planning. As we may only receive appropriate information by
comparing the planned and the actual figures like that. The
reporting system of the Asset Management Inc. has a twofold
task, first of all, it provides information related to the operating
costs of the holding organisation, and on the other hand the
assessment of the activity of the associate companies is
performed via the system.
Keywords—Asset Management, controlling, reporting system,
report
I.

INTRODUCTION

T

HE primary aim of the controlling function is the
accurate and reliable information provision for the
management in due course with regard to the
position and the continual operation of the company. A
very important element of this complex information
system is the controlling information system, which is
primarily aimed at the satisfaction of internal needs and
the support of the internal management of the enterprise
or the organisation. The reporting system provides
information for the different management levels, within
the framework of which the information is collected and
forwarded to the budget responsible in the appropriate
form. The preparation of the report is the task of the
accounting department in general. The controller shall
provide for
1) the proper information,
2) in proper detailedness,
3) at the due time,
4) at the due place and
in the proper form to be at disposal. [1]

II.

The reporting system of companies must be developed
and operated in accordance with the legislation (EU,
Hungarian) and the requirements of the management.
The controller should take the followings into
consideration when developing the reporting system:
Concordance: The reporting system should be in close
logical and content connection with the planning system.
Timely synchronising shall be interpreted by that, that is,
in case the plan is prepared on a monthly basis, then the
report should be prepared on a monthly basis as well. On
the other hand, structural synchronism, which means,
that the reporting system should correspond to the

THE REPORTING SYSTEM

Hungarian accounting standard is in harmony with
europian legistlation. ESA 2010 sets out a methodology
(Annex A) on common standards, definitions,
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planning system in their structure, that is, ‘it is advisable
to measure what the plan was’.
Opportunity for intervention: The reporting system is
useful for the management in case it provides the
opportunity for real intervention. A precondition for that
is first of all that it should be prepared on time. Another
important precondition is that it should be as overall as
possible. That is, intervention should be well grounded
on the basis of the assessment, and the management
should not return the report for further complementation.
On the basis of the two aspects, it is clear that the tasks
of the controller also includes that he should find the
unified concordance between thoroughness and timely
availability. This is of course influenced by the
periodicity of the operation of the company, that is, by
time intervals when the ‘production’ processes of the
company may be measured in full, and by the technical
conditions of the operation of the reporting system.
The aim of the controlling, contrary to the traditional
reports, is that it provides all levels of the management of
the company with easily-to-reach, standardised and
unified information necessary with regard to decision
making. The decision oriented system of the reports
provides information for the decision makers necessary
with respect to the management of the company. The
information is appropriate with respect to the
management of the company in case they support
planning and control sufficiently. One of the major
objectives of planning is the improvement of company
management. The targeted values are always determined
for each responsibility areas in the form of target figures
during planning. The aim of the controlling reporting
system is to compare the predetermined values, the
planned or targeted data with the relevant or actual data
in a well regulated, up-to-date and transparent form. The
analysis of the deviations may provide an answer for
their reasons and also guidance related to the introduction
of the targeted correction measures. The reports should
include how much the certain company units and areas
managed to achieve the targeted objectives and where is
a need for taking supplementary measures. The reports
may not be autotelic, they must result in reaction and
arrangements. The analysis of the results is performed
jointly by the controlling and the professional unit
concerned so that the acceptance of the results of the
analysis and the execution of the measures is ensured.
User friendly attitude is of great importance in case of
the acceptance and the success of the reports. This
primarily means that the information must be filtered and
packed in accordance with the needs of the users. By
applying information packs there are reporting
hierarchies, which consider the prevailing tasks. The
following table includes the contents of the different
hierarchical steps. [4]

1

TABLE I
HIERARCHY OF REPORTING
Management level
The characteristics of the
information included within the
controller report
Management,
Brief, summarised report,
Board of Directors
monthly, quarter year, mid year,
financial and cost reports, and
reports on the results of the
company. The management
likewise needs balance sheet data,
liquidity ratios, the data related
to total sales revenues, and
expenditures, and to the
development of the costs as well
as the strategic ratios.
Area manager
The results of the unit
Monthly cost and productivity
information are necessary for the
continual control mechanisms to
achieve the objectives. e.g.
Turnover, contribution margins,
etc.
Executive of the cost centre
Primarily data directly related
to the competence of the
executive of the cost centre, such
as e.g. deviations from the
planned figures, portfolio data,
working hours, etc.

Requirements of the reporting system at the Debrecen
Asset Management Inc.
International and domestic examples likewise prove
that the local governments are not able to properly
manage and control their economic organisations within
the traditional framework due to their several other base
tasks. It is a trend in Hungary in the 21st century that the
local government owned business organisations are
uniformly managed. The successful implementation of
the uniform management system provides the city and its
citizens with great economic advantage. Different
alternatives may be found within the domestic practices
of the uniform corporate management; however, the
experience so far imply that management within the
framework of a holding system enables the most efficient
operation of the assets of the local governments. [6]
Several advantages of the uniform management of the
local government owned companies are known. The
interest enforceability of the owner increases, asset
management becomes more effective, savings are
realised through synergies, and the level of the services is
improved. While the employees of the organisation
performing the uniform management perform expert
management, the expectations towards the economic
organisations are differentiated; and so they may be
incited for the efficient operation, and for the higher level
satisfaction of the consumer needs. The alternatives of
the uniform management:
There are different alternatives to the uniform
management, which are all successful within the
international and Hungarian practices. The alternatives to
the uniform management are as follows:
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reporting system shall comply with the following
requirements:
1) It shall provide unified and proper information
regarding the associate companies of the holding.
2) It shall be in concordance with the planning system.
3) It shall not only present the possible deviations, but it
shall likewise support them with the analytics, and shall
provide reasons for the deviations and give opportunity
for the determination of the recommendations regarding
the measures to be taken.
4) It shall focus on the changes and the extraordinary
events within the activity and the indices of the company.
5) It shall provide different aggregated information
regarding the different management levels.
6) It shall present the development of the financial and
pecuniary position of the associate companies.
7) It shall provide such information, which is suitable to
assess the activity of the associate companies compared
to the benchmarks of their industrial sector.
8) There shall be standardised and ad hoc reports as
well. [5]

1) Uniform company: The different business activity
areas (the present companies) are unified into one
business organisation, that is, their previous legal
independence extinguish. A uniform company may be
established if the local government has 100% ownership
in all of the companies to be involved in the merger.
2) Company group: concern type management: the
managing company has double function: first of all, they
perform the basic activity within the framework of the
company, and they likewise perform the management of
legally independent companies.
3) Company group: holding type management. [6]
In the literature the concept of a concern is defined
clearly, whereas no standardised interpretation has been
established regarding the concept of the holding either in
theoretical or in practical spheres. The Holding means
such a company group, where the centre basically
financially manages (as an owner, ~ as an asset manager)
the otherwise separate economic organisations with legal
entity, holding a portfolio attitude, without performing
any basic activity. A holding is the managing company
of a concern, and likewise the entire company group is
provided the same name. When examining the original
meaning of the holding, we may encounter a concept
definition, according to which the holding is such a
managing company, which manages the member
companies only with the tools of asset management on
the basis of its share within the member companies.
However, we shall note with regard to this definition,
that the managing company does not only apply asset
management in many cases related to the companies
managed, but they enforce other aspect as well during
their management. According to the most commonly
accepted definition of the holding, it is the legally
separated managing company of the concern, which
manages the whole concern organisation with strategic
and/or financial-asset management tools. In case of a
holding, the managing company only performs the
management of the member companies and it does not
perform any basic activity. [7]
In Hungary it was Debrecen, who first committed
themselves to introduce the new company management
attitude back in 2000. The management and the asset
management of the 100% local government owned
shareholding companies and limited liability companies
are performed by a separate private limited company
(shareholding company established with closed
foundation) founded for this reason. The reason thereof is
that the Debrecen Asset Management Plc. (Debreceni
Vagyonkezelő Rt.) holds an outstanding role among the
solutions provided for the asset management of the
shareholding of the local government companies
considering the size, the significance and the realised
results.
The requirements related to the tools of holding
controlling were also defined along with the general
requirements related to the controlling system. The

1

Regular reports may be standardised, whereas ad hoc
reports depend on the specific case. Regular reports take
the information needs of the responsibility areas into
consideration. They result in action and make actions,
that is, management necessary. However, ad hoc reports
are compiled on the basis of extraordinary events and
situations. [1]
The main characteristics of the reporting system:
1) Clear, unified language.
2) The structure of the planning and the reporting system
is correspondent with respect to content and
detailedness.
3) The reporting system provides the different
management levels and responsible persons with data
and reports relevant to their decision making adhering to
their information needs.
4) The reports are short and consistent.
5) The reports present the plan-actual data deviations
and due to the explanations thereof they are suitable for
taking measures and making decisions. The reports
indicate which deviations need immediate intervention.
6) The reports provide for the filtering of the distortion of
the information deriving from the fluctuation of the data
of the given period and the future orientation by
determining the expected value.
7) A most important feature of the reports is that they are
up-to-date as no measures may be taken on the basis of
delayed information.
8) Beside the regular reports the extraordinary (ad hoc)
reports are of high priority, which call attention to the
deviations exceeding the tolerance limits and to the
extraordinary events, trying to find a reason for them.
9) Indices have great importance within the reporting
system as basic information may be packed by their
support and complex facts and correlations may be
expressed by one piece or line of data.
10) Apart from the financial indices, other index
numbers are of great importance, such as quality,
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quantity and time indices, which are related to the
consumers, colleagues, and the internal technical and
economics processes.
11) The reporting system provides for the possibility of
obtaining cross-level information beyond the reports
complying with the structural hierarchy.
12) A part of the data of the management information
system derives from the controlling system (plan and
actual data, deviations, expected value), whereas the rest
of the information comprises of technical and other
internal and external information satisfying the specific
management needs. [3]

Report Book. The general structure of the Report Book
of an associate company is as follows:
1) The summary of the most important events of the
reporting period in maximum one page.
2) The report sheets of the different economic areas and
the special indices on a separate page each.

III. THE REPORTING PROCESS

There are also four different types of the consolidated
Report Books introducing the activity of the company
group, which are basically built upon the reports of the
associate companies; however, they are complemented
by the report sheets enabling the comparative analysis of
the associate companies.
The general structure of the consolidated Report Book
of is as follows:
1) The summary of the most important events of the
reporting period on company group level in maximum
one page.
2) The report sheets of the different economic areas and
the special indices on a separate page each.

a)
b)
c)
d)
e)

A two-level reporting system was established at the
company group similarly to the controlling system. The
lower level comprises of the reports of the associate
companies. The reports of the associate companies have
a structure correspondent to the plans, although they have
a broader content and they are aimed at the introduction
of the activity of the associate companies. Although the
reports primarily include financial data, other indices
may be found therein as well. The users of the reports of
the associate companies are the directors of the holding,
who are capable of taking effective measures fostering
the activity of the associate companies on the basis of the
data of these reports.
The other level of the reports comprises of the reports of
the company group. The reports of the company group
are used by the directors, the Board of Directors and the
Supervisory Board of the holding for assessing the
performance of the whole company group. These reports
include consolidated statements and financial indices
beyond all the reports of the associate companies.
Reporting is a continual activity performed throughout
the entire year. The basis thereof is the monthly, quarter
year and annual reports, which are complemented by the
so called flash reports. The latter is compiled on a
monthly basis; however, flash reports may be requested
at any time.

a)
b)
c)
d)
e)

a)
b)
c)
d)

THE ELEMENTS OF REPORTING SYSTEM

Charts and tables
Graphs including the preferential data.
Written complementation.
Status description (a few sentences,
highlighting the reasons fro the deviations).
Suggestions for the measures to be taken
(action, responsible person, deadline,
resource).

Therefore, as we can see from the above general
structure, the length of an associate company Report
Book is approximately 4-10 pages (introduction + one
report sheet as per each area). The consolidated Report
Book is similarly short; however, it is complemented by
the data enabling the comparison of the associate
companies.
The compilation of the reports in practice is performed
(apart from the Flash Reports) so that the persons
preparing the reports fill detailed ‘background tables’, the
structure of which is correspondent to the structure of the
plan, and most of the data included therein are
automatically included in the tables included in the report
sheets (apart form a few indices). However, these

The reporting system comprises of four different types
of reports (Flash report, Monthly report, Quarter year
report, Annual controlling report), the structure of which
are similar in many respect.
All the four different types of reports are compiled in a
separate Report Book. Accordingly, the associate
companies must compile the following Report Books:
1) Report Book including the Flash Reports,
2) monthly Report Book,
3) quarter year Report Book,
4) annual Report Book.
The reports of the different areas are included in the

1

Charts and tables
Graphs including the preferential data.
Written complementation.
Status description (a few sentences,
highlighting the reasons from the deviations).
Suggestions for the measures to be taken
(action, responsible person, deadline,
resource).

3) The report sheets enabling the comparative analysis of
the associate companies (in one page as per economic
areas, on the basis of the actual data)

e)
IV.

Charts and tables
Graphs including the preferential data.
Written complementation.
Status description (a few sentences,
highlighting the reasons from the deviations).
Suggestions for the measures to be taken
(action, responsible person, deadline,
resource).
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background tables are not presented in the Report Books,
they are only forwarded to the holding in electronic form.

the tables of the Flash Report.
TABLE II
THE PROCESS OF THE COMPILATION OF THE FLASH REPORT [5]

V.

Task

Deadline

Person
responsible

Approved
by

The
compilation of
the Flash
Report of the
associate
company

The 5th banking
day of the next
month

Executives of
the
professional
area of the
associate
company

Executive
of the
associate
company

The
preparation of
the
recommendati
ons of the
action plan in
case of
significant
deviations
from the
planned
figures

The 5th banking
day of the next
month

Executives of
the
professional
area of the
associate
company

Executive
of the
associate
company

Delivering the
Flash Report
and the
recommendati
ons for the
action plan to
the holding

The 5th banking
day of the next
month

The
controlling
director of the
associate
companies

The chief
executive
officer of
the holding

Providing
opinion
regarding the
recommendati
on for the
action plan and
approving
thereof

10th day of the
next month

The area
directors of
the holding

The chief
executive
officer of
the holding

THE DESCRIPTION OF THE DIFFERENT REPORT TYPES

Flash Report
The Flash Report should be compiled on a monthly
basis until the 5th banking day of each month following
the base month. The aim of the Flash Report is to most
rapidly indicate the possible non-wanted changes to the
executives of the company so that they should have
sufficient amount of time to take the necessary measures.
Therefore, the Flash Report focuses on the essentials,
it only includes the most important data, which are at
disposal with proper accuracy, and which may indicate
the possible troubles.
The task of the Flash Report is to provide the
managers with information with regard to the fact in case
certain indices are not corresponding to the expectations,
or reach a certain critical value. The executives of the
associate companies and the holding jointly determine
the critical values as per each index number included in
the reports at the beginning of each reporting period, in
case these values are reached (or not reached) the system
visually warns about the deviations. The determination of
the critical values is performed at the planning period;
however, these values are revised at the beginning of the
reporting period.
The non-wished deviations from the planned figures
are indicated by the colouring of the cell of the actual
data: it becomes yellow in case the value is between the
critical and the planned value, red in case it reaches or
exceeds the critical value in the non-wished direction.
The Flash Report is different from the other reports
apart from its being simple as the tables included in the
report sheets do not need to be filled with the actual data,
and there is no need to fill the detailed ‘background
tables’.

Quarter year report
The Quarter Year Report should be compiled every
quarter year until the 30th day of each month following
the period under review. The aim of the Quarter year
report is to provide an overview of a larger period of the
year and to try to forecast the expected development of
the actual values. This must be performed primarily
within the narrative introductory part of the report as the
Quarter year report basically corresponds to the amount
of the 3 Monthly Reports of the given period with respect
to the quantitative data. The Quarter Year Report differs
form the Monthly Report in case of two significant
points. The reporting tables prepared on the basis of the
Investment and the Educational Plans are included only
within the Quarter Year (and the Annual) Reports, and
the Quarter Year Report must be complemented by the
calculations related to the expected values.

Monthly Report
The Monthly Report should be compiled on a monthly
basis until the 25th day of each month following the base
month. The aim of the Monthly Report is to provide brief
but accurate information regarding the most important
economic events of the past month.
The task of the Monthly Report is to present the
deviations from the planned data and to create the
opportunity for analysis.
Detailed ‘background tables’ are prepared when
compiling the Monthly Reports, and the model
automatically forwards these data from the tables to the
tables included in the report sheets.
The tables included in the Monthly Reports cover
more economic areas and include more data lines than
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The annual controlling report
The Annual controlling report must be compiled on an
annual basis until 28 February of the year following the
base year. The aim of the Annual controlling report is to
provide an overall picture of the activity of the past
economic year, and the activity of the associate
companies and the entire company group, as well as to
enable the comparison of the data with the past periods.
Its structure corresponds to the structure of the Quarter
Year Report; there are differences only within the report
table columns.
There are examples for relations of opposite directions
between the controlling and the accounting reporting
systems. Filtering the internal accumulations at the time
of the preparation of the consolidated accounting report
is performed on the basis of the Controlling Report.

data from the accounting data bases. Accordingly, the
two systems were developed along one another to avoid
parallelisms.
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TABLE III
THE PROCESS OF THE COMPILATION OF THE ANNUAL
CONTROLLING REPORTS [5]
Task

Deadline

Person
responsible

Approved by

The
compilation
of the Annual
controlling
reports of the
associate
companies

28 February
of the year
following the
base year

Executives of
the professional
area of the
associate
company

Executive of
the associate
company

Forwarding
the annual
controlling
reports of the
associate
companies to
the holding

28 February
of the year
following the
base year

The controlling
director of the
associate
companies

The chief
executive
officer of the
holding

The
compilation
of the Annual
controlling
reports on
company
group level

28 February
of the year
following
the base
year

The
controlling
director of the
holding

The chief
executive
officer of the
holding

VI.

CONCLUSION

The reporting system was developed in order to fulfil
the objectives as it provides accurate and tailor-made
information necessary for the different management
levels and responsibility areas of the company in order to
perform their tasks and to make their decisions.
The reporting system, in accordance with the planning
system, ensures the accountability of the plans in line
with the will of the owners, and likewise it increases the
results of the company group by tightening the economic
discipline.
The controlling reporting system is inseparably
connected to the accounting system; it obtains its basic
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Capacity Index (FCI) and the economic cost of each type
of injury. In the same climate, the research study
presented in [4] focuses on the optimization of the
dummy and the seat position, aiming at establishing the
optimum position of the dummy and the seat to meet the
prescribed regulations endorsed by Euro-NCAP.
Further considerable attention has been paid, within
the specialized literature, to estimate the injury degree in
lower limb lesions of the driver.
Another landmark reference in current literature
underpins a research study in determining the level of the
knee injury, as presented in [5]. This paper presents a
detailed analysis of the responses of the Hybrid III
dummy, equipped with two types of legs: Denton legs on
the dummy in one test and the Thor-Lx/HIIIr legs on the
dummy in the other test. The predicted injury outcome
from each of the leg types is compared to lower
extremity trauma in real world crashes.

Abstract— During the frontal collision of a vehicle, be it
with another vehicle or with a fixed or mobile obstacle, one of
the most frequent injuries suffered by the driver of the vehicle
occurs in the knee joint. Thus, the present paper aims at
investigating the knee to dashboard contact during a frontal
collision. Admittedly, the first stage of our investigation
underpinned the design of a model to encompass the dummy
and the main interior elements of the vehicle. Subsequently, the
main types of contacts provided by the LS-DYNA software
have been analysed. In order to establish the optimal modelling
variant of the impact between the knee and the dashboard
various simulations have been carried out while applying
different methods to define the contact. The results obtained
following the simulations have been then compared to the
results provided by the specialized literature.
Keywords— dummy kinematics, frontal collision, knee
impact, LS-Dyna modelling.
I. INTRODUCTION
of the most common injuries among drivers
ONE
following a frontal collision occurs in the lower
limbs-area. The degree of injuries’ severity is influenced
both by the speed of impact, as well as by the shape and
materials featured by the components inside the vehicle.
Consequently, the injuries suffered may imply from
several days of medical care, up to the victim’s infirmity.
The main cause leading to the contact between the
knee and the dashboard is triggered by the slip-effect
beneath the seatbelt. This effect, labelled as the
“submarining” effect, occurs when the deceleration
increases in a very short time.
A scientific concern upon the drivers’ kinematic study
has been approached in [1], for as the main objective set
was to evaluate the occupant’s posture change during the
pre‐impact braking and to explain the effects of a
motorized seatbelt (MSB) on the occupant’s restraint.
The above mentioned study focused on low‐speed sled
tests on young adult male volunteers with a vehicle seat,
a seatbelt and a foot rest.
The injury codes recommended by the Abbreviated
Injury Scale (AIS, 1990) have been applied in [2] and [3]
in order to link the injury information with the Functional

1

Fig. 1. Thor-Lx/HIIIr leg and Denton leg [5]

In [6], Rupp et al. carry out a scientific investigation
on the tolerance of the human hip at fracture in frontal
collisions. The tests were performed on KTH complexes
of human cadavers. In this respect, a dynamic load was
applied to the knee along the axis of the femur at loading
rates that are representative to knee-to-knee bolster
impacts in frontal collisions.
In the same line of approach, another study conducted
also by Rupp et al. [7], aims at defining the ranges within
which test parameters, such as occupant posture,
position, and vehicle interior geometry, may vary. Based
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on the results obtained, the ranges of knee angles and the
orientation of the knee bolster relative to the long axis of
the femur during bolster loading in frontal crashes could
have been estimated.
Extensive research within this field has been oriented
towards virtual modelling / computer-assisted simulation
of the impact knee / the dashboard. Hence, the research
investigation carried out in [8], [9] and [10] reveal a
detailed review of an existing LS DYNA finite element
(FE) model of the Knee-Thigh-Hip (KTH) of a 50th
percentile male. Admittedly, the study presented in [8]
set out to establish to obtain a more appropriate and biofidelic tool for injury mechanisms on human lower
extremities in frontal automotive collision. Thus, the
material properties of the human bones – the pelvic, the
femur and the patella were considered in establishing this
model.
In the same spirit, the main research objective
postulated in [10] focused on the validation of an existing
finite element LS-DYNA human knee joint model to
replicate the complex failure mechanisms when the joint
is subjected to tibial axial compression loads.

fact that the penetration checking can be applied in
reverse as well, i.e. master slave nodes through the
segments.
Two-way contacts have a symmetrical character, thus
leading to identical results regardless of the selection
criteria of the slave and master surface.

Fig. 3. Automatic surface to surface – contact definition

In most cases, when performing the analysis of a
collision, it is recommended to define the
CONTACT_AUTOMATIC_SURFACE_TO_SURFACE
- contact type. This choice is based on the considerations
of a collision analysis, i.e.: the position and the relative
displacements of the elements cannot be foreseen while
the deformations suffered are often considerably large.
Thus, by defining a two-way contact type both master
slave nodes through segments, as in the case of one-way
contacts, as well as slave master through nodes segments
are being checked for penetration.

II. CONTACT TYPES IN LS-DYNA
In the LS-DYNA software package, the contacts that
can be defined by the user fall into two main categories,
namely: one-way and two-way treatment of contact.
1) One-way treatment of contact [11]
The first type of contact, i.e. the one-way treatment of
contact, allows the transfer of the compression loads
between the slave nodes and the master segments.
Also, if the friction between the elements is allowed
and activated, the tangential loads can be transmitted as
well.

Fig. 4. Contact surface to surface [11]

Fig. 2. Rigid body one way to rigid body – contact definition

III. DESIGNING THE MODEL

Hence, in order to enable the transition from static
condition to the dynamic one, the following condition
must be accomplished: static friction coefficient to be
larger than the dynamic friction coefficient.
Usually, this type of contact is used when the master
is a rigid body. Thus, the one-way term refers to the fact
that only the slave nodes defined by the user are checked
for penetration.
2) Two-way treatment of contact [11]
The difference between this second category of
contacts and the previously described one refers to the

1

In order to analyse the influence of the frontal collision
on the vehicle driver in the lower limbs region, a
kinematic and dynamic model consisting of a dummyseat-steering-wheel assembly has been designed.
Hence, aiming to obtain highly precise outcomes, in
addition to the above mentioned elements, the design
model also encompassed the following elements: the
dashboard, the floor pedals and the steering column, as
indicated in Fig. 5.
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c
b
Fig. 5. Dummy – seat - steering wheel – dashboard – floor
pedals assembly

a

Fig. 7. Contacts defining areas

Thus, Table I indicates the conducted tests and the
type of the contacts defined.

A frontal collision between a medium-class vehicle
and a rigid wall, with the main force direction (PDoF)
oriented at 12 o’clock and an overlapping degree of
100% has been investigated for the model design.
The vehicle speed in the pre-crash phase has been
fixed at 50 km/h.
Following the variation analysis of the speed diagram
according to time, a time interval of 110 ms has been
considered, during which the velocity varied from an
initial value of 0 (mm/ms) and reached the maximum
value, vmax = 13.686 (mm/ms) at the endpoint tf = 110
ms.

TABLE I
THE METHOD FOR CONTACTS DEFINING
Test

Pelvis – sitting
chair

Foot - sitting
chair

Knee – dashboard

1

RB*

RB*

RB*

2

RB*

RB*

AS**

3

AS**

RB*

RB*

4

RB*

AS**

RB*

5

AS**

AS**

AS**

*RB = Rigid body one way to rigid body
**AS = Automatic surface to surface
V. THE RESULTS OBTAINED
Following the undertaken simulation, special attention
has been paid to the contact force between the knee and
the dashboard.
Fig. 6. Velocity variation curve for vehicle translation
TABLE II
CONTACT FORCE

IV. THE CARRIED OUT TESTS
In order to establish the parameters of a comparison
with regard to the type of contacts defined between the
components of the dummy and various components of
the vehicle’s interior, several simulations have been
carried out.
Three areas of interest have been established, while
defining the contact type (Fig. 7):
a) Contact pelvis - seat
b) Contact left and right leg - seat
c) Contact knee - dashboard

Test

Contact force (N)

1

4081

2

91801

3

0

4

1315

5

9538

Consequently, the results obtained indicated that the
contacts defining method in the lower limb area plays a
major role upon the kinematic and the dynamic
behaviour of the drivers’ head region as well. Therefore,
besides the contact force in the knee area, special
attention was paid to the displacements and the
accelerations suffered by the driver in the head area.
TABLE III

1
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HEAD ACCELERATION
Test

Head acceleration (g)

1

450

2

538

3

670

4

634

5

416

Fig. 8. Head acceleration – test 3

Fig. 9. Contact force – test 1

Fig. 10. Effective plastic strain – test 1

Fig. 11. Contact force – test 2

Fig. 12. Contours of Z displacement – test 2

Fig. 13. Contact force – test 3

Fig. 14. Contours of resultant acceleration – test 3

1
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Fig. 15. Contact force – test 4

Fig. 16. Contours of resultant displacement – test 4

Fig. 17. Contact force – test 5

Fig. 18. Contours of resultant acceleration – test 5

Fig. 19. Comparison of contact forces

Fig. 20. Comparison of head accelerations

1
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surface.
VI. CONCLUSION
ACKNOWLEDGMENT

By means of the simulations carried out within the
above-described comparative analysis, we sought to
identify the optimal contact type between the
components of the dummy and the interior elements of
the vehicle. In this respect, the results obtained, i.e. the
kinematic behaviour of the driver and the contact
defining method, are expected to be close as possible to
the mechanism of a frontal collision.
Based on the results obtained the following
conclusions are to be highlighted regarding the method
for contact defining:
According to test 1, if all three contacts are of Rigid
body one way to rigid body type, the knees of the
dummy penetrate the dashboard during the contact
between them, thus developing an impact force of 4081
N. In real collision situations, dashboard deformation
might occur, though the knees may not penetrate the
board.
The dummy’s kinematics in test 2 - Automatic surface
to surface – contact-types, corresponds to real-life
situations. The dummy slips on the sitting chair until the
impact between the knee and the dashboard. Under the
circumstances, the contact force reaches the maximum
value of 91801 N and the knees’ displacement ends at the
impact moment with the dashboard.
An Automatic surface to surface contact-type has been
considered during test 3 between the pelvis of the
dummy and the seat. Thus, we could notice that the
impact force in this case is zero, because the knees do not
enter into contact with the dash board. This type of
contact prevents the diver from slipping from his seat,
leading to considerably higher acceleration values in the
head region.
For test 4 we have applied an Automatic surface to
surface contact-type between the legs (shins) of the
dummy and the seat, the other two contacts being of
Rigid body one way to rigid body-type. Here, the
situation presented in test 1 occurs again, as the dummy’s
knees penetrate the dashboard while an impact force of
1315 N develops.
All three contacts defined in test 5 have been of
Automatic surface to surface – type. Thus, the dummy’s
pelvis displacement from his seat forwards was limited.
Conversely, due to deceleration, the head of the dummy
collided with steering wheel, leading to considerably
higher acceleration values in the head region.
The conclusion to be drawn from the undertaken
comparative analysis is that the optimal variant to define
the pelvis-seat, legs-seat and knees-dashboard contacttypes is the one applied in test 2, i.e.
i) Contact pelvis – seat > Rigid body one way to rigid
body
ii) Contact legs – seat > Rigid body one way to rigid
body
iii) Contact knees – dashboard > Automatic surface to
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The term 'simulation' in broadly speaking, mean any
model which attempts to represent or mirror actual traffic
behavior and includes equilibrium models.
A mixture of mathematical models and optimization
techniques are used to carry out in order to control the
traffic. Mathematical models are not only scientific
substantiating the quality of the sustainable traffic
management in urban intersection, but they have the
advantage that they can be simulated by a computer,
which contributes to the higher speed of getting the
conclusions of the traffic analysis regarding the cycles of
the traffic light intersections.
In the specialty literature are well known different
models for simulations of traffic aspects, and intelligent
transport systems. The main important models used
during the last 20 years [1] - [7] are presented on the
Table I:

I. INTRODUCTION

MODELS USED TO SIMULATE TRAFFIC FLOWS

Abstract—The purpose of this paper is to offer a solution
based on the development of a mathematical model in order to
optimize traffic lights cycle depending on the timeframe. The
model was developed by analyzing and processing data
collected from a traffic light intersection of intense traffic in
Sibiu, Romania. The model permits the programming of
sequences for the fluidization of traffic, through an algorithmic
approach.
Optimization of traffic light cycle in an urban intersection,
with regard to the timeframe and traffic volume, is necessary, in
order to increase traffic management quality so that we have
sustainable traffic which leads to time gained for the traffic
participants in these intersections. Another important aspect
gained by this is the optimization of noise management and
decrease of gas emission pollution for these intersections.

TABLE I

I

N order to determine a viable model of calculus for
traffic lights cycle intersection geometry, traffic
volumes and arrival models must be taken into
consideration. The capability of individuals arriving in an
intersection controlled by traffic lights affects said
intersections` capacity. In regard to traffic signal
capacity, the main factor that must be take into
consideration and traffic control factors and geometrical
factor, such as band position and width, gradient/band
slope and radius of any return movement.
It is positively necessary for certain intersections to
realize, design, implement and use traffic control
systems. Depending on the situation that the intersection
is in (independent or correlated to a road section which
operates under a coordinated system) the implementation
of these systems has to be consequently adapted. It is
necessary to use traffic light installation in an intersection
when disturbances occur (repeated blockages of access
roads in intersections; repeated forming of vehicle lines
caused by large traffic flow density on the main street
which affect secondary traffic crossing or infiltration,
pedestrian congestion and extended waiting time,
accidents due to failure of intersection priority rules).

1

Model
AIMSUN2
ARCADY

CONTRAM
DRACULA
DYNASMART
FASTCARS
FREFLO
FRESIM
INFRASFRESIM
INTEGRATION
KRONOS
MITRAM

29

Approach
Combined discrete-continuous simulation of the
traffic network
Assessment of Roundabout Capacity And DelaY
- is used for predicting capacities, queues, delays
(both queueing and geometric) and accident risk
at roundabouts
Assigns single vehicles or small groups; releases
them sequentially
Driver responses assessed against normal
experience
Simulation of network dynamics, varying
information systems
Simulation of driver responses to traffic
information
Event-based microsimulation moving each
vehicle intermittently
Stochastic microsimulation of traffic on freeways
Stochastic model (Predict freeway traffic,
detection and control of incidents)
Integrated simulation and traffic assignment
model
Finite difference methods to solve system of
partial differential equines
Real-time or batch mode simulation; fuzzy
vehicle modules
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remote access(m); Ve – exhaust speed (m/s2 ); Ve – access
speed (m/s2).
Also established in the bibliographic material, are the
formulas that determine the duty cycle of the traffic
lights (the period of time between two successive
occurrences of the same indications of electric traffic
lights).
Several methods can be used in the programming of
traffic lights [12]: Greensbields method (based on the
assumption that the arrival of vehicles at an intersection
is Poisson); Korte method (a European adaptation of the
Greensbields method); Webster method (has the purpose
of minimizing the delay time experienced by vehicles);
Le Cocq method (analogous to the Webster method);
traffic capacity analysis.
The intersection chosen for the study research has
main car traffic during peak hours.
As can be observed in previous images (fig. 1 and fig.
2), the monitoring locations are placed in the following
positions:
1) ML1,2 (Monitoring Location 1, 2) Vasile Milea –
north street;
2) ML3 (Monitoring Location 3) Semaforului – east
street;
3) ML4, 5 (Monitoring Location 4, 5) Vasile Milea –
south street;
4) ML6 (Monitoring Location 6) Rahovei – west street

TABLE I (CONTINUED)
MODELS USED TO SIMULATE TRAFFIC FLOWS
Model
NEMIS
NETSIM
OSCADY

PARAMICS

PARAMICS
SATURN
SCATSIM
SMARTPATH
SYNCHRO
THOREAU
TRAF-NETSIM
TRANSIMS
TRANSYT

TRANSYT
VISSIM

Approach
Simulate route guidance strategies
Interval-based microsimulation; events are
updated every second
An advanced traffic signal design program for the
rapid optimization of isolated signal controlled
intersections.
Software Traffic Simulation Software - highperformance microsimulation software tools for
accurate and dynamic traffic analysis.
Microsim: vehicle following, gap acceptance and
lane changing
Combined deterministic user equilibrium and
simulation; dynamic; vehicles in platoons;
Simulates traffic under various conditions
(microscopic)
Microsimulation For automated highway systems
Software tools needed to simulate and optimize
traffic before deployment
Macro simulation of speed-flow relations
Event drove network simulation Study effects of
intersection control devices
Microsimulation of metropolitan networks; uses
cellular automata
A traffic modeling software that can be used for
designing, modeling and studying everything
from individual isolated junctions to large
complex networks.
An off-line deterministic user equilibrium model
A visual block diagram language for simulation of
dynamical systems and model- based design of
embedded systems.

II. MEASUREMENTS AND DATA ANALYSIS
Electric traffic lights are programmed to function with
cyclical data, succeeding one after another in a predefined order [8], [9], and [10].
The guidelines provided for drivers by the operating
mode of traffic lights for vehicles are as following: red/
yellow-green-yellow-red.
Traffic lights installations have operation phases
which are a part of a cycle duration, length of time from
the appearance of green until the start of “the green”
time.
In general, two distinct periods are included in a
phase: the intake of the time period and the time required
for clearing the intersection period. To determine the
necessary time in seconds, the following relationship can
be used:
= (1)
Where –ta is the access time and te is the evacuation time.
In accordance with the literature [11], they can be
determined by (2):

Fig. 1. The monitoring area

During each color of traffic lights placed in the six
points of the study was timed. Times are presented in
Table II. As we can see the red light varies between 62
and 86 seconds and the green one between 11 and 35
seconds.

(2)
where t is perception-reaction time of the driver,
measured in seconds; l – length of the vehicle(m); a –
deceleration (m/s2); De – evacuation distance; (m); Da –

1
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TABLE II
TIMING LIGHT OF MONITORING LOCATION

Laplace transform is an operator through which the
original function f (t) corresponds to the image function

Monitoring
Location

Time of red
color
(seconds)

Time of
yellow color
(seconds)

Time of
green color
(seconds)

ML1

62

3

35

ML2

78

3

19

ML3

75

3

22

ML4

72

3

25

ML5

86

3

11

ML6

84

3

13

﬩

F(s) and is denoted by L(f(t)) = F(s) or f(t) F(s). Also,
the original functions are denoted by lower case letters
f(t), g(t), h(t), ... and their images with the corresponding
capital letters F(s), G(s), H(s), ...
Therefore, the sampling period T, expressed in Table I,
the sampled signal x * (t) has the form [14]:
(3)
Laplace transform [15] for
δ (t-kT) =

The states the intersection lights are passing through
are presented in Table III.

and
=z
⟹ the expression for the Laplace transform (5) of the
sampled signal:

TABLE III
THE STATES OF THE INTERSECTION LIGHTS
Position

ML1

ML2

ML3

ML4

ML5

ML6

S1

G

R

Y

G

R

Y

S2

Y

G

R

Y

G

R

S3

R

Y

G

R

R

R

S4

G

R

Y

G

R

Y

S5

Y

G

R

Y

G

R

S6

R

R

R

R

Y

G

(4)

The expression from (2) is actually transforming Z of the
sampled signal:
X(z)= Z{x*(t)}= Z{x(kT)}

(6)

Transform Z is linear and has properties that can be
applied on signal delays or anticipations.
According to the theorem with a time delay d:
The transform Z sampled signal with period (7)
representing a time delay operator T;
(7)
The transform Z of he expected signal is presented in (8):

(8)
The delay and the anticipation theorems will be
applicable for the transform Z of the light signals of
traffic lights r(t), y(t), g(t). After the determination of the
duration d, we can calculate which will cause that red
light signal r(t), to be delayed during time intervals when
the traffic is not very intense, and to be in advance during
the high traffic time intervals.
Therefore, ML1, ML2, ML3, ML4, ML5, ML6 in
Table I, for Ti defined in (1) and for any natural number
k, the mathematical model of optimized light signal [13]
is presented in (9):

Fig. 2 A view of the monitored area

III. PROBLEM SOLUTION
In the specialty literature, there are presented more
mathematical models of traffic prognosis: operational
models, ponderable models, models based on
extrapolation, a.s.o.
Light signals of traffic lights, red, yellow, green, can
be interpreted as signals r (t), y (t), g (t), which are null
for moments of time t<0. Generically, we can mark down
x (t) (x (t) as one of the lights red, yellow, green, noted r
(t), y (t) or g(t)) [13].
The Laplace transform establishes the correspondence
between the time domain and the complex plane. The

1

xoptim(t)=(
(t),

(t),

(t),

(t),

))

where:
(t) are presented in (10) - (15)
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(t),
(9)
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traffic
In this paper it was presented a mathematic model for
optimization the traffic light cycle according to the time
frames. In order to ensure a smooth traffic, these
formulas can be extended or applied analogously to all
traffic lights in the town. The equation (9) can, also, be
adapted to any other urban intersection similar to the one
presented in this paper. The model can be analyzed and
simulated in Matlab, Maple software, for example, or
other software [18] because it involves operations with
real functions.
All of the above will allow a time gain for all
participants to the intersections traffic and a better
management of the noise and emissions pollution from
these areas.

(10)

(11)

(12)
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The analytic expression of the functions in the model
(9), are allowing them to become arguments of the
transform Z, in applying of the delay and anticipation
theorem, to optimize the cycle of traffic lights and the
scientific substantiation of modeling and simulation of
the traffic management quality sustainable in an urban
intersection
IV. CONCLUSION
Urban traffic models have been of greatest interest,
because congestion adds to the complexity, but traffic
modeling is also essential for non-urban road planning
and investment. [16] In Sibiu city, the tendency of traffic
congestion during the rush hours is not caused by
undisciplined road users (motorists and pedestrians), but
by achieving maximum carrying traffic capacity of the
analyzed arteries, in addition with the reconfiguration.
[17] Having in view that the number of passengers on the
road is constantly increase and the fact that the roads are
increasingly congested, the attention of the specialists
will be focused on the intelligent traffic control. Beside
them the stakeholders from economy and environment
will join into research in order to prevent the traffic jams.
Optimizing traffic light cycle in urban intersections, is
depending on the time and implicitly the volume of
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"Warm body" A is a generator type source of heat and
represents thermal agent heater L1, with the flow of heat
Q. The beneficiary B represents the heat consumer, being
received in the form of hot water and hot air. The thermal
hydraulic system of fluid in the closed circuit L1 may
work through thermo-siphoning and/or override, using a
pump P and a fan V, the surface heat exchanger R being
a heat radiator for the liquid L1, and a heater for the
liquid L2 and air, as also an economizer for the
beneficiary.
The consumer radiator heat transfer circuit is open,
without recirculation, as short, with thermally insulated
pipes. The radiator R has n double concentrically pipes,
with rectangular crossing sections and flat surfaces [1].

Abstract— The paper analyzes systems of heat and mass
transfer, with heat exchangers of flat surfaces, rectangular, with
two liquid thermal agents. The liquids are viscous, slow, and
the flows are laminar, type Hagen - Poiseuille or Bingham.
It is studied, theoretical and applied, a heat exchanger "in
plates" used as a cooler (radiator) or a recover system, main
thermal agent circulating in a closed system with recirculation,
assisted by thermo-siphoning.
Keywords— flow, heat, laminar, resistance
I. INTRODUCTION

T

HE scheme of a heat transfer system between two
viscous fluids, the first with closed circuit
recirculation is shown in Fig. 1.

Fig. 2. The heat transfer system without a cooling fan

Through inner pipe circulates liquid L2, through the
space between it and the outer rectangular pipe (in
contact with the air) circulate the fluid L1, in
countercurrent, with cooling from downward movement

Fig. 1. The heat transfer system between two viscous fluids
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and the speed will have the expression:
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Fig. 3. The heat transfer system with a cooling fan

The flow of air delivered by the fan circulates axially
in cross-flow like in Fig. 3.

Fig. 4. The distribution of speed in a viscous fluid

Taking into account the fact that:
II. SPEED DISTRIBUTION IN A FLUID LOCATED BETWEEN
TWO PARALLEL FLAT PLATES



The distribution of speed in a viscous fluid located
between the two parallel flat plates, when the plates are
fixed and only fluid moves, is shown in Fig. 4.
Choosing the origin of axes at distance a/2, the
boundary conditions are expressed as follows:
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And results:
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The flow rate of fluid which flows between the two
plates across the width b is obtained as [4]:
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and by integration will result:
v

(6)

we can write the relation:

The general equation of motion for the incompressible
fluid, laminar, is reduced to [3]:
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Average speed in the cross section A  a  b is:

(3)

vm 

where:
p = pressure;
v = speed;
η = the coefficient of dynamic viscosity.
By putting the boundary conditions results:
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Differential pressure across the length l is given by:
p  p1  p 2 
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III. NUMERICAL APPLICATION

kg
   m  V  0.86
.
m
s
Density of the fluid based on the temperature will be:
kg
kg
 input  1064.9 3 ( T  95 C ),  output  1108 3 (
m
m
kg

T  30 C ),  medium  1086.5 3 .
m
The heat transferred through the heat exchanger will
be:
Fluid mass flow rate is:

In the first case (Fig. 4), thermal agent L1 is a viscous
liquid, non-Newtonian with laminar motion, having
kg
physical properties: density  m  1086.5 3 and
m
kg
dynamic viscosity  m  8.39  10 3
. Adherent and
ms
laminar thickness is:  s  0.45mm .
Tangential effort of viscous friction to the wall, the
threshold stress, is [5]:
 0  m  g   s .

  cm  T  m
  cm  Ti  Te  ,
Qm

(12)
where Ti and Te are input and output temperatures, and
cm is the average specific heat of the water.
Replacing
values
into
the
formula:
kcal
, T  95  30  65 C , results:
cm  0.581
kg  grd
kcal
Q  33.2
 137W .
s
In the second case, the thermal agent L2 has
kg
  1100 3 . After the calculations, the values are:
m
 s  0.3mm ;  0  3.24 Pa ;   10 st .

Making substitutions will result:  0  4.78 Pa .
The stopper radius was calculated with the equation:
r0 

2  0
p
lT

(13)

Physical length of the pipe is l = 4.8 m, and the
equivalent total length lT=5.75m. It is obtained
H
, which is a condition of flow.
r0  0.45mm 
2
It was considered that the local hydraulic resistance
represents 20% of linear resistance [6]. Linear section is
A  B  H 2 . From the calculation results the average
speed values ( v m  1.57

m
m
, v max  0.2 ,
s
s
4 2
A  5  10 m , rh  4.55mm and obtained value of

It
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where ρi and ρe are density of the liquid L1 on entry and
outlet, h is the height gauge pressure, and g is the
gravitational acceleration.
For atmospheric pressure was adopted value

(16)

pat  1bar  10 5 Pa .

Result from replacement: Re  2050  2320 ( laminar
motion).

The pressure drop is:

1

v m  0.15

In the third case, thermal agent L1, by cooling,
provides a significant temperature drop. Because of the
fluid density variation with temperature, appears the
thermo-siphoning phenomenon that helps pump for
forced circulation in closed circuit with recirculation [7].
The pressure drop through thermo-siphoning can be
calculated by the relation:

(14)

where νm is the coefficient of kinematic viscosity:

 m .
m

that:

l
m3
m3
V  4.5
 0.75  10 4
 0.27
. The pressure
min
s
h
drop p  2.68  10 5 Pa  2.68bar , must be done by a
displacement
pump,
developing
power
of
4
5

P  V  p  0.75  10  2.68  10  20W .

where P is the "wetting" perimeter. Making substitutions
will result rh  2.38mm .
It is calculated the Reynolds number:
Re 

requires

Reynolds number is Re  36.4 , specific to a very slow
movement, laminar. The resulting volumetric flow rate is

m
) and maximum speed (
s

m3
m
) and
v max  2.36 ), flow rate ( V  7.85  10 4
s
s
pressure drop ( p  3.05  10 4 Pa ).
Equivalent hydraulic radius of the transition section is:
rh 

(17)
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the obstacles of difficult hydraulic.
pat  m  g  h ,

(19)
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10 5  1
1 


  0.377 m.col .liquid .
9.81  1064.9 1108 
Results p  0.377  1086.5  9.81  4000 Pa ,
which
represents 13.1% from the pump discharge pressure.
where h 
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transfer shall be made from the liquid thermal agent L1,
to:
- Liquid L2 that flows through the inner tube, through a
heat exchange surface A12  0.96 m 2 (in a proportion
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- External cooling air driven by a fan through a heat

of 60%, therefore Q2  0.738  10 5
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exchange surface Aaer  0.96 m 2 (in a proportion of

kcal
), with an
h
kcal
overall heat transfer coefficient k aer  5.1  10 4 2 .
m h
To intensify the heat exchange can take constructive
steps: providing the inner tube of the agent L2 (in
countercurrent with agent L1) with turbulence promoters.
On the outside of the tube where flows agent L1, will
provide cooling fins for cooling the heat exchange
surface. Movement of fluid may be "forced" by
increasing the flow rate of liquid and air.
If the goal is not only the heat exchanger cooling of
agent L1 (radiator) but also the heat transfer to the agent
L2 (recuperative), then double pipe outer wall, in contact
with air, must be better insulated and dropped the fan.
40%, therefore

Qaer  0.492  10 5

V. CONCLUSION
Heat exchanger with plan partitions offers large areas
of heat transfer and therefore are effective having small
dimensions and weights. When using low flow rates and
velocities of liquid viscous fluids, flows are generally
slow, laminar, of Hagen-Poiseuille type for Newtonian
fluids and viscous plastic (Bingham), for non-Newtonian
fluids (with threshold or with stopper). Hydraulics for
these fluids, especially through the ducted pipe with
annular or rectangular sections, as in this case, is the
most complex, unusual and little studied.
This paper, theoretical and applied pleads for
equipment with surface heat exchangers between viscous
fluids, with rectangular passing sections, and overcome
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BIOMECHANICAL REHABILITATION
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leg. This simple degree-of-freedom (1-DOF) device can
be included in the category of therapy robots.
As shown in [1], therapy robots have at least two main
users simultaneously, the person with a disability who is
receiving the therapy and the therapist who sets up and
monitors the interaction with the robot. An important
number of these devices are destined for upper-and
lower-limbs movement therapy. A robot may be a good
alternative to a physical or occupational therapist for the
actual hands-on intervention for several reasons:
1) once properly set up, an automated exercise machine
can consistently apply therapy over long periods of time
without tiring;
2) the robot’s sensors can measure the work performed
by the patient and quantify, to an extent perhaps not yet
measurable by clinical scales, any recovery of function
that may have occurred, which may be highly motivating
for a person to continue with the therapy;
3) the robot may be able to engage the patient in types of
therapy exercises that a therapist cannot do.
Many attempts are made to develop new motion
tracking systems to support the rehabilitation programme
for patients at home, so that the burden and hospitals can
be relieved, and inertial sensors seem to offer proper
solutions for this goal.
Tao et al. introduce a real-time hybrid solution to
articulate 3D arm motion tracking for home based
rehabilitation by combining visual and inertial sensors.
For inertial motion tracking a MT9 inertial sensor from
Xsens has been used [2].
Zhou et al. in 2007 developed [3] a home based
rehabilitation system equipped with body-mounted
inertial sensors, able to provide measurements of upper
limb motion. To estimate the position of the shoulder
joint, a Lagrange based optimization technique has been
used, which integrates the values of acceleration and the
estimated value of rotation measured by two inertial
sensor units. Each unit consists of a tri-axial
accelerometer, a tri-axial gyroscope and a tri-axial
magnetometer.
In 2005, Azevedo & Heliot use inertial micro-sensors
which associate 3 accelerometers and 3 magnetometers
in a minimal volume, to identify postural task transition,

Abstract — An orthosis is a device applied to a part of the
body to correct deformity, improve function or to relieve the
symptoms of disease. A new rehabilitation mechatronical
device equipped with suitable inertial sensors is presented,
which enables training of a leg affected by strokes or injuries,
in coordination with the movements of the other, normal, leg.
The main purpose is acquiring and implementation of an
intelligent orthosis used for recovery training of the subject
with neuromotor problems. It is destined especially to inferior
and superior limbs joints recovery but performing the
corresponding exercises will affect also the muscles. It will be
conceived in a modular way (the mechanic module, the
electronic module and the interface module). As it was
demonstrated as well in the evaluation of the actual status, this
project’s subject is compliant with the European and world
trends and priorities for developing robotics systems for
medical recovery.
Keywords — Knee Joint, Medical Techniques Sensors,
Rehabilitation.

I. INTRODUCTION

A

defined in the Rehabilitation Act of 1973,
“Rehabilitation engineering” means the systematic
application of engineering sciences to design, develop,
adapt, test, evaluate, apply, and distribute technological
solutions to problems confronted by individuals with
disabilities in functional areas, such as mobility,
communications, hearing, vision, and cognition, and in
activities associated with employment, independent
living, education, and integration into the community
[1].
Rehabilitation technology means the systematic
application of technologies, engineering methodologies,
or scientific principles to meet the needs of, and address
the barriers confronted by, individuals with disabilities in
areas that include education, rehabilitation, employment,
transportation, independent living, and recreation. The
term includes rehabilitation engineering, assistive
technology devices, and assistive technology services.
Novel lower-limb re habilitation device equipped
with suitable inertial sensors is presented, which enables
training of a leg affected by strokes or injuries, in
coordination with the movements of the other, normal,
S
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as soon as possible after the patient makes a decision, in
order to allow for optimal posture preparation and
execution and compare the execution of the ongoing task
with the reference pattern, in order to identify the current
movement phase [4].

field (magnetometer in thin film magneto resistive
technology) and are excellent measurement units for
orientation and kinematic data measurements of human
body segments. One MTx unit has been attached using
suitable straps to the shank of each leg, one mounted
directly on the active leg and the other fixe on the mobile
metallic element of the rehabilitation device.

II. REHABILITATION DEVICE STRUCTURE
A. Role and configuration
The rehabilitation device proposed is a simple 1-DOF
mechanism attached, with proper splints and straps, to
the patient’s leg, which must be trained due to movement
and coordination problems, as effect of strokes or
injuries. For simplicity, the device is considered as a
rigid link pivoting about the knee joint and powered by a
single actuator. The actuator is a DC geared motor with
brushes, at 12 (V), with a nominal torque of 1.2 (Nm)
and an output speed of up to 100 (rpm). An external gear
between motor shaft and mobile element of the device
amplifies the motor torque to 6 (Nm) at 20 (rpm).
Adjustable switches mounted on the joint serve to limit
rotation angles of the trained leg according to the therapy
strategy and to avoid injuries due to machine failures.

Fig. 2. Acquisition and control scheme of the prototype device

Fig. 2 presents the acquisition and control scheme of
the prototype device, organized around a notebook PC
computer: 2 USB interfaces connect the MTx sensor
units, via USB converters and a USB/RS-232 converter
allows communication with the DC motor control board.
C++ software has been used to develop the acquisition
and control program.
III. SOLUTIONS FOR DISTRIBUTED SENSORS
MTx inertial measurement units were very useful in
the development phase, because they allowed
measurement of kinematic parameters in 3D space and
comparison of knee angles directly measured and those
computed using two other methods:
1) Integration of angular velocity in the sagittal plane;
2) Calculus of inclination using acceleration measured in
frontal plane.
These sensor units are too complex and expensive for
usual rehabilitation devices and, based on the experience
gained; solutions have been developed and tested, based
on simple, cheep acceleration and gyroscope sensors in
MEMS technology [6].

Fig.1. Block diagram of the device

The block diagram of the device is shown in Fig. 1 [5].
Sensors attached to the active leg measure accelerations,
angular velocities and rotation angles of movements and
the control computer commands the DC motor to assure
a similar movement of the trained leg, based on the feedback from sensors attached to this leg.
B. Sensor units used for prototype
Study of kinematics and dynamics of the two legs, the
active and the trained, lead to following conclusions:
1) Both legs must be equipped with sensors able to
measure movement angles in knee joints;
2) Angular velocity in sagittal plane of active and trained
leg must be measured, in order to assure movements with
same angular velocities in both legs;
3) Measure of accelerations in sagittal and frontal planes
of both legs are useful for an efficient control.
Due to the fact that two MTx miniature three-degreeof-freedom (3-DOF) inertial sensor units from Xsens
Motion Technologies were available in the laboratory,
they have been used for experiments with the prototype
device [5]. These sensor units provide drift-free 3D
orientation as well as kinematic data: 3D acceleration
(MEMS solid state sensors, capacitive readout), 3D rate
gyro (MEMS solid state sensors, monolithic, beam
structure, capacitive readout) and 3D earth-magnetic

1

A. Acceleration sensors
Memsic 2125 acceleration sensor from Parallax Inc.
has been used, because its simplicity, both from hardware
and software point of view. This sensor, in MEMS
technology, contains, internally, a small heater. This
heater warms a “bubble” of air within the device. When
gravitational forces act on the bubble, it moves and this
movement is detected by very sensitive thermopiles
(temperature sensors). On-board electronics convert the
bubble position (relative to g-forces) into pulse outputs
for the X and Y axes. Main characteristics:
1) Measure 0 to  2 (g) on either axis, with less than 1
(mg) resolution;
2) Simple, pulse (PWM) outputs of g-force for X and Y
axis, requiring just two I/O pins.
A lot of experiments for determine inclination angles
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with this type of sensors have been carried out by the
author for mobile robots navigation [6].
Two sensors have been mounted adequately on the
tight and shank of each leg and connected to 4 available
I/O ports of a microcontroller, one for each pulse output
of g-force for x and y axis of a sensor.

version MTx has a full scale acceleration of 5g, full
scales of 18 (g) are available as well); The MTx’s
provide drift-free 3D orientation as well as kinematic
data; the Xbus Master enables ambulatory measurement
of human motion; the Xbus Master can be connected to a
PC or PDA via serial cable or wireless connection, where
the data is logged or used in any real-time software
application.

B. Gyro sensors
The basic operating element of a MEMS rate
gyroscope is a flexing piezoelectric beam coupled to a
sensing element [6]. The input voltage to the sensor is
used to drive the piezoelectric element to resonance.
Rotation about the axis of the beam induces a Coriolis
force, proportional to the mass and angular velocity of
the sensing element, which is detected by a capacitive
element which seizes the Coriolis displacement of the
vibrating beam. MEMS gyroscopes with integrated
signal processing electronics in a single silicon piece are
now widely available, but much of them require higher
input voltages 12-16 (V)) than those supported by
standard acquisition systems. The ADXRS300 from
Analog Devices has been used, because this chip
includes circuitry with a charge pump to amplify the
input voltage from 5 (V) to the required 12-16 (V).
ADRS300 is a ±300 single axis rate gyro with signal
conditioning. The output of a differential displacement
capacitor is sent through demodulation stages included in
circuitry on the chip, resulting in an analog voltage
output, proportional to angular rate.
An ADXRS300 is mounted on the shank of each leg
with the active (yaw) axis in sagittal plane.
Knee angles are computed by integration of angular
velocities measured with gyro sensors. For safety they
are compared with angles calculated using data from
acceleration sensors.

D. The command and control module (ECCM)
It is composed of IMC500 microcontroller
development system and the control module of DCMD
(Fig. 3).

Fig. 3. The structure of the electronic command and control
module

IMC500 development system is an 80C552
microcontroller system used to test prototype software
command and control (Fig. 4).

C. SMTx
Study and analysis of kinematics and dynamics of the
two legs, one active and trained, led to the following
conclusions [5]:
1) The need to equip both legs with sensors to measure
movements of the knee joint, i.e. the angle of travel.
2) The need to measure the angular velocity of the active
leg movement and reaching a movement with a similar
angular velocity of the leg resulted.
3) The need for acceleration measurement corresponding
active leg movement and reaching a similar acceleration
of the leg movements driven.
For registration and monitoring of leg movement
parameters (active and trained) XBus using a kit
produced by XSens – Netherlands, consisting of four
sensors XBus MTx and drive systems capable of
simultaneously measuring the 3D acceleration, 3D rate of
turn and 3D earth-magnetic field.
From the producer’s documentation [7], it has been
note that this system was used by the following reasons:
the MTx is an excellent measurement unit for orientation
measurement of human body segments (the standard

1

Fig. 4. The IMC500 development system

It has the following characteristics:
1) External data memory (DATA MEMORY) is static
RAM type, with capacity of 32 (kB). Memory address
space occupied by data within the system development is
between addresses 8000H and FFFFH;
1) External program memory (PROGRAM MEMORY),
EPROM type, with capacity of 32 (kB). Address space
occupied by the external program memory development
system, is between 0000h and 7FFFH. External memory
contains the program's operating system or programs in
their development phase contains a monitor program;
2) RS-232 compatible serial interface;
3) I2C serial bus (multi-master bus with arbitrary
priorities and high-speed transmission – 100 (Kbytes/
sec) in standard mode and 400 (Kbytes/sec) in fast mode
- maximum serial clock frequency is 100 (kHz):
4) Two parallel output ports, external 8-bit;
5) 1 parallel input port, external 8-bit;
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6) 8 inputs multiplexed to an analog-digital converter
with 10 bit resolution, implemented in the structure's
80C552 microcontroller, featuring a conversion time of
50 machine cycles (approximately 50 (μs)):
7) 8 outputs decoded port selection;
8) 2 outputs 8-bit analog-term modulated (PWM). By
them integrating can get two digital-analog converters of
8 bits. One of these is used for DC motor control system
design;
9) 3 16-bit timers;
10) A programmable watchdog (means of self-release
programs for the wrongful execution because of
disturbance or interference);
11) 15 interrupt lines, including 6 external lines;
12) Reset the placing under tension;
13) Connect directly from a liquid crystal display.
The role of IMC500 development system is as follows:
1) If so how independent articulated system for
recovery, channel PWM DC motor control is
programmed in real time the motion for the feature to be
executed from a PC through a graphical user interface
made Visual Basic.
2) When the working mode in conjunction with the
patient's leg movements other channel PWM DC motor
control is programmed in real time, corresponding
values acquired from moving sensors, in order to
perform the same movements or deviate that position
adjustable value of software from a PC.
The command module of the DC motor drive contains
a L298 circuit. For variable speed control using PWM
signals (Pulse Width Modulation) generated by the
microcontroller, which causes a change in motor supply
voltage between 0 and 12 (V). The direction of rotation is
changed by means of two digital outputs of the
microcontroller system control unit affixed to the MCC.
These elements allow you to change the default engine
speed and angle of flexion or extension change and speed
of movement of the member driven.

the sensors).
The operation of the system follows the steps:
1) Using inertial sensors to MTx XSens - Netherlands
(unit of measurement parameters with very good
performance for human body segments) recorded the
motion parameters of the active leg.
2) Depending on the medical issues presented, it creates
a recovery program for the affected leg mobility
(trained). Make a database of more such programs
preset active leg movement recording (healthy) versus
time, the flexion and extension angles, and speed of
movement.
3) The command and control module, using the
prosthetic device to print a controlled motion
rehabilitation programs previously established for the
trained leg. Its movements are recorded (using the same
sensors MTx) to be compared with the active leg
movements and developments can be analyzed for its
recovery.

Fig. 5. Experimental Prototyping
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IV. OUR EXPERIMENTAL DEVICE
The system operates in the general case in which only
one leg is affected. Thus, the unaffected leg in terms of
locomotion will be called the "active leg" and one with
various medical problems (especially paraplegic) will be
called "trained leg”.
The subject is seated comfortably in a sitting position,
so feet do not touch the floor and allow the balance leg
support surface without impeding movement.
Like any mechatronical product, the proposed system
consists of three modules:
1) Mechanical part: orthotic device (ORTD) and the DC
motor drive (DCMD);
2) Electronic part (command and control module ECCM, inertial sensors - SMTx);
3) Software (programs in assembly language for
microcontroller system, the higher-level language for
communication with a PC and software configuration of
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Because few are those endowed with the natural
ability to speak relaxedly in public, this kind of
communication appears challenging even to specialists. It
is even more challenging when it comes to scientists,
men or women of real facts and experiments, for whom
direct communication is less important and consequently,
this ability is poorly developed and rarely, even
inexistent.
In front of a more or less numerous and critical public
the researcher feels that he is walking on quick sands, his
only support being his expertise and the material to be
presented. Unfortunately, his professional experience is
not enough to help him face this new situation, so he
needs to activate instantly a skill that is not practiced
sometimes at all.

Abstract—The paper offers an insight into the new ways of
doing scientific research, focusing on the modern image of the
scientist who, apart from performing his daily activities, needs
to improve his oral communication skills in order to present his
findings before an audience. The researcher converted into
orator is supported in his presentation by various elements of
verbal, nonverbal or paraverbal language, which combined
harmoniously, should provide the most reliable formula to
successfully disseminate an entire range of technical
information.

Keywords—researcher,
public
speaker,
presentation, verbal and nonverbal elements

technical

I. INTRODUCTION
II. NONVERBAL ASPECTS

T

he new ways of doing scientific research in modern
As first impressions are always essential, the
researcher converted into speaker must anticipate and be
aware of the fact that, once in front of the public, all eyes
will be set on him. Before he utters a word he will have
been judged by his appearance, which harmoniously has
to combine aspects that involve both his outfit and his
attitude and behaviour. The importance of the nonverbal
language is even greater considering that it accounts for
55% of the methods used in message transmission.
Regarding the appropriate clothing to be worn, the
wide range of dress codes offers nowadays suggestions
for all types of speakers and presentations. Therefore,
inspired by the business environment where this aspect is
highly emphasized, the more conservative speakers can
choose business standard attire, while those who are
always trendy can resort to smart casual apparel.
Halfway between these two options there is, of course, a
type of dress code that is meant to combine modernism
and conservatism - business casual.
Although apparently the terms smart casual, business
casual and business standard seem to precisely define
the type of clothing they promote, the persons who need
to adopt them find it difficult to distinguish their
elements or the differences that separate them.
Furthermore, their attempt is also hindered by the
inexistence of a clearly defined boundary between these
styles. The puzzled speaker is given a helping hand by
the human resources specialists who accurately outline
the characteristics of these dress codes, as follows: „The

times have considerably overshadowed the classical
image of the scientist – professionally selfish,
individualistic and haughty, driven by the desire to
compete with and defeat nature – and have promoted
instead a portrait that highlights completely different
features like deep involvement, teamwork, shared ideas
and joint effort for the evolution of mankind. No matter
how valuable the results of a research team, they would
remain mere isolated pieces of information, familiar only
to those involved in the research project, unless they
exceeded the boundaries of laboratories, by their
dissemination in the academic and research
environments. Therefore, an essential stage of a research
project is its public outreach; otherwise, all its findings
might remain useless tools that have probably involved
enormous human and material resources. In this respect,
the best way to disseminate the results of a research
project is their public presentation at scientific
conferences.
The oral presentation of a scientific paper puts the
researcher in front of the audience in a new position,
most often very uncomfortable to him – that of public
speaker. Away from the familiar environment of the
laboratory where he carries out his daily activities, the
researcher, an action man, finds himself all of a sudden
before a great number of people, and is forced to develop
communication skills that are most often unfamiliar to
him or at the best, in latent state.
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The combination of various elements of the existing
dressing styles, adapted to the needs of the academic
environment, has determined the occurrence of a
particular and original dress code - academic casual,
which aims to provide a dressing solution that is halfway
between the overly casual style (blue-jeans, short pants
and T-shirts) and the overdressed style (full suits and
ties). Completely lacking strictness, this dress code
highlights unsophisticated male outfits composed of
button-up shirt, dark V-shaped sweater, a tie
(compulsory), khakis, and female outfits similar to those
of males, that can be completed with pantsuits, dresses
and skirts that are long enough not to be provocative,
flats, and subtle accessories and make-up. Being a more
friendly style, which brings the speaker closer to his
daily work environment, the academic casual dress code
boosts self-confidence, as it reduces at a subconscious
level, the gap between the familiar environment of the
laboratory and the „hostile” environment of the public
presentation.
Once the appropriate clothing has been selected the
researcher-orator can show up before the audience, where
his role does not come down to merely transmit
information but, more importantly, to influence and keep
under control the public, whose opinions must be formed
or changed in a certain direction. In this respect, the
researcher must walk from the very beginning with a lot
of self-confidence in front of the audience, inducing the
feeling that he is the one to lead them determinedly in a
new „scientific adventure”. The first step in this
endeavour is capturing the people’s attention because the
short breaks between the presentations always favour
short face-to-face or phone conversations, repeated
standing up and sitting down movements, which generate
a general hustle and bustle that is quite annoying for the
next speaker. The speaker can put an end to this
background noise almost instantly by using small tricks
like displaying a smile, keeping the silence after entering
the presentation area or telling a joke, things that confuse
the listeners who, driven by curiosity, stop doing
anything else and focus instead on what is about to
happen. Of the utmost importance is the fact that the
speaker must not betray any shade of weakness, so he
should avoid beginning his discourse by apologizing for
his emotiveness, shyness, nervousness or lack of
experience in public presentations, potential technical
problems, delays in starting the presentation, etc.
Another important nonverbal aspect that comes to aid
the speaker is the optimal use of the presentation area.
Relying mostly on graphics and images that powerfully
stimulate the visual sense, technical presentations require
a complex setting that includes apart from the podium
and lectern, indispensable aids like overhead projector,
flipchart, whiteboard, and other electronic devices.
Although provided with such an equipped presentation
area, the speaker has to pay great attention to the way he
makes use of this space, trying first of all, not to cover
the room in quick steps (especially if the room is wide),
otherwise the audience might be distracted from the
message that is being transmitted. The speaker usually

smart casual look allows flexibility for personal taste in
fashion and includes jackets, outfit-enhancing jewelry,
dress pants, dress shirts, skirts, tailored sweaters, vests,
ties, matching leather accessories, and leather pull on
shoes and boots” (Susan M. Heathfield) [1]. Adopted by
more relaxed and flexible persons, the smart casual dress
code encourages men to wear brightly coloured or
patterened shirts (usually collared shirts, polo shirts or
tennis shirts) and ties, fashionable tops without logos or
slogans, sports coats and jackets (jumper, knit-shirt,
sweater, cardigan), designer trousers (with the avoidance
of two different patterns for the trousers and jacket and
bearing in mind that plain goes with anything), dockers,
chinos, trendy jeans, dark socks and shoes (black or
brown shoes, deck shoes, moccasins, boots). This style is
also permissive with women, who are invited to put on
bigger and unique jewelry and accessories, brightly
coloured shirts and blouses, fashionable jackets (avoid
denim), jumpers, knit-shirts, sweaters, cardigans,
designer skirts and trousers, closed toe pumps (Mike
Nudelman) [1], [2].
At the opposite end of the flexibility in fashion is the
business standard dress code that reflects seriousness and
sobriety, sometimes even rigidity, basically through the
dark-coloured clothes that it promotes. For men, this
style proposes collared formal double cuffed white shirt
with a tie, plain dark suit jacket or pinstripe suit jacket,
suit trousers matching with the jacket, formal socks (the
same colour as the suit, mid-calf length, with no logos,
patterns or pictures), formal lace-up leather shoes (black
or as dark as the socks) or leather oxfords, overcoat or
raincoat (if the weather requires) and accessories (leather
belt, cufflinks, watch). As for women, the business
standard dress code requires the same dark colours and
relies on the classical formal suit made up of a usually
white shirt or blouse, suit jacket, suit skirt (at least knee
length and matching with the jacket) or trousers with
creases, formal closed toe and low-heel shoes, dark coat
or raincoat (if the weather requires), accessories (watch
and jewelry) and sometimes, even a scarf [2], [3].
Those who wish to take the middle course between the
above mentioned dress codes can choose a third style business casual that highlights „a professional, businesslike image while enjoying the advantage of more casual
and relaxed clothing”. Depending on the style they prefer
- relaxed or corporate -, the males who adopt this code
usually wear from formal collared shirts with a tie to
coloured polo and tennis shirts (short and long sleeve,
tucked in), tailored blazer, knit shirt, cardigan or sweaters
(pullover or jumper) in a variety of colours and patterns,
trousers (cotton, corduroy, khakis, dockers or slacks),
dark socks (mid-calf length), relaxed but elegant dark
leather shoes or loafers, dark coat At their turn, females
can select from a generous clothes offer, from a
fashionable combination of long or short-sleeved tops,
knee-length skirts or dresses, dark slacks, to open or
closed-toe low-heel shoes and subtle accessories (Mike
Nudelman) [2], [4].
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familiar with oral communication, can choose from
several presentation styles, ranging from reading the
entire material in front of the audience, presenting freely
the completely memorized material to the free
presentation, marked by improvised elements, of the
main ideas of the paper. The first two methods should, of
course, be avoided because they disturb the natural
interaction between the orator and his audience: the first
one is boring, interrupts the permanent eye contact
between the speaker and the public, and creates the
feeling that the speaker is faltering and unprepared in the
topic that he presents; with the second method, the
speaker might fail to remember some aspects, which
could make him get stuck in a point of no possibility to
resume his speech. The most desirable method remains
the free presentation whose main attributes – spontaneity,
dynamism and flexibility – are challenging for a great
number of orators. Those who have the courage to adopt
this type of presentation can resort to various aids that
must be, though, used prudently and moderately. One of
the most important such aids are the notes taken by any
orator while preparing his speech, notes that can contain
from a few key-words to a few main ideas, or even an
outline of the entire speech. It would be the best for the
speaker not to use at all any of these aids, as he may
appear vulnerable in front of the public who might
consider that he is not well-informed on the topic.
Unfortunately, due to some personal characteristics (e.g.
shyness, emotiveness, stage fear, etc.) and the lack of
experience in public communication, the speaker needs
to take into account such aids, even if sometimes just for
his psychological comfort, without really using them. At
the same time, an overspecialized speech requires a lot of
accurate information and data that cannot be memorized
but have to be written down to be further read to the
public. All in all, in case the notes are absolutely
necessary, they must be used subtly, quickly, almost
imperceptibly, in order to reduce as much as possible the
interruption of the eye contact between the speaker and
the public.
As sight is the most receptive sense when it comes to
the acquisition of information, the visual aids are
intended to serve both the speaker and the audience.
Thus, the speaker facilitates the transmission of
information using such devices like overhead projector,
flip chart, chalkboard, whiteboard, slide projector or
laptop computer connected to a projector, etc. In any oral
presentation, particularly a technical one, it is very
helpful to make use of slides, transparencies, images,
illustrations and even real objects that are relevant to the
topic, with a particular emphasis on the first two aids,
which are meant to synthesize and highlight the main
ideas. In the excitement to provide attractive materials,
the speaker must avoid the trap of using slides that are
too coloured, with too much information or written in
illegible fonts (24-point font size, boldface): „it’s best to
have no more than eight lines of print on a slide or
transparency, and better not to use all capital letters
since this makes for harder reading. A page of text or an
illustration photocopied from a book or journal rarely

limits his movements to the podium or the area housing
the different aids and electronic devices, but in his
attempt to destroy this imaginary boundary between him
and the public, he can step outside this precisely limited
area and try to approach the listeners physically and most
importantly, psychologically. As he gets closer to the
public, the orator must also cover the entire space in front
of the listeners with small steps and an almost
imperceptible movement so that he can maintain their
interest in his speech. During this approach, in which
keeping alive the interest of the audience is a challenging
task, the speaker’s look appears like an escape as it helps
him to gently fasten his eyes upon the listeners who are
on the point of being diverted by other things in the
room. Irrespective of his position in the conference room,
the speaker’s look must slowly cover the entire audience,
starting with the upper left corner and creating and
imaginary “Z” letter down to the lower right corner of the
room. Along with the eyes that should always be fixed on
the public, other nonverbal elements come to support the
dominating attitude of the orator: a body posture
characterized by straight or pulled back shoulders, legs
slightly apart, body permanently oriented to the public,
gracious use of hands, avoidance of holding the arms
crossed or along the body and of leaning on a table, chair
or other piece of furniture, etc.
III. DISCOURSE PRESENTATION
The starting point of any technical presentation must
consider the type and purpose of the discourse (e.g. status
or progress report, tutorial, product information, project
result report, technical paper, technical proposal, etc.
[5]), as well as the target audience (e.g. a knowledgeable
or, on the contrary, a less informed audience) and its
motivation (e.g. an audience that is present there by free
will or was forced to attend the presentation).
The entire public presentation will be governed by the
unequal ratio between the speaker and his audience. The
speaker will have to strive to capture the listeners`
attention, anticipate and control some of their reactions
and lead the discussion in the desired direction in such a
way that the audience should be lured by his speech and
let themselves be guided willingly into the topic that is
being presented.
Although the approached topic may not be always
very interesting, the discourse itself and its presentation
must detect and exploit its strengths. At the same time,
the discourse must follow the classical formula of the
introduction followed by the content and ending with the
conclusion.
Depending on the listeners` knowledge of the
presented topic, the introduction can either consist of a
simple and rapid presentation, or a longer and detailed
one. As for the content of the material to be presented it
must rely on the chronological succession of the events,
as well as on the natural and logical evolution from easy
 difficult, general  particular, familiar  unfamiliar,
old  new, uncontroversial  controversial. The
speaker, who may be more or less shy, nervous and
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delivering the discourse, correct breathing and use of
pause, elements that are intended to emphasize different
parts of the message.
Along with the good organization and presentation of
the material, the orator must also account for an element
that relates to the unpredictability of the oral presentation
– background noise. Provided with an entire range of
aids, a good orator must permanently keep under control
this inconvenient, which can be the result of a boring
presentation or, most often, of a combination of
circumstances in which the discourse is delivered: too
cold or hot conference room, uncomfortable chairs, bad
illumination, inadequate day (e.g. Sunday), unsuitable
time of the day (e.g. lunch time), strong noise coming
from the outside, etc.

makes a good overhead. When you present written
information on the screen, don`t crowd it. Provide ample
margins and plenty of white space between and around
the lines. You might want to use bullets, checks, or other
marks to emphasize points, but resist the temptation to go
overboard with the variety of fonts and clip art now
available. Don`t let any artwork overwhelm the
information on the screen” [5].
Along with the use of the above mentioned visual aids,
the orator can attempt an evasion from the presentation
area, in order to experience an even greater approach to
the public by passing out handouts, hard copies of the
slides, scanned materials, brochures, or even samples.
These tricks not only distract for a short while the
public’s attention from the orator (who can in the
meantime, take a breath or organize his materials), but
they can also be used by the listeners to make annotations
or as a backup plan in case the other devices might fail. It
is extremely important that the handouts or printed
materials (essential visual supports for the issue that is
being debated) should be passed out one by one and that
the public should go through these materials under the
guidance of the speaker. In case all materials are
distributed at the same time, the audience may focus on
organizing and reading the materials, thus failing to pay
attention to the speaker.
Of the same importance is the time allowed for the oral
presentation, a time frame that must be both respected,
not to affect other speakers, and exploited originally, not
to bore the audience. Regardless of the time allowed, the
technical presentation must take into account keyelements like introduction, content, conclusions,
recommendations, possible questions and debates
generated by the topic. During the presentation, the
speaker must permanently focus on and be guided by the
main ideas of the discourse, so that he does not digress
from the point or misuse the time allowed. Moreover, a
particular attention must be paid to the anticipation by
the speaker of the points that the public may find difficult
to understand; consequently, the orator must allow a
larger amount of time to detail such difficult points. Even
if the amount of information to be presented is
considerable and some aspects require further
explanations, the slides must not be run rapidly, which
could entail the listeners` loss of interest in the
presentation or their inability to keep up with the speaker.
The closing of the presentation is as important and must
consider only the conclusions derived from the
experiments and discussions, without raising new
questions that could generate further debates.
Last but not least, a vital element during the
presentation is adopting an appropriate paraverbal
language that facilitates the message transmission by the
orator. Thus, in order to control his voice during the oral
presentation, the speaker must take into account essential
elements like: adequate exploitation of the timbre, that is,
of the pitch, frequency and intonation (neither too
shrilled, nor too husky), appropriate volume (neither too
high and annoying, nor too low as to make the public
prick up their ears), average and constant speed while
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IV. CONCLUSION
Although a researcher’s work involves lots of hours
spent daily in the laboratory, which discourages oral
communication, his mission would not be accomplished
unless his findings were made public. The oral
presentation appears like the best way to do this, as the
speaker is pushed to break out of his comfort zone and
embrace the unfamiliar by stimulating some
indispensable communication skills.
As the key to a successful oral communication is „to
transfer information efficiently and effectively - that is,
with a minimum of noise” [5], the researcher turned into
speaker must rely both on a very well conceived and
organized material, and most of all, on an impeccable
presentation that should arouse the audience’s interest in
the topic. In order to meet these needs, various elements
of verbal, nonverbal or paraverbal language come to help
the speaker who, combining them harmoniously, should
obtain the most reliable formula to successfully
disseminate an entire range of technical information.
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used in floors for fitness facilities [3].
Fig. 1 shows different samples of plates of Ethylene
Vinyl Acetate with the same thickness and different
densities.

Abstract— This work is a comparative analysis of the
dynamic stiffness in plates made from recycled rubber intended
for their use in technical flooring. The aim is to determine
which one of the materials presents the best sound absorbing
properties when impact loading conditions for their application
in fitness facilities. In addition, the manufacturing of these
materials contributes to the optimization of the industrial wastes
and reduces the damage to the environment. The
recommendations of the standard UNE-EN 29052-1 are
considered to determine the dynamic stiffness. The results
demonstrate that this product is suitable for its application in
technical floors for certain sport activities, because of its low
dynamic stiffness, what means that these materials have the
capability to isolate the impact sounds quite well. This study is
part of a more extensive research project in which some other
acoustic parameters are determined, such as the sound
transmission loss.
Keywords—Impact Sound Insulation, Recycled Rubbers,
Technical Flooring.

Fig. 1. Samples of EVA panels with different densities and
the same thickness.

Fig. 2 shows different plates of Ethylene Vinyl Acetate
with the same density and different thicknesses.

I. INTRODUCTION

T

HERE are lots of tons of crumb rubber from wasted
tires that every year are being accumulated. Because
of this, some European regulations, such as the
Regulation 2008/98/CE [1] are about the treatment of
this waste. Nowadays, most of companies try to reuse
and recycle.
Some of these industries manufacture rubber floors for
fitness facilities. These products usually have two layers:
the surface layer made from the recycled rubber and a
filler material made from end of life tires. The result is a
material with better sound absorbing behaviour than
those used classically.
This work has been conducted with the cooperation of
PAVIGYM [2], which is a company that manufactures
materials used in gyms as technical flooring.

Fig. 2. Samples of EVA panels with different thicknesses
and the same density.

The results obtained for the EVA panels, presented in
another work, will serve as reference to compare them
with the ones obtained for rubber panels.

Some previous study has been conducted with
Ethylene Vinyl Acetate (EVA) panels, that are mostly
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And the rubber panels that are being investigated in
this work are showed in Fig. 3.

a) Adding the ingredients. Rubbers with reinforcement
additivies.
b) Scattering. There are some products, such as
accelerators, that improve the scattering and reduce the
time of the mixing process. These products are usually
powders and grains.
c) Homogeneization. After the mixing process, the
rubber becomes in a very homogeneous mass.
B. Vulcanization
Vulcanization is a chemical process for transforming
the rubber in a more durable material by adding sulfur.
After this process, the surface of the material becomes
soft, applying a pressure of 200 bar and a temperature of
165 ºC. After 10 minutes, the rubber is completely
crosslinked.
By doing this, about 250 tons of rubber are recycled
each year, what is according to the standard “ISO
9001:2008. Quality management systems” [5].

Fig. 3. Rubber panels to be investigated.

Nowadays, the recycled rubber is presented as a
substitutive material (Fig. 4), since it can be presented as
a final product with a wide range of colours and with
similar mechanical behaviour than the EVA.

C. Recycling
Taking advantage of the waste rubber from a number
of industries, as the footwear industry, lots of different
products of rubber can be manufactured. In the first stage
of the process, the grains of rubber are mixed in a
banbury mixer. Next, this product is kept at 200 bar and
165 ºC for 10 minutes.
In the second stage, a sanding operation is applied to
the surface of the material. And finally, the surface part
and the rest of the material are joined.
Recycled rubber with different granulometries is
mixed and then, by means of a controlled pressure and
temperature, the final product is made with a range of
densities. All the process is developed following the
recommendations of the standard “ISO 14001:2004.
Environmental management systems – Requirements
with guidance” [6]. Fig. 5 shows the materials to be
tested.

Fig. 4. Recycled rubber for technical flooring.

II. EXPERIMENTAL METHOD
The type of technical flooring presented in this work is
known as ENDURANCE. With the aim of controlling
the influence of the compression pressure on the impact
sound insulation, some test samples are manufactured at
different pressures: 160, 50 and 0 bar.
There is another important parameter to study: the
granulometry of the filler. This filler is made from the
recycled rubber of the tires. There are test samples with
granulometries 1-3 mm, 2-7 mm and 4-8 mm, and also
some combinations of them. The acoustic properties of
the materials depend on the granulometry of the filler
and, as a consequence, of the porosity.
The test samples are manufactured in a steel mould of
200 mm x 200 mm x 55 mm, and they are 20 minutes
inside the press at 125 ºC.
The quantity of the tire rubber and of resin
(Prepolymer BA1022 and Voramer) does not vary with
the pressure. The tire rubber is 630 g and the resin is 10%
of the rubber. Adding the external layer, each test sample
weights 860g. However, samples processed at 50 bar,
have 900 g of rubber and 100 g of resin, to completely
fill the mould.

Fig. 5. Final products of thicknesses 18 and 22 mm.

III. DYNAMIC CHARACTERIZATION
Two different samples of recycled rubber of
thicknesses 18 mm and 22 mm are tested to determine
their dynamic stiffness. The technique is based on the

A. Preparation of the samples
To prepare products manufactured with rubbers, there
are three basic operations [4]:
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standard “ISO 9052-1=1989. Determination of dynamic
stiffness – Part 1: Materials used under floating floors in
dwellings.” [7].
Fig. 6 shows the scheme of the test equipment
according to the mentioned standard.

Fig. 6. Scheme of the test equipment.
Fig. 8. Input and output signals recorded to determine the
dynamic stiffness.

Where 1) is the test specimen; 2) is the upper steel
plate; 3) is the accelerometer (PCB 352C42); 4) is the
calibrated impact hammer (PCB 086C01); 5) is the data
acquisition card (NI-9233) and 6) is the PC.

After testing the samples, Fig. 9 to 12 show the
frequency of the first mode of vibration for each one of
the samples. With this value, the dynamic stiffness is
determined.

According to this standard, a steel plate of 200 mm x
200 mm is required, an impact hammer, an accelerometer
and a digital system for acquiring and analyzing the
recorded data. The total weight of the system should not
be over 8 +/- 0,5 kg. With these requirements, there is a
vertical mass – spring system in which the frequency is
measured and the dynamic stiffness is determined. Three
measurements are carried out for each sample. Fig. 7
shows the experimental set-up for the test.

Fig. 9. First mode of vibration of a monolayer recycled
rubber of 7 mm.

Fig. 7. Experimental set-up for the test.
Fig. 10. First mode of vibration of a monolayer recycled
rubber of 10 mm.

IV. RESULTS
When the impact force is applied, two signals are
recorded and represented in Fig. 8. These two graphs
show the signal of the impact hammer (up) and the
response of the accelerometer (down).

Fig. 11. First mode of vibration of the recycled rubber of 18
mm (two layers).
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since they have similar characteristics.
Finally, it is worth saying that this study is part of a
more extensive research project in which some other
acoustic parameters are determined, such as the sound
transmission loss.
The sound transmission loss is an acoustic property for
characterizing the sound insulation capabilities of some
materials, mostly for their applications as sound barriers.
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Fig. 12. First mode of vibration of the recycled rubber of 22
mm (two layers).
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Where mt is the mass per area (kg/m2) and fr is the
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Table I shows the results of the dynamic stiffness.
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Mat. 2
Mat. 3
Mat. 4

TABLE I.
DYNAMIC STIFFNESS RESULTS
Thickness
Density
Frequency
(mm)
(g/cm3)
First Mode
(Hz)
7
1,25
129,4
10
1,25
130,1
18
1,1
66,78
22
0,97
75,11

[4]
Dynamic
Stiffness
(MN/m3)
150,6
152,1
40,08
50,69

[5]
[6]
[7]

V. DISCUSSION
As indicated in the introduction, Ethylene Vinyl
Acetate (EVA) panels are a good reference to compare
their dynamic behaviour with the rubber materials.
The dynamic stiffness of EVA panels that have 20 mm
of thickness and 3 g/cm3 of density, is about 165 MN/m3.
It can be stated that with a smaller thickness and
density, it is possible to obtain lower values of dynamic
stiffness, which is better for the acoustic insulation
capabilities when impact loading.

VI. CONCLUSIONS
From the obtained results, two main conclusions can
be pointed out:
- The two-layer materials present the lowest dynamic
stiffness values, what means that their capability to
absorb the impact sound is much better in front of
monolayer rubber materials.
- The two studied materials have similar behaviour
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Abstract—In

As they answer to such an emotional need, the social
marketing campaigns are a valuable opportunity to
communicate brand values in a memorable manner.

an increasingly crowded market, companies
search for new competitive advantages in order to be separated
by competition in the consumer's mind. Due to the fact that
players in the business environment are discovering more
benefits that can be gained by their own company through a
social marketing campaign, this paper analyzes, based on
secondary research, the social marketing concept, the benefits
brought by implementing such campaign and the degree to
which the Romanian firms are oriented in this direction.
Keywords—company, consumers’ behavior, social campaign,
social change, social marketing.

II. THE SOCIAL MARKETING CONCEPT – LIMITATIONS AND
CONTRADICTIONS

The term of “social marketing” was introduced into
scientific language in 1971 by Ph. Kotler and G. Zaltman
in order to describe the application of commercial
marketing in order to solve the social and public health
issues.
Many social and public health problems have also
behavioral causes and social marketing provides a
mechanism to address these problems by influencing
individuals towards adopting new behaviors and a new
lifestyle considered to be healthier.
Social marketing can be used to influence not only the
behavior of individuals seen in their role as ordinary
citizens of a particular group, but also to influence the
behavior of public policy-makers and those who belong
to different groups of interests.
One of the first definitions of social marketing belongs
to Americans, who in 1971 believed that "social
marketing is the design, implementation and control of
marketing programs involving the acceptance of social
ideas"[1].
Later, Philip Kotler slightly reworded this definition,
considering that social marketing is a "management
technique of social exchanges understanding the design,
implementation and control of programs aimed at
increasing social acceptability of an idea or action by
target groups" [2].
This point of view has prevailed in American
literature, as witnessed a very similar definition given
two decades later, by another known specialist, Alan R.
Andreasen. He believes that "social marketing is the
application of commercial marketing technologies to the
analysis, planning, implementation and evaluation of
programs designed to influence the voluntary behavior of
target audiences in order to increase their personal wellbeing and society"[3].
The German experts Manfred Bruhn and Jorg Tilmes
have proposed the following definition "Social marketing
is the planning, organization, implementation and control
of marketing strategies and activities of non-profit

I. INTRODUCTION

S

OCIAL marketing is a CSR (Corporate Social
Responsibility) program through which the company
aims to change negative behavior or to persuade the
public to adopt positive behavior. As a result, the
problem addressed to campaign through social marketing
should be one of great interest to customers.
Even if within the program are also used tactics aimed
at increasing awareness and education, the main focus is
to change behavior.
The choice of this topic was made as a consequence of
the awareness of the importance of a relatively new
phenomenon in Romania, as interesting and
contemporary, namely that players in the business
environment are discovering more than ever benefits that
can be gained by their own companies through a social
marketing campaign when there is a link between the
company profile and a social problem.
Setting a problem and a behavior to be changed must
take into account the company's profile and its business
model.
Social marketing campaigns have become more
important for companies as they understand that these
campaigns can help strengthen and even build the
company’s brand.
There are two elements that make nowadays the social
marketing campaign a formidable weapon in the
construction of a brand:
1) consumers become more informed, more capable in
expressing their opinions and more interested in topics
such as health, environmental or social issues;
2) the market became increasingly crowded and brands
were forced to find new and relevant methods in order to
build an emotional relation with the consumers.
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organizations that are directly or indirectly focused to
solving social problems"[4].
Analyzing the definitions presented above, we can
summarize that Social marketing involves the use of
strategies to identify, assess and forecast the needs of
consumers, customers and subscribers, to design and
optimal provision of those services that meet the needs of
the target group.
Social marketing activity should, however, be
distinguished from other activities through which
organizations seek to influence certain target audiences,
namely: advertising, publicity, public relations, public
affairs, advocacy, lobbying. Social marketing is neither
advertising nor publicity. Social marketing is neither
advocacy nor lobbying. Social marketing should not be
confused with public relations activities. Social
marketing may appeal to advertisers or advertising.
Social marketing can be associated with an advocacy or
lobbying activities. An organization that is involved in
social marketing needs the application of a public
relations strategy.
Since the years 1960 - 1970 there have been numerous
debates about using marketing principles and techniques
maliciously against individuals or groups or entire
companies. It was asked the question of differentiation
between social marketing and various methods and
techniques of control and manipulation of human
behavior considered dangerous and incompatible with
human dignity and democracy. We must draw attention
to the differences between social marketing and other
areas of social influence: handling behavior, persuasion,
propaganda, indoctrination, and brainwashing. It should
be emphasized that social marketing is not an attempt to
manipulate behavior and no propaganda or brainwashing
approach.
Social marketing is just one of the alternatives that
exist in the field of social change.
Regarding social activities undertaken by companies,
not dealing with social marketing, but with social
campaigns, Philip Kotler and Roberto Eduardo identified
the following areas:
1) environment protection reforms: reducing water and
air pollution, natural parks and forests’ maintenance;
2) health area reforms: smoking cessation, drug
consumption eradication, gymnastics of maintenance
3) educational environment reforms: increasing the
degree of literacy, increasing performances in awareness
of mathematics or social sciences;
4) economic reform: the revival of old industrial cities,
the offensive towards increasing skilled labor degree,
incentives for foreign investors.
Since 1971, when social marketing was registered as a
formal discipline by publishing Social Marketing: a
planned approach to Social Change, Journal of Marketing
by marketing experts Philip Kotler and Gerald Zaltman,
this publication was oriented to social campaigns that
have yielded positive results.
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Thus, they argued that: ,, A social change campaign
is an organized effort made by a group (change agent)
which attempts to persuade others (the target adopters) to
accept, modify, or abandon certain ideas, attitudes ,
practices or behavior "[1],[5].
TABLE I
TYPES OF SOCIAL CHANGE THAT CAN BE PRODUCED BY
SOCIAL MARKETING
Change at the
Change in the
Change in
individual
group of
society
level
individuals
Changing
Changes to rules
Changes in
short-term
individual
Administrative
public policy
change
behavior
changes
Changing
Organizational
"Sociolong-term
lifestyle
changes
Cultural
change
Evolution"
Source: MacFadyen et al., 1999, adapted from Levy and Zaltman 1975

Following the researched and presented data, it can be
concluded that although some authors equate between
social marketing and social campaigns, they are not the
same. It should be noted that a social campaign is only
one component of social marketing; it is just exactly the
operational part of social marketing that cannot be
performed until the external environment was researched
and it was formulated a marketing strategy.
III. SOCIAL MARKETING ROLE IN ROMANIA

The results of the online survey conducted by
www.actionamresponsabil.ro portal regarding the most
active industries in terms of social initiatives show that
27% of respondents believe that companies in the fuel
industry implements most social programs; within
strolling
distance
there
are
those
in
the
telecommunications (26%), finance (24%), IT&C (23%)
and energy (20%).(Fig.1)
30%
25%
20%
15%
10%
5%
0%

Fig.1 Social programs initiated by companies in Romania
Social marketing in Romania is an overall vision of
the social aspects of business firms, the concept that
enjoyed the widest audience of all those on the
implications and social responsibilities of business.
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It is also the first concept that seeks not only to add a
new dimension to the classic social marketing, but wants
to replace the classical conception as a whole, represents
a new way to understand the role of marketing in
business, emphasizing the need for its involvement in
solving problems society.
Traditionally, social marketing has been associated
with the concepts of profitability and competition. In a
commercial company things are as follows: the company
produces goods or services, the consumer pays to get
them in their hands and the company gains from this
transaction the profit.
However, there are two fundamental concepts: the idea
of customer service and the idea of exchange to mutual
benefit. Social marketing achieved a mutual profitable
exchange between producers and consumers at large.
Each actor of social marketing (brand, agency, etc.)
perceives in its own manner its own importance and role
of communication in society. But joining forces they can
achieve their goals and generate behavioral changes that
bring social good.
Brands address to people and not to robots-consumers
programmed to spend, so that also the communication
must think about/to people.
Also in Romania, more and more brands chose to
develop social marketing campaigns aimed at changing
things for the better.
Communication must start with the brand and bring a
resolution to the problem, but at the same time can
achieve a real need of the people and potentiate the
positive behaviors.
This is the complex role of social marketing,
succeeding to obtain a positive effect 2 in 1, both on
humans, modeling behaviors, attitudes and values, and
on brand.
Thus, there are brands that have adopted social
marketing as a profound part of their communication and
others that had punctual campaigns with social
component.
Latest studies have revealed that young people in
Romania are the ones who interact most with brands
linked on social media. They are enthusiastic and willing
to follow and respond to companies’ activity on networks
such as Facebook or Twitter.
More specifically, young audience of Romania is
defined by consumers aged between 16 and 34 years old.
Data show that more than half of them used to interact
with existing brands on social networking sites. And
that's not all. One third of them admit that appreciates
more brands using social media.
Then, a quarter of young people interact with
information on the company's Facebook page at least
once a day, 26.7% do so for up to six times a week, and
almost 21% up to three times a month. The young
audience clicks easier and often the "Like" button on the
Facebook page of brands.
On the other hand, only a third of people aged between
35 and 74 years make friends among companies and only
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17.4% appreciate more brands that have an account on
social sites. Even when it comes to frequency of
accessing information about brands, the numbers are not
as high as the young; in fact, there are about half.
So, through social media, companies are able not only
to attract the attention of consumers, but also to increase
the number of fans. The fact that young people show a
certain openness and greater availability to specific
platforms brands gives companies the opportunity to
make them loyal.
The coverage of consumer behavior widens, especially
due to the development and diversification of the services
sector in the non-profit activities’ area. Therefore, in the
current sense of social marketing in Romania, consumer
behavior requires such a comprehensive approach that
expresses the position of the people as such to all
tangible and intangible assets arising in the final
consumption.
IV. THE BENEFITS OF SOCIAL MARKETING CAMPAIGNS
The benefits of social marketing campaigns exceed
those of classical marketing campaigns. Thus, we can
speak of:
1) Competitive advantage; brand differentiation; high
visibility.
Initiating social marketing campaigns can lead to
better market access or entry into new markets, helping
to differentiate from the competition and increase
customer loyalty [6].
Competitive advantage comes through a better
understanding of the needs of the communities in which
they operate and their integration into business strategy
that contributes to sustainable development of
communities.
In this of increasingly crowded market, the companies
seek new competitive advantage that they can be separate
from competition in the consumer's mind. Studies
conducted in European countries showed that the
reputation of integrity and best practices in business is
important in defining the capital image of competitive
advantage. Moreover, the chances of winning funds
granted by the EU for development grow considerably by
observing what the Council of Europe has defined as
corporate social involvement.
2) Acheiving commercial goals; profit growth.
Several academic studies have shown a direct
correlation between social marketing campaigns and
positive financial performance:
a) A study conducted in 1997 by DePaul
University in Chicago found that those
companies that have defined a strategy of
assuming asocial involvement reached financial
benefits (based on the annual sales / revenues)
better than companies not engage in that
direction;
b) A 11-year study made by Harvard
Universitycame to the conclusion that those
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companies that act as social partners on the
market had an economic growth rate 4 times
higher and 8 times higher in terms of number of
employees growth when compared focused only
on their own business and profit.
3) Build up a favorable image of the company.
Social marketing campaigns build a favorable image
by focusing media and the general public on "charity"
actions of the company.
4) Increased credibility and trust in the company; the
trust of the community revitalizing the company's image.
Strategies and initiatives to help the company increase
confidence and support of the community in which it
operates, the authorities, the media and business partners.
Authorities are always interested in identifying partners
to participate in community sustainable development and
contributing to lower budget financial effort to improve
the living conditions of a community. The media is basic
support for popularization campaign strategies.
5) Protecting its reputation in case of crisis.
Social marketing campaigns facilitate anticipation and
social risk management, legal and environmental
protection and increase the ability to cope with change.
Companies that promote a permanent dialogue with the
community have the ability to anticipate and respond to
changing environmental, economic and social that could
occur that would pose a potential risk to the business.
They have a proactive rather than reactive behavior.
6) Atracting and keeping valuable employees; increasing
the motivation level of the employees.
By creating an environment of trust and pride for the
company's employees and the desire for association with
a company that "cares" and is involved in solving
community problems, especially if they are also involved
in community impact events, social marketing campaigns
can generate benefits in the recruiting and retention of
employees even in a competitive market as the top
specialists or managers.
7) Distracting attention.
Companies can use social profile marketing campaigns
in an effort to divert public attention from some
questions regarding their work ethic.
8) Access to capital.
Financial institutions increasingly integrate more
economic criteria, social and equal opportunities in their
assessment of new projects of companies. When funding
decisions are important, they seek indicators showing
effective management in social involvement.
9) Extension of contacts at different levels and for
different organizational functions.
Also, social marketing campaigns can provide special
advantages in the trading company - company, the
company with the opportunity to develop connections
with various partners and commitments in various
networks and associations. It is clear that a company
cannot live and cannot develop in an isolated world,
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social engagement by giving it the opportunity to be
successful.
V. CONCLUSIONS
Philip Kotler, who introduced this concept in early
70s, was referring to social marketing as representing an
orientation of company management, which recognizes
that its main task is to study the needs and desires of
target markets and meet them in a more efficient manner
than the competition, but also into a manner to maintain
or improve consumer welfare.
Consumers will prefer those companies that prove a
real care to their personal welfare and that of the
community.
Social marketing has certain elements that must be
taken into account in developing a campaign of this kind.
A social marketing campaign aims to change negative
behavior into a positive one. This can be achieved
through proper information and education campaigns.
Another essential thing in a social marketing campaign
is the gravity of the problem and the need to solve it as
fast as possible [7]. Also, this type of marketing seeks
profit, therefore there must be a direct link between
company profits and the social issue. Following such
campaigns, the company aims to increase sales, yet also
increase customer awareness by trying to solve their
problem. Many companies want their brands to be
associated with a strong brand, so initiatives contribute
major social marketing campaigns to increase brand
visibility and hence its power.
Moreover, the more socially involved, the easier for
the company to identify social risks arising from business
decisions and so it will be able to manage risks easier.
Therefore, social marketing is a good thing, both for
companies and for people to be addressed, and
companies from Romania have understood the benefits
of social marketing campaigns and act in this direction.
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interest for innovation.
Thus, the current study emphasizes the importance of
these platforms for open innovation in engaging
customers or other external stakeholders in developing
innovative ideas and solutions, in collaboration with
experts and Heineken management team, in order to
respond to innovation challenges, such as development
of new technologies, new product development, new
ways for beer consumption, identifying needs of a
specific segment of consumers, etc.

Abstract—The innovation efforts at Heineken company
focus on using open innovation platforms in order to engage
stakeholders in the co-creation process. Thus, the current case
study continued the emphasis on company’s approach
regarding open innovation, focusing on digitizing innovation
and the use of the online environment to interact with their
customers, by collecting innovative ideas. The main purpose of
the analyzed online platforms used by Heineken is the
collaboration with external stakeholders, individual customers
or innovative companies with activities based on technology,
which may contribute with their innovations to providing new
solutions for company’s areas of interest. The scientific
research aims to underline the importance of using online
instruments for open innovation, highlighting the experience of
Heineken, which engages innovators in the co-creation process,
aiming to maintain a continuous dialogue with their customers
and other external stakeholders.

II. CO-CREATION IN INNOVATION
A. The Experience of the Company: Projects Designed
to Involve Customers in Innovation Process
The experience of the Heineken regarding the
innovation refers to a long period of developing
programs and projects for innovating products, through
the proactive engagement of stakeholders. In 2010, the
company aimed to double the innovation rate until 2020,
6% of Heineken sales coming from innovations.
Thus, the company being focused on proactive
engagement of external stakeholders in the innovation
process, in 2012 launched the online platform Heineken
Ideas Brewery, which provides to innovators challenges
regarding sending innovative ideas which are rewarded
offering incentives [1].
Heineken Ideas Brewery represented a form of cocreation, in which Heineken was facilitator, supporting
contests, aiming to extend its network at the global level,
collecting practical ideas and consolidating the
connection between Heineken, innovation and open
collaboration. The benefits of this action for Heineken
are represented by knowing the consumers’ needs, ideas
for developing new products and marketing/branding,
and for co-creators, the benefits come from organizing
workshops where they can collaborate with Heineken
employees and experts for developing ideas and for
obtaining feasible ideas and a strong commitment from

Keywords—Online instruments, digitizing innovation,
external stakeholders, co-creation process.
I. INTRODUCTION

T

HE online platforms for open innovation used by
Heineken to create a continuous dialogue and open
interaction with its customers and other external
stakeholders brings competitive advantages for the
company.
The current article continues the emphasize on
Heineken model for open innovation, highlighting the
process of co-creation in innovation through proactive
engagement of customers and other external stakeholders
to bring new ideas and creative solutions, using
company’s online instruments for open innovation.
Thus, Heineken digitizes innovation, using Ideas
Brewery, by setting innovation challenges, Innovators
Brewhouse, focusing on sending innovations for its areas
of interest, and Heineken Frontier, a platform focused on
innovative companies with technology activities, which
are interested for a partnership with Heineken, bringing
innovations for the company’s established areas of
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those participating to co-creation [2].

variety and flavour for the foam [5].
Regarding the third challenge which aimed to identify
the lifestyle of the 60+ generation of consumers,
Heineken focused on the advantages offered by using
social media to better understand the needs of this
segment of consumers, generating new ideas and
satisfying needs of creativity, problem solving and
affiliation. Thus, using this platform, Heineken achieved
to identify that consumers aged between 60-70 years
enjoy more liberty regarding the workplace, children, and
stress and are focused more on enhancing quality of life,
well-being and self-development [6].
The winner of the competition, among 10 finalists,
juried by Florence Guesnet, Senior Director Global
Consumer & Market Intelligence, Miguel de Jaime
Guijarro, Regional Commercial Director Western
Europe, Donald Petrie, Hollywood director, Naomi
Harris, renowned photographer, and Kees van Duyn,
cultural commentator, was Marie Cecile Schouwenaar,
coordinator on strategic learning and sustainable
transition management. She characterized the 60+
generation as being prepared to start a brand new phase
as they are free, happy, and have time for everything and
generally are enjoying the best time of their life [7].
Eventually, the fourth challenge consisted of creation
of a new concept of beer for the 60+ generation, using as
inspiration the insights sent for the previous challenge
regarding the lifestyle of these consumers, in order to
transform them in innovative products for these
consumers’ needs. There were obtained 150 ideas from
which the jury, existing of Alex Goh, founder
Designtaxi.com, Daniel Quinn, Managing Director
Happen, Dominic Wilcox, speed creator and Paul
Stanger and Bram Westenbrink of HEINEKEN, chose 6
finalists who participated to a co-creation workshop
where they collaborated with experts in innovation from
Heineken, but also with external coaches in order to
refine their initial ideas. The first place was obtained by
Tony Dianoff, who invented Fahrenheit 60+, a variety of
beers produced differently to offer new taste, each one
with a story to tell, his innovative and feasible idea
originating in art of beer making and offering a strong
platform for storytelling. The other prizes were offered
for ideas regarding packaging, opening and beer
consumption and for a beer recipe inspired by the idea of
antique bottle of wine, which can be kept in the cellar, as
a good bottle of red wine [8].
Thus, the online innovative platform, Ideas Brewery
opened by Heineken involved internal actors from
company (employees and managers, experts in the
relevant fields for creation of new products or
personalization of product), but also external
stakeholders, managers with experience in the innovation
field, research and development and new design creation,
from other companies recognised internationally, or
famous experts in the field. The results obtained helped
Heineken in its projects regarding innovation and
sustainable development, creating new packaging for

B. The Objectives and Results of the Heineken Ideas
Brewery
The Heineken Ideas Brewery platform which was
created in 2012, launched 4 challenges of ideas, bringing
together innovators from the whole world. Although, at
this moment there are no active challenges of submitting
ideas on this platform, the past experience brought great
results and 2 creation workshops [3], consumers could
submit ideas now through the official website of the
company, at Heineken Innovators Brewhouse platform.
The objective of the program referred to creating
sustainable packages, reinventing serving of the draught
beer, ideas regarding the lifestyle of the 60+ generation
and the consumption of beer, but also ideas of
developing and personalization of products for 60+
generation, which are suitable for their needs and
lifestyle [3].
The first challenge aimed looking for sustainable ideas
for packing beer in the future, being focused on three
directions: re-using and recycling packaging, discovering
new packaging materials, considering transport as a mean
to create a sustainable future for beer packaging. The
industrial designer Janne Kyttanen interacted 48 hours
with the audience on social media to respond to
challenge launched by Heineken. There were gathered
over 150 ideas, from the form of the bottles, using
efficiently the space, transport, re-using bottles, new
materials, only 57 being selected to be developed with
Heineken innovators and evaluated by the jury
represented by Willem van Waesberghe, Heineken’s
global research and development director, FrançoisXavier Mahot, Heineken’s Senior Global Innovation
Director, LinYee Yuan, Managing Editor of Core77,
Jacquelyn Ottman, sustainability expert and Janne
Kytannen, Industrial Design Creative Director of
Freedom of Creation. The winning idea was called “The
Heineken 1000 $ Bottle” and was initiated by Helmut
Witteler from Germany, the jury evaluating the
innovative device, “Heineken-O-Mat”, created to
motivate consumers to recycle bottles, returning them
having a positive impact on the environment and
involving the company, consumers, retailers and nongovernmental organizations (NGOs) [4].
The second challenge aimed reinventing the
consumption of draught beer, based on new technologies.
The challenge brought 125 ideas, the 6 finalists
participating to a co-creation workshop, to work with
Heineken experts, bartenders and consumers to develop
their ideas. The winner of the challenge, juried by
Willem van Waesberghe, Heineken’s global research and
development
director,
François-Xavier
Mahot,
Heineken’s Senior Global Innovation Director, Daniel
Quinn, Managing Director (MD) of innovation Agency
Happen, and two other experts on design and
entrepreneurship, was Albert Soler Mas, which proposed
Flavours of the World Skimmer idea, which implies
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beer, enhancing the draught beer experience, collecting
information regarding 60+ generation needs and creation
of a new product according with their expectations and
needs.

ideas or undeveloped [11], which means that company
refers to a target segment of stakeholders, maybe experts,
who already have a developed idea which could be
implemented in Heineken company.
The first stage in filling up the form regarding
submitting innovation refers to mentioning some
personal information (first name and surname of the
innovator, e-mail address, etc.), if he sends the
innovation in behalf of a company, and if the innovator
has interacted before with Heineken [11].
The next step in submitting the form refers to
submitting the innovation. The first question from the
form refers to the link between submitted innovation and
the focus areas of the company. If the innovation is not
linked to the focus areas of the company, the next
question addressed to the innovator refers to the type of
submitted innovation, choosing from: a new beverage, a
new delivery system, a new package or other [12].
Then, the innovator should mention the title of the
innovation and a short description, indicating if he
obtained a patent for his invention or he expects to
receive one, if he is the only owner of the patent, etc.
[12].
Also, the innovator should mention the problem his
innovation solves, describing the consumers’ needs the
innovation will accomplish. The next questions refers to
the basis of the innovation, been asked if he realized a
market research before, if he has some prototypes
available, or manufacture possibilities, the last question
referring to the objectives the innovator has regarding
submitting the innovation to Heineken [12]. Thus, it may
be observed the importance Heineken gives to the basis
of the submitted innovation, reflected by the information
required to the innovator regarding the possible market
research done, the model followed in realizing the
innovation, but also the possibilities of implementing the
innovation through personal capacities of manufacturing
for the submitted solution.
The target segment of stakeholders to whom the online
instrument for open innovation is addressed consists of
individual innovators (“great beer minds”, consumers,
artists, designers, inventors), suppliers (for packaging,
devices, equipment, ingredients), companies (start-ups,
small and medium-sized companies), academia
(professors, students), technological hotspots (science
parks, incubators) [1].
Similar to Ideas Brewery instrument, which aimed
involving stakeholders expressed by challenges
addressed to innovators, the Innovators Brewhouse
instrument aims also “meet the many challenges we set
ourselves in innovation” [10], but also satisfying the
needs of consumers to which the company should
respond with innovative ideas [9].
Regarding the intellectual property rights for the
submitted ideas and innovations, the company informs
innovators that ideas and submitted materials will be
considered as being sent on a non-confidential basis, if
these are not protected by rights of intellectual property,

III. DIGITIZING INNOVATION – USING THE ONLINE
ENVIRONMENT IN INNOVATION
A. The Description of the Existing Instrument for
Interaction with Customers
Focused on an open innovation strategy, through
collecting ideas from the internal and external
environment of the company, Heineken uses at this
moment the official website for providing the online
platform Innovators Brewhouse, which is designed for
collaborations with mutual benefits leading to satisfying
consumers’ needs in an innovative way [9].
The areas of interest of the company regarding
innovation for the new launched platform are identifying
new methods to produce, deliver and to pack their
products, but also, new ways of beverages consumption.
There are two main directions which direct Heineken
actions: the future of the beverages, the method of
manufacturing and measurement (including methods of
rapid
microbiological
detection,
preservation
technologies for beer, ways to prevent bloating,
technologies for producing specific colours for
beverages, etc.) and the future of packaging and serving
beverages (including a new system of packaging/ serving
suitable for special moments, process technologies and
effective materials regarding cost for isolating against
heat and reducing beverage temperature in bottles or
metal cans, new technologies for packaging enhancing
comfort regarding transportation, carrying, keeping fresh,
storing, etc., [10].
Thus, accessing the official website of Heineken and
the menu „About us: Innovation: Innovators
Brewhouse”, the web page provides visual identity
illustrating the symbol of the Heineken brand (the red
star) and an image representing two heads connected to
offering the most creative ideas for making beer.
From the description of the instrument by Heineken, it
may be observed that it aims the open innovation, the
company being focused on externalizing the instrument,
through involvement of entrepreneurs, inventors,
universities, supplies and “great beer minds” in order to
develop the future of beer and ciders, through invention
and participative development [9]. Thus, Heineken shows
the intention “to connect to the external world” as the
company knows it hasn’t the all answers and there is
great minds which can complete its activity and
combining common knowledge can bring new solutions
and innovations [9].
Heineken introduces the innovator in description of the
instrument accessed, mentioning that innovative ideas
may be send regarding the focused areas of the company,
or other valuable innovations for Heineken. The
company mentions that it doesn’t require conceptual
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which is also mentioned in the submission form [12].
Heineken uses the online environment for promoting
products, identifying the needs of consumers, collecting
innovative ideas and especially for engaging customers
through creating platforms designed to open interaction
with customers. Thus, the Heineken strategy aims
promoting brands on social media, as this is the
environment where the actual generation of consumers
spends time. Also, the company aims to keep up with
new communication technologies and established
partnerships with Google, YouTube, for the marketing
campaigns which could be visualised using mobile
internet [13].

Director Global Heineken Brand, Gianluca di Tondo
[17].
The web page for submission of applications for
partnership between innovative companies and Heineken
allows users, through the 3 buttons of the menu, to find
out information about the online program Heineken uses
to launch the submission of applications for partnership,
in the bottom of the web page, following the description
offered by Heineken, appear the employees which
participate to the open dialogue, but also companies,
existing the possibility to suggest employees or
companies [18].
Another part of the menu aims the discussion group,
where companies or representatives and employees of the
companies can post messages regarding the method of
submission of the applications, the possibility that a
single company to apply for more areas of interest or
aspects regarding the eligibility of companies to
participate in the Frontier program [19]. The
representatives of the Heineken team offer the answers
for the received messages on this discussions forum.
In the third part of the menu, users can visualize the
connections, the members of the teams, organizations or
those who follow the activities of Heineken Frontier.
Pressing the button which allows company
representatives to apply for one of the 4 areas of interest
of Heineken, a menu for filling up a form of application
submission appears which should be filled up after the
user logs in with LinkedIn or Facebook account [20].
After logging in, the user should mention if he sends the
application in behalf of a company or individually,
offering information regarding his address, abilities, and
links for connecting on other social networks, having
also the opportunity to create a team.
Filling up the application requires the address of the
company, the headquarters, the capital of the company,
the investors of the company, the number of employees
from company, digital sectors suitable for company, an
example how the product may respond to the business
challenge described by Heineken, the description of the
key actors from the management team of the company,
mentioning 3 reasons to apply to Frontier program, the
interest markets for the company which submits the
application to realize a pilot study, what people or
resources exists in Heineken company to whom the
company which applies would want to interact,
mentioning additional information or links which may be
included in application, finally the user having the
opportunity to request recommendations to people
website suggests regarding the business challenge he
applies for. Pressing the “Submit Final button, the user
ends the application submission to Heineken team [20].
It may be observed that, according to this program
which requires presence on social media of Heineken, the
innovation efforts of Heineken aims the engagement of
external stakeholders (in this case, innovative companies,
based on technology using) to respond to business
challenges regarding the discovery of innovation

IV. INVOLVING EXTERNAL STAKEHOLDERS: THE
FRONTIER INSTRUMENT
An efficient method to involve external stakeholders in
the co-creation in innovation process by Heineken is the
new online instrument, Frontier, an innovation and
technology global program, launched in October 2014
and created for collaborating with innovative companies,
focused on technology. Moreover, Heineken aims a
partnership with 4 innovative companies for each of the 4
areas of interest: innovative music events, informed
shopping choices, better beer experience at bars and
methods to make drinking in moderation cool [14].
The online instrument Frontier can be accessed from
the official website of Heineken, from the menu “About
us: Innovation: Looking for innovation”, in the bottom of
the web page the button Frontier opening a new web
page to Frontier instrument. Regarding the submission of
applications, the website of the Frontier program directs
the user to a new web page through the F6S network. A
click on the “Enter” button leads the user to the web page
of submitting the applications to which he can log in both
with Facebook account and with LinkedIn, too,
emphasizing the great presence of Heineken on social
media.
Thus, the target segment of stakeholders is represented
by companies which develop innovative technologies and
services (digital innovators, inventors or companies
which develop products) aiming to globally expanding,
through a partnership with Heineken. Those which will
be selected will receive 50 000 euro to implement the
product or service in collaboration with Heineken,
additional investments being offered to create a longterm strategic partnership [15].
The company launched the competition, application
could be sent till 12 November 2014, aiming to attract
partners which can help to develop an ecosystem of
digital services and devices. The selected companies will
be announced at the beginning of the December 2014,
and Heineken will invite them to a virtual pitch day in
January 2015 [16].
The jury will consist of Heineken experts, global
managers, such as Global Heineken Brand
Communication Director, Anuraag Trikha, or Senior
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solutions for aspects considered a priority for beer
consumption.
Also, regarding the company efforts for sustainable
development, Heineken interacts with other external
stakeholders, too, through the „Brewing a Better Future”
program, through 3 methods: research regarding
reputation, meetings with experts and permanent
dialogue with stakeholders. Regarding the reputation
research, in 2013, the company completed the most
extended cycle of reputation research, discussing with
over 7000 stakeholders from 31 markets, such as
customers, governmental and political stakeholders,
media
representatives,
NGOs
and
commerce
associations, through the personal interviews by
telephone and online surveys, aiming to evaluate the
action plans at the local and global level [21].
The external stakeholders co-opted in Heineken
actions to communicate knowledge and opinions
regarding sustainability performance and methods to
bring improvements in key areas, were represented by
science people, companies with the same profile,
suppliers, governmental agencies and NGOs [21]. Thus,
among the external stakeholders with whom Heineken
collaborated in 2013 for the innovation efforts, such as
creation and implementation of innovative solutions, can
be mentioned The Clinton Global Initiative (CGI) or
Green Freight Europe (an initiative which Heineken
implemented, focused on reducing the impact of
European road transport on environment) [21].

finalists will take place in a virtual pitch, followed by
launching the pilot studies [16].
VI. THE FINANCIAL AND MARKET IMPACT OF
INVOLVING CUSTOMERS/STAKEHOLDERS
The involvement of external stakeholders in the cocreation process with the online instruments brought
positive results for Heineken, creating new products,
cooling beer devices, new methods for serving beer, but
also growth and partnerships on the emerging markets
from Africa, South-East Asia, or Mexic, etc.
Also, the annual report of the company for 2013
emphasizes the company’s commitment to create value
for stakeholders, and the financial performance indicates
the revenues growth with 1.3%, and the operational profit
growth with 2.8%. Thus, through continuous focus on
innovation, strong prices, a better planning of the
portfolio, the company succeeded to enhance the revenue
per hectoliter with 2.7% and to reduce costs [24].
Focused on innovative marketing and involving
external stakeholders through sponsorship, creative
campaigns and distinct packaging [25], Heineken
succeeded to anticipate and satisfy customers’ needs, in
2013, 1.1 billions of euro of company’s revenues coming
from innovations. The company increased the innovation
rate to 5.9%, compared to 5.3% from 2012 [24].
Listed by Interbrand on 95th position from the best 100
brands, the company aims to increase sales with 6%,
focusing on enhancing visibility through innovation,
collaborating with customers, creative companies, digital
involvement and a brand reputation growth focused on
social and environment responsibility [25].

V. THE COLLECTION, PROCESSING AND ANALYSIS OF
THE IDEAS PROVIDED BY CUSTOMERS
The submission process of innovative ideas to online
platforms for open innovation, as Heineken Innovators
Brewhouse, aims in a first stage the submission of the
innovation which will be analyzed by a team of experts
from multidisciplinary areas, with relevant knowledge
for the submitted solution, the evaluation process lasting
to 8 weeks. After the evaluation, the decision of the
experts is communicated to the innovator, the project
proposal being implemented or rejected [22].
Referring to Ideas Brewery, which has no active
challenges at this moment, collecting the ideas of
customers/ stakeholders is realized through the online
instrument, following the analysis of experts and the
selection of the finalists. In the next stage, the team of
experts collaborates with the innovators in co-creation in
innovation workshops, analyzing their proposal and
developing them [23].
Another method of processing and analyzing the ideas
from stakeholders is provided by using the new program
Heineken Frontier. The innovative companies will
receive feedback from the Heineken team of experts, and
by then they can collaborate with experts on F6S
network, receiving recommendations from other experts,
participants, company representatives, managers, etc.
The first stage in processing and analyzing the ideas of
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VII. FUTURE PROJECTS
The future projects of Heineken refer to the 6 areas of
interest on which the company focuses the innovation
and sustainable development activities. The focus on
innovation is highlighted by the active online programs,
Innovators Brewhouse and Heineken Frontier, which aim
to find innovation solutions for different aspects of beer
consumption, packaging, manufacturing, etc., involving
customers, consumers or innovative companies focused
on technology.
Regarding the company’s customer-orientation, the
company aims to focus on developing digital
technologies, offering a large variety of choices for
online navigation. The investments in innovative
technologies are a priority for Heineken in the future.
Thus, an interactive device was launched through Twitter
@wherenext service, in order to help consumers to
explore new experiences and places for Heineken beer
consumption in their town, this digital innovation being a
part of Heineken campaign “Cities of the World” [26].
Referring to sustainable development, the company
will develop projects (such as the Myanmar project)
regarding the opening of a greenfield brewery, which
respects the environment protection standards [21],
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focusing on developing plans for water consumption
reduction in breweries, on the reduction of carbon
dioxide emissions, creating special means for
transport/delivery, as the biggest electric truck for
delivery from Netherlands, on developing projects of
supporting the local sustainable sourcing from Africa,
offering support for 100 000 farmers and families from
Ethiopia, Rwanda and Sierra Leone and promoting the
responsible consumption of alcohol through allocating
10% of media spend on campaigns in this purpose [24].

[11]

[12]

[13]

VIII. CONCLUSION

[14]

Heineken online platforms for involving the external
stakeholders in the co-creation in innovation process are
very successful as bring new ideas and solutions for a
variety of market needs identified by the company.
Thus, Heineken uses the online instruments for open
innovation in order to engage innovators in the cocreation process, aiming to maintain a continuous
dialogue with customers and other external stakeholders,
to create new technologies, products, methods of serving
beer, identifying the needs of a specific segment of
customers, etc.
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The object of the present paper and current research is
testing of friction on the existing bearing boxes of a
testing rig for chain or belt drives. The bearing boxes are
components of a testing rig and the final purpose of the
research will be the evaluation of friction losses in
parallel axes transmissions, depending on the tensioning
force, speed, temperature and quality of lubrication.
Fig. 1. presents an image of the chain rig together with
a functional diagram. A flexible torsion coupling
transmits the torque from the engine to the driving
sprocket. The driving sprocket (1) is mounted on the
input shaft, which is part of the lower bearing box (2).
The driven sprocket (3) is mounted on the output shaft,
which is part of the upper bearing box (4). The upper
bearing box is fixed on a sliding carriage (5) which
allows vertical adjustment of the driven sprocket,
ensuring the tensioning force. A rotating nut attached to
an electric engine controlling axial displacement of a
screw (6) accomplishes the self-adjusting control. The
screw is connected to the upper bearing box sliding
carriage by a force sensor (7). Specific sensors and
devices measure the input shaft speed and input torque
(determined by the frictions in chain and bearing boxes),
the chain tensioning force, the temperature and pressure
of the oil for the bearing boxes lubrication and for the
chain lubrication. Testing rig devices control the input
shaft rotational speed, tensioning force and temperature
of the bearing boxes lubrication oil.
The measured input torque is a sum of all the frictional
torques in the transmission: from the bearing boxes and
from the chain transmission. Friction in chain
transmission without bearings is calculated by subtracting
the bearing friction (sum of friction in the two bearing
boxes) from the global friction. It is of maximal
importance in the correct evaluation of experimental
measurements on the rig to have accurate data on the
bearings friction.
The transmission uses two bearing boxes. Both bearing
boxes are consisted of: one radial ball bearing taking
radial force and possible axial force on both directions;
one radial cylindrical roller bearing taking the most

Abstract—The aim of this research is friction
measurements on the bearing boxes of a testing rig for parallel
axes transmissions. Friction in the transmission without
bearings is calculated by subtracting the bearing friction from
the global friction. This is why it is of maximal importance in
the correct evaluation of friction losses to have accurate data on
the friction on bearings. This paper is presenting the main
specific aspects of the measurement procedure that must be
carefully considered for accurate results. Finally, the friction
torque in bearing boxes is presented depending on rotational
speed, load and lubricating oil temperature.
Keywords—Bearing boxes, friction, testing procedure
I. INTRODUCTION

T

RIBOLOGICAL performance improvement of
automobile engine systems, can generate a lot of
benefits: reduced fuel and oil consumption; increased
engine power output; reduction in harmful exhaust
emissions; improved durability, reliability and engine
life; reduced maintenance requirements and longer
service intervals [1]. In the analysis of [2], the following
factors are taken into account: car energy consumption,
driving cycle effects, friction loss distribution, tribocontact friction levels today and the future, global fuel
consumption today and potential savings. The part of the
fuel energy devoted to mechanical power to overcome
friction can be subdivided into groups based on data from
[1, 2, 3, 4, 5]: – 35% (12–45%) to overcome the rolling
friction in the tire–road contact, – 35% (30–35%) to
overcome friction in the engine system, – 15% (7–18%)
to overcome friction in the transmission system, and –
15% (10–18%) to overcome friction in the brake contact .
Very few experimental results on chain friction have been
published. Reference [3] proposes a technique for
precisely measuring sliding loss in the timing chain and
the loss in the guides of an engine, using an equipment
consisting in a full engine, in order to separate timing
chain system losses into components. The test rig can
simulate different temperature conditions and allows a
good replica of the real engine conditions.

1

59

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
important radial force and sealing rings at both ends.
Lubrication is based on oil flow. The rig gives the
possibility to measure friction torque, by controlling and
measuring radial loading at one end of the shaft,
rotational speed, oil temperature and pressure.

case of transmission testing. This is why the same
tensioning, lubrication and drive systems and their
measurement devices are used (see Fig. 1.).
For a given construction of bearing boxes (type of
bearings, clearances, arrangement, dimensions, type of
lubrication) bearing friction theoretically [7], [8] depends
on load (F), rotational speed (n) and viscosity of lubricant
(), which depends on temperature. Measurements have
been performed for the following range of variables: load
F = 1…3kN, rotational speed n = 1000…5000 rpm,
lubricant temperature t = 35…50°C.

a

a

b
Fig. 1. Chain transmission mounted on test rig: a) front view;
b) functional diagram.
b

II. MEASUREMENT PROCEDURE

Fig. 2. Bearing friction measurement device: a) front view; b)
functional diagram.

A. Measurement Device
The details of the bearing friction measurement device
are presented in [6]. It is adapted on the chain rig
presented in Fig. 1. Fig. 2. shows an image of the device
together with a functional diagram. The upper and lower
bearing boxes are coaxially mounted.
The two bearing shafts are connected through a mobile
coupling. Both bearing boxes are radial loaded with force
F positioned as in the chain transmission tensioning
situation. The load is applied through the tensioning
system of the testing rig and a rigid element, mounted
between the sliding carriage and the upper bearing box.
The constructive solution gives the possibility of
adjustment of the coaxially position of the two shafts.
With this device, the measurement of bearing friction is
performed in the same conditions of running as in the

1

B. Preparation of the Rig
The most important part of preparation of the rig for
bearing friction measurements is the adjustment of the
coaxially position of the two shafts and check for
clearances and elastic deformations. In order to reduce to
minimum the friction losses in the mobile coupling
linking the two bearing boxes, the precision of coaxially
position must be as higher as possible. 3D modelling of
the system is an instrument for optimization, allowing
easy analysis and simulation of different load cases [9].
Fig. 3. shows the results of FEM analysis giving
translational displacements and stresses on the device
loaded with a force F = 1 kN. The resulted displacement
at the level of the end of the output shaft is 0.015 mm.
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Fig. 4. shows the measured deformations at the level of
casing of the output bearing box as presented in Fig. 3. a,
depending on load F. The translation at small loads is
coming from taking the clearances from the system.

C. Time Depending Friction
Friction tests on chain or belt drive can take hundreds
of hours. This is why time depending bearing friction is
another aspect to consider. In order to evaluate bearing
friction as precise as possible and maintain friction vs.
time variation in reasonable limits two elements have
been considered: 1 – lubricant deterioration (time
depending viscosity and acidity of lubricant) and 2 –
running in process and normal wear process influence on
friction.
Lubricant parameters must be monitored in time. The
oil used in testing is a multigrade 5W30 mineral oil.
Mineral oils inevitably oxidize during service and cause
significant increases in friction and wear which affects
the performance of the machinery. The main effect of
oxidation is a gradual rise in the viscosity and acidity of
oil.
Measurements of kinematic viscosity of the mineral oil
vs. temperature and running time have been performed.
Fig. 5. a presents temperature depending kinematic
viscosity for fresh oil and Fig. 5. b presents time
depending kinematic viscosity of the oil.
It can be seen that viscosity starts to increase after 500
hours of running affecting mostly high temperature
kinematic viscosity of the oil. If the friction tests are
performed in the first 300 hours, changes in oil viscosity
should not influence bearing friction measurements.

F



a

a
b
Fig. 3. FEM analysis: a-translational displacements, b-Von
Misses stress

b
Fig. 5. Kinematic viscosity: a- versus temperature, b- versus
time

Fig. 4. Measured deformations
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Acidity index depending on time is presented in Fig. 6.
for two ranges of oil temperature. Speed of deterioration
depends mostly on time of running at high temperatures.
The case of higher temperatures (60…100°C),
appropriate to chain drives, shows an important increase
of acidity index after only 200 hours of running.
In the case of medium temperatures (35…50°C)
acidity index has a slowly increase of approximately 5%
during 500 hours of running. This is the range of
temperatures on which the bearings of the testing rig run.

from these measurements cannot be used in order to
characterize the steady state of running.
Fig. 9. shows the measured friction torque depending
on rotational speed during the processes of acceleration
and deceleration. As seen from Fig. 9., there is a visible
difference between measured torque during acceleration
and deceleration since inertia of the rotating elements
adds value to the measured friction torque during
acceleration, while it reduces value during deceleration.
This means that a correct evaluation of rotation
depending friction torque should not be made during
periods of acceleration or deceleration. The diagram from
Fig. 8. also shows that there might be some vibration
issues at a rotational speed of approximately 2300 rpm,
more visible at deceleration.
The next stages of the program are consisted in steps
of constant rotational speed. The first step is usually
longer since it must check and adjust the oil temperature
and also stabilize the temperature distribution on all the
elements of the rig. The time for each rotational speed
step, presented in the testing program from Fig. 8. is
minimum 250 seconds but in some cases of low loads and
high temperatures, we recommend longer periods.
Fig. 10. shows time depending measured friction
torque for steps of constant rotational speed. It can be
seen from Fig. 10. that the role of these steps is to
stabilize the system and induce the steady state where the
measurements are made. There is a general trend of
stabilizing by decreasing the value of the friction torque
in time. This stabilizing is faster for lower speeds.
The readings that count in evaluation of bearing
friction are only the one of the steady state period. In this
experimental research the measurements of friction
torque considered in steady state is an average of the last
quarter of each step of constant rotational speed.

Fig. 6. Acidity index versus time

Running in is performed for 50 hours, at a speed n =
1800 rpm, with an applied load F = 1 kN, with lubricant
temperature in the range t = 40…45°C, with continuous
measurement of friction torque. Fig. 7. shows time
depending friction torque (T f) during running in process.
Friction torque drops relatively fast during the first hours
and then keeps dropping slowly showing that wear rate is
stabilized at low value. Continuous dropping of friction
torque shows that bearing friction must be re-evaluated
from time to time. In our testing of parallel transmissions
friction, bearing friction is re-evaluated at 300 hours of
running. Differences of up to 5% have been found.

III. RESULTS
Tests determining global friction torque on bearing
boxes (Tf) have been developed for tensioning forces of
1kN and 3kN, rotational speed in the range 1000 ... 5000
rpm, oil temperature of 35ºC and 50ºC. Fig. 11. shows
together the measured friction torque on bearing boxes
(Tf), at oil temperatures of 35ºC, respectively 50ºC, for
tensioning force of 1 kN and 3kN, depending on
rotational speed.
The results show the increase of bearing friction with
rotational speed and load and also with decrease of oil
temperature (increase of viscosity). The trends are
according to the theoretical models from [8]. The
differences between experimental and theoretical results
have been analyzed in [10], confirming that the
experimental evaluation of friction in bearing boxes as a
whole have been correctly performed.

D. Testing Program
The rig offers the possibility of controlling and
programing variation of rotational speed and also
checking the state of lubricant temperature and pressure.
For constant loading and temperature (F = ct., t = ct.)
tests are based on the program based on the diagram
presented in Fig. 8. It shows time depending rotational
speed for one cycle of testing.
The first stage of the program is consisted of slowly
increase and decrease of rotational speed. Increase and
decrease of rotational speed in the range of 2000…4000
rpm is made in steps of 10 min. The reason for this stage
is mainly to check the stability of the rig since the values

1
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Fig. 7. Running in process

Fig. 8. Testing program

Fig. 9. Friction torque during acceleration and deceleration

Fig. 10. Time depending friction torque for constant speed, load and oil temperature

1
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Fig. 11. Measured friction torque on bearing boxes depending on rotation,
for constant tensioning force and oil temperature

IV. CONCLUSION
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Evaluation with high accuracy of bearing boxes
friction is difficult. For an existing construction (type
and dimensions of bearings, type and dimensions of
sealing elements, type of lubrication system and type of
lubricant, position of bearings, sealing elements and
loads) the remaining parameters involved in bearing
boxes friction are: values of external loads; rotational
speed and temperature depending kinematic viscosity of
oil. Even if the theoretical models of individual bearing
friction calculus are comprehensive, based on years of
experiments and can be applied to bearing boxes, they
cannot be considered as highly accurate. Author’s
opinion is that only experimental measurements of
bearing boxes friction, copying exactly the conditions of
functioning give accuracy of results. Several aspects like
deformations, time depending parameters, measurement
conditions and strictly following procedures have
maximal importance. The experimental measurements
presented in this research show the influence of load,
speed and oil temperature on bearing boxes friction. This
is just the first step in correct evaluation of friction in
transmissions with parallel axes (chains, belts).
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USING THE FMEA METHOD FOR
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MAINTENANCE WORKS
Marius ROMOCEA
University of Oradea, mromocea@yahoo.com

and actions which contribute to the progress of
maintenance in the four main directions .
The maintenance function evolved within industrial
units, being subject to a continuous refining process,
considering the compromise which needed to be
performed between needs and exigencies, from the
technical, economical and human point of view.
Historically speaking, until the 1960s, the maintenance
activity remained synonym with the repair one,
improving the equipment as often as possible.
Systematic maintenance is applied only in the case of
equipments with incidence on the human safety, stopping
them for the mere reason of analyzing their wear and tear
level, being completely abandoned in case the people's
safety was not endangered.
In its evolution, between 1960-1970 [1] the industrial
maintenance notion was enriched with the following new
conceptions:
1) The diagnostic maintenance appeared through the
use of non destructive techniques for the vibration
control, the fluids’ analysis, the surveillance technique
appeared, which later led to the conditional
maintenance;
2) The research regarding the reliability theory and
the processing way of the experimental data on the
solicitation, damage and duration were more extended
and detailed.
3) The following were improved: the risk assessment
evaluation method and the damage occurrence
probability, the economical effects of the quantity or
quality of products, including the hidden costs of the
maintenance activity, reflected in the notion of decrease
cost.

Abstract — Given the increasing complexity of equipment,
quality claims of the beneficiaries, reducing design and launch
periods, there should be a systematic quality planning of the
maintenance. Through this planning we ensure that the initially
avoidable defects, will not be corrected later. From the practical
operation of the equipment has been shown that the cost of
correcting a defect detected in the previous step may increase
up to 10 times from one stage to another implementation. The
paper presents the FMEA method for (Failure Mode and Effect
Analysis is) which allows the systematic study of the causes
and effects of failures that may occur during an operation of a
machine. This method ensures system reliability evaluation
forecasting, analyzing the various failures that it may have
during its use. For this to be possible failures must be
systematically examined, evaluating the severity of their
consequences, and triggering corrective actions according to
their degree of importance.

Keywords—failure, fmea, maintenance, repair
I. INTRODUCTION

I

NDUSTRIAL maintenance represents a set of
measures and actions that allow the prevention, the
good maintenance or the reestablishment of an
equipment in a foreseen state or capable to ensure a
certain service in the conditions of minimizing the
maintenance costs.
Considering these definitions, the following
conclusions [1] can be drawn:
1) Here “to restore” means “to correct”, a meaning
imposed by the change of the initial value of the device’s
functioning parameters;
2) Appointed state or determined service involves the
predetermination of the functioning parameters or the
service to reach, with the quantification of the
characteristic levels;
3) To minimize the maintenance costs reflects the
business’ economical aspect;
4) Prevention – a set of operations used in order to
avoid the device’s unavailability state;
5) The good keeping in a given state consists in the
application of some methods, procedures, proceedings

1

II. ANALYSIS OF FAILURE, EFFECT AND CRITICALITY –
FMEA

The FMEA method consists of systematic
investigation of the influence of defect elements on the
other components and the safe operation of equipment.
The method determines the potential hazards and
establishes measures to reduce the likelihood of
occurrence of defects and elimination or reduction of
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their influences. In the method we have to take into
account different failure rates and their causes.
FMEA is a method of analysis that attempts to pool
their skills working groups involved in the production
process, to develop an action plan aimed at increasing
quality of products, work processes and production
environments.
This method is oriented in three directions: the
product-design, product, process, means of workmachine.
FMEA product-design: allows tracking and analysis of
products from the design stage, trying to emphasize that
potential faults and their implications for the utility of the
final product.
FMEA product-process: it allows validating
technologies to achieve a product so as to ensure its
efficient fabrication. In the management of maintenance
activities will mainly use such a method.
FMEA means of work - machinery and FMEAproduct can be used in developing plans [2] to improve
maintenance
In the management of the maintenance activities there
will mainly be used a means of work type FMEA method
– machinery, but FMEA as well – so the product can be
used in developing plans to improve the maintenance
When a failure occurs, the main problem for a
specialist is to identify the cause of it. The answer is not
easy given for the following reasons:
1) cause of the fault can be caused by the appearance
of another defect located downstream of the
technological chain;
2) for the latest generation equipment maintenance the
cause may be of unknown nature;
3) because the defect is covered outside the
jurisdiction of the person in charge of the maintenance.
This method consists of a systematic analysis of
possible failure modes, with the determination of causes
and effects, and the establishment of critical defects. The
method searches the knowledge and means to avoid or
minimize the causes of failures consequences.
It is recommended that at the application of these
methods to select the key-machineries of the
technological processes, because their failures lead to
significant loss of production.
In order to apply the AMDEC method, is necessary to
form a multidisciplinary team in order to identify the
causes of the defects. The team should consist of an
animator, good connoisseur of the method, as well as
representatives of the departments of production, and
those of quality assurance and maintenance
The FMEA method's [2] objectives are:
1) identification of critical points of a machine;
2) determining the causes of the malfunction
generating machine parts;
3) analysis of the effects on the environment and safety
in the operation of the equipment;
4) establishes corrective actions to avoid the causes of
occurrence of defects;

1

5) designing a program to improve product quality
and maintenance;
6) provides the best level of communication between
the compartments of work between individuals and
hierarchical levels
The fundamental objective of FMEA method is to
develop a plan to improve the maintenance activity.
The main stages of the practical application of this
method are:
1) The delimitation and numbering steps.
2) The name of the machine component and brief
description of its functions.
3) The formulation of hypotheses concerning the
nature of failure, this step consists in considering each
element of all possible defects.
4) Presenting possible cause for the type of defect
involved. This step is useful to calculate the probability
of defect and to establish the necessary safeguards.
5) Description symptoms that manifests the defect and
its location possibilities.
6) The description of the effects that the defect has
regarding the safety in the machine functioning and the
fulfillment of the functions it was projected for.
7) Description of measures taken to decrease the
probability of failure and the influence it has on the
machine.
8) Determine the probability (or rate) of failure,
taking into account the causes of the occurrence of the
defect.
9) The development of the plan including measures to
remove the defect.
The practical application of the FMEA method,
through the steps shown, is performed by a
multidisciplinary team consisting of representatives of
the departments of production, quality assurance and
maintenance.
For the determination of the criticality of the defect it
is necessary to quantify the following factors:
1) The frequency of occurrence of the fault (F), which
expresses the probability of it.
2) The severity of the defect (G) expresses the
magnitude of the effect of failure and can be expressed
by the average repair (MTR).
3) Defect detectability (D) determining the probability
of occurrence of the cause of the defect..
Based on the above, the criticality of the defect is
determined from the relationship:
C=F·G·D

(1)

The difficulty of practical application of the FMEA
method is to accurately assess the three factors F, G, D,
this can be achieved only through leadership and
consultation equipment malfunctions history.
In some enterprises the severity of the fault is encoded
by the beneficiary, situation in which the supplier must
avoid gross deviation from the rules imposed by it.
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The application of the method is the use of standard
forms, [3]-[5] which must contain the information
necessary to identify the defects, their causes and about
the means necessary to eliminate them .
Analyzing the data completed in the AMDEC sheets
will make a plan to improve the situation,[6]-[8] trying to
reduce the value of each clues G, D and F. In order to
increase the efficiency of maintenance, it is sometimes
useful to undertake specific assessments based on the
values of these indicators.

3) an operator from the quality assurance
compartment,
4) a maintenance operator.
The data needed was extracted from the file containing
the history of maintenance activities performed on the
lathe and the sheet defect analysis , and by matching
them with indicators in tables [9] and the criticality
calculation, the coefficients appreciation of Table I have
resulted.
Based on the results in the table, the following
conclusions can be drawn:
1) The highest critical point is presented by the defects
of the bearings on the main axis, which definitely affects
the functioning of the lathe. The main causes leading to
damage to the bearings are:
a) their incorrect assembly,
b) improper lubrication,
c) The attrition of the material.
Most frequent stoppages are due to the wear of the
transmission belt.
2) Although it is rare, the guides failures - especially
due the wear from the friction - are the worst. In this
case, returning the machine requires a longer time (about
2 weeks).
As a final result, for the more efficient use of the
normal lathe SN400x1500, it is needed a plan to improve
the quality and maintenance, containing at least the
following measures:
1) Using high quality oils for the increased reliability
of the pinion bearings and the gearbox;
2) To equip the machines with measuring and control
devices in order to determine the degree of usage of
moving parts;
3) Compliance with the maintenance programs Level I
and II and their optimization (by MBF - maintenance
based on reliability), in order to reduce the severity and
frequency of the machine failures in all its parts..

III. CASE STUDY
The study was conducted at the company S.C.
"METALICA" S.A. Oradea, a unit derived from an
ancient craft cooperative founded in 1949, with the
activity object of producing in small series some
household products including boilers, cans, etc. In 1959
the cooperative becomes a state enterprise and introduces
new products as vices and drill machines, and in 1963 it
became a state enterprise.
The activity object of the company is to:
1) Manufacture consumer goods on a large range,
including: cookers and gas stoves and electrical spare
parts for cookers, cooker hoods, leather accessories,
boilers for apartments, tools and dies.
2) Design of products, SDVs, technologies and
software,
3) Marketing of products, export-import operations,
construction and assembly activities,
4) Service providing operations.
The company "METALICA" S.A is the second largest
domestic manufacturer of gas and electric cookers. In
2002 the unit was ranked on the fourth place in the
country among small and medium-sized branch
enterprises which produces electric household
equipments.
The company's share capital is divided into 718.721
registered shares of which 49% belong to individual
shareholders and the Association "METALICA" P.A.S
holds 51% of them.
The company's shares in a ratio of 49% is traded on
the RASDAQ market, and the records of the shares is
held by the Independent Register of RIAVEST Timişoara
The objective of the study is the analysis of the failure
of the normal lathe SN 400x1500 and its effects of the
production . The lathe was chosen because it is a key
equipment for the following reasons:
1) extensive technological possibilities of this
machine;
2) high productivity and decisive economic impact on
company results;
3) high representativity of this type of machine in the
mechanical unit.
Team AMDEC consists of :
1) the coordinator,
2) the foreman from the production compartment,

1

IV. CONCLUSIONS
The FMEA method can of course apply to all types of
machinery, regardless of the economic branch. Criteria
may receive specific aspects that being a matter for the
team FMEA to determine the priorities of the study in
terms of frequency, severity and detectability. Results
can successfully lead to the formulation of quality and
maintenance priorities and their integration into the
company's strategic plan.
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TABLE I
FMEA FILE FOR THE NORMAL LATHE SN 400X1500

Subassembly
Gear box

Possible main
defects

Potential main causes

Main effects

F

G

D

C

defects in main shaft
bearings

- Inadequate lubrication
- Fatigue wear

Oval parts

3

7

1

21

Defects of the pinion
in the gearbox
Padlock usage of the
trolley

- Inadequate lubrication
- Fatigue wear
Abrasion

Defect parts

3

5

1

15

Defect threads

1

5

1

5

The burning of the
winding

Inoperative electric
engine

1

6

1

6

The usage of the gears

Defect parts

1

5

1

5

- vibrations
- Breaking of the
gear's teeth
- Breaking of the
feathers
- Twisting of the
trees grooved axes

1

5

1

5

6

3

1

18

electromagnetic
couplings defects
Defects of the bushed
on quid
Defects of the wheel
lug ballads

The usage of drive
belts

The bed
lathe

Electrical
installation

- shocks
- Blunt tools
- Inadequate lubrication

- overload
- buffering
Leakage of lubricants belts

- the stop of the
machine
- vibrations

defects of the
bedframe guides

Usage by abrasion

Defect parts

1

10

1

10

defects of the
trolley’s prism

Usage by abrasion

Defect parts

1

6

1

6

Defects of the mobile
doll

Usage by abrasion

Defect threads

1

7

1

7

1

7

1

7

TCA
32/AU=220V
contactors

- Piercing the insulation
between the contacts
- The formation of the
insulating film between the
contact surfaces

Cutting off the
electric supply of the
engine

The bearings of the
electric motor

Fatigue usage

Stopping the
engine

1

4

1

4

Coil winding damage

The shorting of the coil
winding

Stopping the
machine

1

5

1

5

-usage and blocking of
the bearings
-destruction of the
rotor and the stator

-vibrations
-stopping the
engine

1

4

1

4

Electric motor
covers’ defects
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investment, usefulness, fair, liquidation and recovery
value, as seen in Fig. 2.

Abstract—Paper presents some aspects regarding
intangible assets evaluation principles, the necessity of
companies’ intangible assets evaluation, stages of valuation
process, and the performance of scientific research due to the
recovery of the patented invention

Asset or package of intangible assets
valuation in the same time with the company
valuation which use/control the generated
benefits

Keywords— evaluation, innovation, patent, valorisation
I. INTRODUCTION

PRINCIPLES
ASSESSMENT
OF INTANGIBLE
ASSETS

I

N practice there are two options for framing intangible
assets evaluation, recorded or unrecorded in the
balance sheet. These are:
1) direct use in their own work; in this case it is natural
that intangible assets should be considered as a
component of capital and thus be evaluated together with
other assets of the company;
2) indirect operation, which consists the transfer of an
attribute or all attributes of ownership to another person.
This transfer can be done by:
1) sale (transfer) all the rights to the intangible asset;
2) license agreements;
3) franchising;
4) joint venture contract.

Specifying premise evaluation

The premise of
evaluation in use

The premise of
changing value

Fig. 1. Principles assessment of intangible assets

II. EVALUATION PRINCIPLES OF INTANGIBLE ASSETS

SPECIFYING THE
EVALUATION BASIS

Principles of evaluation of intangible assets are shown
in Fig. 1.
For the valuation of intangible assets that are configured
to be used in the current or in the near future entity
activity, it may be recourse to the assumption of
continued use of the asset / evaluation in use, while for
assets that are not configured to be used in the current or
future use, it is possible to begin from the exchange value
premise and market participants willing to sell the
intangible asset [1], [7].
This sale may be:
1) orderly sale of intangible assets in the state in which it
is, active with active, after a normal market exposure,
without regard to the usefulness resulting from the
combination with other tangible or intangible assets;
2) forced sale of intangible assets, they are sold
individually (active asset) by auction sale or other form
of fast and after a short period of adequate market
exposure.
Specifying the evaluation basis is depending on: market,

1

Specifying the
measurement basis

Market value
Investment value
Usefulness value
Fair value
Liquidation value
Recovery value
Fig. 2. Specifying the evaluation basis

III. NECESSITY OF COMPANIES’ INTANGIBLE ASSETS
EVALUATION

69

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
4) identify the characteristics of intangible asset, possibly
the best use analysis;
5) valuation date;
6) assessment purposes;
7) customer and recipient of the evaluation report;
8) standard of value and valuation premise;
9) assumptions and limiting conditions.

Valuation of intangible assets is required in the
following situations [2], [5]:
1) Transactions - intangible assets are traded frequently
as independents assets. Trademarks and patents are
often sold to businesses, thus necessitating their
evaluation;
2) The accounting requirements - following the
acquisition, the buyer must record the intangible asset in
the balance sheet;
3) By associations of undertakings - often two companies
are making an association in order to operate an object
of intellectual property;
4) Licensing - the owner of the intangible asset obtain a
licence, it must be calculated the licence value in the way
to determine the amount of the license fee;
5) Financing - if the intangible asset represents a
significant share in the assets of an entity, if a credit
application, it is possible that the bank demand to
request the evaluation of patents, trademarks and
copyright in order to guarantee the loan;
6) Divorces - the division performed after a divorce is
necessary, sometimes, the patents evaluation owned by
one spouse;
7) Compensation for counterfeiting - is an increase in
disputes caused by infringement of trademarks and
patents and need assessments for determining
compensation;
8) Transactions inside the company - the transfer of
patents and trademarks, between entities of a group
requires determining the fair value thereof;
9) The tax on property - patents, trademark or copyright,
as parts of the property must be valued because they can
be donated by the owner. Because they are carrying
value, it must be known to determine taxes related to
donation;
10) Bankruptcy - are necessary assessments of
intangible assets on the premise of forced sale in order to
determine the net asset liquidation.

I. IDENTIFICATION THE EVALUATOR'S MISSION
 Identification
 The owner of
 standard of
of intangible
intangible asset;
value
asset;
 evaluation
premise;
 Ownership
 Evaluation date;
 Hypothesis
evaluated;
and limitative
 Evaluation
conditions of
purpose;
valuation;
 Customer and
recipient of the
evaluation
report;

II. OBTAINING AND ANALYZING DATA
 Intangible
 Relevant
 Offer and
asset
financial
demand
characteristics
information
 History and
 Economics
 Previous
the position of
factors which
transactions
asset at
can influence
with similar
evaluation
the intangible
intangible
moment
asset value
assets

COST

MARKET

IV. EVALUATOR'S OPINION
 Synthesis of evaluation
 Effect of assumptions and
results;
limiting conditions;
 Explaining the differences
 Presenting evaluator’s
between the results of
opinion
several assessment
methods;

IV. STAGES OF EVALUATION PROCESS
The evaluation process is a set of procedures carried
out an appraiser to determine a specific type of intangible
asset value.
In a general sense, any evaluation process involves four
steps [6]:
1) Setting problem to be solved;
2) Obtaining and analyzing data;
3) Testing and / or evaluation;
4) Drawing conclusions.
Evaluation of intangible assets is no exception in this
way, in the sense that involves steps shown in Fig. 3.
The first stage of the evaluation process is to identify the
evaluator's mission. In this first step, it sets out to solve
the problem, aiming to eliminate any ambiguity or
misunderstanding on the valuation of the intangible asset.
In general, this phase includes the following points [2]:
1) identification of the subject intangible asset valuation;
2) indication of ownership evaluated on the subject
intangible asset valuation;
3) identification of the owner of the intangible asset;

1

III. VALUE APPROACH
INCOME

Fig. 3. Evaluation process stages

The second stage of the evaluation process is the
collection and analysis of data. This stage refers to:
1) characteristics of the intangible asset;
2) history and its situation at the time of evaluation;
3) relevant financial information;
4) external economic factors that can affect the value of
the intangible asset;
5) supply and demand variables that intangible asset and
/ or products and services made by contributing analyzed
the intangible asset;
6) previous transactions with similar intangible assets
(like).
The third step is to use toolbox assessor or application of
the three approaches: cost, income and market.
The evaluation process is completed by setting the final
opinion of the evaluator. This review is the result of
professional judgment, based on previous experience in

70

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
the field, estimated to be reasonable and justified, based
on the results of the methods used in the evaluation
process [5].
To become an important intangible business assets
patents must meet several conditions such as:
1) To be applied accordingly to produce benefits;
2) The patent must be in consistence with consumer
requirements;
3) The patent creates a new market segment or develops
an existing segment;
4) Can be the subject of a transfer of rights under the
license;
5) Costs of patenting procedures at OSIM, as well as
maintaining existing ones are relatively small compared
to the benefits obtained by applying the patented
invention;
6) The subject invention / group have multiple uses
patented invention;
7) The decisions of the courts as a result of litigation
between the parties do not affect the value of the patent
determined.

dramatic decrease in 2003, to only 881 patent
applications the invention recorded.
Statement filed with OSIM patents in recent years is
shown in Table.1.
DEMAND
S FOR
PROTECTION
TITLES
Demands
of patents
Demands
for
supplementary
protection
certificate
Demands
for Utility
Model
Registratio
n applications
for TPS
Patent
applications for
plant varieties
Demands
for Trademark
Application
s for renewal of
Trademark
Application
s for registration
of geographical
indications
Application
s for designs
and models
TOTAL

V. PERFORMANCE OF SCIENTIFIC RESEARCH DUE TO THE
RECOVERY OF THE PATENTED INVENTION
Patented invention is an essential component of
applied research that takes place in academia, as a tool to
assess the scientific performance, but also an important
indicator of the level of economic development [4].
In universities, departments of their research are
conducted applicative research; their evaluation is
performed and, in terms of patented inventions
registration reflects the recognition of academic prestige
of the university.
Performance evaluation of the academic community
is made according to the following criteria:
1) The fundamental research, each teacher /
researcher reports:
a) number of books published in the country and
abroad;
b) number of publications in professional journals
with impact factor best possible;
c) number of scientific papers at national and
international events;
d) number of citations by other authors in their
publica- tions.
2) In the applied research report:
a) number of products and technologies developed;
b) number of patents registered in the country and
abroad;
c) the number of technology transfers made.
In universities, scientific articles published taking
into account innovative ideas coming from research is
done by ensuring priority to patent activity and also with
the agreement of the beneficiary research. In these cases,
the only notification of scientific work carried out
remains patent.
In recent years, in Romania the number of patent
applications registered with the State Office for
Inventions and Trademarks Bucharest increased from
1003 applications in 2000 to 1477 in 2002, marking a
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DEMANDS FOR PROTECTION TITLES
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2
1590

2
1702

2
1655

2
0371

2
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The analysis of statistical data shows the following:
1) A fluctuation of the number of CBI between 2009
and 2013, with increased compared to previous
years (2000-2003);
2) The same growth of other objects of intellectual
property, utility model registration, trademarks and
designs, etc.;
3) Not specified in this statistic how many patents
are applied in practice;
4) Not specified what value was recorded in the
accounting records related to intellectual property
transferred products.
Years ago, academic work was oriented to research
and transfer of knowledge and the interest in academics
for making inventions was highlighted by the fact that
their achievements were oriented high-tech fields.
Today, processes are more diverse research (basic
research, applied research, development of new
technologies).
In the polytechnic profile, applied research is focused
on specific specializations departments/centers of
excellence and relates to topical areas (public interest) to
be economically justified. It is envisaged develop
technical solutions, simulation manufacture, development
and testing of experimental models, ending with their
technological transfer of an undertaking.
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Among the results of scientific research, there is little
applied research based on the achievement of a patented
invention that are driven by industrial application, many
of the patents obtained in phase leaving only potential
source of technology transfer (licensing, assignment,
etc.) or as indicators of scientific track record in the
public domain [2], [3].
Scientific work is not subject to strict rules of writing
in form and contents; therefore it may, without
limitation, items that meet greater expectations on
scientific foundations, methods of experimentation /case
studies.
From the scientific point of view, the patent is as
relevant as a publication with international circulation
and from socio-economic point of view patent may be
superior to publication.
For a correct benchmarking, must be analyzed a
number of attributes (validation publication, public
dissemination, support and authority regulations, the
novelty and/or originality of the information, timeliness
of scientific information, ensuring certainty of scientific
priority, the degree of protection rights of the consistency
of writing, valorization possibilities, expenses related to
publishing, indexing).
Scientific papers submitted for publication in a
professional journal (domestic/foreign) volume of a
scientific or national/international is analyzed by a panel
of scientific reviewers - specialists in that field within an
academy/university/research institute/associations with
levels of stringency more or less stringent, in order to
validate publication.
In analyzing the work, reviewers have take into
account the degree of novelty and originality of the
information transmitted by the author revealed by the
number and frequency of citations for publications value
or prestige of the journal in which it appears.
To patent an innovative idea/novelty scientific
information, it must be described according to strict
procedures regulated by national legislation and
international conventions, the description transmitted
being analyzed, in panel, by specialists with uniform
levels of stringency and exclusively by identification the
elements of novelty and having an inventive
contribution. From the moment of decision to publish
summary description, it is made public in the Official
Bulletin of Industrial Property. After substantive
examination and verification of the claimed novelty in
relation to all public documents known worldwide and
highlighting the contribution inventive take decision to
grant a patent to be published in the Official Bulletin of
Industrial Property, and will be issued patent.
It's good as new scientific information to be recorded
for the patent first and then made public in a professional
journal or a scientific conference volume.
Degree of protection of the rights of the judicial
function is high because of patent protection in
comparison with the relatively low level of scientific
paper published by the effect of copyright.
Consistency of writing a description of the patent is
raised, as required by strict rules and require virtually

1

universal drafting net highlight (in claims) the novelty
and original contribution.
Possibility capitalization of scientific papers
published is reduced to exchange scientific prestige and
affirmation, unlike patents that can be exploited by
assignment, licensing, know-how, monopoly practices.
VI. CONCLUSIONS
Patents are the first and the most recent description of
a product/process or method and usually precede
publication.
Patent came to be ranked as a paper published in a
international journal indexed ISI, being, at this point, in
Thomson Reuters ISI database, but very little marked in
the reporting sheets of scientific activity.
Rules CNATDCU of institutional assessment research
provide patents recognized at national level and approved
patents abroad, namely those awarded, in recognition of
international prestige.
Some additional observations are:
1) ISI scientific papers are assigned as copyright
organizers, who had done such a record / library of
scientific data;
2) Order PhD disseminates research results in the early
years of doctoral training lead to the disclosure of yet
unprotected achievements;
3) Lack of clear procedures regarding "service
invention" under L83 / 2014 and European regulations
for Romanian researchers from universities, research
institutes, and those working in organizations with
foreign capital, creates confusion the rights deriving
from the exploitation of the invention.
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mechanical transmission, between two shafts with parallel
axis [1], [5], [6], [9].
The shafts are connected by a kinematical linkage with
the possibility to have translations in the transversal plane.
These translations are named transversal movements. If the
shafts are connected with joints to the basis, it will result
the associated mechanism, which is a plane mechanism, see
also Fig. 1 [1], [2], [7].
The most simple known linkages that may realise a
translation between two elements (1 and 4, in Fig. 2, with
the links 2 and 3) are the parallelogram linkage contour
(Fig. 2, a,) and, also, the anti-parallelogram linkage
contour [1], [2], [4].
For transversal couplings, is preferable to use the
parallelogram linkage contours, which led to homokinetic couplings [1], [2].
The anti-parallelogram linkage contours are quasi
homo-kinetic (in Fig. 2, b, for element 4 it appears the
supplementary angle Δβ) and could led to quasi homokinetic couplings [1], [2]. The presented coupling has
only parallelogram linkage contours.

Abstract— Mechanical structures virtual modeling, as
multibody systems with a minimal bodies number, in the real
time simulation of product dynamic behavior, is a necessity.
For a company, it saves time in product developing, reduces the
number of physical prototypes and experiments, reduces the
prices of product and increases the new developed product
quality. In the paper there are presented some aspects regarding
the modeling of a transversal coupling with linkages, as
multibody system, using ADAMS. In the paper first part, there
is presented the coupling, parts, geometry and virtual modeling.
Then are defined the geometrical and kinematical restrictions
between the coupling model parts. In the paper second part,
there are presented aspects about the simulation and the results.
In the paper final part, there are presented the conclusion.
Keywords— Transversal coupling, linkages, parallelogram
contour, multibody system, geometrical and kinematical
constraints, virtual modeling, simulation.
I. INTRODUCTION

T

HE paper presents the virtual modeling and the
kinematic simulation of a mobile transversal coupling
with linkages, as multibody system, to obtain the relative
motions in joints, using ADAMS. The relative motion in
joints is useful in further design of the coupling.

a

Fig. 1. Transversal mobile coupling structural scheme
and the associated mechanism
b
Fig. 2. Parallelogram and anti-parallelogram
linkage contours

The studied transversal coupling (Fig. 1) is a new
structural solution, developed by authors in previous
researches [4], to be used in movement and torque

1
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TABLE I
JOINTS DETAILS.

II. PARTS MODELLING
The coupling model main parts are (see also Fig.1): the
semicouplings 1 and 4, the intermediary elements 2 and 3
and the links. As secondary parts, the coupling model
contain also the spring rings. For the virtual model, all
the parts are considered as rigid bodies, with masis and
inertial properties. Each semicoupling and the
intermediary element result as composite solids after few
boolean operations with simple solids (Fig. 3, a, b, c).
The same procedure will have as result the spring rings
(Fig. 3, e). The model links will result after some simple
boolean operations with solids, as links and cylinders (
Fig. 3, d).
For all the mobile bodies, the soft calculating the
masis, the inertial tensor, and masis center position.
The fixed body (ground, 0), without mass properties, is
also created by the soft.
For studied transversal coupling model, were chosen as
main dimensional characteristics [3]:
1) input and output shaft diameter d = 32 mm;
2) the semi couplings diameter de = 60 mm;
3) diameter of the links bolts placement D = 100 mm;
4) semi couplings length l = 50 mm;
5) semi couplings flange exterior diameter De = 120
mm;
6) bolts diameter db = 8 mm;
7) flanges and intermediary element width g = 10 mm.

Joint
A
B
C, D,
E, F
C’,D’
E’,F’

I, J

L, O
M, N
B’

Adjacent body

Localization

Direction

Semi coupling 1
+ basis
Semi coupling 2
+ supplementary
cylinder
Semi coupling 1
+ links
Links +
intermediary
element
Intermediary
element +
intermediary
element
Intermediary
elements + links
Links +
semi coupling 2
Supplementary
cylinder + basis

Semi coupling
axis

// z

Semi coupling
axis

// z

Links anchorage
points

// z

Links anchorage
points

// z

Link anchorage
points

// z

Links anchorage
points
Links anchorage
points
Cylinder center

// z
// z
// y

The complete model of the coupling is presented, in
Fig. 4, a, as opened view and, in Fig. 4, b, assembled.

III. RESTRICTIONS MODELLING
For the studied transversal coupling, all the joints are
revolute joints. For each joint are detailed, in Table I, the
adjacent bodies, the localisation and direction. Also, the
spring rings are fixed on the each semicoupling bolts
using the fixed joints. The model construction was made
considering the transversal eccentricity e=0. But, as in
reality, the model has to support some different values of
the eccentricity. For this, the virtual model contain a
supplementary body (cylinder). This cylinder has a
revolute joint with the output semicoupling (B) and a
translational joint with the basis (B’).

a

a

b
b
Fig. 4. Coupling virtual model

c

d
Fig. 3. Model parts

As kinematic restrictions, the model has two motions,
as follows:
 at the input semicoupling, a rotation motion, given by
relation

e

1
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1  t ,

angle is trigonometric measured, its value is positive (Fig.
6, a); otherwise, the value is negative (Fig. 6, b) [3], [10].

(1)

where, for the studied case,  =30 degree/s was
considered;
 a translational motion between the supplementary
cylinder and the basis; this motion may have different
constant values, corresponding with the considered
eccentricity values.

y1

y2

x2

 21

x1

2

x1

1

y2

x2
2

IV. SIMULATION AND RESULTS

2

a.
b.
Fig. 6. Joint relative rotation angle measurement

After the virtual model construction, is necessary to
check the model, to identify possible errors that occurred:
invalid joints, duplicates, redundant constraints. The
degree of freedom (DOF) is calculated by the soft using
the Gruebler relation

DOF  6n  r ,

1

1
y1

In Fig. 7...11 are presented the relative motion
variation diagrams for each coupling rotation joint, for
eccentricity values starting at minimum value, e = 0 mm,
with the eccentricity step size 1 mm, to the maximum
value of the eccentricity for the studied model, e = 17
mm.

(2)

where, n represent the number of the mobile bodies,
and r is the number of the restrictions [3], [8], [9], [10].
If there are some redundant restrictions, there are
automatically deleted by the software. For complicated
virtual models, these redundant restrictions is useful to be
eliminated by the user, for a correct results interpretation.
The model will be simulated for different values of
eccentricity, from minimum eccentricity value, e = 0 mm,
to the maximum eccentricity value for the studied model,
e = 17 mm. The step size for eccentricity values is 1 mm.
After simulation, the angular velocity variation diagram
in joints A, for input semicoupling, and respectively B,
for output semicoupling, is presented in Fig. 5. In this
diagram, the angular velocity variations are the same for
both semicouplings, so, for the studied coupling, the
model is homokinetic (the condition is 1  4 , as is

Fig. 7. Relative motion in joints C, D, E, F

detailed in [1], [2], [4]).

Fig. 8. Relative motion in joints C’, D’, E’, F’

Fig. 5. Angular velocity in joints A and B

Other results of the model simulation are also the
relative motion variations in each joint, depending of the
values of eccentricity e, between the semicouplings, for
one complete rotation.
In ADAMS, the relative motion in a revolute joint (in
fact a relative rotation angle) is measured as the relative
rotation angle between two markers attached to the joint
adjacent elements, as is presented in Fig. 6. If the rotation

1

Fig. 9. Relative motion in joint I, J
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with a simplified elastic intermediary element with optimal
design; if the joints relative motion is high, to avoid
coupling parts wear, in the joints can be placed different
types of bearings, to replace the sliding friction with rolling
friction.
As future researches, the coupling virtual model is
useful also for FEM analysis.
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Fig. 10. Relative motion in joints L, O

Fig. 11. Relative motion in joints M, N

V. CONCLUSION
Following the virtual model simulation and diagrams
drawing, can be concluded that, if the coupling
eccentricity e = 0, the relative motion in joints is also
zero. The joints relative motion increase with the values
of eccentricity, and is maximum for the maximum value
of the eccentricity for the studied model, e = 17 mm.
Over this value of the maximum eccentricity, the
coupling will block itself.
The diagrams, from Fig. 7 and 8, corresponding to the
joints C, D, E, F, and, respectively C’, D’, E’, F’ are the
same variation, because the links between the bodies are
placed as parallelogram configurations, with the same
dimensions.
In the diagram from Fig. 9, corresponding to the joints
I and J, is presented a particular situation, where, for
different eccentricity values, the relative motion is zero,
because all the corresponding links between the bodies
are placed as parallelogram configurations. But, in the
real case, in these joints could appear some relative
motion, because of the real imperfections caused by the
coupling manufacturing. In this case, to simplify the
coupling construction, the adjacent intermediary elements
and the link can be replaced with an equivalent elastic
intermediary element.
The diagrams, from Fig. 10 and 11, corresponding to
the joints L and O, respectively M and N have similar
variation, because of the links parallelogram
configurations between the bodies, also with the same
dimensions.
Generally, the presented diagrams are useful for
choosing of the coupling design different construction
variants. So, for reduced relative motion in joints during
the functioning, the elements and links can be replaced

1

76

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania

THE EFFECTS OF RADIATION ON THE
EYE IN INDUSTRIAL ENVIRONMENTS
Daniela Mariana BARBU
Transilvania University from Brasov, dbarbu@unitbv.ro

Generically, electromagnetic spectrum is formed by
radio waves, microwaves, infrared, visible light, X-rays
and gamma rays. Their applications are presented in Fig.
2.

Abstract — Occupational diseases and harmful effects on
the human body industry were concerns in many scientific
papers over time. Since the vision is one of our senses
responsible for the comfort and quality of life, is very important
to know what are the factors that can lead to decreased quality
of vision, to try to prevent and, where appropriate, to
investigate and find solutions for ocular recovery. In this spirit,
present paper shows how electromagnetic radiation can
influence human vision and ocular physiopathology, to find
solutions for optimal identification of the problems and
highlight the methods for prevention and correction that the
optometrists can use in such cases. The optometric protocol
presented accentuates the important steps that the optometrist
must make them in identifying and correcting problems.
Keywords — Electromagnetic radiation, Eye protection,
Occupational diseases, Optometric protocol.
I. AN OVERVIEW ABOUT ELECTROMAGNETIC RADIATION

I

N terms of classical theory, electromagnetic radiation,
the flow of energy at the universal speed of light
through free space or through a material medium in the
form of the electric and magnetic fields that make up
electromagnetic waves such as radio waves, visible light,
and gamma rays [1]. In such a wave, time-varying
electric and magnetic fields are mutually linked with
each other at right angles and perpendicular to the
direction of motion. An electromagnetic wave is
characterized by its intensity and the frequency of the
time variation of the electric and magnetic fields [2] (Fig.
1).

Fig. 2. The electromagnetic spectrum from lowest
energy/longest wavelength (at the top) to highest
energy/shortest wavelength (at the bottom) [3]

Radio waves are a type of electromagnetic radiation
with wavelengths in the electromagnetic spectrum with
frequencies from 300 (GHz) to at least 3 (kHz). The
wavelengths are ranging from 1 (mm) to 108 (mm). Their
velocity of this waves, like all the other type form this

Fig. 1. Electromagnetic radiation [2]

1
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spectrum, is actually the speed of light. This type of
waves is made naturally by lightning or by astronomical
objects (stars) and artificially for fixed and mobile radio
communication, broadcasting, radar and other navigation
systems, communications satellites, computer networks
and other many applications. Human eye cannot receive
this kind of waves.
Microwaves are a form of electromagnetic radiation
with wavelengths ranging from 103 (mm) to maximum 1
(mm), with frequencies between 300 (MHz) at 103 (mm)
and 300 (GHz) at 1 (mm). This broadband includes UHF
and EHF (millimeter waves), and various sources use
different boundaries. In all cases, microwave includes the
entire SHF band 3-30 (GHz), or 10-100 (mm) at
minimum, with RF engineering often restricting the
range between 1 and 100 (GHz) (300 and 3 (mm)) [4].
Micro-waves are available in infrared and optical
window frequency ranges, but also have a more technical
meaning in electromagnetics and circuit theory (some
discrete resistors, capacitors, and inductors used with
lower-frequency radio waves). In techniques, distributed
circuit elements and transmission-line theory are more
useful methods for design and analysis. Microwave
technology is extensively used for point-to-point
telecommunications such as spacecraft communication
and much of the world's data, TV, and telephone
communications are transmitted long distances by
microwaves
between
ground
stations
and
communications satellites or in microwave ovens and
radar technology.
Infrared (IR) is invisible radiant energy,
electromagnetic radiation with longer wavelengths than
those of visible light, extending from the nominal red
edge of the visible spectrum at 700 (nm) with frequency
430 (THz) to 1 (mm) at 300 (GHz). Human eye can see
IR up to at least 1050 (nm) only in some experiments [5].
It is divided into three sub-ranges: IR-A, or near infrared
(from 780 to 1400 (nm)); IR-B or far infrared (1400 to
3000 (nm)); IR-C (3000 to 10000 (nm)). Most of the
thermal radiation emitted by objects near room
temperature is infrared. This type radiation is used in
industrial, scientific and medical applications: nightvision devices using active near-infrared illumination
allow people or animals to be observed without the
observer being detected in darkness, infrared astronomy
uses sensor-equipped telescopes to detect objects such as
planets, and infrared thermal-imaging cameras are used
to detect heat loss in insulated systems, to observe
changing blood flow in the skin, and to detect
overheating of electrical apparatus [6]. Other application
include:
short-ranged
wireless
communication,
spectroscopy, environmental monitoring, industrial
facility inspections, and remote temperature sensing
thermal efficiency analysis. [7]
The visible spectrum is the part of the electromagnetic
spectrum that is visible to the human eye. Radiation from
this range of wavelengths is called visible light or simply
light. A normal human eye responds to wavelengths from
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about 390 (nm) to 700 (nm) with frequency
approximately to a band of 430–790 (THz) [8]. Specific
wavelengths within the spectrum correspond to a specific
color based upon how humans typically perceive light of
that wavelength. The long wavelength end of the
spectrum corresponds to light that is perceived by
humans to be red and the short wavelength end of the
spectrum corresponds to light that is perceived to be
violet. Other colors within the spectrum include orange,
yellow, green and blue. There are only three primary
colors (red, green, blue). The remaining colors are
actually combinations of these. Depending on the health
of the eye and brain, as well as artistic sense, the human
eye can see different colors and shades thereof [8].
Ultraviolet (UV) light is an electromagnetic radiation
with a wavelength from 400 (nm) to 10 (nm). In most of
cases, this range of spectrum is not visible for human
eye, but in some cases with special medicine conditions
young people can see ultraviolet down to wavelengths of
about 310 (nm), and people with aphakia (missing lens)
can also see some UV wavelengths [5]. Insects and some
kind of birds can see in the top of the UV spectrum (near
visible light). UV radiation is naturally is present in
sunlight, and is artificially produced by electric arcs and
some special lights such as short wave ultraviolet lamps,
mercury-vapor lamps, ultraviolet lasers, plasma, tanning
lamps and black lights. Anatomical effects of UV from
the human body are greater than simple heating effects
because was scientific demonstrated that UV radiation
derive from its interactions with organic molecules (such
as human cornea and skin) [8]. The eye is most sensitive
to damage by UV in the lower band at 265–275 (nm).
The most common affections are photekeratitis, cataracts,
pteygium and pinguecula. In extreme cases retina can be
damaged (especially from exposure in artificial UV) [9].
Protective eyewear is beneficial to those exposed to
ultraviolet radiation (such as sunglasses or protection
eyeglasses) [10].
X-radiation (X-rays) is a form of electromagnetic
radiation with a wavelength in range from 0.01 (nm) to
10 (nm), corresponding to frequencies in the range
3×1016 (Hz) to 3×1019 (Hz) and energies in the range 100
(eV) to 100 (keV). Generally, X-radiation is referred to
with terms Röntgen radiation, after Wilhelm Röntgen,
who discovered them. X-rays with photon energies above
5–10 (keV) are called hard X-rays, while those with
lower energy are called soft X-rays [11]. Due to their
penetrating ability, hard X-rays are widely used to image
the inside of objects, as in medical radiography and
airport security. Other applications of X-rays include:
crystallography (including the study of the DNA),
astronomy (study of X-ray emission from celestial
objects), microscopic analysis (to produce images of very
small objects), fluorescence (X-rays are generated within
a specimen and detected), industrial radiography
(inspection of industrial parts), industrial computed
tomography
(to
produce
three-dimensional
representations of components both externally and
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According [13], in the IR-C domain of infrared, cornea
absorbs the wavelengths greater than 3000 (nm) and most
radiation with a wavelength above 1400 (nm). This
ocular layer is very important because is gateway thru the
eye. Also, the crystalline lens absorbs radiation between
900 (nm) and 1400 (nm) (IR-A) and the retina absorbs
most of the remaining infrared with a wavelength less
than 1400 (nm) (IR-A) (Fig. 4). As is the layer where the
image is formed, the retinal cells must be better protected
from harmful effects of radiation. Cataracts and retinal
burns from exposure to industrial sources (e.g. xenon
lamps, infrared lasers and metal arc inert gas welding)
are the most important problems that must be analyzed in
ocular protection and ergonomics [14].

internally), paintings and photographs, spectromicroscopy, airport security (luggage scanners), border
control truck scanners use X-rays for inspecting the
interior of trucks, X-ray cosmetics and so on [12]. X-rays
can produce burning in the human body tissues,
including eye.
Gamma radiation (gamma rays) refers to
electromagnetic radiation of an extremely high frequency
and therefore consists of high-energy photons. Gamma
rays typically have frequencies above 1019 (Hz) and
therefore have energies above 100 (keV) and
wavelengths less than 10−12 (m). Gamma rays are
ionizing radiation, and are thus very dangerous for the
human body. Natural sources of gamma rays on Earth
include gamma decay from naturally occurring
radioisotopes, and secondary radiation from atmospheric
interactions with cosmic ray particles. Also, gamma rays
can be produced by a number of astronomical processes
[4]. Gamma rays cause damage at a cellular level. They
are penetrating tissues, causing diffuse damage
throughout the body. Medical literature shows that the
low levels of gamma rays cause a stochastic health risk,
which for radiation dose assessment is defined as the
probability of cancer induction and genetic damage and
the high doses produce effects, sever acute tissue damage
that is certain to happen [9].
II. INFRARED RADIATION EFFECTS ON EYE
As is shown in [13], most of people enjoy the heating
effect of infrared from the sun, but, in the same time,
most of the industrial sources of infrared with high
temperature furnaces are harmful for the human eye,
such as in the glass and steel industries. In industrial
activities are using arc lamps, electric radiant heaters or
some type of laser (YAG or carbon dioxide laser) which
also give off infrared (Fig. 3). Evidently, IR-C is the
most dangerous for the human eye, because of the higher
wavelength, farthest from the visible spectrum (the most
safe and healthy for ocular media).

Fig. 4. Infrared radiation absorbed by the ocular tissues [13]

A. The effects of the IR on ocular structure
According [13], the most important harmful effects on
eye are:
Eyelids. The most common affections on the eyelid
range from mild reddening to third degree burns and, in
extreme cases, death of the skin, when are exposed to
very high levels of infrared delivered over a short period
of time or to low levels of infrared over a long period.
Infrared eyelid affections are hardly ever found in the
industrial applications.
Cornea. Because the cornea transmits 96% of incident
infrared in the range 700-1400 (nm), the level of damage
to occur is quite high, especially in the range of 750-990
(nm). The radiation effects on the cornea from this type
of radiation involve protein coagulation of the front and
middle layers (the epithelium and stroma). At higher
dose of IR, damage to the cornea produces immediate
pain and vascularization. Eventually, the burn can causes
ulcers, which leads to loss of transparency and
opacification.
Iris. Depending on the degrees of pigmentation, the
iris can absorbs between 53% and 98% of incident
infrared in the 750-900 (nm) range. In long exposure, the

Fig. 3. Electromagnetic spectrum that affect eye [13]

Radiations cause different changes in cellular
structure. Depending of the medical condition infrared is
absorbed by most of important ocular structure. As the
studies provided by the literature shows, the energy of
infrared radiation is lower than visible light or ultraviolet
radiation. Because the infrared radiation raises the overall
temperature in the anterior eye, the most vulnerable
tissues at this radiation are in cornea and aqueous
humour. Crystalline absorb some small part of this
radiation, vitreous another part, so the part that reach the
retina is smaller, but very important in ophthalmology.
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most common medical affections are swelling, cell death,
hyperaemia and pupillary miosis. The higher
wavelengths can cause inflammations and burns.
Lens. The crystalline transmits wavelengths higher
than (1400 nm) selected by the cornea and aqueous
humour. The most common affection is cataract, which is
associated with certain types of occupations involving
prolonged exposure to IR.
Retina. The energy radiation that is reaching the retina
is absorbed by the epithelium. Depending on some
factors (pupil size, the optical quality of the retinal
image, exposure duration, size of the retinal image,
quality of the retina), high infrared energy causes a rise
in temperature and some kind of damage. In industrial
applications, the radiant power and the exposure duration
are essential. Also, the retinal pigmentation is very
important, that is the cause that the most common
damages are burns and depigmentation.

diffusing reflection from objects or from the ground.
Direct radiation is the least important in ocular
pathology, because of the involuntary protection (people
cannot look at the sun directly). Scattered light, from the
sky and the ground, is much more important. Light
scattered in the atmosphere depends from the quality of
the air, weather and altitude. In addition, some of the
artificial sources create a potential risk to eyes.
The most common categories you will see are UVA
(long-wave UV and black light), UVB (mid-wave UV)
and UVC (shortwave UV and germicidal light) (fig. 3).
In science and industrial areas there is a lot of
application: irradiation, purification and sterilization
(UVC); medicine and cosmetics (UVA and UVB);
identifying gems (UVA and UVC); ultraviolet astronomy
(all ranges of UV); WWII airplane safety (UVA) and
pest control (UVA).
Every artificial light source emits some UVA
radiation. The main sources are incandescent lamps and
gas discharge lamps and lasers. As is described in [16],
commonly used lamps which emit significant amounts of
UVA are medium pressure and high pressure mercury
vapor lamps and xenon arc lamps, or combinations of
these with other gases. Low pressure mercury discharge
lamps (or cold quartz lamps) emit more than 90% of their
radiant output at 253-257 (nm), while medium pressure
mercury lamps, riche 365 (nm). As photochemical lamps,
these are used as sources in UV photo-biological
application. In high pressure (hot quartz lamps), these
lamps emit in 250-400 (nm) range, are used in
dermatological photobiology and phototherapy. High
pressure xenon arc lamps emit radiation in the range of
170 (nm) through infrared region. They can be used in
combination with xenon and give even more UV
emission. These are commonly used in photography,
printing and visual beacons. Fluorescent lamps are low
pressure discharge tubes where a phosphor is coated
inside the tube. When used with a glass enclosure that
transmits the UV, they are used as sunlamps, emitting
both UVA and UVB [16].
When the radiation reaches the biological cells, energy
is absorbed. The damage from UV is photochemical, the
process is not accompanied by a considerable increase in
temperature and the effects can occur after long
exposure.
The various ocular structures have a role in filtering
out harmful radiation: the cornea (epithelium) absorbs
UVC and UVB at maximum 270 (nm) and the healthy
crystalline lens absorbs UVB mostly in range of 295-315
(nm). From the ocular point of view, the major effect of
this additional UV radiation increase the risk of corneal
and conjunctival conditions (pinguecula, some type of
keratitis, pterygium), uveitis, on lens can cause cataract
or some retinal problems, like solar retinopathy and
macular degeneration [17].

B. Industrial environment
Medical studies show that workers in specialty glass
and steel industry, working at very high temperatures are
exposed to radiation up to 600 times higher. They can
develop over time cataracts and eye burns. It was shown
that in all cases of senile cataract, subjects were exposed
to IR radiation more than 10 years [15]. The explanation
would mean that the heating tissue above the normal
temperature increases the metabolic rate, which could
then lead to premature ageing and eventually at cataract,
as a result of accumulation of chemicals. According [13],
the most recent article demonstrates that there is a clear
occupational risk of developing cataract earlier as a result
of exposure to infrared radiation, but that study has not
been able to establish a correlation between the density
of opacity and the total infrared expose to radiation.
TABLE I
OCULAR SYMPTOMS IN INDUSTRIAL APPLICATIONS [13]
WaveIR sources
Symptoms
lenghts
(nm)
Sun, arc lamps,
Photophobia
400-700
flash and incand.
Problems on scotoma
lamps
Macular degeneration
Argon ion laser
Intense blue or green flash
488,
without pain or shock
514.5
Color vision problems a
scotoma
Krypton ion laser
Green, yellow or red flash
530, 586,
648
Helium neon laser Intense red flash
632.8
Ruby laser
Brilliant red flash with some
694.3
pain
Vitreous hemorrhage
Red appearance with
blindness
Dye laser
Color dependent on
Multiple
wavelength tuned
400-780

IV. SPECIAL OPTOMETRIC PROTOCOL

III. ULTRAVIOLET RADIATION EFFECTS ON EYE

The classical optometric protocol includes some steps

Sunlight reaches the eye directly thru the sky or by
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necessary to identifying the problems and solutions to
correction and prevents (Fig. 5): medical records
completion and anamnesis analysis (medical history),
optometric investigations and tests (external eye exam,
eye refraction measurements, determining visual acuity,
intraocular pressure measurement, complementary tests)
and establish the method of correction and eventually
prevention. If after investigations, optometrist identifies
or suspects any pathological condition, must recommend
an ophthalmologic medical advice.

hard lenses, intraocular lenses, goggles, shields, or
helmets that use absorptive or reflective filters to control
the undesirable radiation (Fig. 6).

Fig. 6. Principal methods to eye protection from radiation

The most important and most usual method of
protection remains the spectacle lenses. There are lens
with filtering role, absorbing or light protection. Filter
lens is characterized by selective transmission of certain
wavelengths and ability to absorb part or all parts of the
electromagnetic spectrum. Optical filters may therefore
two different roles [10]:
1) Protective role to reduce or cancel the harmfulness of
certain wavelength, and/or to attenuate the light energy
that enters the eye;
2) Stimulating role transmitting certain wavelength
selective perception to improve their central (red to put
to rest and maintain the system scotopic/photopic system
function enough to keep the central visual acuity, or
orange-yellow hue stimulating foveal neurosensory
elements and perifoveale and they are used in organic
retinian ambliopya).
Polymer lenses absorb UV more efficiently than clear
transparent ophthalmic glass. Depending of the material,
the lenses have different grade of attenuation. Most
manufacturers incorporate UV-blocking agents into
ocular devices (eyeglasses lens or contact lenses) in an
effort to reduce the hazard [13]. These absorbers need not
alter the color of the lens even that an almost perfectly
clear ophthalmic lens can still absorb almost all harmful
UV. The three main colors used are: green, brown and
gray [10]. The shade of green may be regarded as almost
universal protective average ultraviolet absorption with
the visible portion of the spectrum and a strong
absorption of infrared. The shade of gray is a remarkable
pro-defense against ultraviolet and may correspond to
aspiration inconvenience for use on snow with relatively
large visible area which contrasts mitigate risk. Brown
shade is relatively less effective in the UV, but it has an
important average absorption in the visible radiation,
which makes it useful in areas with strong intensity
without excess UV and IR - tropical countries. Photochromatic lenses are the private property of having a
variable absorption depending on the intensity of
radiation that passes reversible property indefinitely.
They can be gray or brown. The disadvantage is that the

Fig. 5. General optometric protocol
A. Investigations and problems identification
For people working in industrial environments with
electromagnetic radiation harmful, investigative protocol
should include data and additional exams:
1) Medical history. In addition to the normal data are
collected in the coming cabinet must emphasize age (it
can provide additional data related to health and its
ocular refraction), profession and work place (especially
if they work in environments polluted by IR and UV),
duration of exposure to the radiation, previous or current
symptoms (ocular or general), ocular pain, lifestyle
(leisure time exposure to radiation otherwise - computer,
TV, solar etc.).
2) Additional test and exams. First optometrist will
carefully study the anterior segment of the eye and its
annexes. It will follow stains or burns on the eyelids,
eyelashes or eyebrows, inadequate staining or yellowing
of the eyes with redness their excessive tearing or
asynchronous movement of the eyeballs. Schirmer II test
will be done to evidence the dry eye syndrome that can
be caused by exposure to radiation. Tracking the
pupillary reflex is required to identify possible disease
appeared after the work environment. In case of
dangerous radiation exposure is required to do these
additional tests: determination of intraocular pressure,
color vision testing and determination of field. On slit
lamp can see any disease of the eyelids, cornea,
conjunctiva and lens opacities.
3) Tests will evidence the issues arising from exposure to
radiation. In case of serious illness will recommend
medical specialist. If diseases are mild, it will be
recommend solutions as described below.
B. Discussions on ocular protection
A variety of means exist to protect eyes against UV, in
the form of spectacles, contact lenses, gas permeable
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colored lenses material of which they are made does not
absorb light rays evenly. This disadvantage can be
removed by using the treated lens.
Application of colored layers or antireflection is
performed in special vacuum evaporation method. The
process can be applied to all types of eyeglass lenses color treatment is carried out by submitting the same
work cycle of a color and a thin layer antireflection
coating. Eyeglasses lens glare treatment is performed by
depositing, in the same working cycle, of an
antireflection layer on both surfaces of the lens.
Absorptive lenses are useful for those working in
artificial light, for absorbing a large part of the infrared
and avoid eye fatigue. For filtering capacity optical lens
characteristic is this: the outer surface of these lenses is
glossy and reflective, and the inner surface attenuates
light rays. The outer surface of the lens is sprayed a thin
layer of silver, gold or platinum on the order of
micrometers. Depending on the thickness of the metal,
ability attenuation lens can be 25%, 50% or 75%. Metal
layers give different shades of glass lenses. For example,
if the layer is gold, lens color is green-yellow, green or
blue-green. If the layer is silver color is light blue, blueviolet or dark blue. In case of the platinum layer, the
lenses have brown-gray color.
Light protection lenses protect eye, not only by the
phenomenon of light absorption, but also by reflectance
phenomenon. These lenses have the appearance of the
mirror because the outer surface is sprayed coating with a
thickness of the order of microns. The outer surface of
lens is not transparent but reflective. There are two types
of glass with reflective surface glass one-color game (the
yellow color of the reflective glass, which is sprayed on
the surface of the cathode, nickel or silver glass obtained
by sputtering cobalt) and game-color glass (pulverized
glass nickel-cobalt). A colored lens must fulfill the
following conditions: reduce radiation intensity, avoid
fatigue and absorbs almost uniform colors and tones of
the color of the visible spectrum without major
modification of the objects and nature [10].
Industrial protective lenses are designed to protect the
eye from harmful light rays, the light too strong, dust,
acids or shrapnel. The light sources have a different
temperature, and therefore use different protection glass.
Thus, in the case of electric arc welding temperature is
about 3600 (°C), and varies depending on the electric
current. In the case of ultraviolet light, the maximum
permissible radiation ray having a wavelength of 250
(nm) was 0.041x106 (erg/cm2), and for the infrared,
irradiation is allowed to 2.2x106 (erg/cm2). The radiation
exceeding these values should be reduced with protective
glasses.
For arc welding, 10% represent UV, 30% is in visible
spectrum and 60% of the total energy released is infrared.
In the case of welding flame, the temperature is 15001800 (°C), in this case, the energy of the irradiation is
about 1/16 of the energy released in the event of
irradiation and arc welding is the maximum value for the
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wavelength of 1500 (nm). Therefore, in the case of the
weld is sufficient flame protection through a light filter,
while the arc welding requires both filter and a reflective
protection. In industry are used two types of glass:
protective glasses colorless, transparent, flat, with one or
two layers of protection or colored glass protection, flat,
with one or two coatings. Spectacles containing reflective
metallic coatings and materials that filter out IR and UV
are the ideal means.
V. CONCLUSION
As a general conclusion, the optometrist must identify,
investigate and find solutions for preventive and
corrective affections from exposure to harmful radiation
at work. He must be the first to identify occupational
diseases arising in such cases and recommend a
specialized medical consultation.
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corporations and the 1989 Laws of Transformation made
it possible for new ownership structures to appear in the
energy sector. As a result, the system of corporations of
energetics changed too. For example, gas-supply
companies left OKGT (the Hungarian Oil and Gas
Industry Trust) in 1990. In 1991 MOL Plc. (the
Hungarian Oil and Gas Industry Plc), and the Hungarian
Electricity Plc were established. At the same time, laws
related to the operation of Corporate System and of the
energy industry were passed. Mining Law, Concession
Law, Gas Law and Electricity Law were all passed. To
supervise markets regulated by the laws, the Hungarian
Office of Mining and the Hungarian Energy Office were
established.
The basic principles of the new national energy policy
had been outlined earlier based on a document submitted
to the Hungarian Parliament in the regulation of 21/1993.
They are as follows [3]:
1) To keep and increase the security of energy-supply.
To decrease one-sided import dependence and lay
down the right economic-political conditions of
diversified energy purchase.
2) To enhance energy efficiency and energy saving,
whereby the competitiveness of the market increases.
3) To create suitable economic and legal environment
so that the Hungarian energy economy can gradually
be adapted to the emerging, unified European energy
market.
4) To enforce the principle of the lowest cost in the development and operation of the energy system.
5) To enforce environmental aspects in both the energyproducing and energy-consuming systems and in future developments.
6) To normalize the situation of coal-mining while
prioritizing interests of the national economy.
Most of the principles and strategic planning listed
above have been implemented, while the rest are in progress. Laying down these basic principles, however, was
especially significant because they have provided a decisive framework for implementing our energy policy up to
the present day.
The Government was authorized by the Parliament in
Regulation 21/1993 [3] to submit a biannual report to the
Parliament on the energy-policy being implemented. The
first report of this kind was prepared for the Parliament in
1995. In the very same year the Law of Privatization and
its amendment were passed, which actually narrowed

Abstract—The change of regime in Hungary between 1989
and 1990 was an economic and social transformation at the
same time. These processes had an effect on energy consumption and thereby on energetics too. The high energy needs of
industry decreased and the structure of industry changed. Hungary had to face a one-sided and heavy energy-dependence
from the Soviet Union. Inevitably, this made establishing unified energy consumption indispensable. In this article, I aim to
examine what economic and political events have led to changes in energy policy and with all the changes what major principles have remained unchanged in the past 25 years.
Keywords—Energy policy, energetics, renewable energy
resources

I. INTRODUCTION
Before describing the details of the energy policy in
Hungary, I would like to define the concept. Energy policy is, in fact, the strategy of energy supply. It includes
imposing the overall conditions of energy supply and
energetics, providing long-term harmony between future
energy needs, and accountable energy resources, taking
into account economic boom as well as enforcing social
interests. The following factors are of key-importance in
energy-policy: consumer protection, environment protection as well as complying with international obligations
beside secure energy supply and tasks of legislation [1].
The main goal of energy policy is to enforce provision of
secure energy supply for the population and the
economy, while keeping environment pollution and
service prices at a socially acceptable level so as to meet
the justified energy needs of the country with caution [2].
The energy policy of a country and the requirements of
energy supply arising can be summarized as follows: The
energy supply needs to be safe, available for everyone,
economically viable, socially acceptable, and suitable for
environment protection.
II. A REVIEW OF THE ENERGY STRATEGY OF HUNGARY
Hungary is a country poor in natural resources so it
heavily relies on permanent and safe energy import. This
fact, basically determines now and in the future the opportunities available for the country and its energy
policy. The change of regime and its concomitant
economic transformation inevitably had an impact on the
energy sector too. The Laws of 1988 on economic
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down the possible rate of state property in the energeticscorporations. During the first phase of privatization of
the electrical-energy sector HUF 180 billion profit was
obtained out of a total of HUF 245 billion, most of which
was a result of selling electricity service-providers. The
Hungarian Electricity Works made long-term agreements
with power stations for electricity purchase contracts.
The next account was completed at the end of 1997,
which would have been submitted to the Parliament at
the beginning of 1998, had there not been elections and a
new government. A report was submitted on how the
principles of energy policy were observed in 1999, which
was passed by the Government in a regulation [4]. This
report contained relevant information about changes in
the energy sector between 1995 and 1999, as well as
analyses of events and official standpoints. A few new
principles of the energy policy detailed in the proposal
were also defined:
1) To create a home market allowing for the
competitiveness of the economy as well as the
national features in order to protect consumers’
interests, as part of the unified European market.
2) To emphasize the importance of sustainable development.
3) It is of vital importance to regulate monopolies in a
transparent way.
The information bulletin published in 2001 outlined
another two principles in addition to the earlier basic
principles:
1) Increasing the rate of renewable energy resources in
energy consumption as well as,
2) Protecting the interests of energy consumers.
The next information bulletin was made in 2005.
There were basic changes taking place in the Hungarian
national economy and in the energy sector forming part
of it. The energy needs of the economy had largely
decreased, the pollution of the environment had dropped
significantly, and the energy sector had become basically
privatized with the emergence of multiple ownership, and
the conditions of a competitive market had been laid
down both in the field of oil derivatives and pipeline
energy resources. Simultaneously, the importdependence of the country had increased and the high
rate of fossil energy remained. At the same time, the
price of oil increased on the energy market, followed by
a rise in the price of natural gas. The fact that Hungary
joined the EU in 2004 also involved changes in the
regulatory laws of energetics. The factors mentioned
above made the definition of energy policy, as part of the
economic policy indispensable.
The energy policy of 2007-2020 was determined by
the Parliament, which involves supply security, competitiveness, sustainability, and the overall long-term implementation of primary goals. At the same time, goals of
the energy policy are laid down, such as meeting the energy needs of the population in a secure, economical
way, allowing for aspects of environment protection,
while reinforcing competitiveness in the energy market,
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as well as facilitating the implementation of community
objectives defined within the framework of the European
Union.
The regulation passed on “the Energy Policy of 20072020” [5] can be regarded as a “frame-document”, a new
concept of the energy policy replacing the old 1993 Parliament regulation. The Parliament registered the following main goals in the decree of [5].
1) The strategic goal of the energy policy is to optimize
supply security, competitiveness and sustainability,
while considering long-term aspects as the overall realization of primary goals. Harmony needs to be
achieved between the Hungarian energy policy and
climate policy within the energy policy.
2) When taking on introducing measures to decrease
greenhouse gases, their influence on the energy supply security, the economy and competitiveness of
Hungary also need to be accounted for.
3) Implementing the goals of energy policy, especially
improving energy efficiency and increasing energy
saving and encouraging the use of renewable energy
resources and energy gained from waste, is to be encouraged by state subsidizing and sources made
available for Hungary by the European Union.
Special attention should be paid to environmental
effects, nature conservation as well as effects related
to food and fodder production, while encouraging the
use of renewable energy resources.
4) To ensure that a regulatory environment be formed
and developed complying with the goals of energy
policy and EU laws, one meeting the right conditions
of a competitive market while allowing for consumer
protection, supply security, technical security,
environment protection and nature conservation as
well as labour hygiene.
In the very same year, the government passed the “National Energy Efficiency Action Plan” [6], the “Strategy
of Renewable Energy Resources” [7] concept too. Increasing the rate of renewable energy resources both decreases the import dependence of Hungary and contributes to laying down conditions for sustainable development, and to implementing goals of environment protection, nature conservation and climate protection [7]. The
main goal of energy policy is to increase the rate of renewable energy use facilitating the competitiveness of
the economy in accordance with the current financial
load-bearing capacity of the country and region. It is
primarily utilizing biomass, wind energy, geothermal
energy and solar energy of the renewable energy
resources that offer excellent opportunities allowing for
the potentials of Hungary. There are significant potentials
in the use of biomass, but planning and implementation
must largely allow for all the major aspects of
environmental protection and sustainability. Special
attention must be paid to the use of biomass derived from
field and forest management as they might allow for
environment protection, nature conservation aspects of
sustainability to be considered.
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When planning the use of renewable energy resources
the following factors need to be allowed for:
1) The use of renewable energy resources is generally
more expensive that of carbohydrates. The difference
is gradually decreasing, especially when accounting
for costs of climate change, and predictable world
market price rise of oil and natural gas.
2) Renewable energy resources improve the security of
energy supply by decreasing the rate of import energy, diversifying sources of procurement, increasing
the rate of energy coming from the county regions
and creating new jobs.
3) While using renewable energy resources no (e.g.
wind energy) or only little amount of greenhouse
gases is released.
Energy policy decisions have to be made by reducing
(in the European Union and internationally) CO2 emissions and observing emissions of other pollutants. In the
sense of the Kyoto protocol, the rate of greenhouse gases
has to be reduced in Hungary by 6 % on average in 20082012 compared to the period of 1985-87. Mid-term reduction of emissions in Hungary largely depends on load
distribution agreements in the European Union.
Hungary has to define what extent of emission reduction can be achieved when accounting for the loadbearing capacity of society and the economy. Far more
radical international climate protection requirements will
have to be considered by 2030 than the current ones. To
achieve goals of climate protection both increasing energy efficiency and utilizing renewable energy will gain
ground. The goals mentioned above had to be modified
due to the world crisis of 2008-2009 as well as the new
European directives. The earlier strategy had not actually
accounted for the energy need reducing effect of the economic recession of 2008-2009. Most recent energy need
predictions forecast significantly lower energy needs for
2020 than the goals of the earlier strategy.
Considering changes in energy needs 2020 energy saving expectations were modified by the EU, thus making
them lower than goals of the earlier strategy.
The guiding principle 2009/28/EC of the European
Parliament and Council [8] suggests that the goal renewable energy value within the overall primary energy set
by 2020 be 20 %. The rate of bio fuel within all fuels
should reach 10 %. This guiding principle aiming at a
20% renewable energy rate in fact allows for potentials
and special features of the member states respectively.
This means, for example, that Hungary is expected to
reach 13% renewable energy use of the overall energy
consumption by 2020.
It is also prescribed by the guiding principle that the
member states prepare National Renewable Energy Action Plan by the end of June of 2010, to be submitted on
a unified form of the European Committee. The
schedules of the National Renewable Energy Action Plan
is to be based on the base year of 2005.
The goals of the National Renewable Energy Action
Plan voted by the Government in regulation 1076/2010
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are as follows:
The National Renewable Energy Action Plan bases on
the Renewable Energy Strategy of Hungary already
voted by the government in regulation 2148/2008 in
2008 [7]. However, allowing for significant changes that
have taken place, the global economic recession, the
economic reconstruction as well as economic
development program defined by the Hungarian
government, they rewrite and overwrite them. As a
result, Hungary does not only consider the use of
renewable energy resources an obligation, but much
rather an excellent opportunity to contribute to economic
development. In this respect, the use of renewable energy
a resources is a need and opportunity at the same time.
First, it is a fundamental need to find an answer to
problems caused by the excessive use of fossil energy
resources (such as climatic change, import dependence,
imbalance of trade balance, shortage of energy etc.)
which might be advantageous both economically and in
terms of environment protection for the country and our
society too. On the other hand, it offers an opportunity
for a structural change in the national economy, for
comprehensive production and market reforms. Accordingly, the goals of the National Renewable Energy
Action Plan are to be determined, encouraging small and
medium-sized energy producing units having rather large
job-creating capacity, more adaptable for local resources,
to produce energy at the highest possible level of
efficiency
and
achieve
long-term
sustainable
environment use.
Changes in external conditions (technological development, decreasing investment costs, direct community
resources etc.), revision of the regulatory system and its
inevitable transformation, reconsidering support systems,
and simplifying licensing processes might offer an
opportunity for this.
In harmony with the factors above, measures of the
National Renewable Energy Action Plan concern the following public tasks:
1) It is necessary to pass a new law on sustainable
energetics.
2) Transforming,
simplifying
current
support
programs and making them efficient.
3) Launching an independent (co-financed by the EU)
energetics support program.
4) All-round transformation of the compulsory system
of taking over electric energy produced from
renewable energy resources (hereinafter called
green energy).
5) Examining supporting alternatives of energy
produced from renewable energy resources.
6) Promoting more active participation in direct
community and other support programs.
7) Revision of incentives built into building energetics.
8) Revision of country planning and forming regional
energetics concepts.
9) Revision and simplification of regulatory, licensing
systems and procedures.
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10) Programs aimed at forming views, information
campaigns and elaborating (integrated information
programs).
11) Launching development programs in order to develop industries related to renewable energy use.
Launching programs aimed at disseminating second
generation bio and alternative fuels. The main goal of the
National Renewable Energy Action Plan is to produce
the greatest possible overall social profit based on the
natural, economic, social, cultural and geopolitical
potentials of Hungary. The primary goal of utilizing
renewable and alternative energy is to decrease the gas
and oil import-dependence of the country.

supply security, non-committed competitiveness and environment protection (within this climate protection).
Official Hungarian energy policy handles issues of energy saving, increasing the use of renewable energy and
nature conservation in an identical unified way.
70 % of energy resources are imported into Hungary,
and this rate is going to increase due to dwindling local
resources. The most important strategic aim of the Hungarian energy policy is to optimize supply security, competitiveness and sustainability as an overall set of goals.
Several interactions can be imagined between the three
goals above, and, in many cases their implementation
may conflict those of the others, but they may also reinforce each other. The measures taken to achieve the goals
require a special emphasis on common effects, to be able
to resolve contradictions between them and create the
greatest harmony.

III. CONCLUSION
Import has a high proportion in the energy supply of
Hungary. Local production makes up one fifth of oil
needs, one sixth of natural gas consumption and the currently available and predictable stock data make it even
more likely for this rate to decrease.
Increasing world market energy prices will continue
long term. The world market prices of energy, mainly oil
and natural gas has doubled in the past one or two years
due to a growing demand in quickly developing Asian
countries, production costs and various political events.
Increasing the security of supply requires significant investments (new sources and network capacities and security stocks), which increase the energy costs of
consumers further. Further restriction of the climate
policy, environment protection and nature conservation
may influence the operational framework of energetics.
Environment protection and decreasing pollution will
become an inevitable constraint in the next quarter century. Decisions on energetics will have to be made considering the fact that regulations of environment protection,
nature conservation and climate policy will become
stricter. Energy supply and energy use have significant
environmental effects, and a key issue of energy policy is
to moderate these effects. Regulations of
Environment protection, nature conservation and climate policy, limit values and observing laws are external
consequences of energy policy.
The Union prescribes goals in contracts, guiding principles and regulations so that the goals accepted be implemented. Executing the regulations connected with
energetics is compulsory for member states, so they need
to be integrated into goals of energy policy and means of
execution. Strategic goals of competitiveness, supply
security, and sustainability are vital, and within these
regulations related to environment protection, promoting
energy security and transparent market competition are
of special importance.
Hungary has to face the same challenges. It is a vital
interest of Hungary that the European Union can find
answers to these questions, ones that are favourable for
Hungary too. The overwhelming majority of tasks controlled by energy policy can be deduced from goals of

1
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the most important, according this theory, are the
financial, physical, human and organizational resources.
The theory of dynamic capabilities allows handling of
some deficiencies of the resource based vision of the
effects and of capabilities' evolvement.
This theory illustrates the necessity that the
company modifies the basis of its resources and
capabilities in order to be competitive and to generate
new strategies, creating value. Dynamic capabilities are
defined by Teece [3] as being the ability to build,
integrate and reconfigure internal and external
competencies in order to react to changing environments.
According to Prahalad and Hamel [4], dynamic
capabilities derive from collective learning of an
organization, especially in the relation with the
production techniques coordination and technologies
integration, based on intangible assets, especially on
organizational and technological knowledge of the
company. Also, it was stated that the development of
dynamic capabilities is determined by the learning
mechanisms as repetition, trying and error, experience, as
the same market dynamism. Although this vision is
different from the resource based theory because of
inclusion of dynamism in the model, they both show the
importance of internal resources of the business,
especially of those that are not tangible, among there is
the environmental capital of the firm.
The contribution of proactive environmental
management to competitive advantage takes the shape of
cost or differentiation [5]. The advantages based on cost
derive from the adoption of some practices that improve
the productive process [1], increasing its efficiency and
reducing the costs of inputs and waste elimination.
Decisions as that to purchase new not pollutant
technologies or considering environmental friendly
transport and distribution systems, the eco-design of
products or processes will allow the company to gain
competitive advantages that derive from cost reduction
[6]. Christmann [7] argues that a higher level of
innovation regarding the proactive limiting pollution
technologies will lead to a higher competitive advantage
derived from environmental strategies. Differentiation

Abstract— This paper is positioned in the broader context
of natural resource based theory of the firm and of theory of
dynamic capabilities. We have proposed the hypothesis that the
organizational capabilities achieved by firms through
environmental investments would lead to competitive
advantages. Then we have tested this hypothesis, through the
research method of survey, on a sample of 109 firms in the
textile Romanian industry. In this sector, environmental
management is more and more integrated in the operational
global activity of big retailers, and there is a risk that smaller
firms in the supply chain to have difficulties in fulfilling the
requests of their retailer clients. The data was analyzed by the
correlation and the regression method. The conclusions are that
the organizational capabilities achieved through environmental
investments influence positively only the competitive
advantages based on costs and on differentiation, partially
confirming our hypothesis.
Keywords— competitive advantage, environmental
investments, organizational capabilities
I. INTRODUCTION

T

HE opportunity of environmental investments
derives from the possibility to reduce the costs, to
raise the profits and the competitivity of firms. Following
this arguing path, the strategic management tackles the
issue of organizational competitivity that enhances
performance
and
supports
development.
The
competitivity is defined as the "potential of companies to
enhance their profitability on long term". The idea to
consolidate the competitivity of companies by their
environmental behaviour is structured on two theoretical
platforms: 1. the natural resource based vision of firm [1]
and the stakeholder theory [2].
The resource based vision of the firm relates the
strategic advantages of an organization to its resources,
which are characterized by their strategic importance and
by the ability of organizations to use them more
efficiently than their competitors. The sustainable
competitive advantages can be generated by resources
that offer added value to an organization, are unique,
difficult to imitate, and are not interchangeably. Among
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organizational activities, procedures and objectives.
Changes of technologies, processes, specifications,
inputs and products can stimulate the achievement of
internal capabilities and intangible assets based on
knowledge [11]. While environmental changes offer
opportunities for the company to be the first mover on a
market, the probability that firm to benefit in a
sustainable manner from this status will depend on the
development of these capabilities. A capability to
continuously generate an innovation flow offers the
company the possibility to be a step ahead of the
competitors that do not poses this capability. Hart names
this capability as being one of continuous upgrading,
which results from the organizational efforts to reduce,
minimize and eliminate waste.

advantages usually derive from the perception of clients
that the product is more valuable. In this way, the
advantages based on differentiation usually depend on
the matching of product characteristics and market needs
with the firm's ability to promote the environmental
characteristics of its products and services.
In this relation, the firm's capabilities should be
considered as a mediator variable. The importance of
superior resources and capabilities development for a
firm, based on the firm's relation with the natural
environment, is identified as a source of competitive
advantage [7], [8], [9].
II. LITERATURE REVIEW
Our study has the goal to deepen Sharma and
Vredenburg's study [9], which has established three
capabilities:

D. Competitive
management

and

environmental

The strategic model of environmental management
suggests that firm's investments in environmental
capabilities create a reduced cost structure or/and a
competitive
advantage
based
on
specialization/differentiation. Firms that adopt a strategic
perspective of environmental management have the
purpose to compete mainly by the marketing-mix
variables as the product, the distribution, the promotion.
Competitive advantages based on costs generally
derive from adopting some practices that enhance the
efficiency of productive processes, by reducing the input
costs and the waste elimination costs. Decisions as that to
procure new not pollutant technologies, considering
environmental friendly systems of transport and
distribution or the eco-design of products and processes
will allow the firm to gain competitive advantages that
derive from cost reduction.
Competitive advantages based on differentiation
derive from the perception of clients that the product is
more valuable. Thus, the differentiation advantages
usually depend on the matching of product characteristics
and the market needs with the firm's ability to promote
the environmental characteristics of its products and
services.
Competitive advantage based on operational
performance derives from a significant positive impact of
the environmental management system on the operational
performance quantified by increased quality, reduced
costs, market position, and increased chances to sell the
products on international markets, shorter delivery terms,
increased reputation, and reduction of waste in
productive processes [12].
On the basis of this comprehensive literature review,
we are proposing the next hypothesis:" The capabilities
developed by environmental investments of firms will
probably directly lead to competitive advantages for
those firms".

A. The capability to integrate stakeholders
This capability implies the ability to establish
collaboration relations based on trust with a wide variety
of stakeholders, especially those with non-economic
goals, as local communities, environmental groups,
regulation organizations etc. The integration of
stakeholders results not only from the product
management, but also from the habitats conservation
activities, resource management, waste reduction, energy
conservation.
B. The capability of organizational learning
Organizational learning is defined as the "development
of knowledge, new senses and associations between past
actions, the effectiveness of those actions and future
actions". Learning in organizations is described as the
successful adaptation of that organization that evolves in
a rapid changes environment with behavioral results
based on common ideology and understanding of
changes that occur.
Changes in business environment that motivate
exploring new alternative organizational procedures,
technologies, environments and objectives can lead high
level learning. This involves development of new
interpretations of new or existing information, as a result
of the development of new senses for surrounding events
[10] .This type of learning characterizes organizational
change in conditions of ambiguity and uncertain
information.
The strategies that an organization can adopt in order
to face these ambiguities and lack of information will
create a context for the interpretation of these aspects and
for decision making, thus leading to the capability of
organizational learning. In this way, the environmental
strategies can lead to different ways of learning and
creating knowledge on the interface business/natural
environment for every company.

III. TESTING OF THE HYPOTHESIS

C. The capability of continuous innovation

We have tested this hypothesis using the survey
method. The textile industry was chosen to test our

The learning processes, determined by responsivity
environmental strategies, lead to changes in

1

advantages
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c) lower costs of conforming with the existing
legislation;
d) lower financing costs.
2) The second dependent variable is the advantage based
on differentiation. A strategy of differentiation allows a
company to create a unique product, which clients
perceive to be different or distinctive in a certain way
that is important to them. Thus the company is able to
practice a premium price for its products and services.
These advantages can be achieved by differentiating the
products (if the products are green) or by an enhanced
firm reputation. The products that are manufactured with
sustainable processes and also the products that
themselves are labeled as being green can be considered
unique and different by the consumers. This aspect leads
to incomes beyond average for those companies
Researchers in management asserted that higher
income could compensate growing costs caused by an
enhanced environmental performance. Environmental
certifications offer a new manner of differentiation for
the consumers. The items that compose the construct
"competitive advantage through differentiation" in our
study are:
a) the ability to justify a premium price for our products;
b) the bigger loyalty of our clients;
c) the raised ability to enter new markets;
d) more potential sources of income.
The measure of the construct was calculated as the
average of individual items' scores.
3) The third dependent variable that represents the
competitive advantage is the operational performance.
Firms that use a formal environmental management
system perceive increased positive impacts on many
dimensions of operational performance than the firms
that did not certified their system. The items that
compose this construct in our study are:
a) increased productivity;
b) higher employees' moral;
c) optimization of supply chain;
d) enhanced reputation of the company and higher
negotiation power;
e) lower financial and operational risk.

hypothesis because it is characterized by a competitive
environment that exerts pressures to lower the prices, by
shorter and shorter life cycles of products, by a
fragmented and globalized production process and by a
demand dominated by consumers and supply chains
dominated by buyers.
This sector has also become the center of attention in
the issue of sustainable development, and the demand for
apparel based on ethical activities is increasing.
We have received answers from 109 managers from
the textile romanian firms.
A. Measuring of capabilities
The resource based vision of the firm can be
completed by adding a direct link between the
investments of the firm Hart type resources domains and
the development of some firm specific environmental
capabilities: the capability of organizational learning, the
integration of stakeholders and the capacity to innovate.
The constucts used in our study are:
1) The capability to integrate stakeholders, which is
calculated as the score obtained by one item: the measure
in which the firm is capable of colaborating with
stakeholders in order to find solutions to environmental
problems.
2) The capability to learn, calculated as the average
scores obtained by two items:
a) the measure in which the firm is capable to act before
another firms in its sector;
b) the measure in which the firm is able to find
opportunities in the changes of environmental regulation.
3) The capability to innovate, calculated as the average
scores obtained by the next two items:
a) the measure in which the firm is capable to innovate
and to continuously enhance its operational activity at the
same time with environmental impact reduction;
b) the measure in which the firm has the ability to
continuously improve its processes, products and
systems.
B. Measuring of competitive advantages
The first dependent variable in our study is a
subjective estimation of the competitive advantages
based on costs that result from the environmental strategy
of every firm, compared to its main competitors. This
measure is preferable instead of financial performance
indicators and cost reduction estimations from
environmental practices because many factors from
outside the environmental strategy of a firm affect its
financial performance. In order to isolate the effect of
environmental strategy on the competitivity, we have
developed a measure that surprises more narrowly the
effect of this strategy on cost advantages than a standard
measure of financial performance.
1) The construct competitive advantage based on costs is
composed of several items. Its score was calculated as an
average of scores obtained by the items that form the
construct:
a) a more efficient using of resources;
b) lower processing/production costs;

1

IV. THE RESULTS OF DATA ANALYSIS
In order to determine the influence of the independent
variables (the organizational capabilities) on the
dependent variables (the competitive advantages) we
have calculated the correlation coefficients between the
two types of variables and then we have performed a
multiple linear regression analysis. Table I presents the
correlation coefficients between the analyzed variables.
According to the data in the table, it can be noticed the
existence of a weak positive relation between the
components of the variable Organizational capabilities
and the variables that compose the Competitive
advantages, except for the variable Competitive
advantages based on operational performance, which is
not correlated with any of the capabilities.
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TABLE I
THE CORRELATION COEFFICIENTS

Correlations

Competitive
advantages
based on costs

R
Capability to
.270*
integrate
stakeholders
Capability of
.272*
learning
Capability to
.309*
innovate
**- level of trust 99%
* - level of trust 95%

R2
7.9%

R
.332**

R2
9.8%

Competitive
advantages
based on
operational
performance
R
R2
-

6.9%

.324**

10%

.197*

3.4%

9.6%

.365**

10.9
%

-

-

Competitive
advantages
based on
differentiation

weaker, influence on competitive advantages based on
costs and on differentiation.
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The trend line in the scatter diagram shows a linear
relationship between the variables, justifying the choice
of the linear regression for the estimation of mathematic
model that describes the relation between the
independent and the dependent variables.
We have used the multiple linear regressions with the
SPSS software, a stepwise method, in order to eliminate
the variables that have not an important influence on the
dependent variable.
The model that describes the relation between the
independent variables Capabilities and the dependent
variable Competitive advantage based on costs is
statistically significant and is represented by the
equation:
Competitive advantage based on costs = 1.265 +
0.216* capability to innovate
The capability to innovate appears to have the highest
influence of all the independent variables on the
competitive advantage based on costs.
The model that describes the relation between
independent variables Organizational capabilities and
the dependent variable Competitive advantage based on
differentiation is statistically significant and is
represented by the equation:
Competitive advantage based on differentiation =
0.862 + 0.304* capability to innovate
It appears that the Capability to innovate influences
the most the dependent variable Competitive advantage
based on differentiation.
The regression analyze had no result for the relation
between the independent variables and the dependent
variable Competitive advantage based on operational
performance, confirming the results of correlation
analysis.
V. CONCLUSIONS
The innovation capability appears to be the common
significant predictor of the competitive advantages based
on cost reduction and on differentiation. The competitive
advantages based on operational performance are not
influenced by any of the capabilities created in a
company
through
environmental
investments.
Nevertheless, the correlation analysis shows the fact that
the capability to integrate stakeholders, respectively the
capability of continuous learning, have a positive, but
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the extent of the territory served, number of inhabitants,
transport demand and the specially volume variation in
time and space.
By the urban passenger transport we achieve a
reduction in lost time for moving to time for rest,
relaxation, self-training, children's education, business
and political concerns [2] - [4].
Lack of transport system reliability affects the travelers
by additional increasing of the waiting time early or late
arriving at destination, lost of the links [3].
The aim of this paper is the analyze of reliability
indicators for public transport system of Sibiu city,
specially one of the most crowded route.

Abstract—The aim of this paper is the analyze of reliability
indicators for public transport system of Sibiu city, specially
one of the most crowded route. The approach is applied to the
real task of the reliability estimation for Sibiu city public
transport route. This way, the assessment of public transport
benefits will be substantially improved.

Keywords— urban public transport, reliability, passenger
waiting time

I. INTRODUCTION

T

HE current passenger transport has become an
element of human life standard, offering everyone
the opportunity to travel, communication, perception,
assimilation etc.
This transport activity has come to account for 10% of
EU GDP, namely 4.5% in Romania. In the context of the
development of urban area, passenger transport plays a
vital role because it contributes to the transport demand
rhythmically, safely and with an appropriate degree of
comfort. Parallel to these positive aspects it has also
negative aspects:
1) Traffic jams;
2) The time lost in traffic jams;
3) Environmental pollution by exhaust gases;
4) Noise etc.
Ensuring a quality public transport has become a
priority issue because of traffic congestion in big cities
because of the increasing number of cars. Using public
transport instead of private cars would solve both traffic
congestion and negative issues derived from it: pollution,
congestion, stress, delays, etc..
Increase of economic efficiency in transport activity
must be conducted through the rational use of vehicles
and high problem - solving and programming
modernizing transport capabilities [1]. For this it is
necessary to know the transport demand, to determine the
most economical routes and deploy vehicles depending
on the size of passenger flow distribution by developing
so-called free programs that meet the demands of the
route. Urban transport, in particular, its main component,
public transport of passengers, must be viewed in the
context of the overall development of the city, its
political and social cultural importance, determined by

1

II. RELIABILITY OF URBAN PUBLIC TRANSPORT IN SIBIU
A. Factors affecting the reliability
Reliability of a transportation system depends on a
number of factors such as traffic volume carried by a
bus/day trip, transfer time, waiting time, transport
network density, coefficient of agglomeration [5] - [6].
Thus,
1) Traffic volume (number of passengers carried is given
by:
Q zi 
Qi
(1)



where:
Qzi - the amount of traffic carried by a car per day
2) Journey time is determined by: position stations,
service frequency influencing waiting times, traffic
characteristics, the system of payment of the journey, etc.
3) Waiting and transfer times are delaying trip.
Passengers value the waiting time for urban transit
almost twice the in-vehicle time, [7] - [8].

RWis  AWTis  SWTis

(2)

where:
AWT- Actual wait time
SWT -Average scheduled wait time
High waiting times in a public transport network is
highly likely to affect the patronage and is therefore an
important factor to focus on.
4) Average length of travel
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Pzi  Q  l medcalatori/km

The selection of the route was made on three criteria:
1) Frequent service having headways of less than 10
minutes: in cases of frequent service, the average wait
time is half the headway as passengers arrive randomly at
the bus stop.
2) Availability of secondary information: the collects
data on bus arrival times at the bus stops with their onboard GPS-based own vehicle tracking system.
To analyze the reliability of passenger transport in
Sibiu with students of transport and traffic engineering
specialization I picked the number of passengers per day
on 22 routes, comprising 215 stations, obtaining data in
Table I.

(3)

B. Reliability analyze at S.C. Tursib S.A.
Concerning for introducing means of transport in the
city of Sibiu, dates back to 1893, when they started
official talks in this direction. SC TURSIB S.A. - Is local
public transport company from Sibiu, founded in 1993
whose sole shareholder is the City Council Sibiu, is also
a member of the UITP (International Union of Public
Transport).
According to the company's mission Tursib SWOT
analysis as public transport provider, is to meet customer
requirements and apply attractive prices as they yield
based on respect and loyalty of customers.
The company currently Tursib serves a population of
approximately 200,000 inhabitants divided into five
zones, a figure in which we find both permanent
residents as well as those in transit (students, tourists,
etc.), with a daily average of more than 95.000
passengers, Fig.1.

Route/
Day
A1

8,560

9,573

9,529

9,551

8,612

A2

9,392

9,465

9,449

9,469

9,494

A5

6,811

6,551

6,719

6,688

6,896

A10

4,833

4,815

4,802

4,703

4,810

A11

9,831

10,374

9,573

9,487

10,199

A12

7,227

7,406

7,306

7,962

7,997

A13

4,684

4,882

4,884

5,147

5,967

A14

4,684

4,882

4,884

5,147

3,967

A15

3,537

3,719

3,719

3,790

3,600

A16
A17

6,329
7,576

6,454
7,478

6,667
7,306

6,964
7,220

6,635
7,890

A18

2,016

2,044

2,070

2,070

2,022

20000

A111

1,948

1,974

1,954

1,980

1,905

0

A112

1,467

1,503

1,437

1,510

1,525

A113

1,639

1,679

1,690

1,602

1,551

A114

1,489

1,604

1,565

1,645

1,543

A115

1,869

1,871

1,941

1,974

1,956

A116

1,314

1,339

1,333

1,393

1,389

A117

1,482

1,599

1,569

1,585

1,660

A118

1,293

1,251

1,199

1,224

1,267

Total passenger for each area

No passenger

TABLE I
TOTAL TRAVELERS PER DAY
Monday
Tuesday
Wednesday
Thersday

140000

come in

120000

come down

100000
80000
60000
40000

zone 1

zone 2

zone 3

zone 4

zone 5

Fig. 1 Total traffic areas Sibiu, Monday - Sunday range

In Tursib society is performing a transport network
mesh to a single tariff for the whole distance and
transport activity is spread fairly evenly developed area.
In exchange for transport optimization measure was
concentration transport services to large centers of
economic development of Sibiu.
Due to the managerial decisions and implemented on
the ground there is a doubling of the number of
passengers over the last 5 years, compared with an
increase of only 1 million kilometers traveled routes,
with passenger growth index / km by 84% .
The five areas are crossed daily by a total of 22 races
of which 2 are tourist routes, route 22 between Sibiu and
Păltinis and route 23 between Sibiu and Răşinari, so
demand for transport is influenced by the number of
buses or the number of kilometers performed daily route.
It is closely related to what differentiates demand,
transport, technology and infrastructure.
For an in-depth analysis and evaluation of reliability of
bus services in Sibiu, it was decided to take up one
service as the test route.

1

Friday

The data sources for the model are as follows:
1) The results of traffic flow survey, which has been
conducted in 10 - 15 november 2014 between 7:00 and
9:30 at workdays (morning peak hours), between 16:30
and 17: 30 (afternoon peak hours);
2) Public transport routes and schedule;
3) Entry time in roundabouts;
4) Parking places and their capacity.
After the collected data there were established the
stations serving mostof the routes. These are: Mc.
Donalds and Simerom stations with 10 routes, also we
have 3 stations serving eight routes.
They are: the Theatre, Nufarul and Lidl Alba Iulia. A
double number serving seven routes: Alba Iulia station,
Muzeu, Parcul tineretului, Polsib 1 Simerom, County
Hospital. Serving a large number of routes some stations
have a flow of over 5500 travelers from Monday to
Friday, Fig.2.
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Since A11 route serving West Platform is one of the
busiest routes in the city reliability of this route was
examined.
This route stretches along Boulevard and Highway V.
Milea and Alba Iulia streets that are crossed by a large
number of vehicles.
The streets served by route, passing through the center
of Sibiu, a situation that leads to heavy traffic they
intersect the majority arteries often resulting in traffic
jams.
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Top stations over 5500 passenger traffic
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Fig.2 Top stations over 5500 passenger traffic

The daily average passenger, period: Monday - Friday

Average passenger

7.373
5.769
4.707
4.142

3.835

6.729

5.919

4.880

4.604

4.189

3.975

3.527
2.709
2.074
1.386

1.246

1.744

1.195
467
2

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Hour

Fig. 3 Average daily passengers every hour from Monday to Friday

At the requirements of passengers there was a
deviation of the route to facilitate access to jobs. It
created a reconfigured route, creating one-way streets,
and subsequently went to the creation of new streets for
this route, by the Municipality of Sibiu.
The average number of passengers on this route can be
seen in Fig. 3 with the 2 peak hours. To assess the
reliability of public transport system in Sibiu we took into
account the indicators in table II. They are the ones who
minuses and pluses highlighted transport activity evaluated.

follows:
1) The volume of passengers
According (1) the number of passengers carried on the
route A11 is Qzi  176 *12.5  2200 bus/day, and for all
buses Q zi  176 * 50  8800.
2) Travel Time
The reliability of travel duration was calculated for the
entire route of the bus A11, and the results are shown in
table III.
TABLE III
TRAVEL TIME RELIABILITY MEASURES
Route section
Average
Standard
Travel time
travel
Deviation
reliability
time (mins)
(mins)

TABLE II
BASIC INDICATORS OF PASSENGER TRANSPORT SIBIU
(SOURCE TURSIB SA)
Indicators
Buses
33.002.831
The annual volume of transportations
(million passengers)
22
Route number, units
91
Park transport units in inventory units
72
The number of units of transport routes, units
79,12 %
Coefficient of use of the park, to units in
operation
1,90
Safety travel Acc / 1mln passengers
3.54
Number of passengers transported per
square bus, step / sqm per day
5,6
Cost/ km (lei/km)
8.882
Nominal capacity, travelers
0,7
Cost/ 1 nomin pas. *km

Cedonia
Complex luptei
Moldoveanu
Politie
A. Saguna
Mol
Polsib 2
Mc donald's
Turnisor
Ambient 1
Simpa 2
Aeroport 2
SNR Rulmenti
SC Continental

On the basis of these parameters were calculated as

1

0
2
2.5
3
5.27
7.5
3
2.34
1.5
3.20
1.45
2
4.20
2.3

1.60
0.20
0.14
0.49
2.10
3.67
0.49
0.028
0.56
0.63
0.91
1.27
1.34

3.63
2.72
3.15
5.77
9.61
6.68
2.84
1.53
3.77
2.09
2.92
5.48
3.65

The standard deviations in travel times are high, and
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the result travel time reliability measures low, on route
sections A11 to Cedonia and from Continental to the bus
station, indicating that the measure is capable of
depicting the observed problem areas.
3) Passenger wait time
The last reliability measure calculated was the excess
wait time. The average wait time for boarding a frequent
service is half the headway; in the case of Route A11, it

was 2.52 min.
The actual wait time of passengers were derived from
the model outputs on total passenger waiting time and the
number of waiting passengers. The expected wait time of
3 minutes was subtracted from this to get the excess wait
time for each service at each bus stop.
4) The average length of a passenger traveling on the
A11 route according to (3) is 3.7 Km.

Waiting time for passengers
7
6

Time in minute

5
4
3
2
1
0
Cedonia

Complex Luptei

Moldoveanu

Politie

A. Saguna

Mol

Polsib 2

Mc donald's

T urnisor

Ambient 1

Simpa 2

IOMCOOP

Aeroport 2

Bricomat

RAR

SNR Rulmenti

SC Continental

Fig. 4. Wait time of passengers for different station

The excess wait time for the individual services are
shown in Fig. 4. When the (actual) headways were over 4
minutes, the excess wait time increases with increasing
headway. The highest excess wait time was observed on
the 07:30 service which had an actual headway of 20
minutes.
To make this route reliable and reduce waiting times in
stations, 2 more buses were introduced between the hours
07.15-9.10 AM and 14.30-16.30 PM, because the first
interval is passenger flow by moving to jobs, and the
second interval is largely return to their point of origin or
moving purposes other than professional.

Sibiu and in particular quality its should be a daily practice.
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flaring compared to the healthy sportmen with the
injured ones. The „new-timer’s pace of work is
heightened and because of that their stressfull life was
compensated by sport, that it is provied different type
of activity and active relaxation (3). The concept of the
competence added to the common knowledge about
one and a half decade ago and it used to describe the
human actions. Although more or less the concept of
competence was drwaned earier but we can not found
real definitionin in special literature which is write
down it, considering every aspect of the concept. Since
there is not accepted and concrete definition they
accept a definition the most widely from 1996 from J.
Coolahan who was the adviser of the Europian Council
for many years. „Competence and competencies should
be regarded as the general capability based on
knowledge, experience, values, dispositions which a
person has developed through engagement with
educational practices”.
The measurement of the competence was used in
general area such as in education or human resources.
In these days the sport has become very important, this
is the reason why I decided that I will carry out my
researches among sportmen. Performance of sportmen
are mightily depends on their physical and mental
condition. The achievement motivation is shows up
how the athlete is fulfil and relating in the race
condition and how they react in these situation that is
we constructing an image about the person who is
filling the test how is he motvated by the fact that to
show and prove his abilities for the other people ensure
that he performs his tasks in the best way and he makes
it in a hard way. Frequently encounted this raising what
is can motivate and lead sportmen to comply with the
coach’s expectations or their high expectations or
rather claims which they set for theirselves. Many
times we can experience that the students are not
sufficiently motivated. This could make a big problem
because athletes work well with their coach because
they achieve their success with this collaboration. At
the same time we need complex motivation and
improving the performance because every sportsmen
are different. Between different athletes can be
different motivation technic which we use to create
measurable results during the joint work. We know
several types of competence. So we can make
differences between cognitive, personal and social
skills.
For athletes measuring the personal competences is
very important such as problem solving abilities,
predominancy abilities and the moving competence,

Abstract—My research focuses on mesasuring the
athletes’ skills inclouding the injured athletes’ too. Present
paper focuses on monotony, tolerance, performance and the
state anxiety in performance situations. It is important to
examine these beacuse for sportmen the most outstanding
area which causing anxiety situations is the competitions
participation. During my research I would like to draw a
paralell between sportmen competence and their
performance, what encourages and motivete them to achieve
success. Presently more than hundred of thousand of students
are studing in highre education in different training areas.
Population performance depends on the next generation’s
bearing capacity, health, vitality and life-style. Sport and PE
to become a stong programme in higher education
maintanace and shaping is essential.

Keywords—sport, athlete, competencie Vienna Test
System

I. ATHLETIC SKILLS
Nowadays, almost all kind of sport are available for
all ages. It can be used for mental health preservation,
to preserve our life quality and in education too. It can
be done as hobby or as employment. Sport can be
incorporated into our life directly or inderctly. Sport is
compulsory part of our life-style which can incorporate
not just rarely into our life althought it could
incorporate by our daily routine. Nowadays we can
move around as much and in such a way that it
becomes indispensable for our health. We can achieve
the organism balance by regular exercise and sports.
Thus it can be said the regular exercises can improve
our living standard and it is beneficial effect on our
health. We can conlclude that, sport is an essential part
of our life so we have to supported it’s development
and evolution, because it could be an appropriate tool
which can eliminate the negative images from our
society. For physical or mental disabilities moving
have positive benefits because it helps for these people
to point at their inherent strength and maping on it so it
can be used by rehabilitation. Next to improving the
health of people sport has a cultural aim. This aim is to
create euphoria and good quality of life. Sport has a
social function which has strong potential in
connection with other countries (1). We can greatly
feel on the price which we spend for health insurance
which come from the eveloved of the lack of
movements (2).
Of course physical activity is not concerned only the
healthy people, it is conserned for injured and mobilityimpaired sportmen too. In case of adequate and
professional employment the role of sports activities is
1
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therefore the manual skills, soft motoring skills, coordination skills, balance capability and fission
process.

position is changed or rather we can set off with other
activities. For universities accountability and the
method of performance can be different so other and
other students have different liabilities. The statement
from the public education which was said by
researchers that is true in higher education also
sithence the formulated educational materials in PE are
not crossing the students’ and the Europian Union’s
needs which key competences was jointly formulated
by them. The deficit in movement was formated by the
consequences of this and we can feel it widely in the
money what we spend for health insurance (8). The
movement material of the physical education the
meaning of the new scientific researches’ lines are the
most useful educational activities, so we have to
develop together the moving and cognitive
development complexes because by means of this the
rising generation can solving more and more against
requirements which was set up for them (9). Of course
physical activity is not concerned only the healthy
people, it is conserned for injured and mobilityimpaired sportmen also. In case of adequate and
professional employment the role of the sports
activities is flaring compared to the healthy sportmen
with the injured sportmen.

II. THE IMPORTANCE OF THE SPORTS IN OUR
LIVES
Nowadays sports are available for every age-groupe.
We can use it in mental health saving, in quality of life
saving and in education. . It can be done as hobby or as
employment. Sport can incorporates into our life
directly or inderctly way. Sport is compulsory part of
our life-style which can incorporate not just rarely into
our life althought it could incorporate by our daily
routine. Nowadays we can move around as much and
in such a way that it becomes indispensable for our
health. The balance of our organization we can
strengthen by regular exercise and sports. Thus it can
be said the regular exercises can improve our living
standard and it is beneficial effect on our health.
According to th European Sport Charta "Sport" means
all forms of physical activity which, through casual or
organised participation, aim at expressing or improving
physical fitness and mental well-being, forming social
relationships or obtaining results in competition at all
levels.” If our society is in a good shape we are just in
this case able to work properly. We can conlclude,
sport is an essential part of our life so we have to
supports it’s development and evolution, because it
could be the appropriate instrument which can
eliminate the negative images in our society. For
physical or mental disabilities moving have positive
benefits because it helps for these people to point at
their inherent strength and maping on it so it can be
used by rehabilitation. Next to improving the health of
people sport has a cultural aim. This aim is create
euphoria and good quality of life. Sport has a social
function which has strong potential in connection with
other countries (4). In society, education and media we
are put on great emphasis for the healthy lifestyle,
sporty exterior and for the importance of the healthy
conscious lifestyle althought the number of people who
regularly do sports are increase lower. This searching
which was made by HÖOK in reference to students it
is shows really good that: half of the sudents was done
sports in high school, just the 37 percent of the students
doing sports when they started their university studies
(5). PE is being lost ground from the university
curicullum. Students who wants to do professional
sports they do not have any chance to do it in the
university or they can not harmonize it with their study
obligations (6). For this there is a good sample from the
USA where the sport has paramount importance
colorspace of the academic life. The main aim of the
institutions to sponsor the different type of moving
next to transfering the different knowledges (7).
Physical training is not obbligatory so the sport’s

1

III. EQUIPMENT OF RESEARCH
There is a question which was ariesd within us, this
question is what are we capable for and how we worth
for the labour market. Vienna Test System helps us in
these question. This is a market leader psychologi
measuring test system which was implemented by the
austrian Schuhfried. He has been dealing with
computer psichometry, trainings and rehablylitations
since 1947. Innovativeness and flexibility of the
Vienna Test System is fitting for the severe quality
requirements in all over the world or rather is can gives
datas which was not given by the paper-and-pencilbased tests. Work-eligibility and psychological
evaluation-system which was based on computer
system is abel to measure physical and mental
manpower. We can use the test system in easy way and
we can personalize it for the person who was testing by
us. In every test there is a parcticing phase where the
candidate can knows every information which
nessecary for filling the test, thanks for this the person
knows the test during the measuring. A further
advantage may be mentioned that sort by the adaptive
testing we can adjust the difficulty of the task for the
answers of the candidate so if the person does not
perform well and if he find the tasks very difficulty
than this testing system is end generating the stress
situation, because of that function the test abel to give
us relevant and accurate results for the person. Vienna
Test System’s reports are inclouding the results in
numerical, grafical and a few pages of text. More
advantages of the tests is that it gives us objecitve
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results, rating doesn’t depends on subjecitve
impressions and in case of a large nuber of candidate
we can ended the selection process quickly because the
result of the work psychology measurement we can get
immediately after the test. With Vienna Test System
you are abel to measure a nuber of competences
whether it’s problem solving (logical skills, planning),
result-orientation or setting of objectives (aspiration
level, performance motivation, confidence, optimism,
ambition). Moreover it is abelt to measure the decisionmaking skills (decision making ability, decision-maing
style, competence) and the individual’s level of
assertiveness (communication activity), the cooperation
skills, supporting communication, temamwork,
empathy and how they focused on the problem (in
frustration situation). Mapping those competencies are
very important in numerous work because of that we
have to measure again the candidate’s strength and we
have to measure what type of sports that athletes are
doing. Vienna Test System is allow to measure
dimensions what we can not measure with paper-andpencil-based tests. This system gives us help in
different levels. We can find several tests in one
system, which gives us informations about the
candidate’s cognitive abilities and pointing on his
strength and weakness which connecting to his
personality so it is flashing on that situations where
sportmen can perform well or less well. We can review
the tests’ results immediately, exaclty and easy we can
export them to different statistics processing for
example we can representing the measured results in
Microsoft Excel charts. We can found the the results of
the candidates in a database so we can compare the
new measures’ results with the earlier cognitive
product. The standardized test recording is fully
exclude the subjective factors which depends on the
person who conducts the tests. During we use adaptive
tests the difficulty of the task (for example intelligency
tests) is aligned with the level of the candidate’s
answer’s results so we can get more reliable results
from the abilities of the candidate. The flexible norm
choice was given for us so we can choose different
norm groupe from the Vienna Test System and we
have a choice to compare the candidates’ results for
example candidates in the same sex and age or we can
compare sportmen who do differents sports or we can
compare sportmen who have the same injuries. The
location of the competence measurement is will be the
University of Debrecen Faculty of Engineering in the
laboratory of management. In the lab there will be a
suspension system which will helps for me in my
research in the rehabilitation of the injured and not
injured athletes and there also will be happened their
re-enforce. The suspension system gives us a
revolutionary new opportunity in the are of
rehabilitation. Among other things in elite athletes
preparing we can solving motion problems and we can
improving the muscles. It is speeds up muscles

1

development, stabilizing joints and the muscles’
maintanance, strengthener during handling injuries.
With this system we can implementing a drilling
ground in 3D equally in sport and kinestherapy

Fig. 1 Rehabilitation suspension system

Application areas: after musculoskeletal injury, after
surgery, rehabilitation after brain haemorrhage on other
injuries, back pain, in case of vertebral disk injuries or
detachment or developing with special exercises the
elite athletes’ abilities. Not only the measurement of
the competence happening in laboratory but also the
suspension system’s develpoment to make the recovery
of the sportmens faster and effective.

IV. PLANNED RESEARCH
The performance of the athletic is very complex and
broad therm which is incloud several coherest
components. Such as environmental stimuli,
organizational conditions, competitions participation
and achieved results. Every athletes were motivated by
something to be better and better in a championship or
during preparation. There is a definition for te
motivation which according to gives enegry for the
sportmen, directing the behaviour and keeps on the
standing to achieve the amition. I would like to
analysing several competence with Vienna Test System
among helthy and injured athletes. Hereinafter I would
like to show you the competences which axamination
shall cover.
Situational Personality Inventory (IPS), during
this test we have to assassed behaviors and experiences
which is typically found in our everyday life. Three
broad areas are affected: social and communication
behavior and the behavior which referrible with
performance, health and regeneration. In this way
sportmen mainly in terms of injured sportmen’s
rehabilitation time we can estimate that how much time
they can be recovery.
Peripheral perception test (PP), the good visual
cognition is necessary during several activity – such as
car driving- where people work with machines. A
driver is get the 90% of the processable informations
through visual chanels. The driving visual aspects of
titerature, the peripherial visual perception often three
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theme related: speed estimation, vehicle treatment
(pheripherial displacement of the object in the
roadway, the motor examination environment ( objects
and events detection). But not just drivers can be
scanned, it is also possible to utilize athletes because
during a competition they need large-scale
concentration, they needs attention for partners or what
sport does he playing for example in ball games one
pass of the games among soccer players.
Two hand coordination (2HAND), Jung (1976)
was made a definition of sensomotors skills like a
sensor input (stimuli) and a coordination between the
motoric answer. After Welford (1969)we can say that
every sensormotor accident there is a cognitive aspect
also. This test is abel to testing vizoumotors (handeyes, eyes-hand) coordinations. This examines two
aspect of the abilities: seizomotoris coordinations
between eyes and hands as well as the coordination of
the right and the left hands. An important information
is that the person who filling the test how can control
his movement.
Motivational net test (MMG) is capable for testing
three motive – social demand, power requirement and
conrol demand. During the test filling images are
displayed which are display scenerios which activate
the examined motifs, next to images from qestionnaries
there are a review of well-known statement int he form
of displyed answers. Ont he images the tess filler
alwasy see more players, he has to choose one of them
whome he can identify with and according to this
„play” he has to decide that can he valid to judge or
not.. The test does not allow to even a statement is
skipped. The test is 18 images and corresponding
claims include. The first picture is a warm up phase
and these answers are not accessed by the system. The
performance motivation showing up the attitude for
the performing and competitive situations so we can
get an idea about the test filler’s how is he motivated to
shows for himself or other and prove his abilities and
makes his tasks int he best way and do it loyal way. So
this test is consider for the destination in competitive
situations from athlete’s perspective. How is he
perseve, how motivated to achieve the amitions.
Moreover we get a clear image about the athlete power
needs and about his social needs. I can measure how
much the athlete can work togehter with other
members of the team and it shows his power needs.

basic research to ensure more expertise. This posibility
bring a huge development in sport medicine and
biomechanic also. The suspension system is ensured by
several possibilities for injured athletes rehabilitation,
they can provide full recovery over and above it is
strengthen the muscle structure of the active sportmen.
In addition there is a major role in the rehabilitation of
injured athletes’ mental preparation also. There are
several external and internal effects which hit the
injured athlets. Exploration of these effects is essential
because we should explore which external stimuli are
affect for our performance and what is influence our
motivation abilities thereby how affests the measured
competences for our capacity during the rehabilitation
and our achieved results in a competition.
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I. INTRODUCTION

to explore the possibility of identification of some
performance indicators through which the way of
presenting the religious tourist destinations and
pilgrimage on the internet can be evaluated. In an
exploring research, a comparative analysis of some
websites is presented, through a category of
indicators so as to highlight the necessity of
performance evaluation. Satisfying the customers’
demands represents the final objective of
organizations, which have to identify the customers
category very well. One of the most efficient
models is the psychographic model, and the process
of this type of segmentation is based on habits,
perceptions, character traits and expectations
regarding the utility [3]. Thus, through
requirements fulfillment, the consumers will
become faithful to the products of the organization.
This mission must be fulfilled by every
organization because a good mission pemanently
changes, transforms and makes a thing become
important, which imperatively matters [4].

ue to the evolution of ICT tools, the business
environment has become more and more
dynamic and more complex. The speed reaction to
market requirements represents one of the main
factors which contribute to the procurement of a
competitive advantage and for the tourist
destinations. Through the newly used virtual tools
the tourist organisations promote, distribute and
communicate better and more with the customers.
Humans needs, manifested through wishes, evolve
and grow in intensity, thus the organizations have
the obligation to satisfy them through products
which should be as performant as possible [1]. To
consolidate their presence on a certain market, the
tourist destinations, especially the religious ones,
must know the outer environment and anticipate
the actions of the competition. In this sense, one of
the main competitive factors existing at this
moment, is represented by marketing, regarded as a
function of the organization [2]. The work proposes

Through tourist destination we understand any
region, area, country, city etc., which presents
attractiveness through uniqueness and it is specific
for tourists. Due to the development of the internet,
through ICT tools, tourist destinations are
presented also in this virtual environment.
Nowadays, almost every destination owns a
website through which it promotes, sells its
products and communicates with tourists. Through
this internet expansion, the necessity of promoting
a business within this virtual market, is vital for the
maintenance and development of the organisation.
In the specialty literature an established term is
used, meaning general and specific key
performance indicators, which evaluate the
presence of religious tourist destinations on the
internet. The key performance indicators are named
as being the evaluation measure of the way through

Abstract—The development of ICT technologies can
also be found in tourist services, whose competitivity
becomes more and more dependent on their presence on
the internet and on the usage of virtual techniques in
promoting, distributing and measuring customer
satisfaction. The work proposes an exploratory research
to indentify some indicators for the evaluation of virtual
tools performance, websites, on the internet for a tourist
destination, in this case a religious tourist destination.
The reseasch contains: defining the conceps,
identification of relevant websites and of information
which they supply, synthetizing the set of indicators
studied. The selected set of indicators allows the
evaluation of the performances of the websites which
represent the religious tourist destinations on the internet
and the identification of the sections where these can be
improved. The final target is the satisfaction of customer
requirements and the identification of the innovation
needs in the development of ICT tools.
Keywords—Information technology, tourism, performance indicators.

D

1

II. DESIGNING SPECIFIC CONCEPTS

99

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
which an organisation carries out its strategic
vision. With their help, both the effciciency of a
web project and their chances of success are
measured [5]. Thus we can mention the importance
of performance indicators in any type of
organisation, because through them we can
evaluate and check the strategies of the
organisation. In this work the performance
indicators are used to measure the way in which the
religious tourist destinations are present on the
internet. The specialty articles present models of
religious tourist websites, but also the peculiarities
of the virtual instruments and of the internet
involvement within the industry of religious
tourism [6].

an art and historical architectural monument,
representative for the medieval Moldavian style
and especially because of its amazing interiour and
exteriour frescos, which were kept in their original
variants of a unique colour and complexity.
Moreover, in the church of the monastery the tomb
of one of the most worshipped Romanian Saints,
Daniil Sihastru, was kept [7]. The monastery is also
called "The Sistine Chapel of the East”. For this
religious tourist destination some websites were
identified, which promote it, belonging to different
categories of organisations.
In order to analyze the websites performances, 6
websites were chosen, which promote this religious
tourist and pilgrimage destination. The selected
websites will be further named Website 1, Website
2, …, Webite 6.

III. THE IDENTIFICATION OF A RELIGIOUS TOURIST
DESTINATION REPRESENTATIVE FOR ROMANIA

IV. THE IDENTIFICATION AND DESCRIPTION OF
PERFORMANCE INDICATORS

Studying the religious tourist destinations from
Romania, Voronet Monastery is highlighted for
being the most representative. It is one of the very
well-known religious tourist destinations and
pilgrimage sites in Romania and abroad, belonging
to an area called Bucovina. The monastery was
built in 1488 by the ruler Stefan the Great and it is
inscribed on the World Heritage List UNESCO as

On the basis of a studying and selection process
of the performance indicators used for the websites
evaluation, a number of performance indicators,
representative for Voronet Monastery resulted and
are presented in TABLE I.

TABLE I
PERFORMANCE INDICATORS USED FOR THE WEBSITE ANALYSIS OF THE RELIGIOUS TOURIST DESTINATION
No.
1

Name of indicators
Global Rank

2
3
4

Bounce Rate
Daily Pageviews per Visitor
Daily Time on Site

Description of indicators
Measure the popularity of a site based on a combination of average daily visitors and
pageviews
The percentage of visits that consist of a single pageview
Measure the average daily pageviews per visitor on the site
Measure the estimated daily time spent on the site per visitor

The performance indicators represented in Table
1, belonging to the websites selected for Voronet
Monastery, were calculated with a specific

programme [8], and the synthetized quantitative
values are presented in TABLE II

TABLE II
THE VALUES OF THE PERFORMANCE INDICATORS CALCULATED FOR THE ANALYZED WEBSITES
Indicator/Website
Website 1
Website 2
Website 3
Website 4
Website 5
Global Rank
214,966
541,729
1,442,887
1,356,587
1,944,041
Bounce Rate
63,10%
40,20%
60,50%
82,10%
35,30%
Daily Pageviews per Visitor
2,3
3,1
2
1,3
2,8
Daily Time On Site
2:49
3:12
2:21
0:53
3:48

The calculated values of the performance indicators
from TABLE II are used for the analysis of the
present tourist destination analyzed on the internet.
They allow a graphical processing in the support of
a profound analysis over the global image of the
presence and representation of the religious tourist
destination on the internet.
In Fig.1 we notice that the best Rank Global
corresponds to the value 214.966, and the weakest

1

Website 6
1,928,748
64,00%
1,1
1:29

placed reaches a value of 1.944.041, of the sites
which promote Bucovina area with the most
important religious objective, Voronet Monastery.
These places, occupied by the studied websites in
the general ranking [8], confirm the importance of
the traffic and of the specific methods for
optimization and improvement.
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Global Rank
1.944.041 1.928.748

1.442.887 1.356.587
541.729

214.966

Website 5 Website 6 Website 3 Website 4 Website 2 Website 1
Fig.1 The diagram, Global Rank, for the analyzed tourist destination

In Fig.2 the values for the Bounce Rate indicator
are presented. This indicator offers information
about the percentage of visits, which contain the
visit of a single website page. The relevance of the

information, the design attractiveness and the
promoting way of the religious tourist destination
contribute to the increase of the visited pages.

Bounce Rate
63,10%

40,20%

60,50%

82,10%
35,30%

64,00%

Website 1 Website 2 Website 3 Website 4 Website 5 Website 6
Fig.2 The Bounce Rate values for the religious tourist destination studied

In Fig.3, the values of the indicator Daily
Pageviews per Visitors are presented. By
calculating the values of this indicator, the
efficiency of the page content of each of the
analyzed websites is identified. The visit of a

higher number of pages confirms the interest of the
users for the entire website. The quality of
information, of services offered and the diversity of
promotion methods used, contribute to the increase
in the number of visited pages by users.

Daily Pageviews per Visitors

2,3

Website 1

3,1

2,8

2

Website 2

Website 3

1,3

Website 4

1,1

Website 5

Website 6

Fig.3 The values of Daily Pageviews per Visitors for the promotion websites of the analyzed destination

The value of this indicator has to be as high as
possible, to ensure the efficiency through the visit
of as many pages as possible by the users. The
diagram made on the basis of the existing data
about the analyzed websites, through their
processing, presented in figure 3, showns that the
best quoted website, using this indicator, has 3.1
daily visited pages and the lowest value is 1.1

1

pages. Also the view of an as higher number can
represent the fact that the users do not find the
necessary information easily, therefore the posting
of the information, which is useful and necessary to
users, is recommended. The calculated values for
the Daily Time on Site indicator are presented in
Fig.3.
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Daily Time On Site
2:49

3:12

3:48
2:21

1:29

0:53

Website 1 Website 2 Website 3 Website 4 Website 5 Website 6
Fig.4 The Daily Time On Site values for the studied destination

In the same trend, the average Daily Time on
Site indicator, spent by a visitor, reflects the quality
of the site attractivity related to the consumers’
requirements and their affinity towards the website.
The values of this indicator, determined for the
analyzed tourist destinations are presented in figure
4. These values show the websites to be between
the values 0:53 and 3:48 minutes. The lowest value
is owned by website 4 and the highest by website 5.
The diagrams achieved and analyzed through the
values of the performance indicators present some
very important characteristics such as: the majority
of the analyzed destinations present nonperformative values of the indicators, the websites
are incomplete from the point of view of the
information desired by the users, the attractivity
and use of the information requires improvement
and the diversification of the services and of the
booking processes is highly necessary.

their popularity among religious tourism and
pilgrimage consumers. The different online
marketing tools, and recently the ones specific to
neuromarketing, offer efficient solutions in this
sense.
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powered wheelchairs typically consists of a pair of
motors, one for each drive wheel, and a drive train
consisting of gears, belts and other mechanical elements
that couples the motor’s shaft to the drive wheel shaft.
Speed and torque generated by each motor is controlled
by modulating the pulse width. Solid state relays are
generally used to switch supply voltage polarity to
change the running direction of PM (permanent magnet)
motors [6]-[7]. The wheelchair’s control module converts
positional information from the joystick into power
signals to the motors. Control modules are
microprocessor based and have many adjustable
parameters. Many control modules utilize feedback to
sense whether the motor is responding properly to the
joystick position. Such control systems adjust motor
torque so as to maintain near constant speed while the
load varies in response to changes in the terrain (incline,
bumps) and surface (linoleum, carpeting, concrete, grass,
sand) [8]-[12].
Proposed solution uses an indirect drive transfer
system, the motor is coupled to the drive wheel shaft
through a system of gear train and flexible machine
element (chains). The gear train and chain serve to reduce
the motor speed while proportionately increasing motor
torque [13]. Incorporating a transmission mechanism into
the drive train would allow the PM motor to run
efficiently for all speeds and torques and extend the
serviceable lifetime of PM motor [14]-[17].

Abstract— In this paper is presented the design and
experimental prototype of a wheelchair for disabled people.
Design solution proposed to be implemented uses two
reduction gears motors and a mechanical transmission with
chains. The motion controller developed uses PWM technology
(pulse wave modulation). The wheelchair has the ability of
forward – backward motion and steering. The design solution is
developed in Solid Works, and it’s implemented to a
wheelchair prototype model. Wheelchair design and motion
makes him suitable especially for indoor use. It is made a study
of the wheelchair kinematics, first using a kinematic simulation
in Adams. Are presented the wheelchair motion trajectory and
kinematics parameters. The experimental prototype is tested
with a motion analysis system based on ultra high speed video
recording. The obtained results from simulation and
experimentally tests, demonstrate the efficiency of wheelchair
proposed solution.
Keywords—Wheelchair, kinematics, prototype, motion
study.

I. INTRODUCTION

T

HIS paper is structured in three sections. The
introduction section presents a literature review of
existing wheelchairs design solutions. The second part
presents the design solution of experimental prototype
and motion controller implemented to the wheelchair. In
the last part is presented the kinematical characterization
of the wheelchair, by motion simulation in Adams and
experimental motion analysis. The experimental motion
analysis is based on high speed cameras motion capture
and analysis equipment.
To assist mobility of disabled persons, several
electrical powered wheelchairs are available on the
market [1]-[4]. In last decades, there have been great’s
improvements in power wheelchairs design and
manufacture. Wheelchairs available on the market, for
disabled patients, are much diversified as features and
facilities, allowing the user to adjust their sitting position.
Power wheelchairs are used predominantly by people
with both lower and upper extremity impairment resulting
from cerebral palsy, high-level spinal cord injury, or
muscular dystrophy [5]. The propulsion system of

1

II. PROPOSED DESIGN AND CONTROL SOLUTION OF
WHEELCHAIR

Design solution of the wheelchair is developed in Solid
Works. Based on wheelchair dynamics calculated
parameters is established the necessary torque and speed
of propulsion motors. There are used two servo motors
from Pololu, with reduction gears. The i00600 Torxis is
an ultra-high-torque servo that can deliver a continuous
duty torque of up to 115 (kg∙cm) at 12 (V). The servo is
powered by 12 (V) and draws approximately 3 (A) at full
load. All of its gears are metal for increased durability
and the hardened output shaft has 9.5 (mm) diameter and
is supported by two ball bearings. It is pre-configured for
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a 90(degree) range of motion, but this can be modified by
reconfiguring the embedded controller [18]. Designed
train drive solution uses chain wheels with reduction ratio
by 2. The model of the wheelchair, designed in Solid
Works is presented in Fig. 1.

The wheelchair proposed solution uses two gears
motors. The motion transmission to wheels is made with
chain transmissions. Chain transmission multiplies two
times the motor torque, and reduces the angular velocity.

a)
a)

b)

b)

Fig. 3. Front a), and side view b) of the wheelchair prototype.

Fig. 1. Wheelchair CAD model developed in Solid Works.

Controller implemented is based on a L298N Dual HBridge Motor Controller module. H-Bridge's are typically
used in controlling motors speed and direction. An HBridge is a circuit that can drive a current in either
polarity and be controlled by Pulse Width Modulation PWM. Pulse Width Modulation is a means in controlling
the duration of an electronic pulse. The longer the pulses
the faster the wheel will turn, the shorter the pulses, the
slower the wheel will turn. Motors will last much longer
and be more reliable if controlled through PWM [19].
The microcontroller is based on Arduiono Mega 2560
board. The Arduino Mega 2560 is a microcontroller
board based on the ATmega2560. It has 54 digital
input/output pins (of which 15 can be used as PWM
outputs), 16 analog inputs, 4 UARTs (hardware serial
ports), a 16 (MHz) crystal oscillator, a USB connection, a
power jack, an ICSP header, and a reset button [20]-[21],
see Fig. 4.

The obtained 3D virtual prototype is important because
it will be used to simulate in Adams the wheelchair
motion trajectory and study of motion dynamics. Also the
virtual prototype is useful in further design studies, to
optimize the construction (minimize weight, ergonomics).

Fig. 2.Aspect of the wheelchair chain transmissions.

The experimental model of the wheelchair, assembled
at Faculty of Mechanics, Craiova, is shown in Fig. 2, 3.

1
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III. MOTION ANALYSIS OF THE WHEELCHAIR
For beginning the motion analysis of the wheelchair is
studied in Adams software. For that purpose the CAD
model of the wheelchair is imported into Adams software
database. Trough a suitable Adams developed procedure
is analyzed the wheelchair motion trajectory and motion
parameters. First are defined the components materials
type, upon the programs calculates the inertia properties
of elements. Upon this step are defined the rotation joints
of the wheels. The front wheels are self directionally, and
they are mounted on the wheelchair structure with axialradial bearings. The kinematic model of the wheelchair
constructed in Adams is presented in Fig. 6.
a)

b)
Fig. 4. Aspects of PWM controller and joystick.

Fig. 6. Wheelchair kinematic model in Adams.

Mechanical design solution is innovative from aspect
of wheelchair folding for easy transportation. As is
presented in Fig. 5 the motorized wheelchair keeps the
folding capability. This is very useful in the situation
when the person with disabilities is going to another
location (a visit for example) and needs to move the
wheelchair with a transportation vehicle. This can be
done with a family vehicle.

Very important to complete the kinematic model of
the wheelchair represents the stage of defining the chains
transmissions. For that purpose it is used Adams
Machinery, to define the sprocket set of the chain system
and chain sprocket actuation input. Aspect of chain
system modeled in Adams is shown in Fig. 7.

Fig. 7. Chain system in Adams Machinery.

The contact forces from wheels and ground are
described by a contact mechanics model which is
determined by parameters such as stiffness, force
exponent, damping and friction coefficients and
penetration depth. These parameters are defined by
studying the literature [22]-[24].

Fig. 5. Wheelchair in folded position.

1
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A. Wheelchair motion analysis in Adams
In this paragraph is presented the wheel ground contact
parameters necessary to specify, to obtain a proper
contact model from wheel and ground. Considering the
computational efficiency and accuracy, is adopted the
impact method to define wheels and ground contact.
Necessary parameters for this method are explained
below [22]-[23]. The friction coefficient between ground
and wheels is specified according to the literature:
 a =0.5-0.6 for old asphalt road, old concrete.

It is made robotic wheelchair motion analysis in
Adams, in first case for a straight line displacement, when
both motors run with same angular velocity. For this
simulation the both motors run with 9.55 (rot/min), the
wheelchair motion trajectory is shown in Fig. 8. a, and
the propulsion torque is shown in Fig. 9. The wheelchair
propulsion speed is constant and is shown in Fig. 10.

1) Stiffness K: The details of the contact bodies are
specified from literature, typical values for Poisson ratio
and the Young’s modulus are: for ground   0.16
and E  2.2 1010 ( N / m2 ) , for wheel   0.28 and

E  8.3 109 ( N / m2 ) .

Fig. 9. Propulsion torque for straight line motion.

2) Force exponent e: Considering numerical
convergence and computation speed, a force exponent
e=1.2 is determined [22]-[24].
3) Damping coefficient C. For this simulation the
damping coefficient is set to C=100 (Ns/mm).
4) Penetration depth: In most cases, a reasonable value
for penetration depth is 0.01(mm). We used d=0.1(mm),
considering the numerical convergence in Adams.
5) Dynamic and static friction coefficient and viscous
velocity. Typical values found in books are: s  0.2 ;

vs  10(mm / s) , d  0.18 , vd  100(mm / s) [22].

Fig. 10. Wheelchair mass center marker velocity.

For the second simulation case, the right motor runs
with 1.9 (rot/min) and left motor runs with 9.55(rot/min),
the wheelchair obtained trajectory is shown in Fig. 8, b.
The wheelchair motors torque, measured in Adams
simulation is shown in Fig. 11, for right motor, and in
Fig. 12 for left motor. Is observed that is needed a greater
torque for right wheel, because it’s spins with a lower
angular speed.

a)

Fig. 11. Propulsion torque for wheelchair right wheel.

Fig. 12. Propulsion torque for wheelchair left wheel.

b)

Wheelchair displacement, upon transversal axis, and

Fig. 8. Wheelchair motion trajectory computed in Adams.

1
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longitudinal axis are shown in Fig. 13 and 14. For that
simulation case the wheelchair velocity magnitude is
shown in Fig. 15.

1

2

3

4

Fig.13. Wheelchair displacement, upon transversal axis.

Fig.16. Positioning of reflective markers on the wheelchair.

Processing the motion capture, it is obtained markers
trajectories, presented in Fig. 17.

Fig.14. Wheelchair displacement, upon longitudinal axis.

Fig. 17. Markers obtained trajectories.

Is observed that the wheel circumference marker
describes a cycloid curve, and markers attached to the
frame are describing a straight line. Motion tracking
allow establishing the wheel angular position, and also
angular velocity.
Fig.15. Wheelchair velocity magnitude.

B. Experimental evaluation of wheelchair motion
For wheelchair experimental motion evaluation it is
used motion analysis equipment – Contemplas, based on
ultra speed cameras [25]. Reflective markers have been
attached to the wheelchair frame and wheel. The marker
motion is captured and processed with TempoloMotion
software in order to establish wheelchair wheels rotation
and displacement variation in time. Positioning of
reflective marker is shown in Fig. 16 and motion tracking
results are indicated in Fig. 17.
The notations used are following:
1) back attached reflective marker.
2) front attached reflective marker.
3) wheel center attached marker.
4) wheel circumference attached marker.
With Contemplas motion analysis equipment, the
wheelchair is analyzed during a straight line
displacement. Obtained results for markers trajectories
and kinematic parameters are presented in the Fig. 18.
The graphic of the angular variation of wheel is presented
in Fig. 19.

a)

b)
Fig. 18. Motion tracking for wheel angular position establish.
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Fig. 19. Time variation of wheel angular position.
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IV. CONCLUSION

[14]

This paper proposes to develop a kinematic analysis
model of a robotic wheelchair, which will be used for
further dynamic studies. In order to increase efficiency
propulsion motors must run at a high angular speed. For
that are implemented motors with reduction gears and
chain drive trains, in order to change the motor speed to a
lower speed and increase the available torque to wheels.
The virtual model of the wheelchair is designed in Solid
Works and upon this model is developed the
experimental model. Proposed solution uses two motors,
controlled by a joystick module, based on a PWM
controller. Kinematic analysis reveals motion trajectories
of wheelchair, kinematic parameters of the system: wheel
angular displacement and speed, running speed. Further
studies concerns the motion study for steering situation,
and establish of dynamic parameters of the wheelchair:
electric DC motors propulsion and steering torque.
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investment in education on gross and net earnings from
employment.

Abstract—According to the human capital theory,
education can be seen as an investment into individual human
capital. The profitability of human capital investment is partly
determined by the individuals’ work-related earnings. The
study examines how work-related earnings and the gap between
gross earnings at different educational level changed in
Hungary, between 2004 and 2013. An indicator is defined and
presented to measure the change in gross earnings and net
earnings caused by the education as human capital investment.
Moreover we examine the change in earnings surplus by
educational level, look for the answer to the question whether
the gap between earnings for individuals with different
educational attainment increased or decreased in Hungary from
2004 to 2013.

II. CHANGES OF GROSS EARNINGS BY EDUCATION LEVEL
IN HUNGARY, BETWEEN 2004 AND 2013
We examine the gap between gross earnings at
different educational level in Hungary, between 2004 and
2013. Data of gross earnings was provided by the
National Employment Service [7]. “Gross amount of the
regular earnings elements took into account in the
reference month, plus 1/12th of the total amount of nonmonthly bonuses, reward and 13th month’s pay received
in the previous year” [7]. The report of earnings includes
full time and part-time employees. The survey covered
enterprises with a staff of 5 or more as well as non-profit
organizations, and public institutions without headcount
limit [7]. Individuals’ gross earnings from employment
rises with each level of education attained, except for
primary school qualification [Fig.1.]. The largest increase
of gross earnings occurred for individuals with
apprentice vocational school and primary school (by
69.5% and 60.9% respectively).

Keywords—educational level, marginal earning rate,
investment in human capital, tax burden
I. INTRODUCTION

T

HE main topic of our examination was given by the
human capital theory. According to the human
capital theory, individual’s knowledge and skills can be
referred to as capital and all activities which with present
expenditures make future benefits while productivity of
the individual grows can be interpreted as an investment.
Many researchers have examined the significance and the
main features of investments in human capital [1], [2],
[3], [4], [5], [6]. Expenditures on health, training,
education and migration can be seen as an investment in
human capital. The profitability and the rates of return of
education can be measured from the individual’s, the
society’s and the state’s point of view. The individual
rates of returns show how profitable for an individual to
finish higher level of education. The main component of
the profitability is the earning surplus achieved with the
investment in human capital.
The purpose of this paper is to examine the main
characteristics of earnings surplus by educational levels.
We examine how earnings differences between
individuals with a given education level and ones with
next lower educational level changed in Hungary,
between 2004 and 2013. We define the marginal earning
rate (MER) as an indicator to measure the impact of

1

Fig 1. Average gross earnings by educational attainment in
Hungary, between 2004 and 2013 [7]

The smallest increase of gross earnings occurred for
individuals without primary school graduation (38.3%)
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and for individuals with university degree (40.9), as
shown in Fig. 1.
The gap between earnings at a given educational level
and the lower level for employees increases by
educational attainment, as shown in Fig. 1 and Fig 2.
Earnings differences between individuals with apprentice
vocational school and primary school increased by
43.5%. The ratio of gross earnings at tertiary educational
level and next lower educational level decreased in
Hungary between 2004 and 2013, as shown in Fig 2. The
largest decrease occurred for individuals with secondary
upper school by 13.2 percentage points [Fig. 2.].
However, the earnings difference at primary school level
as a percentage of earnings of the agents without primary
school qualification was negative in 2004 and between
2006 and 2012 (with exception of 2011).

MER 

E j  E j 1
E
,

EDA EDA j  EDA j1

(1)

where EDA j is the sum of the years of schooling
completed by the individual ( j -th level of education
level), E j is the average earning for an individual with

j -th educational qualification. Marginal earning rate on
education reflects the increase in gross earning (net
earnings) when the years of schooling rises by one unit at
given educational level.
The largest gross proceeds from investment in
education occurred in the case of tertiary education. One
year of study at a university yielded 52 923 HUF in 2013
(Fig. 3.). The value of MER for individuals with primary
school was negative in 2004, because the average gross
earning for individual with primary school qualification
was less than that of individuals with a lower level of
educational qualification (Fig. 1. and Fig 4.).

Fig 2. The change in gross earnings differences between
individuals with a given education level and ones with next
lower educational level in Hungary, between 2004 and 2013
Fig 3. The change in marginal gross earning rate on education
by educational level in Hungary, in 2004 and 2013

III. CHANGES OF GROSS EARNINGS AND NET EARNINGS
CAUSED BY THE CHANGE IN EDUCATION ATTAINMENT IN
HUNGARY, BETWEEN 2004 AND 2013
We turn our attention to the alteration in the gross
earnings caused by the change in individual educational
attainment. We define an indicator to measure the
mentioned change in earnings. The calculation of the
indicator is based on the presumption that the labour
market rewards the highest completed education level
and an additional completed year of school. This
assumption is a very strong condition since the change in
earnings depends on many factors such as employment
status, the productivity of an economy, the type of
occupation, regions, work experience, and employee’s
age and gender. However, the marginal earning rate
(MER) measures the change in earnings in an
environment determined by economic and social factors.
Marginal earning rate on education shows how the
individual’s average earning changes as individual’s
educational attainment changes, with all other variables
unchanged:

1

Fig 4. Marginal gross earning rates on education by educational
level in Hungary, between 2004 and 2013

The earning surplus gained from attaining one extra
year of tertiary education increased by 40% between
2004 and 2013. The participation rates in tertiary level of
education decreased from 2004 to 2013. The number of
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students enrolled in tertiary education decreased by
9.81% from 2004 to 2013 [8]. According to the change in
gross earnings, the value of the university and college
qualification increased with a considerable measure. The
change in MER was the highest for individuals with
primary school qualification, the value of MER was -421
HUF in 2004 and 1 943 HUF in 2013 (Fig. 3.).
As a matter of fact, the marginal earning rate on
education can be calculated in two ways. Gross earnings
and net earnings can be taken into account when
calculating the marginal earning rate. We can distinguish
marginal gross earning rate (MGER) and the marginal net
earning rate (MNER), depending on which earnings
measure is used:
MGER 

BTE BTEj  BTEj1
,

EDA EDA j  EDA j1

(2)

MNER 

PTE PTE j  PTE j1
,

EDA EDA j  EDA j1

(3)

introduction of proportional taxation. The amounts of
taxes on labour income, and tax wedges have remained
relatively high mostly due to higher employee social
security contributions and employer social contribution
tax. The value of the tax wedge in Hungary was the
fourth largest (49%) among OECD member countries in
2013 [11]. The largest tax wedge occurred in Belgium
(55.8%), Germany (49.3%) and Austria (49.1%) in 2013.
The lowest tax burden as a percentage of labour cost
could be found in Chile (7%) and New Zealand (16.9%)
in 2013.
We calculated tax liabilities for single individual
without children at the income level of the average
worker. Post-tax earnings, as actually realized value by
the individual, are taken into account for earnings surplus
when calculating the marginal net earning rate on
education. The value of marginal net earning rate on
education increases by educational level. The largest
value occurred for individuals with university
qualification, the MNER was 34 664 HUF in 2013, as
shown in Fig. 5 and Fig 6. The market value of university
qualification is very high, and it is accordance with the
private rates of return to tertiary education. The private
internal rate of return for a man attaining tertiary
education was the highest in Hungary (25.6%) among
OECD member states in 2009 [12]. The OECD average
of private returns to tertiary education was 13% [12]. The
private rates of returns for individuals with tertiary
education completed in Hungary were the second highest
among OECD member countries in 2010 (28.5% for men
and 24.6% for women) [13]. The largest private rate of
return occurred in Ireland (29.9% for men) and Estonia
(29.7 for women) [13].

where BTE j is the before-tax earnings for individual
with j -th educational qualification and PTE j is the
post-tax earnings for individual with j -th educational
qualification.
The gross earnings are determining factors in social
costs and social benefits, contained in social rates of
returns calculations. However, post-tax earnings are
taken into account for private benefits and private
indirect costs when calculating the private rates of return
to education. In the following, we determine the marginal
net earning rate that shows the change in post-tax
earnings as the year of school increases by only one unit.
The extent of taxes on labour income and the parafiscal charges (and tax wedges) are very high in
international comparison in Hungary. The tax wedge
shows how much the government collects revenues as a
result of taxing the labour force. Tax wedge is the sum of
personal income tax and employee plus employer social
security contributions together with any payroll tax less
cash transfers, expressed as a percentage of labour costs
[9]. The largest tax wedge for a single person without
children at 100 per cent of the earnings of an average
worker could be found in Belgium (55.4%) and Germany
(52.2%) in 2004 [10]. The value of the tax wedge in
Hungary was the third highest value (51.7%) among
member OECD countries. The lowest tax burden as a
percentage of labour cost was in Chile (7%) and Mexico
(17.9%).
The main features of personal income tax system and
para-fiscal contributions have changed in Hungary over
the examined period (between 2004 and 2013). The
progressive taxation on labour income was replaced by
the flat income tax rate (16%) in 2011. The tax burden on
labour income did not decrease significantly with the

1

Fig 5. The change in marginal net earning rate on education by
educational level in Hungary, in 2004 and 2013
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unemployment. This means that we have to take into
account the unemployment rates by educational level.
Moreover the examination of calculation of marginal
earning rates can be extended to take into account the
earnings broken down by age.
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management, the types of organizational changes, the
organizational strategy and the relationship between
organizational strategy and change management.

Abstract— Economic organizations are in a constant
relationship and interaction with their environment. There are
more and more competitors in the market and customer needs
are constantly growing and changing. Appropriate change
management is necessary for companies to maintain their
market position in long term in order to achieve
competitiveness and profit. The framework of change
management is defined by the factors of change management
and characteristics of the factory. Our study aims introducing
the concept of change management, the types of organizational
changes and the relationship between organizational strategy
and change management.

II. CHANGE MANAGEMENT
During the guided organizational change:
1) at least one of the essential characteristics of the
organization is changing
2) the organization's management consciously directing
(or at least influencing) the direction and progress of
change
3) the change exceeds a certain magnitude.
The ultimate purpose is maintaining or improving the
organizational performance through influencing the
organizational factors. [7]
The basic relationship between organization,
leadership and performance can be seen in the following
figure:

Keywords— Change management, organizational changes,
organizational strategy, framework of change management
I. INTRODUCTION
In our changing world continuous improvement is
essentially needed for every economic organization.
Nevertheless,
implementation
changes
to
the
development aren’t a simple task in organizations. In our
study, we are presenting and analyzing the changes in
organizations, the change management framework and its
practical methodologies.
Economic organizations are in a constant relationship
and interaction with their environment. This environment
is constantly changing in our accelerated world. In the
midst of changes the participants within the organization
are interested in maintain and enhance the achieved
results. In most cases it is necessary to develop an
effective adaptation for environment changes in order to
maintain the organizational results.
In addition to environment changes, customer needs
are constantly growing and changing. There are more and
more competitors in the market. Appropriate change
management is necessary for companies to maintain their
market position in long term in order to achieve
competitiveness and profit.
There are several factors of change management and
there are several characteristics of the company which
can define the framework of change management in the
organization.
Our study aims introducing the concept of change

1

Fig. 1 Relationship between organization, leadership and
performance
(Source: [7])

The management's responsibility is implementing
changes corresponding environmental changes to achieve
optimal performance. In interpreting organizational
performance efficiency and organizational effectiveness
are distinguished. The efficiency means the efficient use
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of available resources. Effectiveness suggests that the
goals of the organization continuously correspond to
expectations imposed by the external environment. [5]
In conclusion during the guided organizational change
at least one of the essential characteristics of the
organization is changing and the change exceeds a
certain magnitude. The organization’s management is
consciously directing the changing, or at least influencing
the direction and progress of change to maintaining and
improving the organizational performance.

the transactional variables and the transformational
variables. [4]
There are several scientific literatures which deal with
the transactional and the transformational variables. [10]
[14] [18]
The Burke and Litwin model illustrates the
relationship between the transactional and the
transformational variables. The model is based on
decades of intensive practical studies and has the
following characteristics:
a) in terms of organizational change the cardinal
organizational characteristics are divided into
two groups (the transactional variables and the
transformational variables)
b) relationship between the variables cause-effect
relationships are more detailed than in the
previous models. [3]

Organizational change types
There are two type of organizational changes
depending on the extent of the changes. [7] Incremental
and radical change and their characteristics can be seen
in the following table.
TABLE I
THE TYPES AND CHARACTERISTICS OF ORGANIZATIONAL CHANGE
Incremental change
Criteria
Radical change

One or a few
essential
organizational
features are
changing.

The extent of the
change

Many or all
essential
organizational
features are
changing.

The rate of the
change

Large-scale changes
in the changing
organizational
characteristics.

Changes in specific
departments.

The scope of the
change

Changes in the
entire organization.

Changes in one or a
few hierarchical
levels.

The level of the
change

Changes in all
hierarchical levels.

Slight changes in
the changing
organizational
characteristics.

Changes step by
step, less
spectacular
changes.
Relatively slow
changes.

The method of the
change

The speed of the
change

Bigger, more
spectacular
changes.

Fig. 2 Cause-effect relationship between variables
(Source: [4])

Relatively quick
changes.

Promoting the
external adaptation
of the organization
and/or developing
the internal
adaptation of the
organizational subsystems, structures
and processes.

The basic goal of
the change

Promoting the
external adaptation
of the organization
and/or creating a
new configuration
of the
organizational subsystems, structures
and processes.

Managed by lowerlevel manager or
senior manager.

The management
of the change

Managed by the top
management.

There is an important conclusion belongs to the model:
a model shows reciprocity between transactional and the
transformational variables, but the transformation
variables mean the cause and the transactional variables
mean the effect in most cases. The changes in
environment impact on the transformation variables
directly, these variables are forwarding the effect to the
transaction variable which define the organizational
effectiveness.
Variables are in a relationship with the external
environment cause transformational changes; these are
forwarding the changes in the external environment to
the other variables which are determining organizational
productivity. These are the following:

(Source: [7])

Connected to the types of organizational change there
are two types of significant organizational characteristics:

1
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1) leadership
2) strategic
3) culture
There are several scientific literatures which deal with
the needed of transformational variables. [3] [6] [11] [12]
[13] The changes in the transformational variables have a
considerable effect the entire organization, because these
variables basically change the key features of the
organization.
There are two other types of organization changes
based on Beer’s typology:
1) E-type change (Economic value approach)
2) O-type change (Organisational capabilities
approach). [2]
E-type and O-type change and their characteristics can
be seen in the following table.

the process is making plans for future in a clear, informal
process to help putting into practice the new concepts.
During making the future-oriented strategy:
1) Organization is defining only the vision and/or the
mission
2) Organization is defining the vision, the mission and
planning part strategies. [15]

TABLE II
THE CHARACTERISTICS OF E-TYPE AND O-TYPE CHANGE
Characteristics
E-type change
O-type change

Goal

Maximizing the
economic value

Developing the
organizational
capability

Leadership

Top-down

Participational

Focus

Structures and
Systems

Culture

Fig.3 Processes and methods of the future-oriented strategy
(Source: [15])

Planning

Programmed

Developing

Motivation

Managed by
incentive

Incentive

Role of consultants

Large
(knowledgedriven)

Small (processdriven)

In the strategy of organization a conscious concept
appear, according to which the organization will respond
to the expected or already occurred changes in the
environment. In a conscious change management the
organization’s management consciously choose a
strategy by which organizations can maximize the ability
of adaptation. A conscious strategy includes change
management.
In the concept of organizational changes, change
means any transformation, which occurs in the essential
characteristics
of
the
organization.
Essential
characteristics of the organization are the following:
1) operational processes
2) technology
3) the output of products, services
4) the organizational structure
5) organizational culture
6) organizational behaviour
7) the power relations.
These features are essential characteristics. But in
connection with a change depends on what the essential
characteristics of the organization. The essential
characteristics depend on the characteristics of the body,
subjective assessment of the stakeholders and specific
environmental situation. These features are relationship
to each other, so during a change more things change.

(Source: [2])

The combination of the two types of changing is useful
to reach the optimal performance. The two types only are
used one after another, not in the same time. In this case
the sequence is relevant. [16]
III. THE ORGANIZATIONAL STRATEGY
Making strategy can help formulating of the
organization identity, defining goals and providing
orientation for management decisions. During the futureoriented concept of strategy, the organization is making
the strategy with a less formal process. The essence of

1
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In an economic organization unplanned changes may
occur, which aren’t in accordance with the organization's
objectives. As distinct from this change management
means conscious efforts of organization's management to
change, which exceed a certain magnitude.
In terms of human factors Kurt Lewin (1964) marked a
change in the kind of psychological force field.
According to Lewin there are promoting change driving
forces and braking change driving forces. In Lewin’s
opinion the change will only succeed if the psychological
driving forces predominate over the braking forces, so it
is possible to shift. The first question is what the reason
is for these inspectors. People usually seek safety and
happiness. This statement is also true in the workplace
environment. The safety and happiness are the subjective
feelings of there are lasting peace, harmony,
Predictability around us. The opposite: the tension,
anxiety, feelings of insecurity unloved. People are trying
to avoid those feelings or defend against them. People try
to reduce anxiety during the change with questioning the
need for change. [9]
The next question is how we deal with the problems
encountered with the changes. In several models (for
example Kotter, 2012) the first step is making sense of
the need for change in the stakeholder. The second step is
appointing a group of leading change. For the successful
change the top management support is essential and it is
necessary that in a team attend dedicated people. The
team should be entrusted with the tasks and powers. The
team has to create change in the vision and strategy of
the aim-attainment leads along inputs, targets and limits
set out. Team must communicate the vision and the
strategy to the members of the organization. The change
in leadership, communication must answer the following
questions:
1) Why the change is necessary?
2) Why we have to do the change in this time?
3) What is the aim of the change?
4) What are the advantages of the change for the
company and for the employees? [8]
The communication must be two-way, so the workers’
expectations, ideas and suggestions are also important.
The communication must be quick, informative and not
explanatory. The change team should show a good
example for the workers. After this the introduction of
the changes can start involving of staff concerned. It is
important to achieve a rapid and spectacular presentation
in initial results. These further reinforce the vision and
reduce uncertainty. The change should be extended to
new areas, new processes and new projects.
The order of the steps is not really changeable. The
first steps loose up the old structure, the real change of
the process will come later. But without the proper
preparation of the resistance to change is very difficult to
handle. After the process of consolidation should be paid
special attention, because the changes of the nature that
like to resolve back The system changes the approach
can be divided into two basic types: The first level of

1

change that is taking place within a system and the
system itself remains unchanged. The second level
change is the change of the change itself. The change is
particularly vulnerable to a sense of predictability, if
there is little information, safety and tranquillity
available. Between the first- and second-degree changing
in the difference is that the first instance only changes
one part of the system the rest remains the same, the
second-degree turn covers of the whole system, leave
nothing changes.
The above definition is really nothing to do with the
change in fermentation: first degree changing may extend
system as a whole and morphogenetic system can be
limited to a small portion.
The success of the change is in condition 5 EL model,
the existence of at least four models are met.
The conditions countervail the resistance occurring in
association with changes
EL 1x EL 2x EL 3x EL 4> EL 5
1) EL 1 is the current state of contentment
2) EL 2 is the imaginary vision
3) EL 3 is the first plan of action and presence, that the
implementation of the vision of the strategy and action
plan
4) EL 4 is stepping together, participating in identifying
problems and planning the changes. [8]
Together, they must be more, whether as a 5-resistance
to change. The next important question is to handle the
problem during the changing. [17]
Most of the literature models define and bound steps in
order to be successful the change management. The
necessary steps are clearly visible, like Kotter’s change
process model.

Fig.4 Kotter change process model
(Source: [8])
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TABLE III
STAGES OF THE CHANGE PROCESS
1. Illustrating the urgent of
Examining market and
the change
competitive realities

2. Making a team for leading
changes

Making team endowed with
power, teamwork

3. Planning vision and
strategy

Making a vision for helping
the change

4. Communicating the
changes to the employees

Using of any help for
knowing the vision and the
strategy

5. Authorizing employees

Eliminating barriers for
authorizing employees

6. Achieve quick wins

Earning employees in public
who helping in the quick
wins

7. Consolidate the results,
planning further changes

8. Institutionalizing new
approaches in the
organizational culture

Fig.5 Levels of the change
(Source: [1])

The introduction of changes is unthinkable without
affecting the others. The influence can solve three
different ways:
1) Rejection, neglect, rebellion. If we accept the
influence, submission, identification, can be the
individual reaction.
2) The surrender can be maintained by power tools.
3) Identification, the affected person identifies with the
influential person, and the task dependency.
4) The applicable pressure of the affected person
completely free choice, it is the highest form of
commitment.

Inclusion, promotion and
rewards of suitable people

Method

TABLE IV
METHODES TO REDUCE THE NEGATIV REACTIONS
When?
Advantage
Disadvantage

Training,
communication

Lack of
information

Facilitating
change

Timeconsuming,
many people
are involved

Participation,
involving

Lack of
originators’
information,
visors power

Committed
participants

Timeconsuming

Support,
assistance,
retraining

Conversion
problems

Effective

Expansive and
unsuccessful

Negotiation,
agreement

The loser
has a power

The
prevention
of serious
resistance

Expensive

Manipulation

The other
does not
work

Fast and
cheap

Problems in
the future

Coercion

Need for
speed, there
is sufficient
power

Fast to
overcome
the major
resistance

Risky

Trainings for leaders

(Source: [8])

The key factors in the model are the following:
1) Request feedback from the target groups of
stakeholders,
2) Ensuring continued commitment of leadership,
3) Up to date information to the staff concerned,
4) Carefully prepared consultation with interested
groups,
5) Clear adequately communicated personnel decisions
at the beginning of the process,
6) The involved stakeholders training and preparation,
7) Tailored individual support of key stakeholders,
8) Stabilization of the introduced changes, the continuous
evaluation and feedback,
9) Deliberated, planned external communication,
preparation of scenario.

(Source: [1])

In TABLE IV is presented those methods which helps
to define the employee’s negative reactions.

1
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[14] Peters, T. and R. Waterman (1982). Successful American
companies. In Search of Excellence: lessons from America's best
run companies, Harper & Row,: 3-26.
[15] Salamonné, H. A. (2000): Vision and strategy development.
Kossuth author.
[16] Steiner, A. and L. Steiner (1999). "Ethical dimensions of reengineering." Strategic Change Journal : 357-365.
[17] Vecsenyi, J. (1999): Enterprise organizations and strategies. Aula.
[18] Weisbord, M. (1976). "Organizational dignosis: Six places to look
for trouble with or without a theory." Group and Organization
Studies 1: 430-447.
[19] 123. Schlesinger, P., V. Sathe, et al. (1992). Organisation. Text,
cases and readings on the management of organisational design
and change. Boston, MA, Irwin.
[20] 18. Beer, M., R. Eisenstadt, et al. (1990). "Why change programs
don't produce change." Harvard Business Review 68(11-12).

IV. SUMMARY
In our changing world continuous improvement is
essentially needed for every economic organization.
There are more and more competitors in the market and
customer needs are constantly growing and changing.
That’s why appropriate change management is necessary
for companies to maintain their market position in the
long run, make a profit and achieve competitiveness. In
an organization during the change management the
organization's management is consciously directing (or at
least influencing) the direction and progress of change.
The framework of change management is defined by the
factors of change management and characteristics of the
factory.
The change process can be divided into three major
sections in an organization:
1) Change Action Plan preparation
2) Analysis of the factors necessary to implement the
change
3) Situation analysis and objective [19].
In order for the organization deliver results it is
necessary to follow certain steps:
a)
b)
c)
d)
e)
f)

outlining common vision and goal status
searching partners with situation analysis
ensuring consensus, competencies and
cooperation
the simultaneous completion of changes
institutionalization changes in all
organizational subsystem
change process monitoring. [20]
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together with a solution with bacteria which will degrade
the pollutant. In this process the important fact is to
study the subsurface flow, as well as pressure and speed
of flow for different types of liquids in different soils.
The temperature of the process is also measured because
it gives good information about the state of the bacteria.
Temperature sensors for multipoint measurement system
have been tested at Bay Zoltan in Szeged and in the
laboratory of the University of Oradea [2], [3].
Another way to study the process is to measure the
temperature in the field where the pollutant is treated by
injection of bacteria and nutrients. The experiments in
the field were conducted by the specialists from Bay
Zoltan Institute, collecting temperature data from
different points in the field, situated a different distances
from the injection point (as it is shown in Fig. 1).
In Fig. 2, the diagram of measured temperatures
versus time at point S5 `presented in Fig.1, are shown.
These measurements were realized in 91 days. Together
with the process temperatures, control temperatures are
also measured in order to know the natural outside
temperature of the medium in which the process takes
place.

Abstract—In this paper we present results on application of
bioremediation technology of oil polluted terrains. The use of
bacteria clean the soil is based on three methods: laboratory
analysis, mathematical modeling and on-site experiments.
Starting from in situ experiments we tested two mathematical
functions in order to approximate temperature data obtained
after injection of nutrients. The obtained function helps
predicting the time for the next injection of nutrients.
Keywords—bioremediation, biological activity temperature
monitoring, curve fitting methods.
I. INTRODUCTION

B

IODEGRADATION is the breakdown of materials
that occurs when microorganisms are feeding on a
substance which is used as a energy and carbon source
of. Bioremediation is the use of microorganism to
transform pollutants into materials which will not be
harmful for the environment. Bioremediation methods
can be in situ or ex situ bioremediation. In situ
bioremediation is the treatment of the contaminated soil
at the site and in ex situ bioremediation the soil is
transported elsewhere to be decontaminated. In-situ bioremediation is one of the most environmentally friendly
methods to eliminate contamination. In order to optimize
the bioremediation process the state of the bacteria must
be also studied under different conditions.

II. BIOREMEDIATION PROCESS DESCRIPTION
In biodegradation temperature is an important variable.
Most biodegradation occurs at temperatures between 10
and 35°C. The oxidation of organic substances to carbon
dioxide and water is an exothermic (heat releasing)
process.
In order to study the bioremediation process a research
platform was developed in the framework of cross-border
cooperation
program
CBC-HURO,
0802/155
_AF,acronym
“Micromodel”
project
[1]. The
bioremediation laboratory consists of two test recipients
with soil through which water flows to obtain a
subsurface flow. Then different materials are added

1

Fig. 1. Position of injection point (PI) and temperature
measurement points (S1…S6) in the field
.
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Fig. 2. Diagram of temperature versus number of measurements, measured at point S5 (red) and of the environment unaffected by
the process (black).

Coefficients with 95% confidence bounds are:
a = 0.399; b = 0.668; c = 3.008; d = 2.452;
The rational fit function is presented in Fig. 3, and it’s
errors are presented in Fig. 4.
The second candidate is an exponential function given
by the equation:

As it can be observed from the diagram a sudden rise
of temperature is registered after each injection of
nutrients, reflecting the fact that the bacteria are
becoming more active in this period. After reaching a
peak value the temperature is starting to decrease slowly
till it reaches the outside temperature value. An identical
pattern of behavior can be observed at each measured
point, during the experiments. It is very important to
estimate when the next injection event has to be made in
order to prepare the injection works. For this, an
approximation function has to be found on the basis of
which the next injection event can be scheduled [4], [5],
[6].

-

(3)

Coefficients with 95% confidence bounds: A =1.282;
α= -0.0007046; B= -1.577; β = -0.003244.
In order to estimate the error of the candidate
functions, three parameters had been taken into
consideration [8].
The exponential fit function is presented in Fig. 5, and
it’s errors are presented in Fig. 6.

III. APPROXIMATION FUNCTION FOR EXPERIMENTAL
TEMPERATURE
In order to fit curve to the measured data
approximation function had been searched using
CFTOOL module of the MATLAB programming
environment [7]. Studying the shape of the curve two
candidate functions had been proposed, a rational and an
exponential function
The curve fitting function is presented in figure 2. The
candidate functions were fitted to process data by
nonlinear regression using a Marquardt algorithm.
The first candidate function is a rational function and
has the following expression and fit characteristics

A.SSE
This statistic measures is called the summed square of
residuals and is usually labeled as SSE.
-

(4)

Here yi is the observed data value and fi is the
predicted value from the fit. wi is the weighting applied
to each data point, usually wi = 1.
B. R-Square

(1)

The fitness parameter R-square is defined as:

This has been rewritten in the more general form of:

-

(2)
where x is normalized by a mean value of 2094 and a
standard deviation of 1209.

1

-
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Where fi is the predicted value, yav is the mean of the
experimental data yi is the data wi is the weight of each

data point, usually wi=1. SSE is defined in relation (4)
and SST is the total sum of squares.

.
Fig. 3. Curve fitting for the rational function.

Fig. 4. Diagram of errors for the rational function.

Fig. 5. Curve fitting for the exponential function.

1
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Fig. 6. Diagram of errors for the exponential function

good quality indicators for the fit and can be used to
predict subsequent injection event scheduling. This
scheduling allows an improvement of the bioremediation
process by using smaller amounts of nutrients and also
decrease the time necessary for the fulfillment of
bioremediation process.

C. Root Mean Squared Error
The Root Mean Squared Error is an estimate of the
standard deviation, and is defined as
(6)
MSE is the mean square error.
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(7)
Comparison of fitness parameters for the two
candidate functions are given in table 1.
TABLE I.
COMPARISON BETWEEN FIT FUNCTIONS
Fit Function
Rational
Exponential

SSE
5.5780
0.6873

R-square
0.9642
0.9956
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their organization. In a powerful organizational culture,
the most managers share a common set of values, beliefs,
attitudes and behaviours regarding the manner in which
said business has to be directed.

Abstract — The management communication facilitates the
management process as a whole, in a certain organizational
culture and with major implications in the organizational
climate. By studying management and organizational culture,
one may emphasize a whole range of aspects, from
performance to dramatic situations generated and developed by
the lack of communication and understanding. Therefore,
management communication and culture plays an important
role.
The purpose of this paper is to highlight the relations
between the management communication and management
culture on one hand, and between management communication
and organizational culture and climate on the other hand in the
Romanian organizations. Future studies may expand the
research area on the management of communication process in
particular case studies.
Keywords—communication,
management
management styles, organizational culture

II. CULTURAL FEATURES OF THE ROMANIAN PEOPLE
THAT INFLUENCE THE MANAGEMENT AND
ORGANIZATIONAL CULTURE
Analysis of the features of the managerial and
organizational culture in its entirety can start with the
cultural characteristics of the Romanian people. The most
known tool for analyzing some cultural dimensions was
made by the Dutch professor Geert Hofstede who, based
on a survey, studied the organizational behaviour in some
tens of countries and managed to identify a set of five
fundamental variables (dimensions) which differentiate a
culture from another.
Unfortunately Hofstede could not conduct his survey
in other Eastern European countries (former communist
countries) among which was also our country. Yet,
Hofstede made estimates for Romania [1].
In 2005 the ”Training Interact” company in Bucharest,
together with ”The Gallup Organization Romania”
faithfully following the Hofstede methodology, by
employing exactly the same questionnaire, achieved a
study through which for three of the five cultural
dimensions the indicators values are flagrantly deviating
from the estimates made by Hofstede for our country.
The survey (even with a not so high degree of
credibility) demonstrates that in Romania the cultural
problems have to be approached in a different manner.
These data demonstrate that Romania has similar values
with other Balkan countries and namely: big distance
towards authority/power, collectivism (low degree of
individualism), femininity, high degree of avoiding
uncertainties and short-term orientation [2].
Similarly to the other Balkan countries (Bulgaria,
Greece, Serbia, Albania, and Macedonia) Romania is the
complete opposite of the Anglo-Saxon countries, from
which these countries borrow all the managerial and the
human resources management practices.

culture,

I. INTRODUCTION

C

and
culture
are
human
manifestations that constitute the object of the
management always and in all the fields propose an
enhancement of the performances since the scientific
management. Therefore, there occurs the need of
studying the manner in which culture influences the
managerial communication process and also the manner
in which the managerial communication may influence
the organizational culture and more particularly the
organizational climate.
Organizational culture is nowadays more and more
considered as one of the factors having a decisive
influence upon the performances of a company.
Managerial culture as a subculture within the
organizational culture, to which it is in an
interdependence relationship, has an extremely important
role on the whole. Most authors mean by managerial
culture the totality of beliefs, values, symbols, attitudes
and behaviours of the managers of an organization,
which are reflected in the decisions and actions adopted
and implemented to obtain a competitive development of
OMMUNICATION

1
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2) The type of personality, sometimes defensive, includes
some negative aspects such as: cynicism, scepticism,
misanthropy, etc;
3) Romanians manifest the need to prove the value, and
this sometimes makes them become competitive and
achieve performances if the social-cultural conditions
are favourable;
4) Romanians’ life is influenced by three landmarks:
labour (as a way of social affirmation), family (element
of certainty), religion (which gives sense and trust in
life);
5) Regarding psycho-social aspect the Romanians seek
for social power, but according to a collectivist culture,
they hide this desire under the mask of modesty and
sacrifice; the use of power is made under a feminine
paradigm (by discussions and seeking for consensus), but
these discussions sometimes entail quarrels and
disagreements;
6) There is no real respect for leadership;
7) Romanians have a ”repressive and avoiding” cultural
style, which makes them more defensive;
8) Romanians have lower scores in universalism
(preoccupation for the general good), goodwill,
hedonism (seeking for pleasure), stimulation and selfdetermination and higher scores in accomplishment,
power and conformism.

Similarly, a new characteristic specific to the
Romanian country has been revealed and namely the
“Power Complex”. In a psychological sense, this concept
of power complex means the entire complex of
representations and aspirations that tend to situate the
Ego above all the other influences, regardless of their
origins (feelings, subjective thoughts).
As a result of all the characteristics presented above,
Romania signals a need of having authoritative leaders,
centralization in decisions, and the population desires to
follow the rules set down by such leaders. Another
explanation of the big distance between people and
power is that a lot of employees prefer a closer
relationship between them and a single boss in order to
obtain the protection thereof and to avoid assuming the
responsibility of opposing viewpoints.
With regard to the “Romanian femininity”, a possible
explanation is given by the orthodox religion, prevailing
in Romania, which is more inclined to the
complementarity of genders than to the subordination of
woman to man.
The high degree of avoiding the uncertainty,
demonstrates that the population has a considerable level
of anxiety concerning the future to which they prefer the
certainty of the present day; accordingly, such a society
cannot devise a long-term strategy.
Some of the Romanians have difficulties in dealing
with certain ambiguous situations and opposing
viewpoints. If we also consider the low level of
individualism, we deduce that the members of the society
cannot tolerate the minority views, based on the principle
that the “minority shall obey the majority”. This aspect
may also mean a high resistance towards accepting
something new. People still keep their conservative
countrymen’s essence, which is based on beliefs
manifested by legends, myths, heroes, superstitions and
ancient symbols which can be traced back to over 2,000
years ago.
Recently, Daniel David, the founding director of the
Department for Clinical Psychology and Psychotherapy
from Babes-Bolyai University – Cluj, tried to remake
Motru’s paper – ”Psychology of the Romanian people”,
bringing new elements to the cultural model inspired by
professor Hofstede. By using international psychological
tests adapted to the Romanian population, Daniel David
discovered, among other things, that the essential
characteristic of the Romanians is the distrust in people
and that the preoccupation for the good of others does not
go beyond the family area. According to some analyses
published on the professor’s blog, the Romanians have a
defensive personality, tend to disobey rules and are
generally conformist. To the “surface” psychological
profile of the Romanian, which relates to “how the
Romanians are”, there were also identified the following
aspects [3]:
1) There is a high potential for the cognitive/emotional
intelligence, for creativity and learning, but this potential
is not capitalized;

1

The ”surface” psychological profile is completed by
the ”depth” profile which relates to ”how Romanians
could be” and what their perception about themselves is,
”how they want themselves to be” (ideal psycho-cultural
model). The captured aspects are important since they
relate to the potential and aspirations. The main aspects
captured are:
a) Romanians have a good opinion about themselves:
they consider themselves warm, hospitable, tolerant,
intelligent persons, etc;
b) The type of personality is considered a positive one,
with the sense of humour, compensating for the negative
aspects presented above;
c) Romanians consider that the potential they have is at
the level of other countries with modern and democratic
cultures and that is why they think they can easily
integrate themselves into the modern world.
The studies carried out by Daniel David though not
having a high degree of credibility, not being exhaustive
(the total number of interviewed subjects is more than
50,000 from various regions of the country) are valuable
and worth considering also for the fact they had in view
all the specialized studies relating to the psychological
profile of the Romanians, performed by the year 2015.
III. THE INFLUENCE OF MANAGEMENT STYLES AND
TYPES OF MANAGERS ON COMMUNICATION
The psychological and cultural features presented
before strongly influence the management styles and the
types of the Romanian managers.
In order to identify the impact of the communication,
the authors based their approach of management styles

124

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
attitude, use threats, rise voice, become nervous. Their
behaviour generates feelings like hostility, insult,
defence, revenge. That kind of managers thinks that the
subordinates will accept their judgement and power. The
results will appear if the subordinates accept and obey
to the authority of the manager.
ii) Informing and directing style adopted by managers
that tend to excessively dominate and control. They are
not interested in receiving feedback and the action goal
subordinates the feelings. The motivation aims at task
fulfilment without explaining the decision. The managers
do not bother about feelings. Therefore, the subordinates
may choose a passive acceptance and may have possible
spites if they confront to an ambiguous situation.
iii) Persuasive style found with managers that want to
obtain the assent of the subordinates. They are interested
in feedback, use active listening, and do not ignore the
feelings but they are not subject to opened discussions.
The level of motivation is high when the employee is
persuaded that what he does is for his own good and the
reward meet the results.
iv) Problem-solving style found with managers that
have an open, encouraging way to communicate with
others by using active listening. They are interested in
feedback because they intend to share idea and opinions
in order to solve problems. Communication takes place
in both directions, feelings are recognized without
critics, and there is a mutual understanding of
motivations. This style may lead to positive results
because a good level of motivation brings performance.

and types of managers through the management capacity
to coordinate and lead a group of people to objectives’
achievement, through their communication style rather
than considering the management capacity as production
factor and special labour resource. Starting from that
point, a good manager is a person who possessed
excellent communication skills and competences [4].
It is obvious that a competent manager will
communicate based on strategies and communication
styles that will support the organization’s objectives
fulfilment. The communication styles in relation with the
management styles can be group based on different
criteria, like the goal and the objectives of the
communication, the communication behaviour, the
attitude and the relation to the others, the way of control,
the interest to motivation, the expected results, etc.
The managers have their own communication style, a
certain profile consisting of a predominant one and other
correlated styles. Thus, it is necessary to know the
communication style for better understanding the
interactions with others.
When referring to the type of relation manageremployee, the majority of the authors indicate as
management styles the following: authoritative,
democratic, and permissive. Another interesting
classification takes into account the consideration for
itself (self esteem) and the consideration for others [5].
A manager who has a better impression about himself
than about his employees will choose a dominant style,
will impose his own will, and will make the decision by
himself. A manager who has a great consideration for
the group will try to adapt himself to the group by giving
the possibility to assert itself. The ideal manager will
sincerely cooperate with the group by being part of it.
The balanced manager tends to make compromises
having an average efficiency. The distance between the
origin of the axes and the point that indicates
management style can suggest the efficiency of that
manager.
Based o the other dimension, consideration for others,
the management styles may vary from managers oriented
towards action (results, objectives, performance)
followed by managers oriented towards process
(organizing, planning, controlling) to managers oriented
towards people (communication, feelings, understanding,
etc.). A particular type is the manager oriented towards
idea with a high level of creativity and innovation but
assertive, not always interested in people.
From this short presentation, one may draw the
conclusion that there is a wide range of management and
management communication styles.
By extending the number of criteria (communication
behaviour, feelings, motivation, results) one may group the
management communication styles in four categories [6]:
i) Blaming style found with aggressive and authoritarian
managers who “hunt” the mistakes, accuse, criticise,
and find others guilty for their mistakes. The
communication behaviour tends to interrupt the
communication channels because those managers are
not interested in feedback. They have a judgement

1

IV. THE INFLUENCE OF THE MANAGEMENT
COMMUNICATION ON THE ORGANIZATIONS’ CULTURE
AND CLIMATE IN THE ROMANIAN COMPANIES
Organizational culture may be shared, developed and
strengthened through communication. Communication
has also an important role in generating a certain
organizational climate because the state of mind of the
employees depends in a large extent on internal
communication.
The
impact
of
management
communication on employees is also important. The
management culture is a strong motivator in obtaining
performance. In the same time, the management conflict
at the cultural level may generate problems with serious
consequences on the organizational climate.
There are relatively few studies referring to the
managers’ communication activities and to the evaluation
of internal and external communication in the Romanian
companies.
In the same time, there is some modest interest in
evaluating the communication climate. Romanian
companies have the possibility to evaluate the
organizational and communication climate by using an
online integrated system for analysis and diagnosis called
DCCO (Diagnosis of Organizational Climate and
Culture). The system was designed by Profiles East
Europe Company and uses questionnaires validated on
Romanian population that allow the companies to
identify and quantify the most important factors that
describe the climate and the culture in any organization.
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can contribute to an organizational image improvement
and an increasing of its credibility.
Finally, in crisis situation the existence of
communication plans may help the organization to
overcome it.

The questionnaires provide information regarding the
type of organizational culture, employees’ work
satisfaction, salary, promotion, colleagues, managers,
internal communication, communication climate, etc.
However, there is low interest regarding the
communication, especially in the crisis situation in the
majority of the companies. There are managers that do
not understand that they must intensify their
communication. Even if public companies at least try to
do something (a communication plan eventually) the
management of the private companies does not have
special concerns in this domain.
In this kind of companies, the managers do not
communicate the objectives, the strategic direction of the
company which lead to a disorientation of the employees.
More likely they will believe any rumour, they will be
manipulated very easy, do not know the direction they
are going to.
In the Romanian companies, the managers play an
important role in developing an organizational culture.
Their traits may influence in a decisive manner the way
they will understand to lead their subordinates and have a
major impact on the organizational climate.
Comparing with the management of the multinational
companies, the Romanian managers focus more on
current problems then on obtaining long term
performances. They try more to obtain results then to
motivate their employees.
Some research studies identify as main weaknesses of
the Romanian managers lack of employees’ motivation,
excessive control and low level of leadership. [7] They
are also ambitious, competitive, and energetic. When
stressed or tired, they may charismatic, glamorous,
looking for other attention. In the same time they are not
willing to delegate.
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V. CONCLUSIONS
The management culture and communication can have
a strong influence on the organization’s culture and
climate.
In the same time, the existing organizational culture
can influence the management system (management and
communication style, attitudes, behaviours, etc.) if the
managers have opened minds and want to adapt their
communication strategy to the context. Starting from
this, some important aspects may be highlighted.
An efficient management communication inside an
organization contributes to a motivational organization’s
climate that leads to performance. In the same time,
management communication plays a vital role in change
implementation and reducing the uncertainty of the
employees generated by change.
For increasing the efficiency and the impact of the
management communication the communication barriers
must be removed or at least diminished.
The existence of a communication strategy will lead to
internal and external communication coherence and a
maximization of the global communication impact. This
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ABSTRACT—Approaching the maintenance developments in
the industrialized countries, it can be concluded that these are
not limited to the development of content maintenance. This
trend is manifested by taking into account the imperatives of
maintenance in the stage of design and choosing new
equipment, regarding their reliability and maintainability. This
paper presents the factors that determine the evolution of the
maintenance function of the industrial units, namely:
technological factors, economic factors and human factors.

Factors determining the approach to the development
of maintenance in industrial enterprises are:
1) Technological factors;
2) Economic factors;
3) Factors related to human behavior.
1) Technological factors. Ensuring a dynamic
development of industrial enterprises required a basic
requirement introducing technical progress in all areas of
their activity. Increasing the competitiveness of industrial
enterprises could be achieved only by scientific research
and technological development. The rise of the technical
level and quality of work of industrial enterprises was
achieved by introducing new technologies, based on
recent developments in computer science and
microelectronics. Electronics and informatics broke into
workshops and in production facilities: the machines are
equipped with numerical control, industrial robots have
been expanded, flexible manufacturing workshops are
developing and automation is present everywhere. There
are more numerous the enterprises in which the assembly
line is programmed by a computer using software archive
of the manufacturing sector, thus achieving aided
manufacturing.
Thanks to advances in the technology of components,
the electromechanical subassemblies require fewer
interventions for maintenance and troubleshooting, due
to the increased reliability of electronic circuits.
However, such equipment failures can be prevented by
new techniques for fault detection (sonic analysis,
vibration analysis etc.).
Modern electronics allow the use of new equipment
surveillance technology and application of conditioned
maintenance, in which:
a) should be established and strictly complying with
the inspection program to verify the compliance with
operational norms, the control of the technical condition
of equipment, which are becoming increasingly complex;
b) diagnostic operations on the technical condition of
the equipment must be performed as accurately as
possible.

Keywords—factors, evolution, maintenance, repair
I. INTRODUCTION

I

NDUSTRIAL maintenance represents a set of
measures and actions that allow the prevention, the
good maintenance or the reestablishment of an
equipment in a foreseen state or capable to ensure a
certain service in the conditions of minimizing the
maintenance costs.
Considering these definitions, [1] the following
conclusions can be drawn:
1) Here “to restore” means “to correct”, a meaning
imposed by the change of the initial value of the device’s
functioning parameters;
2) Appointed state or determined service involves the
predetermination of the functioning parameters or the
service to reach, with the quantification of the
characteristic levels;
3) To minimize the maintenance costs reflects the
business’ economical aspect;
4) Prevention – a set of operations used in order to
avoid the device’s unavailability state;
5) The good keeping in a given state consists in the
application of some methods, procedures, proceedings
and actions which contribute to the progress of
maintenance in the four main directions .
The maintenance function evolved within industrial
units, being subject to a continuous refining process,
considering the compromise which needed to be
performed between needs and exigencies, from the
technical, economical and human point of view.
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2) Economic factors. The importance of maintenance
activity is determined by the major influences that it have
on the most important economic indicators characterizing
an industrial activity, regarding its profitability. The
amount of expenses needed for the maintenance and
repair of the equipment is influenced by two factors: the
number of repairs performed and the volume of the
prophylactic maintenance during operation. To obtain
reducing overall equipment maintenance and repair costs,
we have to act on the two factors.
To reduce the cost of maintenance and repair [1] can
be used the following ways:
a) Centralization and specialization of repairs;
b) Improvement of methods and forms of repairs, use
of advanced technologies;
c) The scheduling of maintenance and repair in order
to reduce the residence time of the machine;
d) Providing the repair of spare parts through a
centralized manufacturing, which reduce their cost;
e) Determining the optimal number of operators for
reducing maintenance labor;
f) Reducing the consumption of materials used for
repairs;
g) Improving the design of machines to make easy and
quick the detection of faults, their removal, and the
operational control of the technical condition
Reducing maintenance costs and repairs require the
liquidation of the poor repair execution because lower
quality leads to increased maintenance. Lower quality
control repairs may be due to inadequate technical
control and the poor provision of the repair unit with
machinery and jigs and tools necessary for the execution
of some quality repairs.
A factor, by which the economic efficiency is
growing, is the emergence and development of
maintenance companies, capable of performing many
tasks instead of the maintenance of the traditional
departments of industrial units.
With the development of services, the maintenance is
oriented towards services. This ensures two key goals:
i) the beneficiary (the user of the maintenance
process) does not need to keep in “stand by” the teams of
specialists, so as a consequence there is a reduction of
the maintenance costs , while increasing the level of
quality of maintenance processes, which are performed
by specialists.
ii) there can be constituted specialized teams to
perform maintenance operations which can act both in
their own enterprise and other enterprises.
Performing maintenance work by specialized
enterprises is one of the fundamental changes that are
recorded in industrial maintenance work. They are
suppler, flexible, able to adapt to new requirements, they
can provide periodic specialist benefits for which there is
no justification, in economic terms, maintaining the
traditional compartments of maintenance with new
maintenance facilities.

1

3) Behavioral factors
An important factor in ensuring the efficiency of
maintenance and repair is the maintenance staff and the
exploiting staff and also the nature of the relationship
between them. In the field of human relations, the
organization of maintenance work involves preparing
forecasts of labor requirements by level of qualification,
selection of resources, clearly defining workstations and
accurate evaluation of the results of the activity, the
formation of a training program, the application of
participatory methods, the stimulation of voluntary
employment of production operators to maintenance
activities, improved working conditions etc. .
It appears that all three factors of influence are found
or will be found in all industrial units [1] and therefore
maintenance function will acquire a new dimension
characterized by:
1) A transfer of tasks to production and specialized
manufacturing enterprises. Optimal maintenance policy
adopted in a company seeks to establish all the measures
to be taken to ensure the functioning of the equipment
fleet of equipment in optimal condition, based on
established technical and economic criteria, among
which the most important are the operational safety and
low maintenance and repair costs.
These objectives can be achieved by transferring to the
production staff of some maintenance activities of level I,
including: cleaning the equipment and work area,
keeping a tidy workplace, lubrication, adjustment of
operating parameters, checking fluid levels, the clamping
voltage of various components, the extent of
transmission belts, warning of failures which need to be
addressed to specialists etc. These activities, which
traditionally were in the charge of maintenance operators,
not requiring special skill and specific training, which is
why, under the proper motivation, can be transferred to
production operators.
Complex maintenance work will be carried out by
specialized companies that have jigs and tools, advanced
controlling and technological equipment, and specialized
personnel. The specialized repair units concentrated on
models or types of machinery are performing any kind of
repair, but only for certain types of equipment, such as:
lathes, drilling machines etc. The staff in the specialized
unit knows better the repair machine, the specific
characteristics of repair, causes of damage and is able to
liquidate faults in short time.
Adopting this policy of maintenance will lead to
gradually lower the personnel performing the
maintenance work, within the manufacturing enterprises
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2) Allocation of new tasks to the maintenance
department.
The cooperation with specialized units and the
transfer of some maintenance activities to the production
staff lead to a limited reduction of the maintenance staff,
but not to the abolition of this section.
The tasks of the maintenance [2]-[4] department will
be oriented on the following main areas:
a) Formation of joint teams consisting of production
and maintenance personnel responsible for the provision
and consultancy in difficult situations;
b) Selection of specialized units for cooperation under
the economic and quality criteria, contracting
interventions;
c) Collecting, structuring and valuing the information
on equipment behavior in service in order to improve
maintenance programs, reducing the consumption of
materials, spare parts inventory optimization, optimal
timing of equipment replacement .
These activities can be carried out by a maintenance
compartment,[5]-[8] with diminished capacity, but with a
high level of professional competence, consisting of:
i) experts: staff with polyvalent training consisting of
engineers and technicians able to contribute to the effort
of the department, to provide special technical assistance
to the production teams and to evaluate the quality of
work executed by third parties;
ii) methods agents: whose functions are: to establish
and follow maintenance programs, preparation of
maintenance specifications, analysis of data from the
equipment history etc. .

Crt.
No.
1
2
3
4
5
6
7
8
9
10
11
12

Industrial enterprises, as any trader agent, through
management teams, are focused on ensuring profitability
through: maintaining the production potential, efficient
operation of technical infrastructure, economic growth
security of persons and property, protection of the
environment etc.
Achieving this essential goal can be assured only
through good organization of maintenance activities,
whose management includes:
1) The overall objectives of maintenance
2) Restrictions to be respected and in particular, rules
relating to security
3) Variables of action available to achieve the
objectives, methods and means of maintenance;
4) Assessment and control variables
The overall objectives of maintenance depend on
many partners involved in the conception and design
stage of the equipment, their use and maintenance.
III. Case Study
The object of the study is to evaluate the performance
of human resources in the maintenance department and
the analysis of the performed activity.
In terms of methodology, the study is based on the
questionnaire stood in Table I, which was distributed to
21 companies with different specializations. To interpret
the results of the analysis concerning the management of
maintenance, it was used the “method of points”. The
giving of the points was made in the following way:

TABLE I
THE MANAGEMENT OF THE MAINTENANCE PERSONNEL
The management of the maintenance personnel
No

Rather
no

Rather
yes

Yes

Is there a positive working climate?

0

3

12

33

Maintenance workers are distributed in accordance with professional
competence?
It is made a current analysis of the problems of maintenance?

0

8

6

3

0

2

14

33

The staff that performs work maintenance is enough?

0

3

18

21

Do you consider that maintenance personnel have satisfactory technical
competence?
In the current activity, do you consider that the maintenance personnel have the
necessary initiative?
It is provided a regular improvement of the workers regarding the technical
maintenance?
It is provided a training of the foremen, technicians and engineers from the
maintenance department regarding the news in the field?
Is there performed a training on protection and safety on a regular basis?

0

2

8

6

0

10

2

6

0

3

16

30

0

5

14

21

0

1

22

27

The training of the maintenance personnel is the responsibility of the
maintenance department?
The qualifications and ability of the maintenance personnel are rigorously
pursued?
There is a non-significant planned time usage of the maintenance workers due
to delays, unexcused absences?

0

5

14

27

0

7

16

15

0

6

14

18

3) for the answer “RATHER YES” - 2 points,
4) for the answer “YES” - 3 points

1) for the answer “NO” - 0 points,
2) for the answer “RATHER NO” - 1 point,
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The differentiation of scores is achieved depending on
the complexity of the works, after the qualification level
of the maintenance operators and depending on the work
duration, as set out in the Standard [9].

After processing the received responses, it resulted in a
percentage of the management of the maintenance
personnel within the range 30% - 65%. The percentage
distribution of the maintenance personnel’s management
is
systematically
presented
in
Table
II.

TABLE II
THE PERCENTAGE DISTRIBUTION OF THE MAINTENANCE PERSONNEL’S MANAGEMENT
≤ 35%
35,01 -40%
40,01 –
45,01-50%
50,01-55%
55,01-60%
The percentage
45%
distribution of the
maintenance personnel’s
management
2
1
3
6
5
2
Number of enterprises

It follows that 6 companies (28.57%) of those
surveyed have the maintenance personnel’s management
rate below 45%, 11 companies (52.38 %) were having
the percentage of between 45-55% and only 4 companies
(19.04 %) have a higher percentage of 55 % , which
shows that in this area there are many weak points.
Analyzing the responses to the questionnaire, is noted
that:
1) If for the questions " Is the staff for the maintenance
works enough?" And "Is there performed a training on
protection and safety on a regular basis?". The
responses indicated a rate of 76.19% and 95,23% for the
variants "Yes" or "Rather yes", but the situation changes
in other aspects of management of the maintenance
personnel.
2) Thus, for the questions "The maintenance works are
distributed to the workers according to their professional
competence?" And "Do you think that the staff has a
satisfactory technical competence?, issues concerning
the quality of the work carried out only by 19,04% of the
businesses surveyed, which responded with the variants
"Yes" or "Rather yes" to the first question, respectively
28.57% to the second question.
3) With regard to the maintenance personnel’s
initiative, we encounter a similar situation. Thus, for the
question "In the current activity, do you consider that the
maintenance staff has the necessary initiative?, only 3
companies (14.28%) indicated the variants "Yes" or
"Rather yes".
Following the responses received can, we can draw the
following: it is not performed a rigorous tracking of the
maintenance personnel’s qualification and skills, it is not
ensured a regular training of the workers, foremen,
technicians and engineers, in their field of specialty. In
the questions regarding the aspects of the questionnaire,
the majority of companies surveyed answered with NO
or RATHER NOT variants.
Regarding other aspects of the maintenance
personnel’s management (work climate, relations of the
maintenance staff with the production), we cannot draw a
general conclusion, there are different nuances in each
company regarding the respective issues, and the
conclusions vary from one enterprise to other.

1

IV.

> 60%

2

CONCLUSIONS

The overall objectives of maintenance depend on
many partners involved in the conception and design
stage of the equipment, their use and maintenance.
In the literature of specialty are highlighted five
categories of measures to prevent accidental breakage of
equipment, measures involving the above mentioned
factors and on which depend the maintenance objectives,
namely: compliance with basic maintenance tasks, the
conditions of use, restarting after failure, correction of
conception and design defects and human error
prevention.
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become the algorithms of evolutionary optimization [3].
About the topology optimization wide-ranging survey is
given in the book of Bendsoe [4].

Abstract—In the literature the optimal design compose in
general one aim function what are the mass, volume or costs of
material in case of truss structure. The costs of joints are
difficult to estimate. In this work we show the optimization
with multiobjective functions. In this case the objective
functions are the mass of truss girder and the deflection of
joints. The design constraints are prescribed by EUROCODE 3.

Keywords—Optimal design,
design constraints, cost function.

multiobjective

II. SEVERAL EFFECTIVE METHODS OF OPTIMIZATION
A. The optimization
The general mathematical description of an
optimization problem is defined as to minimize an
objective function f(x)
min f (x),  x  En
0  g j (x),  j  1, 2, ...,m
(1)
0  h (x),  j  m  1, ...,p,

function,

I. INTRODUCTION

W

E can find lots of examples for the optimization of
girder truss in a technical literature. The problems
of optimizations can put into two groups:
1) the geometrical shape of structure is given and have
to calculate the cross section of the beams,
2) the geometrical shape of structure is not given, so
we have to optimize the shape of structure (topology).
The [1] and [9] literatures write about the method and
results the optimization of the cross-section of truss
girders in a plane. The authors chose the mass of
structure what was usual in that time. The design
constrictions were stress, displacement, eigenfrequency
and mass of structure. The novelty results show Martinez
and his mates on the field of optimization of shape and
measurement of truss girder [2].

j

subject to m linear and/or nonlinear inequality
constraints, p-m linear and/or nonlinear equality
constraints and x=x1, x2,..., xnT the variables (design
parameters) [5]. Types of optimizations are often as
follows:
1) Optimization of the geometry In the case of
dimension (geometry) optimization often the dimensions
of cross sections are computed.
2) Shape optimization
Traditionally, in shape design of mechanical bodies, a
shape is defined by the oriented boundary curves of the
body and a shape optimization the optimal form of these
boundary curves is composed.
3) Optimization of the topology.
4) Optimization of the material structure.
B. Multiobjective optimization
Multiobjective optimization is a vector optimization,
each element of which represents one of the objective
functions being optimized. Effective methods for
multiobjective optimization are listed here [6]:
1) Hierarchical optimization method
The objective functions are arranged in order of
importance which is based on the preference of decision
maker. The objective functions in level 1 are considered
as the most important and optimized first.



Min f1 x

(2)

In the level 1 the optimum design variables

Fig. 1. One form of joint

x

The joint forming cost can be read in the book [7] that
shows the Fig.1.
By the solution of the shape optimization are using

1

1



 x11 , x21 , ..., xn1



(3)

and the optimum objective function is f1( x (1)). For the
following levels
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Min fi x

i  2,...,m

where χ is reduction factor of bending mode, A=1 if
the cross-section is 1, 2 or 3 class,  A=Aeff/A if the crosssection is 4 class, where A is the area of cross-section and
Aeff is the effective area of compression cross-section
(EC3/1.5), fy is a yield stress limit of material, M1 is the
safety factor. In case of constant cross-section and
constant compressed force χ depend on  what is the
reduced slenderness of beam (9)
1
where

, but   1,
  2   2
1  (  0.2)   2
(9)

,
2
where α is a shape factor that value give the norm. The
reduced slenderness ratio we could calculate with the
next function (10):

(4)

the additional constraints are needed
 j1 

j 1
f j 1 x   1 
j  2, ..., i (5)
 f j 1 x
100 

where εj-1 is a relaxation coefficient. If there are m
levels the final optimum design variables are the next

 



x

 m



 x1 m , x2m , ......xn m



(6)

2) Goal programming
Goal programming is very effective method for
multiobjective optimization. The decision maker has to
set an inspiration level for each of the objective
functions, i. e. giving a target value. On the basis of
decision maker’s preference the objective functions may
be rank – ordered into priority levels, P1, P2,… P1 is
preferred to P2, described as P1>>P2. In the same
manner P2>>P3, P3>>P4,…. The new deviation
variables di+ and di- are defined to measure the
overachievement and underachievement of the i-th goal.
In each priority level the summation of the deviation
variables multiplied by its weighting factor is considered
as an achievement function. The optimum solution may
be obtained by minimizing the achievement function in
order of priority levels. It is desirable to obtain a design
whose performance matches the aspirations as close as
possible.
3) Weighting method
The weighting factors represent the relative importance
of the objective functions from the decision maker’s view
point. Because there is no practical analytical method to
define the weighting factors now they are selected by
experience. The weighting method has been applied
extensively in engineering design because of its
simplicity. We use this method too.



 A Af y
Ncr




A ,
1

(10)

where λ=lcr/i is a bending plane counted slenderness
ratio (this value have to count in two plane in general), lcr
the bending length of beam, i is a radius of gyration of
cross-section head axis of perpendicular bending plane
and Ncr is the break force. The Fig. 2. shows the
calculated values of the reduction factor [8].

III. DESIGNING OF TRUSS WITH EUROCODE 3
The employments of the beams of truss girder are
tension and compression. The maximal normal stresses
in the bars have to be smaller or equal as the allowed
value. At the compressed beams of girder truss are
existed the danger of bending. So the forces of the beams
have to be smaller than the counted value of standard
(EUROCODE 3). In case of the centralized compression
is the bending in a plane the competent, so have to check
on bending resist of compressed beams
Ned
 1,
Nb,Rd

Fig. 2. The calculated values (  ) of reduced slenderness
ratio
The λ1 value we calculate with the next function (11):
1  

(11)

At the optimization of truss girder in general the
objective function is the mass of structure, the costs of
material or the volume of structure, because the cost of
making of joint are very difficult to define and reference
data are not given. The design constraints concern to the
stresses, stability and geometrical sizes. The unknowns
are the cross-sections of beams what values could be
discrete or continuous. In the next we would like to show
the optimal design of truss girder with several objective
functions. In this case the objective functions will be the
mass of structures and the displacements of joints. The
design constraints are the displacements of joints, the

(7)

where Ned is the compressive force, Nb,Rd is the design
value of compression force. The bending resist of the
centralized compression of beam generally have to
determine in two perpendicular planes.
 A Af y
(8)
Nb,Rd 
,
 M1

1

E
235
 93, 9
 93.9.
fy
fy
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stresses in the beams of structure and the stability of the
compressed beams. To compose form mathematically the
optimization task we have to define the minima of F(x)
function in case of the inequality and equality design
constrains
n

F(x)   w i fi (x),

g j (x)  0,

j  1, ...,m,

1

h j (x)  0,

j  m  1,...,p,

(12)

where wi are weighting factors, fi(x) is the i-th
objective function of multiobjective functions, gj(x) and
hj(x) are the inequality and equality design constrains. To
solve this problem there are several methods, but in
technical fields the simple weighting factors are used.
The point is that each objective function has to be
multiplied by different weighting factor that has
importance on the given objective function. So we can
create from the multiobjective function problems one
objective function task with holding the design constrains
to take care that (13)
n

w

i

 1,

w i  0.

Fig. 3. The structure of truss girder “A”, the forces are vertical
and horizontal

B. Compose of the design constraints
For the displacement of joint “C” we prescribe that it
should be smaller than the given displacement
(16)
wmax  wpr
where wpr is the prescribed displacement of joint. The
employment of beams of truss girder is tension or
compression. So the normal stress of each beam must to
be smaller than the given stress
N
 max  i   pr
(17)
Ai
where σpr is the prescribed stress, Ni is the acting force.
In the compressed beams of truss girder is the bending
danger, so the acting force in the beam must to be smaller
than the prescribed one of the norm (EUROCODE 3) as
here
Ni  Nb,Rd ,
(18)
where Nb,Rd is the design value of compression force.
In the earlier composed nonlinear task of optimization
we show with the following truss girders.

(13)

1

For the solution of multiobjective functions
optimization there are different mathematical methods.
IV. THE OPTIMIZATION OF TYPE “A” GIRDER
We show the optimizations of two different types truss
girders.
A. Compose of the objective functions
As in Fig. 3. can be seen the truss girder has eleven
bars. The objective functions are the mass of the structure
and the displacements of joint “C”. At the optimization
of displacements are important rule, because its value
have to known, or have to restrict. The structure of truss
girder m mass we can calculate with the next connection:

C. Results of truss girder type “A”
The truss girder is shown in the Fig. 3. is statically
determined. Data are the next: E=210 (GPa), fy=235
(MPa), F1=4 (kN), F2=5 (kN), A=1; M1=1,1, =7850
(kg/m3), pr=200 (MPa), wpr=40 (mm), b= 8 (mm), ximin=
40 (mm), ximax= 200 (mm). In the Table I are the height
of beams, where x1 is the height of beams 1, 8 and 10-th.,
x2 is the height of beams 4 and 7, x3 is the height of
beams 2, 5 and 9, and x4 is the height of beams 3, 6 and
11-th (Ai=b*xi), where “b” is the width of beams.
We have studied that how the changing of weighting
factor (the importance of objective function) do change
the optima. From the results it appears that
multiobjective functions we can design such structure
that is the best suit requirements.
It can be seen in TABLE I. that the restricting of
prescribe of deflection is led to the increase of mass of
structure. With the changing of the weighting factor we
can give satisfaction to the different requirements.

11

m  f1  x    Ai l i 

(14)

i 1

where Ai is each beam cross-section, li is the length of
beams and ρ is the density of the material. The
displacement of joint we calculate with Betti theory, so
the displacement of “C” joint is
11
Nn
w c  f 2  x    l i i Ci
(15)
Ai E
i 1
where Ni is the force acting in the beam of the F1 and
F2 forces, nCi is the force in the beam of the acting of a
QC=1 force and E is a Young modulus of the material.
There are two objective functions, so we can solve it with
the weighting factor method. The weighting factors have
to take consideration, how important we think the
problem from the point of view.

1
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TABLE I
DIMENSIONS OF TYPE “A” TRUSS GIRDER

We solved the task with the multiobjective optimal
design method. Fig. 5. shows the minimal value of the
optimal beams cross-sections.

weighting factor (w1)

1

0.75

0.25

0

weighting factor (w2)
mass (kg)
displacement (mm)
x1min (mm)
x2min (mm)
x3min (mm)
x4min (mm)

0
36.9
38.5
43.7
163
40.0
40.0

0.25
37.6
35.7
40.0
176.8
40.0
40.4

0.75
40.0
31.6
42.9
200
40.1
40.0

1
103.0
31.1
141.8
200.0
170.0
138.7

V. RESULTS OF TRUSS GIRDER TYPE “B”

Fig. 5. The cross-section of beams of truss girder

In Fig. 4. can be seen truss girder that are F1 and F2
forces loaded and it has eleven bars. We show its optimal
design. Now the bars are square cross-sections, so the
unknowns are the cross-sections of bars. The geometrical
form is given.

On the left side column the mass of truss girder was
the objective function in the majority of cases (w1=
0.995) and the deflection was negligible (w2= 0.005). We
got the right side higher columns that the aim was the
minima of deflection (w2= 0.995). This aim could be
achieved with a more stiffness and heavier structure.
VI. CONCLUSION
From the results appear that in case of several
objective functions with the changing of weighting factor
we can design such structures that is the best suit
requirements.
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A. Compose of the objective functions
In this case the objective functions are the mass of the
structure and the displacements of joint “C”. The
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Modulation) [10]-[12]. This research brings arguments
for a mechanical transmission that achieves the
differential movement. The traction and steering are
made with different motors. The motion to wheels is
made with transmission chains to achieve the proper
angular speed difference of wheels. The model will be
equipped with a motion controller, using a pulse width
modulated DC (direct current) to DC converter (PWM).

Abstract— In this paper is presented the design, kinematics
and structural analysis of a mechanical transmission intended to
wheelchairs for disabled people. The kinematics of proposed
transmission is analyzed in order to achieve a proper synthesis
of gears. A 3D model of the transmission and wheelchair are
designed in Solid Works, and they will be used for the dynamic
simulation of the wheelchair robotic system in Adams software,
and structural analysis in Ansys. The wheelchair motion
simulation is made in Adams in two cases: traction motion and
steering motion active. Based on Adams dynamic analysis is
performed a structural analysis of designed worm and bevel
gears in order to establish maximum value of contact pressure.
The obtained results from Adams simulation and structural
analysis are presented. Obtained results and conclusions
demonstrate the efficiency of wheelchair proposed transmission
solution.

II. KINEMATIC STUDY OF WHEELCHAIR TRANSMISSION
Kinematic scheme of wheelchair transmission is
presented in Fig.1. Worm pinion 6 is actuated by electric
motor M1, and steering is performed by motor M2 which
rotates bevel pinion 8 (shaft V). Bevel gears, (10, 12) are
planetary gears and they are mounted on shafts (IV, III)
with pins assembly. Bevel gears, (11, 13) are satellites
gears. Satellites gears are mounted on needle bearings to
axes fixed on differential casing, and achieve a planetary
motion. To calculate the transmission ratio, the principle
of motion reversing is applied (called Willis principle).
To straight line displacement the traction wheels of the
wheelchair spin at the same angular velocity. The motion
is transmitted from worm gears 6-5 to the shaft II and by
means of final transmission with spur gears 4-2 to
wheelchair wheels.

Keywords—Wheelchair, dynamics, structural analysis,
motion study.

I. INTRODUCTION

T

HIS paper is structured in five sections. Upon the
introduction section is presented a kinematic
characterization of a proposed wheelchair transmission.
The third part presents the design solution in Solid
Works of a wheelchair differential transmission. In the
last parts are presented the kinematical characterization
of the wheelchair, by motion simulation in Adams and
structural analysis in Ansys software of worm and bevel
gears of wheelchair transmission.
Wheelchair remains the best transportation means for
disabled people. The first mention of such device appears
in 1595, for Phillip II of Spain, designed by an unknown
inventor [1]-[2]. In last 20 years, the wheelchairs have
become complex mechanical and electro-mechanical
devices [3]-[6] and robotic systems [7]-[9].
The propulsion system of powered wheelchair
typically is made of two motors, one for each drive
wheel, and a drive train consisting of gears, belts that
couples the motor’s shaft to the drive wheel shaft. Speed
and torque generated by each motor is controlled by
modulating the pulse width (PWM-Pulse Wave

1

V
8

2

S

Rd
12

9'

9
11
10
IV

III
13

II

4

5

I

6

Fig. 1. Kinematic scheme of wheelchair transmission [1].

For steering, the motion is transmitted from motor M 2
to shaft V, trough bevel gears (8, 9), (10, 11), (11, 12) to
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semi-axis III, respectively to motor wheel Rd. The
wheelchair wheels Rd and Rs will spin with the same
angular speed and opposite rotation sense. The
wheelchair moves in a circle. Casing S, and spur gear (2)
are not moving (the motor M1 is turned off).
The motion transmission chain for straight line
displacement and the motion transmission chain for
steering, of the wheelchair, are expressed by (1).
w
65

ωs =

(2)

10 , 12 -absolute angular velocity of bevel planetary
gears 10 and 12, considered in relation to differential
casing;
S - is absolute angular velocity of differential casing
upon wheelchair frame.
From (2) is concluded that the angular velocity of the
central gear (planetary) is twice the angular velocity of
the differential box. If the steering motor is turned off,
then 10  0 , from (2) it is obtained:

c
42

M1 - I - i - II - i - III - Rd
k
k
k
M 2 -V - i89
- IV - i10
11 - i11 12 - III - Rd

ω10 + ω12
2

(1)

w
c
Where: M1- traction motor; i65
-worm gear ratio; i42
-

final transmission ratio; Rd and Rs, right and left wheel,
I, II, III and IV – transmission shafts, M2- steering motor;

ω12 = 2ωs = 2ω2

i89k -bevel gear ratio; i10k 11 -bevel gears 10, 11 ratio;

Taking into account the gears ratio, is obtained (4):

k
11 12

i

- bevel gears 11, 12 transmission ratio.

ωs =

Instead of worm gear it could be used a bevel gear, as
in Fig. 2, where is illustrated the steering (a) and traction
principle (b) of motion transmission [13]-[15].

(3)

ωM1

(4)

c
i  i42
w
65

Where: S is the motion received from the traction
motor. In (4) notations used are:
w
M -is traction motor angular velocity; i65 -worm
1

gear ratio;

i42c -spur gears 4-2 transmission ratio.

In case of steering motion of the wheelchair, is
obtained (5):

ω10 =

10

a)

nM 2
i89k

; ω10' =

nM 2
k
i89'

.

(5)

is the motion received from steering motor M2.

Assume that the right wheel Rd is outside the curve, in
this case the pairs of satellite gears (11, 13) will spin. It is
distinguished: the absolute motion of planetary gears,
transportation movement of differential casing and
relative movement of satellites gears towards differential
casing S. In this context, the distribution of velocities in
absolute motion of a planetary gear, is:

ω10  RW = ωS  RW + ω11  rW

(6)

If is considered (2), is obtained the angular velocities
for satellite gear (11) and planetary gears (10) and (12):

b)
Fig. 2. Steering and traction principle [13].

For wheelchair straight line displacement when both
drive wheels encounter the same resistance to ground, is
valid (1). For steering, the governing equations of the
wheels angular velocity are deducted in the following. In
case of steering motion, the angular velocity of
differential casing S is:

ω11 =  ω10 - ωs 

RW
r
, ω10 = ωs + ω11 W ,
rW
RW

(7)

r
ω12 = ωs - ω11 W
RW
Where: RW -is the rolling circle radius for planetary
gears 10 and 12; rW - rolling circle radius for satellites

1
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gears 11 and 13.
Relations deducted above are helpful to the kinematic
synthesis of wheelchair transmission.
They are used to establish gears ratio, upon is designed
the 3D model.
III. SOLID WORKS DESIGN OF WHEELCHAIR
TRANSMISSION

Gears and parts modeling are made with Gear Trax
and Solid Works. The assembly models of transmissions,
is shown in Fig. 3. Gears dimensions and ratios are
presented in Table I.

Gear pair
Z2=34
Z4=18
Z8=13
Z9=33
Z6=1
Z5=17
Z10=16
Z11=10
Z12=16
Z13=10

Fig. 4. Detail of a transmission (section).

TABLE I
GEARS RATIOS AND DIMENSIONS
Gears ratio[-]
Gears module
Gears rolling
[mm]
diameter [mm]
1,88

3

2,538

3

17

3,5

1,6

2,5

1,6

2,5

dw2=54,84
dw4=101,5
dw8=39,0
dw9=99,8
dw6=26,25
dw5=58,8
dw10=40
dw11=25
dw12=40
dw13=25

Fig. 5. Detail of a differential transmission.

Designed transmission are mounted on the wheelchair
frame, the assembly view is presented in Fig. 6.

a)

Fig. 6. Wheelchair assembly.

The obtained 3D virtual prototype is important
because it will be used to simulate in Adams the
wheelchair motion trajectory and study of motion
dynamics. Also the virtual prototype is useful in further
design studies, to optimize the construction (minimize
weight, ergonomics studies).

b)
Fig. 3. Transmission assembly (with section)

1
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IV. WHEELCHAIR MOTION SIMULATION IN ADAMS

V. STRUCTURAL ANALYSIS OF TRANSMISSION GEARS

The virtual prototype of the wheelchair, presented in
Fig. 6, is transferred into Adams multi-body model, using
the transfer interface embedded in Solid Works.
It is achieved robotic system workspace analysis in
Adams, in first case for a combined trajectory, composed
by a straight line motion and steering. Functions used in
Adams to define straight line motion and steering motion
are given by (8).

Structural analysis of transmission gears is made in
Ansys to establish stress distribution and maximum
values of stress and elastic deformations. The gears
model is imported in Ansys database, are specified the
material properties, boundary conditions, and loads. As
loads are used the maximum values of shaft torques
calculated in Adams dynamic simulation.
A. Worm gear structural analysis
Worm gear is imported in Ansys, are defined the
proper joints, are specified the contact parameters as
bonded, and is made the model meshing, as in Fig. 10.

IF ( time-2 : 30, 0, IF (time-4:0 , 32, 32) ) –traction motion
IF( time-2 : 0 ,0 , 3.2 ) – for steering motion
(8)

In the second case of simulation, is active only the
steering motion, with value 2  3, 2 (rad / sec) (applied
to shaft V). The simulation is made using WSTIFF solver
with SI2 integration [16]. The wheelchair motions
trajectory obtained in both cases are presented in Fig. 7.

Fig. 10. Mesh model of worm gear.

The joint moment is specified as 9 (Nm), upon the
Adams dynamic simulation results. Obtained equivalent
von Misses stress distribution, is presented in Fig. 11.
The maximum value is by 35 (MPa).
a)

b)

Fig. 7. Wheelchair motion trajectory computed in Adams.

Traction torque (N·mm)

The traction torque obtained by motion simulation is
presented in Fig. 8, and steering torque in Fig. 9.
1,00E+04
8,00E+03

6,00E+03
4,00E+03

2,00E+03

Fig. 11. Worm gear equivalent stress distribution.

Time(sec)
0,00E+00
0

1

2

3

4

5

6

Elastic deformation distribution of worm gear is
shown in Fig. 12. Maximum value is by 0.0031 (mm).

7

-2,00E+03

Steering torque (N·mm)

Fig. 8. Wheelchair computed traction torque in Adams.
3,00E+04
2,50E+04

2,00E+04
1,50E+04
1,00E+04
5,00E+03

Time(sec)

0,00E+00

0

1

2

3

4

5

Fig. 9. Wheelchair computed steering torque in Adams.

1

Fig. 12. Worm gear elastic deformation distribution.
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B. Bevel gears structural analysis
The same procedure is followed for bevel gears 8-9
and differential bevel gears: 10-11and 12-13.
The mesh model of bevel gears 8-9 is shown in Fig.13.
The steering torque, by 3.2 (Nm) calculated in Adams is
used to define the rotational joint moment load. The
model is solved, and the equivalent stress distribution is
presented in Fig. 14. The maximum value is 23 (MPa).
The maximum value for the elastic deformation of bevel
gear 8, is 0.003 (mm), Fig.15.

The mesh model of differential gears is shown in
Fig.16.

Fig. 16. Differential gears mesh model.

As load in Ansys simulation is used the joint load
calculated in Adams simulation, by 3 (Nm), applied to
gear 10. The model is solved and is obtained the results
for equivalent stress distribution and elastic deformation,
presented in Fig. 17 and 18. The maximum value of
equivalent von Misses stress for this gear pair is 17.4
(MPa), and for elastic deformation is 0.0017 (mm).
Fig. 13. Bevel gears mesh model.

Fig. 17. Differential gears equivalent von Misses stress
distribution.

Fig. 14. Bevel gears equivalent stress distribution.

Fig. 18. Differential gears elastic displacement distribution.

Fig. 15. Bevel gears elastic deformations distribution.

1
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VI. CONCLUSION
This paper proposes to develop a kinematic and
structural analysis model of a robotic wheelchair.
Proposed transmission uses differential gears for
steering. The virtual model of the wheelchair is designed
in Solid Works and upon this model it will be developed
the dynamic model in Adams. Proposed solution uses
two kinematic chains, one for straight line motion and
second for steering motion. The solution uses two
motors: straight line motion motor and steering motor.
The motors can operate independently or in correlation,
in this case the wheelchair can be drive with different
steering radius. Based on the virtual model it is made a
dynamic simulation in Adams which reveals motion
trajectories of the wheelchair, kinematic and dynamic
parameters of the system: running speed, propulsion and
steering torque. From Adams simulation is determined
that the propulsion necessary torque, when the
wheelchair carries a 70 (kg) human, is 9 (Nm) and the
steering torque is by 3,2 (Nm). Furthermore, based on
Adams dynamic simulation is made in Ansys a transient
structural analysis, which reveals the gears transmission
solicitations. As a conclusion, in situation when the
wheelchair is moving on a flat surface, the necessary
torque for traction and steering are relatively low. Much
greater values are expected in case of a hill climbing.
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between the two bodies is obviously a spatial one if it is
considered that after impact, due to the friction between
the two bodies the ball will have a rotation around and
axis and it is less probable that this axis will be parallel
to the disc’s rotation axis. To obtain the answer to this
issue, an existing device was updated with new elements,
the main part being a metallic disc that can rotate around
a vertical axis. The disc is driven via a belt transmission
by a d.c. motor. The operation principle of the test rig
consists in launching in free fall a ball from a known
height; it collides the horizontal surface of a rotating disc
while a non-contact tachometer gauges the rotating speed
of the disc.
Two test-rigs were designed, in order to response to
the question if the spatial impact between a ball and a
disc can be assimilated as a plane impact between a ball
and an inclined plane, to obtain the same relative impact
motion. By comparing the postimpact relative motions
and plastic imprints for the two cases, respectively, one
can sketch the conclusions concerning the possibility of
equivalence between the two motions.

Abstract—The paper aims to answer to the question
whether the spatial impact between a free falling ball and the
frontal surface of a rotating disc around a vertical axis, on one
side, and the impact between the same ball and an inclined fix
plane can be considered equivalent. An affirmative response to
this problem would allow assimilating the disc-ball impact to a
plane impact and the possibility of applying a simpler study
method. The first part of the work presents the equivalence
conditions and the comparison between plastic imprints of the
ball obtained in the two cases are presented.
Keywords—impact, Coulomb friction, plastic indentation
I. INTRODUCTION

T

HE impact phenomenon is one of the most
spectacular mechanical phenomena due to the
noticeable effects caused by the appreciable energy
released during time period of milliseconds or even less.
The behaviour of a dynamical system where impact
phenomenon occurs can be more or less complex
depending on the hypothesis adopted in modelling the
system. The literature contains numerous references
concerning impact phenomenon, from elementary
dynamics manuals to recent papers from journals of
specialty, [1]-[35].
Two main directions were outlined in modelling the
impact phenomenon: the first, considers an instantaneous
collision between rigid bodies and the second, considers
collision between deformable bodies. Acceptance of
friction forces during impact gives a more complex
character to study of impact phenomenon. For the case of
plane impact with dry friction between two rigid bodies,
Routh [24], proposed a graphical method that permits a
relatively simple study of the phenomenon.
The present work tries to verify if the collision
between a rotating disc and a metallic ball can be
approximated by a plane impact. The relative motion

1

II. EQUIVALENCE CONDITIONS BETWEEN THE BALLROTATING DISC IMPACT AND BALL-INCLINED PLANE
IMPACT
One of the most effective methods for dynamical
analysis of mechanical systems – and both mechanisms
and robots are included here, is the dynamical analysis of
multibody systems, [25], [36]. A distinct multibody
dynamic problem consists in systems with impact
phenomena occurrence. The impact phenomenon is
characterised by sudden variation of kinematics
parameters and therefore the incidence of significant
stresses in the joints of the system, [22], [37].
The consequence of the great values of impact forces
is, in most of the cases, the occurrence of remnant plastic
imprint of contact regions. In the case when the variation
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of kinematical parameters is rapid, the intensity of the
stresses can be that high that leads to irreversible damage
of contacting surfaces. A comprehensive study upon
impact behaviours of a dynamical system with complex
geometry is extremely complex due to the multitude of
parameters to be considered. From this reason, most of
the impact studies consider simple geometrical systems,
requiring a reduced number of parameters in describing
the dynamical behaviour, [19]-[21].
Taking into account that the impact is essentially a
mechanical contact accomplished during a very short
time period, than the effect of the contact will be strictly
local. From this reason, in the study of impact
phenomena occurring in complex systems, only the local
geometry of the potential impact point vicinities is
established. Thus, it is adequate to study the impact
behaviour of two simple bodies with curvature radii
identical to the ones of the real contacting surfaces.
Finding the effects of impact for the simple system, these
results can be applied for the boundary surfaces of actual
parts. According to Saint-Venant’s principle, at
sufficiently large distances from the loads, the manner
the forces are applied doesn’t matter, and thus the
principle of described method is justified. These
considerations explain the numerous papers dedicated to
impact between bodies limited by plane, spherical or
cylindrical surfaces, between which more or less
complex motions happen. The percussions study can be
made through two main methodical categories,
depending on the adopted hypothesis.
The first technique (stereomechanic) accepts that the
impact phenomenon is instantaneous and takes places
between perfectly rigid bodies. The procedure allows
finding the post-impact kinematical and dynamical states
of the system as functions of initial states. The variations
are obtained by writing the equations characteristic to
dynamical theorems, theorems expressing finite
momentum variations, moment of momentum variations
and kinetic energy corresponding to ending and starting
of impact process, respectively.
The variations of different kinematical parameters are
described by the ratio between the values of the
parameter at the end and at the beginning of impact,
respectively. Among these parameters, the most
important is the coefficient of restitution, e. The
kinematical definition of this coefficient is made based
on Fig. 1:
e

 v"2  v"1   n
 v'2  v'1   n

Fig. 1. Oblique collision of two bodies

The significant advantage of this last method consists
in the possibility of estimation of forces developed
between the two bodies implied in impact. In this case,
the assumption of rigid bodies is abandoned and it is
accepted that they are deformable. From Fig. 2,
observing the impact process, one considers that it starts
when the first points of the two bodies are contacting,
then the impact continues and the approach between the
two bodies increases till the moment of reaching the
maximum value of the normal approach, y=ymax. At this
moment, the relative velocity between the two bodies is
zero and this moment, tc corresponds to maximum
approach. After this instant, the restitution phase starts
when the approach between the two bodies decreases.
The restitution process ends at the moment, tf.

Collision force (N)

Fc

tc
tc

tr

Time (s)

Fig. 2. Phases of collision process

(1)
Friction is not a process to be ignored in dynamical
analysis of system, except for an initial stage. Dry
friction is characterized by the lack of lubricant between
the colliding bodies and thus a direct contact occurs
between bodies.
Friction presence makes more difficult the study of
impact phenomenon. A suggestive example was given by
Kane, [38]. He analyses the impact between a double
pendulum and a rough horizontal plane.

The second technique of approaching an impact
process is obtained adopting the hypothesis of finite time
period of impact course, [10],[19],[29]. During the whole
impact process, all parameters, both kinematical and
dynamical ones, present continuous variation.

1
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After a convenient selection for the initial pendulum
position and for the values of coefficients of friction from
joints and of coefficient of restitution, Kane proves that
the final kinetic energy of the pendulum is greater than
the initial one.
The cause of this paradoxical is the manner the
coefficient of restitution is defined. To surpass this
inadequacy the coefficient of restitution must be defined
according to Poisson, using a dynamic parameter, namely
percussion, defined as the time integral of impact force.
Thus, the coefficient of restitution is describes as the
ration between the percussion of restitution phase and the
percussion of compression phase.
tf

eP 

t c F  n
tc

0

Fn



Pnf  Pnc

(2)

Pnc

The notion of percussion proved a valuable instrument
in the study of impact with friction. In 1890, Routh, [24],
proposed a method extremely effective for the study of
plane impact with friction, namely the method of
percussions plane.
Since the impact between the free falling ball and the
rotating disc is a spatial collision, it cannot be studied by
applying the Routh method.
In the case that this collision possibly will be
equivalent to the plane impact between a free falling ball
and an inclined plane, the initial ball-disc impact could
be analyzed using the Routh method for the equivalent
impact ball-inclined plane.
III. KINEMATICAL EQUIVALENCE OF COLLISIONS
The present paper aims to assimilate the ball-disc
impact to a ball-inclined plane and to this end the
following condition must be confirmed:
1) Plastic imprints coincidence between the marks
resulted from the two collisions;
2) Kinematical coincidence: in both cases, the impact
relative velocity between the ball and the impact surface
must have the same value and the same position with
respect to the normal to the surface.
A similar form of previous condition requires that the
tangential velocities and the normal velocities should be
equal, respectively, expressed mathematically as:
Vt  v t
(3)
Vn  v n

Fig. 3. Kinematical equivalence of the two collisions

V sin    r

V cos   v

where Vt , Vn and v t , v n are the tangential and normal
components for the collision with the inclined plane and
the rotating cylinder, respectively. Denoting by  the
angular velocity of the cylinder, by r the radius of the
point from the surface of the cylinder and by  the tilt
angle of the inclined plane, (3) become:

(4)

From (4) the angle of the inclined plane and the velocity
the ball must have when collides it can be found:

V  v 2   2 r 2
(5)




atan(

r/v)

For the free falling ball, the height of launching it can
be obtained, V  2g .

1
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The fact that the ball is let free for H max  1.5 m ,
leads to a limit value for the disc angular velocity in the
ball-disc impact. From the relation:
2
,
2gHmax  2gh  2rmax

IV. COMPARATIVE ANALYSIS OF POST-IMPACT
INDENTATIONS
The post-impact plastic indentations corresponding to
the collision of the ball with the rotating disc and to the
collision of the ball with the inclined plane ware scanned
using the laser profile-meter NANOFOCUS. In Fig. 4
there are presented the photography of an indentation, the
3D image obtained using the scanner and the tangential
and radial profiles.

(6)

the maximum angular velocity the disc might have can
be found.

Tangential
direction

Depth (m)

Depth (m)

Radial
direction

Tangential direction (m)

Radial direction (m)

Fig. 4. Photography, 3D image, tangential and radial profiles for an indentation on an aluminum disc

In order to compare two scanned profiles, [39], from
the entire scanned profile only a zone was separated,
plastically deformed, that afterwards was approximated
by a parabolic function, [40], Fig. 5.
Using (5), for two angles of the inclined plane, the
rotation velocity of the disc was found. In a first stage,
the repeatability of the results corresponding to two
identical collisions ball-disc, Fig. 6, and Fig. 7, was
verified. The very good agreement between the graphs
can be observed.

1

In Fig. 8 and Fig. 9 there are presented the tangential
profiles of the plastic indentations from the disc (red) and
from the surface of the inclined plane (blue). In this plots
the concordance between the axial profiles of the two
imprints is very good, except for the zone in the vicinity
of the free surface where the pile-up dimensions differ.
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Radial direction (m)

Tangential direction (m)

Fig. 5. Approximation by a parabolic plot of selected points

Fig. 9. Comparison between tangential profiles for inclined
plane and rotating disc for n  680rot / min
Depth (m)

V. CONCLUSION
The present work analyses the possibility of similarity
between a spatial collision between a free falling ball and
a rotating disc and a plane collision between the same
ball and an inclined plane. An affirmative answer to this
subject would substantially simplify the study of spatial
impacts.
From qualitatively point of view, the paper shows that
after impacting the rotating disc, the ball performs a
rotation around an horizontal axis and the condition that
after impact, the ball’s motion should be a plane one, is
fulfilled.
From quantitative perspective, the comparison
assumes two aspects. First, there were identified the
conditions required for considering identical relative
motions between the colliding bodies. More explicit, the
velocity and the incidence angle for the two impacts must
be the same. To satisfy these conditions, two test rigs
were designed and constructed. For both devices, the
height of free fall of the ball can be adjusted and for the
first test-rig, the disc angular velocity can be modified
and experimentally evaluated while for the second testrig, the tilt angle of the plane can be precisely regulated.
For both collisions the duration of flight of the ball
from impact instant till the second impact on an
aluminium plate is measured. Another experimental
parameter is the distance between the marks of the
collision ball-disc or ball-plane on one side and ballaluminium plate, on the other side. With these parameters
found experimentally and using own programs, the
velocity and reflection post-impact angle can be found.
A second aspect aimed in experimental researches
consists in analyzing geometric characteristics of post
impact plastic indentations for the two collision cases.
This study offers information upon the work of plastic
deformation needed during the impact process.
From the experiments completed the following
conclusions can be drawn:

Tangential direction (m)
Fig. 6. Comparison between tangential profiles for

Depth (m)

n  480rot / min

Tangential direction (m)
Fig. 7. Comparison between tangential profiles for

Depth (m)

n  680rot / min

Tangential direction (m)
Fig. 8. Comparison between tangential profiles for inclined
plane and rotating disc for n  480rot / min
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1) After the impact, the velocity of the ball centre is
smaller  25% in the case of ball-disc collision than the
inclined plane case;
2) The reflection angle is smaller in the case of ball-disc
impact;
3) The tangential profiles are practical identical for the
two values of angular velocities of the disc. More, the
indentations corresponding to two impacts at the same
angular velocity of the disc, are very close, showing a
good results repeatability
From the above considerations, from the point of view
of plastic imprints, the ball-rotating disc impact can be
equivalent to a collision between the same ball and an
inclined plane. Though, considering that the rotation
energy the ball receives after impact is much smaller
comparatively to the translation kinetic energy and the
work of damping or plastic deformation, for preliminary
calculus the ball-disc impact can be solved, with a good
approximation, using the ball-inclined plane model.
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1) the same velocities for mass centre of the ball;
2) the same angular velocities of the ball.
The methodology and results are presented in [2].
The impact with friction is quite often met in
technological applications, starting from the effect of
clearances in kinematical joints and ending with contact
initiation between a robotic hand and the manipulated
object.

Abstract—The condition of similarity between the spatial
impact of ball-rotating disc and the plane impact of ballinclined plane were précised in the first part of the paper and
the concordance between the plastic indentations obtained in
the two impact situations, when the relative motions between
initial contacting points are the same, was validated. The
present work presents an improved non contact method for
estimating the post impact angular velocity of the ball. The
results obtained for the values of angular velocity together with
the values obtained for the values of centre of mass and
reflection angle, in another work of the authors, show that
despite ensuring the same values and direction of relative
velocity, the post impact kinematical characteristics of the ball
are different for the two cases.

II. FINDING THE ANGULAR VELOCITY OF THE BALL
The optical method was considered a good alternative
in finding the post impact angular velocity of the ball, for
minimum intrusion within the experimental results. The
direction of post impact angular velocity is a first theme
requiring an answer. Given that the final purpose of the
analysis is to precise if the method proposed by Routh
[3] for study of plane collisions with dry friction may be
applied to the impact between a rotating disc and a ball, it
must be verified that the direction of post impact angular
velocity should be normal to the plane defined by the
normal in the contact point and the relative impact
velocity.

Keywords— impact, angular velocity, high speed camera
I. INTRODUCTION

T

HE possibility of equivalence concerning the spatial
impact occurring between a free falling ball onto a
horizontal plane face of a metallic disc rotating around a
vertical axis and the plane impact between the same ball
colliding a fixed inclined plane is aimed, as shown in the
first part of the paper. An affirmative response for this
question would simplify noticeably the study of spatial
collision because for the plane impact with friction, the
literature offers an extremely simple and efficient
method, the plane of percussions method, given by
Routh. A correct correspondence should denote that
ensuring before impact the same relative motion between
the impacting points from the ball and disc, or ball and
inclined plane, respectively, the post impact ball motion
ought to be the same for both situations. To this restraint,
the condition of identical post impact plastic imprints for
the two collisions is added. The condition of the same
ball motion for the two cases is expressed, according to
Euler’s equation [1] that describe the velocity
distribution for a rigid body, as:

1

Fig. 1. Balls with attached rods and autoadhesive stamps

The motion the ball will have after the impact with the
rotating disc was studied concerning this subject. To this
end, based on the previous results, [4], to highlight the
rotation motion of the ball, an adhesive stamp was
applied together with a radial aluminum rod attached to
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 Mext  0 ,

the sphere. The ball was hold in a specially designed
launcher by means of the rod. The ball was carefully
oriented such that the mark should be in the closest plane
to the camera, Fig. 1. Moreover, the direction the camera
was positioned was set as shown in Fig. 2. The radial
direction will be the direction of observation.

From moment of momentum theorem it results:
  const.

(1)

(2)

Thus, the angle between the rod directions is found from
two post impact images and by dividing it to the time
period between the two images, the angular velocity after
collision is obtained. The time between the two frames is
easily found since the software has the option of
indicating the frame index, as shown in Fig. 3.
Because the angular velocity must be found
simultaneously with the velocity of the centre of mass,
for the same impact, the velocity of centre of mass
evaluation is based on measuring the time between the
ball-disc impact and a second impact between the ball
and a vertical metallic wall. But, as shown in Fig. 4, there
is the possibility that the rod strikes the wall and not the
ball,

Fig. 2. Positioning of the video camera

From the two directions, radial and tangential, the
radial direction was chosen for analysis since, under the
assumption of plane post impact motion, it is required
that the stamp should remain permanently parallel to the
vertical plane in which it was contained at launching.
Fig. 3 presents a couple of images obtained by movie
breaking into frames at 420 frames/sec.

Fig. 4. The case when the metallic plate is in contact with the
rod

Fig. 5 presents the case when the ball has the rod
detached for finding the angular velocity and Fig. 6
presents two positions of the ball with the rod attached.
In both figures the first frame is randomly taken and the
second frame is chosen thus as the ball rotation should be
as close as possible to a complete rotation.
Knowing that the image capture velocity is
420frames/sec for Fig. 5, it results:
2

420  64.3rad / sec ,
(3)
(970  929)

a)

and for Fig. 6:
4

420  38.8rad / sec .
(1000  864)

The great difference between the values of angular
velocity for the two cases, ball and ball with rod shows
the ball with attached rod must be abandoned. The frontal
faces of the same cylinder were used in both collisions in
order modify as less as possible the impact conditions.
For accurate adjustment of the rig parts, a digital level
meter was used (Fig. 7) for setting the tilting angle. In the
case of rotating disc, the horizontality should be carefully
controlled, as shown in Fig. 8, where a bearing ball is

b)
Fig. 3. Two ball positions after the impacting the disc

Fig. 3 confirms that the angular velocity of the ball is
normal to image plane and thus the ball-disc impact can
be regarded as a plane impact. Additionally, taking into
account that after impact the sum of external moments
upon the ball is zero, [5]:

1

(4)
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placed on the disc and the ball’s equilibrium ensures

horizontality more exact than the level meter accuracy.

a)

b)
Fig. 5. Angular velocity evaluation for ball without the rod

a)
b)
Fig. 6. Comparison between angular velocities from ball-disc impacts. Angular velocity evaluation for ball with the rod

Fig. 8. Disc’s deviation from horizontal plane test and contact
point position identification

Fig. 7. Adjusting the tilt angle of the plane

TABLE I
EXPERIMENTAL DATA
Disc rotation velocity

n [rot/min]

Inclined plane angle  ' [deg]
Height of falling on inclined plane H [m]
Angular velocity, post impact ball-disc b [rad/sec]
Angular velocity, post impact ball-plane

 'b

[rad/sec]

v"0 [m/sec]
Launching angle post impact, ball-disc  "0 [deg]
Velocity post impact ball-plane v"0 [m/sec]
Post impact velocity, ball- disc

Launching angle post impact, ball-plane

 "0

480
24.1
0.89
91

480
24.1
0.89
90.1

680
32.4
1.04
94.28

1500
54.5
2.20
39.94

121

119.

114.7

-

1.808

1.878

1.782

1.737

16.32

15.89

16.86

9.22

2.065

-

2.703

39.93

[deg]

1
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distance between the plastic indentations from ball-disc
and ball-plane tests, on one side, and ball-aluminum plate
on the other side. With these parameters, using own
developed programs, the pot-impact velocity and the
reflection angle can be found.
Another aspect envisaged during experimental
researches consists in geometrical characteristics of post
impact plastic indentations for the two impact cases. This
analysis offers information upon the work of plastic
deformation produced during the impact process.
As an outcome of the tests, one can conclude that:
1) following the impact, the velocity of the centre of the
ball is smaller in the case of ball-disc impact;
2) the reflection angle is smaller in the case of ball-disc
impact;
3) the tangential profiles are practical identical for the
two values of angular velocities of the disc. Moreover,
for the indentations corresponding to two collisions at
the same angular velocity of the disc, there are very
close, proving a good repeatability of the results.
From the above remarks one can say that the impact
between a ball and a rotating disc cannot be equivalent to
the impact between the same ball and an inclined plane.

III. EXPERIMENTAL RESULTS
For the study of ball-inclined plane impact the
adjustment of the device is required, specifically the tilt
angle of the plane and the height of ball falling. These
values were found from kinematical equivalence
condition. The values of the tilting angle of the inclined
plane and the launching height are given in Table I. The
tests made were corresponding to rotation velocities
n  480rot / min and n  680rot / min . For the rotation
velocity n  1500rot / min the height of launching ought
to be H  2.20m , value that is not possible for the actual
device. For tests with ball launchings corresponding to
velocities greater than 700rot / min , a ball spring
launcher must be executed.
Table I presents in synthesis the experimental
parameters: the values of disc angular velocity,
corresponding angle of inclined plane, the height of ball
launching, the last two found from the condition of
kinematical equivalence presented in the first part of the
work. The last two lines present the angular velocities of
the ball for the two impact types. For the disc-ball
impact, the height of launching was h  0.74m and the
radius of contact point r  0.035m . One cannot consider
that the differences are unimportant.
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IV. CONCLUSIONS
The present paper analyses the possible similarity
between the spatial collision free falling ball-rotating disc
and the plane collision of the same ball with an inclined
plane. An affirmative answer to this subject would
greatly simplify the study of spatial collisions.
In modeling the dynamical behavior of a system,
sudden constraints occur often, and the effects are
noticeable both at the interface of contact regions and
inside the materials. Stress modeling and optimization
can be applied in various domains, from robotic elements
[6], [7] to classical engineering applications, [8].
From qualitative point of view, the paper illustrates
that after colliding the rotating disc, the ball takes a
rotation motion around a horizontal axis and a necessary
condition that after impact the ball should have a plane
motion is fulfilled.
The quantitative analysis assumed two aspects. First,
the conditions of identical relative motions between
colliding bodies were identified. More explicit, it is
required that the velocity and incidence angle for the two
impacts must be the same. To satisfy these conditions,
two test rigs were designed and constricted. For both
devices, the height of ball free fall can be adjusted and
for the first device, the disc rotation velocity can be
measured and regulated while for the second device, the
tilt angle of the inclined plane can be accurately adjusted.
For both collisions the flight time of the ball between the
impact instant and the second impact with aluminum
plate is measured. Another measured parameter is the
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1

transmission, reducing much the transmission gauge
[10]. Among the constructive solutions of existent safety
clutches, in many cases the clutches with balls or rollers
are used. This paper proposes to analysis the safety
clutch with balls radial disposed, with spherical rabbets.
Safety clutches with balls must provide the following
functional performances [6], [10]: the disengaging
precision, the sensitivity to disengaging, the transmission
capacity of load, high durability. The increase of the
disengaging precision is achieved by the elimination of
clearances among the clutch elements ([2], [7], [8]). The
increase of sensitivity to disengaging is obtained by the
use of disc springs with regressive characteristic [7], [8].
The increase of the transmission capacity of load is
achieved by the use of pressure disks and of the disc
springs [7]-[9]. The durability increase is obtained
through the use of constructive solutions that do not
allow the adjustment of torque transmitted [7], namely by
reducing the shocks in the engaging process (that is
achieved by the shape of active rabbets, different at the
coupling side compared to that at disengaging [5]); by
the choice of the coupling profile so that to provide a
linear or surface contact [6]; respectively by the
interrupting the power supply or by the clutch blocking
in disengaged position [7], case when the re-coupling is
done manually.

Abstract—Safety clutches with balls may have various
forms of the active rabbets, trapezoidal shape, tapered,
cylindrical or spherical, these could be radial or frontal
disposed, depending on the available gauge. The disadvantage
of classical solutions consists in the fact that in the complete
engaged working situation, the contact is punctiform or
sometimes linear, but in the disengaging process, the contact is
always punctiform. This paper aims to analyze the loads on the
active elements of a safety clutch with spherical active rabbets,
radial disposed, during the disengaging process when the ball is
in contact with the active rabbet following a circular arc.
Keywords—safety clutch, spherical rabbets radial disposed,
disengaging process, transmitted torque
I. INTRODUCTION

T

HE increase of capacity and productivity of a
machine requires this to be more rapid, more rigid
and to be performed with high precision to withstand to
dynamic loads necessary in the production process [1],
[2], [6]. In addition, the machine should be designed to
incorporate into its construction as much automation. In
this case, the production process stopping and the
machine servicing become very costly [3], [4]. As a
result, many companies provide their equipments against
damage at overloads, as a result of some anomalies in
operating or of some incorrect maneuvers of human
operator, by incorporating into the kinematic chain of a
reliable safety clutch [2], [5].
Regardless the type of overloads, dynamic – with very
short action, or quasi-static – with long time action, they
can lead to the machine damage and to its removal from
operating. Consideration of all overloads, which can load
the transmission, would lead to its excessive sizing; this
situation can not be accepted in the current state of
technique development. The mounting of a safety clutch
into the kinematic chain of mechanical transmission can
make maximum use of the mechanical properties of the
materials used to manufacture the components of the

1

II. THE DESCRIPTION OF SAFETY CLUTCH
The safety clutch with balls and spherical rabbets,
radially disposed and pressure system with pressure disk
[10] is presented for the complete engaged working
situation in Fig. 1, and at the end of the disengaging
process, when the ball comes out completely from the
spherical rabbet, in Fig. 2. The balls 2 are disposed, both,
into the spherical rabbets of the semi-clutch 3, and into
the cylindrical holes of the semi-clutch 1. The semiclutch 1 is assembled by means of flange screws 9. The
pressure disk 4 is centered both on flange 9 and on the
semi-clutch 1, through the cylindrical part of smaller
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diameter, both being made by sliding fits.

III. LOADS IN THE DISENGAGING PROCESS
Establishment of the reactions among the elements of
safety clutch with the balls and active spherical rabbets,
radially disposed and pressure disk as well of the torque
transmitted by the clutch during the disengaging process
is achieved depending on the relative movements of the
elements, the variation range of the angle of relative
rotation between semi-clutches, as well as the additional
deformation of the springs. Fig. 3 shows a partial frontal
section through the model of the safety clutch with balls
and spherical active rabbets, radially disposed and
pressure disk, in the disengaging process; Fig. 4, Fig. 5
and Fig. 6 present the partial axial sections through the
clutch model for the three stages of the disengaging
process. Corresponding to these working situations, is
also represented the assembly of forces acting on the
clutch, established based on the following calculation
assumptions [6], [10]: the friction coefficients values
during the motion are smaller than those static used in
the analysis of the complete engaged working situation
[6], [11]; the spring force increases due to additional
compression of spring, as a result of the relative
displacement of the semi-clutch 3 [6]; there are taken
into account the friction forces and centrifugal force act
on the balls; the balls are loaded evenly.
Relationships for the calculation of the torque
transmitted by the clutch in the disengaging process Mtd
and of the reactions among the active elements of the
clutch are obtained by solving the equilibrium equations
for the balls, for the pressure disk 4 and for the semiclutch 3, as shown in Table 1. Between the balls and the
semi-clutch 3 is considered the friction coefficient in
motion μ, between the balls and the semi-clutch 1 is the
friction coefficient in motion μ1 and between the balls
and the pressure disk 4 is the friction coefficient in
motion μ2. By solving the system of equations shown in
Table 1, there can be obtained the expression of normal
reaction Rn and the relation for determining the torque
Mtd transmitted by the clutch in the disengaging process,
presented in Table 2. At the end of the disengaging
process, the clutch transmits the remanent torque Mtr that
can be determined taking into account the fact that the
spring is no longer compressed in addition after the ball
comes out completely from the active rabbet. Assuming
that between the balls and semi-clutch the friction
coefficient is the same as during the disengaging process,
the determination relationship of the remanent torque
becomes

Fig. 1. Safety clutch in the complete engaged working
situation.

Fig. 2. Safety clutch at the end of the disengaging process.

The pressure disk 4 acts on the balls to keep them into
the spherical rabbets of the semi-clutch 3. The pressure
disk 4 has on the inside two parts sloped at different
angles, the first part having both the length and the angle
of inclination, smaller compared to the second part. This
disk is provided externally with a channel into which is
introduced a feeler of an electric switch, which gives the
command to stop the electric motor at the occurrence of
some overloads in transmission. The pressure force on
the pressure disk 4 is adjusted using the grooved nut 7,
through flange 6, secured against dismantling using
washers 8.
At the occurrence of some overloads in the
transmission, the ball 2 acts on the pressure disk 4, this
moves axially, compressing the cylinder spring 5. In the
first stage, the ball 2 moves on the first part of the
pressure disk 4, in the second stage it rotates on the edge
between the two sloped parts, and in the third stage, the
ball 2 moves on the second sloped part, of the same disk.
In this time the ball comes out of active rabbet and
guided by the circular channel reaches at the end of the
disengaging process, on the cylindrical part of the semiclutch 3, as shown in Fig. 2.

1

M tr  zFmax A 2r A1r  k 

 S 21max cos  max  S 21max sin  max  d b / 2

(1)

where: Fmax=c(1+Smax) represents the maximum force
of spring that corresponds to a ball, at the end of the
disengaging process; Smax=S41 III max – the maximum
variation of the spring deformation at the end of the
disengaging process; S21 max – the maximum value of the
position function of ball 2 from the semi-clutch 1;
max=max-13.
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To highlight the influence of structural and functional
parameters of the clutch on the normal reaction and the
on the torque transmitted by the clutch in the disengaging
process, a computer program was developed; the main
menu of the program is presented in Fig. 7.

Fig. 5. Axial section through the clutch and the forces among
the active elements of the clutch for the second disengaging
stage.
Fig. 3. Frontal section through the clutch and the forces among
the active elements of the clutch.

Fig. 6. Axial section through the clutch and the forces among
the active elements of the clutch for the third disengaging stage.

Fig. 4. Axial section through the clutch and the forces among
the active elements of the clutch for the first disengaging stage.
Fig. 7. The main menu of the program.

The program was designed so that to allow the
analysis of several clutches, namely of the safety clutch
with balls radially disposed with spherical rabbets, with
spherical rabbets and pressure disk, or with rabbets with
balls, as shown in Fig. 8.
To emphasize the influence of structural and
functional parameters of the clutch on the torque
transmitted by the clutch in the disengaging process is
considered one ball, the greater number of balls affecting
only the value of torque transmitted and not its variation.

1

Fig. 8. Selection of the clutch type.
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TABLE I
EQUILIBRIUM EQUATIONS

 Fx1  0 :

R1  Rn cos    sin   0 ;     13 , for the disengaging process from frontal plane;

 

 
D0
 
 max  3  arccoscos  0  3  
sin 3  , the maximum angle of relative rotation of the ball 2 towards the semi-clutch 1
2
2  d b  2r
2 
 



d b  2r cos  0
, the maximum angle of relative rotation in the disengaging process of the semi-clutch 1 towards the
13 max  3  arctan
2
D0  d b  2r sin  0
semi-clutch 3
db  2r cos0 ,
 3  2 arctg
D0  db  2r sin  0
0 = 30º...60º,
D0  3...5d , db  8...20 mm, r  2...6 mm

 Fy1  0 :

Rn sin    cos  1R1  Rn1cos   2 sin   1R2  Fcf 2  0

  1 ,    a or    2 for the three stages of the disengaging process from axial plane
1 = 20o… 40o,
2 = 45o … 75o,

 a max  arccos

D0  d b cos 1  2a1 sin 1  2S 21II max
db

, the rotation angle of the ball around the intersection point of the two parts with

different slopes of the pressure disk
a1 = (1…2) mm, the distance covered by ball on the first linear part of the pressure disk
1
S 21II max  D0  db cos 1  2a1 sin 1  d b cos  2  , position function of the ball 2, towards the semi-clutch 1 in case of the disengaging
2
process from the frontal plane, corresponding to the second disengaging stage from the axial plane

 Fz1  0 :
 Fz1  0 :

R2  Rn1sin    2 cos  0 ,

Rn1 sin    2 Rn1 cos  F  0



F  Farc / z  c 1  S

 the force that corresponds to a ball in the disengaging process

Farc – the spring force in the disengaging process,
z – number of balls,
c – the spring stiffness, (N/mm),
δ1 – the initial deformation of spring, (mm) .
D  2a1 sin 1   D0 ,
S  S 41I max  0
2tg1





d
S  S 41II max  b sin  a max  sin 1  a1 cos 1 ,
2
2S 21max  D0  d b
 sin  2  1  d b  1
1 

,
 
 a1 


2 tg  2
2  sin  2 sin 1 
 2tg1
 sin  2
S - the variation of the arc deformation for the three disengaging stages from the axial plane
D  d b  2r sin  max  sin  0 
, the maximum value of the position function of the ball 2, towards the semi-clutch 1, in case of the
S 21 max  0
2 cos 3 / 2
disengaging process from the frontal plane, corresponding to the three disengaging stages from the axial plane
S  S 41III max 

d 

M td  zRn S 21 cos   zRn  S 21 sin   b   0
2 

D0  db  2r sin   sin  0 
S 21 
, the position function of ball 2, towards the semi-clutch 1, in case of the disengaging process from the
2 cos  13

 M t3  0 :

frontal plane.
TABLE II
RELATIONS FOR THE DETERMINATION OF THE REACTION FORCE Rn AND THE TORQUE Mtd
Rn  FA2 A1  k 
k  0.05...0.08 , proportionality coefficient of the centrifugal force in relation to the assembly spring force,
A1, respectively A2 – dimensionless values,
cos  1  2 
cos  cos 1
A1 
, A2 
,
cos1 sin   2 
sin     1 

  arctg , 1  arctg1 , 2  arctg 2 , the kinematic friction angles corresponding to the friction coefficients in motion μ, μ1 respectively μ2
M td  zFA2 A1  k S21 cos  S21sin   db / 2 .
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Mtd (Nmm)

In all analyzed cases, there are considered as
constants, the values of parameters that do not vary,
respectively these have the following values: D0=150
(mm), the diameter of balls arrangement; db=12 (mm),
the diameter of balls; α0=45°, the angle of the active
rabbet profile; α1= α2=30° and 55°, the angles of the
sloped parts of the pressure disk; r = 3 (mm), the
rounding radius of the active rabbet profile to the groove
on the inner surface of the semi-clutch 3; the assembly
force of spring F1=86 (N) (spring stiffness c=43 (N/mm)
and the assembly deformation δ1=2 (mm)); μ0=0.06,
μ01=μ02=0.08, the static friction coefficients and the
friction coefficients in motion are reduced by 20%.
Plotting the diagram of variation of selected parameter
is obtained in a specified range according to the relative
rotation angle between the two semi-clutches, φ13.
1) The torque variation Mtd, depending on the diameter
of balls arrangement is shown graphically in Fig. 9. The
transmitted torque by the clutch during the disengaging
process, Mtd, increases with the increase of the diameter
of balls arrangement, the maximum value, Mtdmax being
obtained at the end of the first stage of disengaging
process (φ13=φ13Imax). The difference between the value
of torque at the beginning of the disengaging process and
the maximum value, therefore the sensitivity to
disengaging is higher for smaller values of the diameter
of balls arrangement. For higher values of the diameter, a
rapid decrease of the value of torque transmitted is
recorded.
2) The torque variation Mtd, depending on the diameter
of balls is graphically represented in Fig. 10. The
maximum transmitted torque by the clutch in the
disengaging process, Mtdmax, still appears at the end of the
first disengaging stage from the axial plane, but this
value is much closer to the torque transmitted by the
clutch at the start of the disengaging process, for reduced
values of the diameter of ball, so the sensitivity to
disengaging increases to small diameters of balls.

13 (degrees)

Fig. 10. Variation of torque for different values of the balls’
diameter 1. db=8 (mm); 2. db=12 (mm); 3. db=16 (mm); 4.
db=20 (mm).
Mtd (Nmm)

13 (degrees)

Fig. 11. Variation of torque for different values of arc
compression during assembly. 1. δ1=1 (mm), c=86 (N/mm); 2.
δ1=1.25 (mm), c=69 (N/mm); 3. δ1=1.5 (mm), c=57 (N/mm); 4.
δ1=2 (mm), c=43 (N/mm); 5. δ1=2.5 (mm), c=34 (N/mm); 6.
δ1=5 (mm), c=17 (N/mm).

3) The torque variation, Mtd, depending on the initial
deformation of the spring δ1, by maintaining constant of
the pressure force of the spring, is presented in Fig. 11.
The torque, Mtdmax, decreases with the increase of the
assembly deformation of the spring, and at higher values
of the initial deformation of the spring, this torque
continuously decreases, leading to an increased
sensitivity to disengaging, of the clutch (see curve 6,
from Fig. 11).
4) The variation of torque, Mtd, depending on the angle
of the active profile of clutch, α0, is graphically presented
in Fig. 12. The torque, Mtdmax, decreases with the
increasing of angle of the active profile of the clutch, α 0,
and to the small values of the angle α0 (see curves 1 ... 3),
the angle α2 has a relatively high value and leads to a
linear variation of torque during the third stage of the
disengaging process. The shape of variation curves
clearly shows the three stages of the disengaging process
from the axial plane and relative rotation angles between
the semi-clutches at which takes place the transition from

Mtd (Nmm)

13 (degrees)

Fig. 9. Variation of torque for different values of the assembly
diameter of balls. 1. D0=100 (mm); 2. D0=125 (mm); 3. D0=150
(mm); 4. D0=175 (mm); 5. D0=200 (mm); 6. D0=250 (mm).
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one stage to another.

balls arrangement, D0, the decrease of the balls diameter,
db, the decrease of the coefficients of friction μ0, μ01 and
μ02, respectively with the increase of the profile angle of
active rabbet, α0, the increase of the angle α1, of the
pressure disk and the increase of the assembly
deformation of the arc, δ1. The angle α2 affects only the
manner to decrease of the torque, but does not influence
the value of the maximum torque transmitted by the
clutch. The friction coefficients affect in a minor degree
the value of the torque transmitted by the clutch during
the disengaging process [6].
From the analysis of presented diagrams results that
this type of clutch can transmit high torques and by the
appropriate selection of the values of some constructive
parameters, there can be obtained solutions of safety
clutches that to ensure a high sensitivity to disengaging,
which would lead to the increase of the performances of
these types of safety clutches.

Mtd (Nmm)

13 (degrees)

Fig. 12. Variation of torque for different values of angle of the
active rabbet profile. 1. α0=30°; 2. α0=35°; 3. α0=40°; 4.
α0=45°; 5. α0=50° and α2=50°; 6. α0=55° and α2=45°.
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13 (degrees)

Fig. 13. Variation of torque considering different values of the
angle of the first sloped part of the pressure disk 1. α1=20°,
c=69 (N/mm); 2. α1=25°, c=54 (N/mm); 3. α1=30°, c=43
(N/mm); 4. α1=35°, c=36 (N/mm); 5. α1=40°, c=30 (N/mm).

5) The torque variation, Mtd, depending on the angle of
the first sloped part of pressure disk, α1, keeping constant
the value of torque in the complete engaged working
situation by changing the spring stiffness, is graphically
shown in Fig. 13. For high values of the angle of the first
sloped part of pressure disk (α1>35º), the ascending
variation of torque, Mtd, is greatly reduced, which
positively influence the sensibility to disengaging.
IV. CONCLUSIONS
The torque value, Mtdmax, during the disengaging
process decreases with the decrease of the diameter of

1
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I. INTRODUCTION

radial
profil
e

T

HE first part of the paper there were presented
images of radial and tangential profiles of an
indentation obtained when a free falling ball collides the
plane face of a rotating cylinder. Comparing the two
profiles, the pile-up phenomenon was observed in both
sections, a fact perfectly explainable, according to [1]
and [2].
A less expected aspect concerns the shape of the
profile from radial section. Similarly to the tangential
profile, the radial profile presents asymmetry with
respect to the axis of contact region but while for the
tangential profile, the asymmetry is strictly local,
occurring on a length approximately equal to the
maximum contact radius, for the radial profile, the
asymmetry becomes more pronounced as leaving from
the contact centre.
Considering the complex phenomena occurring and
the intricate relative motions on the contact area, a
quantitative validation is difficult to obtain.
For cases where a series of simplifying hypothesis are
accepted, the literature presents analytical or numerical
solutions, [3]-[9].

1

disc axis

tangential
profile
Depth (m)

Abstract—The shape of the radial profile of a rotating disc,
is different in the case when a free falling ball collides the disc,
presents in the region between the imprint and the periphery of
the disc a different shape from the one it has in absence of
contact. Accepting, in accordance to Saint-Venant’s principle
that at distances far enough from the region the load is applied,
it doesn’t matter the manner of applying the load, under the
hypothesis of linear elastic behaviour of material and using a
FEA software, the phenomenon is modelled. There were
considered the cases of rotating disc without impact, the impact
of free falling ball with the resting disc and the impact with the
rotating disc and for neither one of the situations the material in
the vicinity of the disc periphery reaches the plastic
deformation domain.

For a better illustration of the considered issues, a new
launching of the ball was made, from a height of h=0.89
m, onto an aluminium disc, with diameter Φ=115 mm
and thickness 22 mm, rotating with a velocity 400
rot/min. The normal coefficient of restitution is c=0.14
and the radius of impact point is rc=45 mm. The radial
and tangential profiles are presented comparatively in
Fig. 1.

Radial direction (m)

Fig.1. Radial and tangential profiles

From Fig. 1 it can be clearly observed that in the radial
profile there is a monotony alteration near the impact
region.
II. FEA MODELLING OF DISC
In the case of lack of spherical imprint, the axial
deformations of the rotating disc are given by the
relation, [10]:

 zz   



 02
2( 3   )a 2  ( 3  2)r 2
8E



(1)

where ν is the Poisson coefficient of the disc’s material,
E is the Young modulus, ω is the angular velocity of the
disc, a is the exterior disc radius and ρ0 is the density of
the disc’s material.
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Considering the axial strain:
h  h0
 zz 
h0

and it can be noticed that in the regions with slope
discontinuities, there occur deformations that there are
not real. In Fig. 2.d there are presented the values of
equivalent von Mises stresses. To be noticed that for the
angular velocity 4000 rot/min, the equivalent stress
doesn’t reach the yield stress value  Y  95 MPa .
To obtain the accurate shape of the deformed section,
the whole disc should be studied. Therefore, for the
complete disc, in order to impede the rotation, and
instead of using fictive elastic elements as the used
software generally applies, it was preferred the
attachment of there angularly equidistant cylindrical
spokes, oriented on radial direction, as in Fig. 3.a. The
restraint of glide upon their surfaces ensures the totality
of required constraints. The influence these spokes upon
the stress field is negligible, as noticed in Fig. 3.b, where
the axial symmetry is undisturbed. The axial
displacements are presented in Fig. 3.c together with the
deformed shape of the disc. Except for the vicinity of the
central whole, the shape of the deformed axial profile is
in complete agreement with (1).

(2)

where h0 is the initial disc thickness and h is the current
thickness, it results that the axial profile of the disc for
the operating angular velocity has a parabolic shape, the
minimum thickness of the disc being obtained in the
centre of the disc.
Starting from this observation, the deformation of the
disc was modelled using FEA. To reduce the
computation time, there were employed the observation
referring to the geometry and loading symmetries: any
axial disc section will remain plane and the median
central plane of the disc will remain plane, too. Fig. 2.a
presents the constraints imposed and the loads applied to
the cylindrical sector used in modelling the centrifugal
effect upon the disc with central hole.

a)

a)

b)

b)

c)

c)

d)
Fig. 3. FEA analysis of a disc in rotation: a) imposed
constraints; b) stress field; c) deformed shape

Considering the effect of impact between the free
falling ball and disc, it has a strictly local character,
where the plastic imprint perturbs the stress field. Thus,
subsequent to the ball-plane collision, the plastic imprint
behaves as a stress concentrator. A disc with a spherical
cavity on the surface, in rotation motion, was modelled
and the equivalent von Mises stresses are presented in
Fig. 4. The concentrator effect of the crater is strictly
local. As example, in the case of a circular hole in an

Fig.2. FEA modelling of a disc slice in rotation motion

The mesh was optimized as shown in Fig. 2.b. The
values of axial displacements are presented in Fig. 2.c

1
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elastic plane uniformly stretched at infinity, the stress
concentration factor, denoted SCF, is 3, according to
Rekach, [11]. Alaci [12] shows that the concentrator
effect diminishes rapidly, and at a distance of 3 radii with
respect to the centre of the hole, the stress concentrator
coefficient, is only 1.02. This observation is valid for
spatial situations too. For a spherical cavity situated in an
elastic space, [13], SCF is:
3(9  5 )
(3)
SCF 
2(7  5 )

yield is present only at the boundary of ball-disc contact.
The normal stress  z is presented in Fig. 5.b, and the
axial displacement u z is shown in Fig. 5.c.

a)

and for steel, ν=0.3, takes the value 2.045. In fig. 4 is
presented the concentrator effect produced upon a disc by
a spherical cavity at the surface.

b)

.
Fig. 4. Stress concentrator effect of a spherical indentation

Therefore, one can affirm that the presence of spherical
indentation is not responsible of the alteration of radial
profile from the vicinity of disc’s periphery.

c)

III. BALL-IMMOBILE DISC IMPACT
A dilemma occurring in modelling the impact ballfixed disc is the evaluation of maximum normal load.
One possible solution could be to evaluate this normal
force using the relation given by Timoshenko, [14], for
the impact of two elastic metallic balls. Considering the
fact that the impact with the aluminium disc is closer to a
plastic impact, [15], the maximum force is estimated
based on the viscoelastic model proposed by Flores, [16].
Fig. 5 presents the loading-unloading curves for the
elastic impact and for the dumped viscoelastic impact.

Fig. 5. Motionless disc case:
a) the equivalent von Mises stress; b) normal stress  z ; c)
axial deformations

IV. BALL-ROTATING DISC IMPACT

Force (N)

The same dependencies were studied for the case of a
ball in impact with the rotating disc, Fig. 6. One can
observe that the corresponding variations from Figs. 5
and 6 are identical, fact perfectly rational when the value
of centrifugal force acting on the ball is compared to the
normal load:
Fcentrif  220N  10000N  Fimpact
(4)
An evocative image is presented in Fig. 7, where there
are represented the level lines for the equivalent von
Mises stresses which obey the condition:

Dimensionless approach

Fig. 5. Loading curves for elastic and dumped impact (loop)

 Miss  0.2 Y ,

One can observe that for a loading force value
F=10000 N, both impact cases are estimated. The von
Mises stress field with values greater than the yield stress
 Y is presented in Fig. 5.a, and it can be noticed that

1

where
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 Y  9.5  107 Pa

is the yield stress value for aluminium.

(5)
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V. CONCLUSIONS
The paper analyses the radial and tangential profiles of
indentations produced by a bearing ball falling free on a
rotating disc. Assuming the hypothesis of theory of
elasticity that the impact effects appear strictly locally, in
the region of disc periphery, discordance occurs between
the shapes of disc’s profile in the cases without and with
impact indentation. Using finite element analysis
software, under the hypothesis of linear elastic behaviour
of material, the ball-disc impact was studied but a clear
explanation of the deviation from the predicted shape
was not completed.
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in Hungary started production in 1965, while the last one,
the tenth, in Kecskemét, started in 1976. Their capacity
for producing flats reached 25,000-30,000 flats per year
with an average flat area of 35 square meters.
Unfortunately, it is also mistaken to think that these
buildings were arranged into housing developments as a
result of certain political views. The main idea of placing
buildings separated from each other by a large air-filled
space in a park area and the separation of functions based
on a regional basis are generally associated with the
principles of the Athens Charter (as presented by the
CIAM), Le Corbusier, and, especially, the notion of
‟Unité d' Habitation" and the plan of a city housing three
million inhabitants, [1], [2].

Abstract—This article is intended to highlight elementary
construction defects occurring during subsequent thermal
insulation which would considerably improve the energy
properties of buildings. The previously planned fifty-year life
cycle of large-panel building structures may significantly
improve after the insulation of the facade. Therefore, it is
desirable to observe the regulations in every detail and execute
the renovation in a professional manner.
Keywords—Panel

buildings,

insulation,

construction,

defects

I. INTRODUCTION
Energy consumption has increased in both the
industrial and residential segments in the past few
decades. As a result, the subsequent insulation of
buildings has also increased all around Europe and
Hungary. It is also thanks to the realization that it is
better to hold warm and cold air within the building to
maintain thermal comfort. The wide range of innovative
possibilities offered by modern technological means and
manufacturers provides a solution to almost every
problem (except for historical buildings). The insulation
wave of flats found in panel buildings of the socialist era
has reached residents, professionals as well as laymen. It
may not be so well-known that, contrary to popular
belief, these buildings are not the products of a Soviet
socialist ideology. The first method of using large
prefabricated concrete blocks, which could be called a
factory-built house, had been developed in France in the
early 1950's, which was borrowed by the Soviet Union
and improved upon by the Danish. The initial system for
building prefabricated five-storey houses, in France
(CIGNET, CAMU), the Soviet Union (Domostroitel’nyj
Kombinat House-building Factory) as well as Denmark
(Larsen-Nielsen factory), was improved to allow for the
construction of ten-storey buildings. In Hungary, in the
late 1950's, several large companies experimented
(relying on their experience with the application of block
technology) with the production and construction of
buildings of large prefabricated concrete blocks based on
(mainly Soviet) examples abroad. The first house factory

1

II. THE CHARACTERISTICS OF PANEL BUILDING
Panel buildings consist of sheet-like frameworks,
which are normally a storey high and the size of a room.
These modules may be turned into a supporting frame by
pouring concrete into them along the edges at the
construction site.

Fig.1 Panel building
(Source: [5]
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illustrated by the thermal image in Fig.3.

Further characteristics of the panel structure are:
1) modules generally weigh 1-7 tonnes;
2) gaps between the joints are filled with concrete; the
joining of modules is done with the help of steel
reinforcement and bracing along the edges;
3) the building is reinforced with two-way walls (the
connection between the floorspace and walls does not
provide enough firmness);
4) panels on the facade are sandwich-structured; panels
on the inside are of concrete; while the floorspace is
made of reinforced concrete,[3], [4].
II.1 Typical defects in panel buildings
Defects in panel buildings may be traced back to
deficiencies in design, production and construction as
well. The most common defects are the followings:
1) there may often be differences of the order of
centimeters between the sizes of prefabricated modules
and planned sizes because of inaccurate production
templates or their premature wearing;
2) the insulation layer is damaged during heat treatment;
3) cracking may occur in the modules, especially in
winter, as a result of disregarding prescribed curing
times;
4) the insulation layer was left out of the panel
occasionally, although not often;
5) the edges of the panels were damaged during shipping,
lifting or installing;
6) the installation of the insulation layer to be placed
during construction and designed to fit between the inner
supporting walls and facade elements was sometimes
omitted [5].

Fig.3 Thermal image of a panel building
(Source: [6.])

As far as energy and heating costs are concerned, the
followings are of vital importance:
1) in terms of building structure, especially:
a) doors and windows of the facade
b) the roofs
c) the walls of the facade
d) floorspace above the basement
e) proper insulation of the walls of the stairways
f) the installation of windbreaks in the
stairways
2) in terms of building engineering systems:
a) heating and utility warm water supply
b) the importance of ventilation (mold problems,
hygiene)
TABLE 1 shows the loss in percentage in terms of these
factors.
TABLE 1

Heat Loss (Source: [7])
Heat loss of buildings as shown by experience in Hungary
Heat loss of blocks of flats
(panel buildings)

Fig 2 Basic conception of panel buildings
(Source: [6.])

Windows, doors

50-60%

Facade, gaps in structure
(drafts)

25-30%

Roof, ceiling

5-10%

Ground floor, basement

3-8%

III. THE INSULATION OF PANEL BUILDINGS
Most of the buildings are in a really bad condition
because of poor construction standards and are in need of
fundamental (non-static) renovation. Energy loss is quite
high in the case of panel buildings. This is well-

1
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During the construction (1950-1978), such buildings
were built, as a result of unrealistically low energy prices
and the lack of adequate materials, which lack low level
heating control, or it is rudimentary, and where billing or
the measuring of consumption was not based on
individual consumption, and, what is more, it is still not.
Especially in the case of panel buildings, this results in a
huge waste of energy. A certain wave of insulating
buildings started in Hungary to insulate the corners,
decrease the impact of thermal bridges and to help
improve low thermal comfort. The insulation of the
facade of a building is like football in Hungary –
everybody seems to be an expert at it. Without the
professional background and knowledge such solutions
came to exist, which we can come across every day.
Fig.4 shows such solutions very well.

IV.1. SCAFFOLDING AND THE USE OF A
SUSPENSION BRIDGE
The construction of the scaffolding may only be done
by professionals, carpenter scaffold builders, as they used
to be called, or, currently, industrial and building
scaffolders. It is a trade. For scaffolds higher than 24
meters (a 10-storey building is 30 meters high), a statics
plan needs to be prepared. In lack of MSZ, TÜV and
other authorizations, materials not measured and
qualified beforehand must not be built in at such heights.
Construction can not begin while the protection protocol
and the OSH protocol (delivery receipt) are missing.
The other solution is the application of a suspension
bridge, which admittedly was not intended for this
purpose, but contractors often tend to choose this option
still for its easy rentability. It must be noted though that
only personnel who have the required licenses may
operate it. Experience has shown that it doesn't allow for
accurate work. Dust and the formation of stains on the
facade show this. In order for workers to be able to keep
within the vertical and horizontal planes, it must be
continually checked and evenness must be provided. In
this case, this is always limited to the size of the
basket/bridge. Working on it is like working on a moving
swing. Fig.5 shows working levels used during
construction and the stains and sediment which have
appeared on the barely half-year old facade.

Fig. 4 Custom subsequent facade insulation
(Source: press photo)

The tenants and contractors who use such solutions
may not even suspect that, as a result of their work, they
cause further problems to the neighbors and even
themselves. Sooner or later problems generated and
accumulated by thermal bridges will begin to occur even
on walls that had no mold problems before.
The insulation of the facade of these buildings is not
standard procedure. Often, the tenants, or their
representative, choose such cheap professionals/nonprofessionals who have no references and may make
such basic mistakes that might even lead to lifethreatening situations or have serious financial
implications.

Fig. 5 Working levels

IV.2. ADHESIVE BONDING OF THE FACADE
MATERIAL AND ITS METHOD

IV. CONSTRUCTION DEFECTS IN THE SUBSEQUENT
INSULATION OF PANEL BUILDINGS

In contrast to common adhesive bonding methods
(scones), the ‟point–edge" bonding method must be used
to avoid the ‟mattress effect". It must be added that it is
also important to use it for fire safety reasons because, in
the case of regular scones, air may freely circulate after

In my article, I shed light on four such basic mistakes
which may occur during the subsequent insulation of
panel buildings.

1
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placing one pane over the other, which may cause a
chimney effect. The result of this is best proved by the
fire in Miskolc (Although, it must be noted, this was not
the cause of the fire but it accelerated its spreading). Due
to the incorrect adhesive bonding, panes of insulation
show fast and flexible deformation as a result of rising
morning temperatures which follow the drop in
temperature at dawn. The mattress effect is shown in
Fig.5. The real-life effect can be seen. [4]

V. CONCLUSION
Research shows that only 25 percent of households
have had their buildings insulated and their windows and
doors changed and only 16 percent have upgraded their
heating systems. Our residential buildings are mostly old;
61 percent of them were built before 1980 and only 10
percent in the past 15 years. This data indicates that there
is a big task ahead of us since the European Union will
be tightening its energy efficiency requirements till 2020.
Basically, the maximum energy consumption of new and
refurbished buildings has to meet the levels of today's
passive houses. Unfortunately, prices decide who the
successful contractors will be as there are no laws in
Hungary yet defining who can carry out the subsequent
insulation of panel buildings with a permit. As a solution
to the construction defects occurring during subsequent
thermal insulation, I recommend the introduction of
continuous education for contractors and even
representatives of the residents of a block of flats
possibly. New technology and information must be
presented to the residents, companies and representatives
so that when time comes for renovation they know the
pros and cons of the proper way of construction of the
system to be applied. The owners of flats refurbished
already are pleased with their current energy
consumption compared to consumption before. The role
of technical inspectors and responsible technical
managers is not to be undervalued either in proper
construction, [1], [2].

IV.3. THE METHOD OF PHYSICAL BONDING
(ANCHORING)
AND
THEIR
NUMBER
IN
RELATION TO HEIGHT
This is one of the most important aspects of facade
insulation. The physical bonding of insulation panes was
and unfortunately sometimes still is carried out by the
rule of thumb. This important step is often skipped to
save money. On surfaces where there has been no
anchoring, nature and the laws of physics can cause
havoc. In terms of anchoring, panel buildings differ from
normal buildings in that, with the change of height, the
usual number per square meter cannot be used but,
instead, an exact number of anchors must be used to fix
the insulation material in the exact spots. Many does not
take into account the suction effect of the wind and the
effect of mechanical effects on each other, which always
affects surfaces on the edge. In each and every such case,
an anchoring plan must be obtained from the
manufacturer along with an offer based on quality and
quantity factors after the examining of the surface built.
After the anchors of the right size and quality have been
chosen, have some characteristic measurements made on
each type of wall. The measuring is scalable and
applicable based on the results of the drawing out of
anchors. The practical length in the case of anchors
belonging to thermal insulation systems is defined by the
anchor itself. For calculating the necessary length, the
thickness of the insulation material, the adhesive layer
and concessional non-supporting layers (old plaster-work
and insulation, etc.) must be taken into account. In the
case of anchorage through a net support, the thickness of
the primary plaster-work must not be forgotten [3].
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IV.4. USING NETS AND PATCHING SYSTEMS
Adhesive materials needed for the bedding layer are
neglected or used overly sparingly because of the great
surface area of panel buildings. Embedding, leveling and
smoothing a fiber glass net in a precise, professional
manner is always of secondary importance due to a lack
of time and money. The lack of this may cause the
colored plaster-work to simply fall off the surface in
palm-sized flakes. As a result of the height of the
building the facade is subject to such mechanical effects
which make the use of diagonal netting, edge protection,
droppers and dilations essential [3].
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mechanisms of different companies are not designed in a
different approach based, to a certain extent, on new
principles, concepts, rules and procedures capable of
ensuring superior and growing functioning speeds
corresponding to the current and future contextual
development.
The design of management systems and mechanisms
does not ensure the basis of the conversion for macro-,
mezzo-, micro-companies to elaborate and implement
some strategies with a particular radical content that
should place informatics and people in the forefront in
the economy’s vision. This stage induces various
blockages in the functioning of the organizational
economic management systems and mechanisms by
continuously breaking the functioning speed, or
innovation of these systems and mechanisms; through
their inefficiency some professional performances are not
achieved. From here, the necessity for innovation and
continuous improvement or replacement, by managers
and engineer economists, of the company’s management
systems to ensure their growing functioning speed
imposed by the contextual mutations.
Another induced blockage is the lack of anticipation
and training of managers and engineer economists well in
advance and more thoroughly in regard to the innovation
of management systems and mechanisms and the
survival and efficiency of involved companies.
The current strategies concerning the management
systems and strategies, using the vital instruments for a
successful management of continuous improvement of
economic performances don’t place informatics and
people in the forefront in the economy’s vision.
During the preparations, of the specialized subjects, of
the curriculum, the courses have the image of main
courses based on the theoretical experience of the
authors, reflecting the practical sphere less. From here,
the necessity to innovate them with a procedural content
that can provide managers and engineer economists
knowledge according to the practical need in managerial
systems and mechanisms.
The lack of the applicable research infrastructure that
could ensure the simulation of economic managerial

Abstract — Romania faces just like other countries from
Europe and beyond, economic and social challenges combined
with a growing number of qualifications (specializations)
profitable for the people with higher education, and also with
secondary education, which were transferred by other countries
because it’s well educated and much cheaper. Since the global
economic crisis in 2008, the combined rate of unemployment
and employment under the professional qualification has
continuously grown. Young people have been particularly
affected by this crisis. In a sick state, grinded by corruption,
with a subsistence economy, like ours, the continuous
improvement of the managerial-economic performances is the
main scope of managers and engineer economists. This scope
has an important reason for managers and engineer economists
to use the Lean system in their managerial activities.
Additionally, innovation is a solution which applied in the
LEAN system leads to the continuous improvement of
performance.
Keywords — engineer economists, the Lean system,
continuous improvement, transversal competences, the National
Register of Qualifications

I. INTRODUCTION
current state of knowledge outlines that the
THE
current functioning speed of the management systems
and mechanisms, regardless of the nature and scope of
the involved organization (micro-, mezzo-, macro- and
mondo systems) does not continuously accelerate. The
management systems and mechanisms can only operate
efficiently at certain speeds, hence the need for the
continuous improvement or for replacing systems and
mechanisms to ensure their increasing operating speed
imposed by the socio-economic and human mutations.
The management systems and mechanisms that ensure
the survival and efficiency of the involved organizations
(companies) are not anticipated and prepared for in
advance and more thoroughly to increase their
functioning speed. The management systems and
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current activity. Their rational sizing by the managers
and engineer economists is very important from an
economic point of view. The problems that frequently
occur are their under-sizing, which generate a lack of
liquidities and a high degree of indebtedness to banks
and / or oversizing circulating funds, which results in an
unnecessary blocking of availabilities that could be
efficiently used in another destination. The investment
funds through which the financial support is ensured,
necessary for the operationalization of strategic options.
Managers and engineer economists must resolve the
major issue of determining their size, in accordance with
the imposed necessities of each strategic option and the
allocation possibilities and for the ones attracted or
borrowed, for reimbursement. The financial-economic
analysis is essential to determine the level of these
resources.
Managers and engineer economists, before including a
resource in the management strategy, must demonstrate
the efficiency of its use and at the same time avoid a high
level of indebtedness that can endanger maintaining
ownership of the organization. When setting the
resources, they also indicate their origin: their own,
borrowed (from who), attracted (from who), etc. This is
an essential element due to the exhaustive nature of the
resources and the decisional share they have upon the
interested parties.
All these indicate to managers and engineer
economists the necessity of increased rigor in sizing and
structuring resources, based on highly complex and
thorough financial, market, product and managerial
analyses [1].
The Lean Manufacturing system names “losses” all the
things that the customer would not be willing to pay,
namely that which doesn’t bring direct value [3]. The
value offered to the customer represents the difference
between the total value offered to the customer and the
total cost at the customer. The total value offered to the
customer by managers and engineer economists is given
by all the benefits that these except from a product or
service.
In our analysis we started from the premise that
customers will purchase petroleum products and LPG
loads from the company which, in their opinion, provides
the highest value. Basically, a transport company needs
diesel fuel to ensure its objectives of transport. It can
make the purchase from a certain company that sells
diesel fuel or from its competitors. To this end, the sales
force of the marketing companies will present their
offers. They know that the work without added value is
found in almost all the organizational systems, those
from Toyota identified 7 new ones.The total cost at the
customer represents more than the financial cost. It also
includes the time, energy and moral costs anticipated by
the customer.

systems and mechanisms and the software necessary for
these simulations are blockages in obtaining managerialeconomic professional performance.
Removing these blockages and the continuous
improvement of the managerial-economic performances
of managers and engineer economists, beside the
undeniable and almost universally accepted solution –
the innovation of managerial-economic systems – have at
their disposal the application, besides the advanced
methods of management of some vital management
tools, of the Lean system.
II. THE LEAN SYSTEM FOR A SUCCESSFUL MANAGEMENT
Contemporary management faces complex situations,
numerous actions are done in order to achieve the set
objectives. In order to be successful in these
confrontations we have to resort to an assembly of
principles (rules), methods, techniques, procedures and
tools. Managers and engineer economists try to preserve
the dynamic equilibrium necessary for the competitive
resistance [1].
The systems of principles, methods, techniques and
procedures that are sustaining each other and are
interlocked are used in all circumstances for their
advantages. Some may be prevailing within the system
depending on the concrete conditions and circumstances.
For example, we show that the Japanese companies are
lead by the management through objectives method
(MtO) – because this has the largest share in sizing,
allocating and managing resources.
A synthesis of the concepts would ensure a better
understanding of the interdependencies of the base
elements of the management’s actionable universe. They
are integrated in the practiced managerial system and can
form the “management mix” specific to each manager or
managerial team, such as: management principles;
management
methods;
management
techniques;
management procedures; management tools.
Management tools are the technical and conceptual
means that determine the functionality of the
management methods and techniques. They are material
tools (office equipment, telephone, internet, intercom,
telex, PC, stopwatch, etc.) and conceptual tools (words,
decisions, objectives, plans, IT programs, organization
charts, mathematical symbols, etc.). After the role they
have in the management process, they are defined as an
assembly of technical and conceptual means utilized in
the application of scientific knowledge for practical
purposes [2]. They constitute informational elements of
connection that serve, in equal measure, both the
management system and the execution one.
The system of management tools LEAN appeared in
the 90s and was developed by the company Toyota under
the name of Lean Manufacturing. Today there’s a whole
“Lean philosophy”. In practice this consists in focusing
all the organization’s resources to eliminate losses and to
create value for the customer. In strategies, resources are
stipulated under the form of circulating and investment
funds [1]. The first provide the resources to undergo the
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through which managers and engineer economists
analyze the customer satisfaction level are: utilizing the
systems of receiving complaints and suggestions;
studying the customer’s satisfaction through regular
surveys; “the buyer’s game”; analyzing the customers’
losses.
III. THE CONTINUOUS PERFORMANCE IMPROVEMENT
USING THE LEAN SYSTEM
The Lean Manufacturing system was designed, in fact,
to eliminate three types of losses [3]:
1) Muda, represents the work without value add;
2) Muri, represents the systems’ overload;
3) Mura, represents variation.
The use of the management tools from the Lean
System, by managers and engineer economists, is quite
complex, the links between tools, principles and work
methods are not easily understood, however we will
analyze the most important ones and their effects in use:
1) 5S
Is a system that eliminates the waste of time, managers
and engineer economists must organize the work
environment. It’s an important component of the visual
management, in turn a Kaizen work philosophy. Given
the principle “the man sanctifies the place”, a difference
between an organized and clean organization versus a
disorganized and inefficient one can be seen with the
naked eye.

Fig. 1 Elements that determine the size of the added value
offered to the customer

In order to form an image about the total cost at the
customer, the manager or the engineer economists will
evaluate both the costs mentioned beforehand and the
financial cost [4]- [7].
Further, the customer will assess if the offer from the
company for marketing petroleum products, the total cost
at the customer is too high compared to the total offered
value. If his assessments are true, it’s possible that he
will accept the competition’s offer. Ultimately, he will
make the purchase from the one that offers the highest
value. If the company wants to sell its diesel fuel, the
managers or the engineer economists from within the
company will improve their offer in three ways: firstly,
increasing the total value offered to the customer by
increasing the advantages offered by the service
personnel, self-image or adding additive to the fuel to
improve quality, secondly, they can reduce the financial
cost at the customer by using applying a price reduction
percentage, if the requested quantity is large enough.
Managers and engineer economists determine if a
customer forms his own opinion in regard to value and if
he acts upon it. They study the customer’s satisfaction or
dissatisfaction after the purchase, which depends on the
report where the offered performances correspond to the
expectations.
Satisfaction represents the feeling of a person, resulted
from the comparison of the perceived performances
(results) of a product and his expectations. The level of
satisfaction is a function determined by the difference
between the expectations and the perceived performances
[2], [6].
The customer experiences three levels of satisfaction:
if the performances are far away from the expectations,
the customer is dissatisfied; if the performances
correspond to the expectations, the customer is satisfied;
if the performances exceed the expectations, the
customer is very satisfied or delighted.
The customer’s expectations arise from the previous
purchasing experience, from the claims made by various
acquaintances and from the information and promises
made by the company and its competition. Managers and
engineer economist have an extremely important
objective: “customer orientation”. Satisfaction represents
an objective and a management tool. The methods

1

Source: R & S, 33 vital tools for Successful Management, Publisher
RENTROP & STRATON, digital, www.rs.ro, 2014, Visited March
2015

Fig.2. Tactical management tools: 5S

This name comes from the Japanese words: Seiri (to
sort), Seiton (to arrange, to deposit), Seiso (to clean, to
polish), Seiketsu (to standardize) and Shitsuke (to
maintain), the five system elements can be arranged in a
repetitive cycle like the ones in Fig. 2, which can be
started periodically in workspaces where this system is
implemented [3].
Managers and engineer economists, once they’ve
decided upon the strategic implementation, form teams in
each department / workplace to sort out all the materials
found. Sometimes it’s the most difficult step because it
involves the selection of materials in three groups: those
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9) Poka Yoke:
Managers and engineer economists can eliminate the
possibility of error by preventing its appearance.

necessary for the future, in the same work area; those
who will be kept in other working areas; waste. Moving
further to arranging tools and labeling them in order for
each object to have its own place or in order to avoid
spending time in finding them. The next step is cleaning
the workplace and tools, viewing cleanliness is a
powerful impression for each visitor. Standardization is
characterized by the system’s extension to the whole
company and by gaining support. Sustainability is the
most important thing to avoid going back to the previous
situation. Slippage trends will continue, however
periodic audits and inspections will help maintaining this
state that will, in time, bring great gains of efficiency and
image.
1)
Andon:
Is a visual system of emergency assistance that can go
until the stopping of a process.
2) Bottleneck analysis:
Managers and engineer economists analyze the process
portions that reduce the maximum output.
3) Lean production:
By applying this procedure, managers and engineer
economists eliminate the waiting times between work
phases, transportation, etc.
4) Gemba:
Is the process through which managers and engineer
economists walk among the operators, where the things
happen; discussions with the operators.
5) Just in Time:
Is a process of eliminating stocks through the
optimization of the relation between demand and
production.
6) Kanban:
By applying this process, managers and engineer
economists automate the raw material movements as
needed, they optimize the flows.
The two tools: Just in Time and Kanban used by
managers and engineer economists in the Lean System
are distinguished by the fact that, while Kanban is a
visual management system, Just in Time (JiT) helps
eliminate one of the seven losses from the Lean concept,
excess inventory. Managers and engineer economists can
interconnect the two processes within the Lean concept,
with Kanban adjusting the Just in Time system through
visual alerts of the raw material supply, usually with a
system of cards, labels or plates.[8].
7) Kaizen:
Is the instrument through which managers and
engineer economists obtain the continuous improvement
of processes and work procedures. The fundamental idea
behind this strategic process is that dramatic and major
changes are not necessarily needed to ensure the process,
it is sufficient to repeatedly intervene with small steps
that can re-launch the process, eliminating waste and
improving the company’s processes [9].
8) Predictive maintenance:
Managers and engineer economists delegate the
preventive maintenance at the operators’ level.

1

IV. CONCLUSION
The current state of knowledge outlines the functioning
speed of the management systems and mechanisms,
regardless of the nature and the scope of the organization
it isn’t continuously accelerated. The activities of the
human resources are vital to ensuring the success of
every company.
The management systems and mechanisms can only
operate efficiently at certain speeds.
The combined rate of unemployment and employment
under the professional qualification is growing, both in
the Romanian labor market and in other European states.
Removing these blockages and the continuous
improvement of the managerial-economic performances
of managers and engineer economists, beside the
undeniable and almost universally accepted solution –
the innovation of managerial-economic systems – have at
their disposal the application, besides the advanced
methods of management of some vital management
tools, of the Lean system.
In practice, the Lean System consists of focusing all
the organization’s resources in order to eliminate waste
and to create value for the customer.
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American, Austrian, Italian and German investor
groups have reached a decisive share among the foreign
investors. A small number of large share capital and
large-scale production joint stock companies are
important pillars of the economy in the region.
Foreign capital inflow contributed to prevent further
deterioration of the unemployment situation, the ability
to increase exports, to the technological renewal,
increased productivity, and investment upswing, so
actually economic stabilization of some small and
medium-sized city in the region. Approximately 40 % of
the foreign interest company (in 2001, 1232 pieces) are
only in foreign-owned and approximately 30 % of these
companies are in majority foreign-owned (the average
proportion of foreigners in 74-78% of the registered
capital). The industry dominates in the sectored
distribution of foreign capital, especially the processing
industry. Transport and telecommunications, the
agricultural sector and restaurant services, and the
construction and tourism are also important role. The
regional products are sold in more than 40% in abroad.
Industrial productivity increased at a rate of over 10%
per year since 1993. The capital intensive chemical
industry, garment industry, food industry, and
mechanical industry are determining the industry. These
are decisive in several cities, regional significance.
There are 25 industrial parks and 3 enterprise zones in
the Northern Plains. The 1990s in the Northern Plains
region have also a breakthrough in the field of
communications sector. [4]

Abstract—Since

the start of modern age and
industrialization the innovation are bringing forward an
increasing pace of development. Innovative applications and
scholarships exist in almost every country in the world serve
several purposes which are effectuated with a number of tools.
Nowadays, large enterprises use this tool, which can help
existence in the market against competitors in the long term.
Our study presents the economic situation in The Northern
Plains Region, Research and development activities and
expenditures and the experiences of 2007-2013 cycle.

Keywords—Northern Plains Region, innovation overview,
R&D

I. INTRODUCTION

T

HE appropriate and creative response for the
questions raised and problems to be solved is
one of the tools of development which is the
first step for innovative ideas. The innovation means the
process from the idea to completion.
The scientific and theoretical basis of innovation was
defined in the first time by Joseph Schumpeter in a study
in 1934. As described in the following types are
distinguished today: new products, the introduction of
new production methods, opening up new markets, new
raw materials or semi-finished goods resource
acquisition, restructuring the industry.
Since the start of modern age and industrialization the
innovation are bringing forward an increasing pace of
development. The states of the world are aware of that
the appropriate response to the problems can only be set
in such a way with better support innovative thinking.
Supporting has a number of tools: integrated education,
create inspiring application systems which can help the
successful implementation of the more ideas. Innovative
applications and scholarships exist in almost every
country in the world serve this purpose. Nowadays, large
enterprises use this tool, which can help existence in the
market against competitors in the long term.
II. ECONOMIC SITUATION

Fig 1 Population of Hungarian regions (2004-2012, person)
(Source: [1])

The Northern Plains Region covers administrative area
of Jász-Nagykun-Szolnok, Hajdú-Bihar and SzabolcsSzatmár-Bereg County. The larger investment growth
started from 1997 in the region and nowadays this rate is
not lower than the national processes.

1

15% of the country's population lives in the Northern
Plains, approximately 1.5 million people. The region's
population in 2004 was 1.54 million, for 2010 was 1.49
million with steady downward trend, which follows the
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national trend of population decline (Fig 1). The
Northern Plains region in terms of population is the
second most populous region.

increase of 8.5%, than in 2007 and nearly four tenths
higher.
In 2011, the share of R & D expenditure was 1,20 %,
calculated relative to the gross domestic product. This is
after a year earlier indicated a decrease of 3.4% growth
in the previous five years was surpassed by more than a
fifth. [2]

Fig 2 The number of companies operating in regions of
Hungary (2004-2010, piaces)
(Source: [1])

Fig 3 Evolution of research and development expenses and
proportion of GDP
(Source: [2])

Most of the existing businesses are located in Central
Hungary (Fig 2). The Northern Great Plain region is the
second between operating businesses in the region, but
there are much smaller number of firms than in Central
Hungary. The numbers of operating businesses in 2006
are declined in all regions since 2004.

The amount of resources devoted to research and
development, despite the significant increase in
international comparison, still belongs to the lower. In
terms of the 27 EU member states Hungary is at the end
of the middle third on the basis of purchasing power
parity, and the ratio of research and development
expenses GDP the per capita expenditure. In the EU-27
in 2011 2.03% of gross domestic product was spent on
research and development purposes, while in Hungary
this value was 1.20%. [2]

III. RESEARCH AND DEVELOPMENT ACTIVITIES AND
EXPENDITURES
Research and development plays an important role in
the developed countries in promoting economic
development and conservation. The activity can create
new jobs, due to the rise in living standards. The
competition between the world's leading economic
regions of the technical development is of paramount
importance.
The research and development has macroeconomic
significance. The amount of expenditures indicates that
the operators how much money can pay to ensuring the
future situation. The ratio of R & D expenditure is
therefore thought to be related economic development
opportunities as well. Support for R & D is a strategic
priority for the European Union, which means an
increase in the expense ratio of the target set for all
Member States.
Research and development plays an important role in
sustaining economic development, preservation of
competitiveness and improving, especially in resourcepoor countries.
The magnitude of the sums invested in research and
development in the strategy don’t reach the desired level
of Member States, including in Hungary. In recent years,
the development of costs arising from the economic crisis
is also affected by unfavourable market environment.
Nevertheless, the research and development expenditures
also increased steadily during the period after the
millennium. Although a proportion of gross domestic
product (GDP) decrease was observed in a few years, the
tendency is increasing in this regard. In 2011, research
development in our country was paid HUF 336.5 billion.
This after the 2010 enlargement showed a modest

1

Fig 4 The size of R & D expenditure as a percentage of GDP in
the EU-27 Member States, 2011
(Source: [2])

Research and development in relation to observed
differences between regions in the country in recent years
have shown less change. Central Hungary plays a
prominent role in the country in which the expenditures,
the number of employees in terms of magnitude can be
detected through the capital's dominance. The ratio of
gross domestic product in R & D spending is also the
highest; in 2011 the rate was 1.65% of the total, which is
1.4 times the national rate reported. Value closing to the
average is observed only in the Northern Great Plains
and Southern Plains. The regional differences were
declined in the considered five years based on relative to
GDP in R & D expenditures magnitude.
Central Hungary showing outstanding, but even
showed a two-fold advantage over second place in the
rankings. This is followed by Southern Great Plains and
Western and Central Transdanubia and Northern
Hungary and Southern Transdanubia. Number of R & D
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units are continued to increase between 2007 and 2011 in
the country. Of course, much different from region to
region, but overall the rates do not show significant
changes. In 2011, in Hungary research and development
activity was conducted in 3000 research place, which is
5.6% more than in 2007. During the five years, an
average gain of 1.4% is observed. [2]

Great Plains, despite the drop in the number of academic
research centres in the sector remained dominant.
International comparison of the data in the field of
research and development and innovation indicate failure
of the Hungarian economy is strong. This applies for
patents and researchers (the employees, or the ratio of the
number of population as well). Furthermore, it is difficult
to lower the number of R & D and innovation investment
of foreign capital in Hungary value. In contrast, we are
well represented by the ratio of export production and
modern techniques.
Overall positive assessment of academic performance
suggests that the gap is mainly due to the Hungarian
creativity lacking resources can successfully replace in
part.
All survey on innovation confirms the fact that
operating in Hungary, strong capital, foreign-owned
businesses at the forefront of innovation. The position of
the region in this regard nationally apparently is
favourable. In the Northern Great Plain region the
number of foreign-owned businesses per 1,000
inhabitants is higher than in the other regions. However,
taking into account the capital strength of the region it is
just in a fifth place.
In the most quantifiable factors of research and
development underlying the innovation (number of
researchers, scientific degree number of R & D
expenditures, scientific publications) the Northern Great
Plains is usually in a better position than the other
regions.
The numbers of secondary and higher education
people are lower than average rates. It weakens the
innovation potential of the region's human resources side.
The application of high technology is essential to the
well-educated, susceptible new technical and creative
team of professionals, which is a fundamental
prerequisite for innovation.
The investments are the most important and perhaps
the more effective indicator of the innovation indicators.
Economic development requires a long-term continuous
renewal of fixed assets, the introduction of advanced
technologies. The region's investment performance per
capita is not reached the half the country, it has the last
place among the regions.
The region's innovation industry has an impact for the
innovation, within this small machine weighs the most
productive industrial activities, production capacity,
technological level lower level, a higher proportion of
less competitive, cheap mass produced goods. From
high-tech industries, only a few are present meaningful
weight (For example: optical industry, household
appliances production).
In order to improve the quality of cooperation between
the companies and the development of innovative
services it is necessary creating an internal incentive
system and external marketing development. One of the
key tasks for it is describing of the principal providers of
existing knowledge (know-how), which is most suitable

Fig 5 Number of research sites in 2007 and 2011
(Source: [2])

Northern Great Plains, although still plays an
important role in the research and development, in recent
times the number of research sites registered a 13%
decrease, so in 2011 in the region of 293 units were
registered, which is about a tenth of the country.
Examining the grouping in the research sector units
during the period of expansion of the business sector can
be observed the expense of the higher education and the
public. This process has already started, in recent years it
is intensified. In 2007 has worked more than half of the
R & D sites in the field of higher education. In 2011, the
business has become dominant. The number of public
sector research and development is dwarfed by the other
two sites, although in a smaller reduction was also there.
The national growth led to a significant increase in the
number of business research sites. In 2011 compared to
the previous five years 27% more business maintained by
the research unit operated in Hungary, while in higher
education increased by 7.8% less. [2]
TABLE 1
EVOLUTION OF R&D PLACES BY SECTORS, 2011

(Source: [3])

The higher education sector also experienced a
decrease against of five years earlier. In 2011, only 1,380
places have already been carried out research and
development activities. In spite of the decrease higher
educational institutions are considered the main R & D
base. That is why there are a significant number of
Central Hungary reported (614). In contrast, the Northern
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for a specific unit (For example: technology transfer
office of the fittest). Create perspective Cooperative
Research Centres (CRC) is also important. It depends on
the nature of the sector. [1] [2]

A. R & I activities, investments, supporting links
B. Support investment OFF - cooperation and networking
C. The creation of R & I capacity for excellence [5]

IV. THE EXPERIENCES OF 2007-2013 CYCLE

V. SUMMARY

Statistical data of the second development cycle after
our entry into the European Union are the following [6][7]:
1) GOP tender submitted 1 priority of all the Northern
Plains Region: 898 pieces
2) Total funding requested: HUF 110 bn
3) Number of Winning Proposals: 488 pieces
4) A grant for 60, £ 3 billion
5) All aid paid so far: USD 43.9 billion
6) The four measures of GOP 1.5, the application has not
been printed, which bore the title of project preparation.
7) GOP 1.1. action: innovation, R & D co-operation
between universities, research institutions and
enterprises
8) GOP 1.2. action: The development of innovation and
technology parks bridging institutions
9) GOP 1.3. action: encouraging independent innovation
and R & D activities
IV.2 Development cycle plans, objectives of the
2014-2020 in national and regional level
National
specializations
defined
the
smart
specialization strategy are the following:

The innovation means the process from the idea to
completion. The following types are distinguished
today: new products, the introduction of new production
methods, opening up new markets, new raw materials or
semi-finished goods resource acquisition, restructuring
the industry. Since the start of modern age and
industrialization the innovation are bringing forward an
increasing pace of development. Nowadays, large
enterprises use this tool, which can help existence in the
market against competitors in the long term.
15% of the country's population lives in the Northern
Plains, approximately 1.5 million people. The Northern
Great Plain region is the second between operating
businesses in the region, but there are much smaller
number of firms than in Central Hungary. Research and
development plays an important role in the developed
countries in promoting economic development and
conservation. In Hungary in 2011 the money spent on
R&D was 336.5 billion HUF.
On the basis of development cycle plans, objectives of
the 2014-2020 in national and regional level the priority
areas for research are the following: social well-being
and healthy, advanced vehicle engineering and other
technologies, clean and renewable energies, sustainable
Environment, healthy local food, agri-innovation, ICT
(information communication technologies) and Services,
inclusive and sustainable society, liveable environment
and smart technologies.

A. System-oriented research (The focus is on systemoriented approaches in the research.)
B. Intelligent manufacturing (Product development is in
the focus.)
C. Sustainable society. (This is an innovative answer to
societal challenges.)
Priority areas for research:

REFERENCES
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[4]

A. Social well-being and healthy
B. Advanced vehicle engineering and other technologies
C. Clean and renewable energies
D. Sustainable Environment

[5]

E. Healthy local food

[6]

F. Agri-Innovation

[7]

G. ICT (information communication technologies) and
Services
H. Inclusive and sustainable society, livable environment
I. Smart technologies.
The measures provided for in GINOP creating
opportunities for S3 priorities for access to the resources
necessary on the basis of the horizontal areas of
intervention which were defined in national R&D
strategy.
Tender priorities:
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the reserves of our human resource.
Role of the human resources management in life of the
enterprises

Abstract—Nowadays, role of the human factor and human
resource is appreciated and has become one of the most major
elements of the success and competitiveness thus the demand
for applying the controlling has appeared in this area as well.
The knowledge, experience, expertise is a form of the capital, a
part of the organizational assets, and organizational strategic
resources. Its development or operation is expensive and
requires significant investments both by the individual and by
the organization. The basis of economic success of the
corporations, enterprises is that they should employ the
available or obtainable resources effectively and efficiently
during production of their products, services. In our treatise, we
survey and present the controlling instruments and methods
applied in the area of human resources management.

Management with the human resource increasingly
becomes such a strategic device of the enterprises which
has a decisive effect on the enterprises’ profitability,
long-term viability, success. The human is one of the
most expensive resources; costs of the employment of
people often play a role with the highest rate among the
costs of enterprises. At the same time, the labour force is
said to be an enterprise’s most precious resource as an
indispensable factor of the production. Economic
activities cannot be performed without labour force and it
creates the other resources as well or brings into a usable
condition [19]. The human resource has such attributes
which distinguish it from every other production factor:
the human resource
1) does not wear out during the work; capability of the
human resource remains in the long term;
2) has independent free will, as a result of which the
actions, performance and thus the corporate
performance can be influenced;
3) is innovative, is able to renew, cannot be stocked,
cannot be reserved so its continuous and smooth
utilization is needed for ensuring the adequate
effectiveness;
4) is not a property of the corporation, its value is not
part of the equity but an important part of the corporate
resources thus increases value of the corporate [13].
As well in the labour market, the companies building
on the production are replaced by the economic units
building on the knowledge i.e. the main emphasis
switches to the knowledge instead of the traditional
producing factors to the knowledge. In major part of the
successful enterprises, their results have been reached by
means of exploiting the opportunities in the human
resources management [22]. It was recognized that the
earlier knowledge, professional knowledge is sufficient
to overcome the competitors. Putting the organizational
management with the human resources on a new market
base is an essential condition of the perpetuance,

Keywords—costs, effectiveness, measuring, index-number
system, subsystems, payment system, performance assessment,
human resource audit
I. INTRODUCTION
The basis of economic success of the corporations,
enterprises is that how effectively and efficiently they
employ the available resources for producing their
products, services. The costing and accounting in relation
to the human resource already started to develop in the
‘60s but it was given relatively little attention. In the era
of informational society and knowledge-based economy,
the human factor is appreciated in the strategic initiatives
as well as the obtainment and keeping of the competitive
advantage. Thus the demand for applying the controlling
has appeared in this area as well. Principles of the
controlling can also be transmitted to this area if we take
the peculiarities of this resource into consideration during
development of the system. In the European Union, the
quality of human resource is the first, above all, among
our really important values and specialities. On the one
hand, it is necessary for the economic growth to increase
the demand for labour forces, to create new jobs,
expanding the employment in this way. On the other
hand, the condition of a long-lasting economic growth is
that more people should work and the competitiveness of
the enterprises and the country should improve based on
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prosperity of an enterprise. In this area, the strategic
foresight, planning for the long-term are steadily growing
in importance. The labour force can effectively perform
its tasks possessing the knowledge, professional skills,
abilities and aptitudes, but in absence of these ones, it is
not able to act its role in the value creating process [20].

c)

The human controlling is composed of the following
three subsystems: the cost controlling, the economy and
efficiency controlling. The basis of cost controlling is the
management accounting; its tasks include the
determination of personnel costs, the comparison of the
planned costs with the actually appearing costs, the
determination of deviations and their reasons and the
drawing up of developmental proposals. The following
activities are ranked among this subsystem: prognosis of
the costs occurring in relation to selection, training and
improvement of the labour force as well as monitoring
the expenses when they emerge. The economy,
effectiveness controlling analyses the effectiveness of
functions of the human resource (selection, training,
payment system, performance assessment) and the
personnel structure (qualification, age, gender etc.) and it
examines and evaluates the role, activity of human
resources management within the organization. Aim of
the profitability, efficiency controlling is to enlighten the
leaders on top of the corporate hierarchy about that how
important role the human resources management has
within the organization, to what extent it contributes to
the success, efficiency of the enterprise and the
enlargement of profitability. [10].
The human resource audit means a direction of
development for human controlling. This is such an
examining, analysing and comparing procedure which is
aimed at evaluation of the human resources management
effectiveness. An overall auditing of the human resources
management is in the centre. During this procedure, the
following things are screened: the human strategy and
targets, the planning methods, the information system
and control activities. The audit can be performed
horizontally or vertically. During the vertical audit, only
certain areas of the human resources management are
examined while the horizontal audit covers its whole
[20]. Further opportunity of the human controlling is to
employ the benchmarking. Within its framework, an
enterprise is compared to another company with regard to
the human resources. By means of comparison the
operation, processes and performance indicators, the
company sums up its situation in comparison with its
competitors and if a lagging is detected then the company
will be able to devise the required actions in order to
cease the lagging [11].

II. HUMAN CONTROLLING
In the modern world of today, the enterprises’
effectiveness should be supported not only by boastful
words of the leaders but by putting the measurement of
effectiveness on an objective base. The effectiveness of a
well-managed undertaking can/shall also be verified by
measuring and the direction of its further progress
can/shall be determined by analysing the measuring
results. An enterprise is effective not (only) due to the
advertising with marketing devices but also because of
that the effectiveness is measured within the organization
and figures buttress up the growth of effectiveness. Due
to requirements of the modern age and the effectiveness
increasing force of market, the management is expected
to create a long-term consonance between the
organization and its environment as well. This
consonance creation should also be in accordance with
the continuously changing but supply-typed market
relations [4].
The leaders, decision-makers of a
corporation need information in order to know, track the
performance and changes of their organization,
environment. They continuously need to modify the
long-term targets of their own organizations according to
the changes of environment. For that reason, such an
organizational and operational structure is shall be
evolved which meets the corporate and market
requirements and serves the carrying out of the
managerial, leading tasks. The controlling activity can be
an instrument for carrying out of the managerial, leading
tasks and ensuring the continuous information stream.
The relation of the controlling and management is
extremely important and has a determinative significance
from the cooperation point of view. One of the
controlling subsystems is the human controlling which
deals with analysis, measurement of the human resource,
human performance [1]. The ever-growing role of the
management with human resource has resulted in that the
human controlling activities have appeared in the
corporate image and the controlling devices have
extended over the human area. The human controlling
activity contributes the effective operation of an
enterprise [5]:
a) this is such a management instrument which
helps the enterprises to realize a rational costsensitive human resources management in their
everyday life
b) by means of its index-number system, it
indicates the utilization of resources and
contributes to making the necessary decisions in

1

an objective way
by means of its instrument system, it generates
itself the needful changes

Orientation of the human controlling
According to the domestic practice, the corporations
apply human controlling systems mostly with
retrospective nature and orientation – if applies at all –
and they utilize their index-number system for
retrospective purposes. Its essence is that, by means and
analyses of the indicators mapped from the past events,
they try to make forecasts for the future and to make such
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decisions which can influence the future to a positive
direction. However, since this analysis examines the
results of decisions made already previously and, based
on these ones, it sketches the future consequences, a big
risk exists that, possessing the limited information and
knowledge, the prospective consequence will be
determined, strongly limited. However, this is just one of
the possible application forms. The other lesser-known
applied solution when the human controlling is a device
for creating vision. Aim of this prospective, projective
controlling, by means of its application, is to ensure the
effective, efficient and optimum distribution of the
human resources of organization in order to reach the
future goals of the organization. Possessing the adequate
preliminary information, the prospective outcome,
performance are projected and compared to the expected
standards, by means of applying the different calculating,
prognostic procedures. After all, it is an activity similar
to planning of the human resource – in fact, a part of that.
During its application, the following things can happen:
defining and designating the forms of behaviour, the
norms and competences to be preferred in the future;
elaborating the action alternatives leading to realization
of the human strategy; determining concrete frames of
the operation [21].

managing the human resources, the performed activities
can be split into four essential tasks:
1) the short-term elaboration of the human
political ideas, parameters for the current year;
expand of the human strategy to the annual
economic plans
2) determination of the demands on the assets and
sources for the current year, in accordance with
forecasts of the strategic plans
3) gap analysis: systematized and detailed
opposition of the performances and operative
requirements; feedback the strategic gap
analysis, differences to the strategy
4) continuous data processing and operation of
management information system [10].
System of the controlling
In the long term, for the effective leading of a
corporation, it is indispensable to create harmony
between the organization’s environment, internal
operation and strategy. This is helped by the controlling
inside the organization, constituting such a sub-system
which is intended to increase the effectiveness of leading.
Essence of the system is to provide current and
understandable information for the leaders. It is
important that the delivered information should be
substantial i.e. should be of useful content for the leaders.
The controlling, from functional point of view, is a
subsystem of the management which coordinates the
planning, control as well as the information providing
[15].

Dimensions of the human controlling
In most cases, the possibility for applying the human
controlling amounts to the analysis of data regarding the
personnel costs and statistics. At the same time, the other
end is when extremely many but mostly totally
unnecessary and non-used data sets conglomerates. The
controlling cannot be confined to quantitative and
operative dimensions only; strategic and operative human
controlling is also absolutely required.

The planning system
The planning is such a substantial activity for the
enterprises which is intended to eliminate the uncertainty
and risk of future. This function helps the adaption to the
dynamically changing environmental factors. During the
planning, they ponder the effects on the organization
which can influence the ideas regarding the future. Mains
tasks of the system include: collection and analysis of the
data, preparing prognosis by means of the results of
analysis, designation of the plan goals and approval of
the plans prepared. During preparation of the plans,
designation of the performance indicators is also
required, they have an important role in the plan-fact
comparisons [12].

The strategic human controlling is an integral part of
the human strategy. Moreover, it is a personnel audit
dealing with the following: the examination of the longterm success; actions related to the realization; fulfilment
of the schedules; providing information continuously for
the human development. At the same time, it includes the
long-term analysis of the focuses, projects, managerial
and motivation assesses, activities which are fixed in the
human strategy; the establishment of the strategic
targeting and target overlapping. Major tasks of the
strategic human controlling are to:
1) perform strategic planning of the instruments
and sources to be made available for the human
policy
2) carry out long-term complex targeted audits,
revisions related to the human resources
management
3) perform calculations related to returns,
effectivity of the human investments [9].

The informational (reporting) system
The first task for building up the system is to map the
informational demands, namely, to determine what kind
of information the controller should transmit to each
target group. After assessing the demands, the following
processes can take place: the obtainment as well as
preparation of the necessary information and their
transmission to the right place. A well-functioning
personnel information system can be divided into two
areas. One of the areas includes those analyses, indicators
which is prepared by leaders of a human organization in

In case of the operative human controlling, from the
viewpoint of the organizational unit dealing with
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order to perform the activities successfully. The other
part includes such concentrated data, analyses which is
made for the leaders in order to decrease the uncertainty
of decision-making. The human controlling statement
details the corporate controlling report and makes
personnel statements for the different management levels
in which it affects the areas in connection with the human
resources management

Measuring the extent and mix of the headcount
We can examine the mix of headcount by different
criteria: based on groupings according to FEOR (–
Unified Job Classification System in English), based on
the distribution on the grounds of education level, type of
labour force, age of employees as well as by gender.
Beyond examination of the mix, another important area
is the determination of labour demand; one of its
instruments is the analysis for sphere of work. In
addition, we can also count labour demand contribution
and the quantification of the following things can also
mean useful information for the management: extent and
rate of the working and absent headcount, the labour
force utilization indicator and the dismissal cost ratio
[20].

The control system
Recording of the fact data and control of the economic
processes are priority issues.
The aim of this activity is to shed light on the
frequently occurring differences between the plan and
fact data as soon as possible and to survey the necessity
of intervention and to elaborate action plans during a
short period.

Examination of the labour force movement
(turnover)
Examination of the labour force movement is
integrally linked to analysis for the extent and mix of the
headcount. Examination of the turnover can be
performed by means of the index numbers of the labour
force movement (beginning turnover, leaving turnover,
labour force turnover etc.) and we can also the Markovanalysis which a technique of the inside labour force
offer forecast based on statistical estimation, a temporary
probability matrix [5] [23].
It is particularly important to follow up the movement
of labour force in an organization since the replacement
of leaving labour force can be extremely expensive.
Based on the study of Allen (2008), the labour force
replacement can be up to 50-60% of the annual salary of
a leaving employee [1]. The turnover costs include the
cost and contribution of the exemption from work, the
cost of leaving, the severance pay, the selection of labour
force, the costs of recruitment and indoctrination as well
as the costs arising from the difference of performance of
the entering and leaving employees [4]. There will be
serious extra expenses for a company if it does not
endeavour to retain the employees and allows the
turnover to spread. The replacement of someone often
costs one and a half times more than a worker’s salary
and the higher the earnings of a person is, the higher this
rate is. In the Consultation Magazine [10], these costs
have been reckoned among four categories by P&Bert
Management Consulting Group which is a SwedishHungarian founded company group dealing with classical
personnel consulting:
1) The costs related to a leaving worker: finding a
temporary deputy, time of a colleague managing the
leaving, losing the costs of the expended training, losing
the social capital and organizational knowledge.
2) Price of finding a new worker: the price of
advertisement, time expended of the interviews and tests,
informing the unsuccessful applicants.
3) The costs of indoctrination: familiarization of the
corporate strategy, ensuring the obligatory trainings,
understanding and building the internal connection

According to domestic and foreign researches, the
bigger an enterprises is and the larger the sales volume is,
the greater the necessity for applying the controlling
system is. The big companies can easily fall without the
planning, control and certain information. However, the
companies possessing controlling systems have
ascendancy over those enterprises which ignore the
preparation of plans and make their decisions regarding
the future based on spontaneous intuitions.
III. CONTROLLING INSTRUMENTS IN THE HUMAN
RESOURCES MANAGEMENT

When we speak about human resources controlling
then the effective management with the labour force is
that we examine. The examination covers the system of
financial and non-financial index numbers. From a
financial point of view, we analyse the development of
personnel expenses, the wage management, and the
effectiveness and profitability index numbers. During
application of the non-financial index numbers, analysis
of the data of headcounts is also an integral part of the
controlling tasks beyond the performance assessment [8].
In the following, we briefly present the index numbers,
methods applicable during the human controlling
activity.
SWOT analysis
SWOT analysis is one of the effective devices of
human resources management by means of which we can
examine how the most important resource of the
corporation answers the strategic purposes. By the help
of it, the enterprise can get a picture of that to what
extent the undertaking exploits the capacities of its
human resource and how it is able to react to the
environmental dangers as well as possibilities related to
the human resource. [19].
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enterprise and what factors the changes of productivity
can be traced back to [6].
Profitability indicators
The profitability indicators represent the efficiency of
an undertaking’s operation. During the analysis, we
compare the single income categories to a sort of
projection base (to headcount, wage cost in our case).
Indicators of the labour force and wage management
The corporate cost incurred in relation to the labour
employment includes the wage cost and all other costs
above the wage cost related to the employment. It is
peculiar to cost structure of the enterprises that the
personnel expenses represent a considerable part of the
costs [7]. In this area, we can calculate different ratios in
connection with the wage costs, wage contributions and
other personnel payments.

system, adaptation to the organizational culture.
4) Loss of work: loss of time, the cost of overtime,
corrugating the initial mistakes of a new employee.
Based on [5], we can class the factors influencing the
turnover among two types:
1)

external reasons not depending on the
operation of an organization: migration of
labour force to other sectors due to the
economic recession, retirement or health
damage of an employee,

2)

internal factors in connection with the
operation of an organization: inadequate
work atmosphere, the deterioration of
connections,
imperfectness
of
the
incitement, lay-offs.
According to [25], the base of reducing the turnover is
that we should explore those factors which can be
turnover causes in life of an organization i.e. we should
define the influencing factors in system (Figure 1)

Balanced Scorecard
BSC can be considered as a kind of instrument which
helps the management to realize the strategy; it is
suitable to clear up the strategy, to develop and solve the
tasks facing an organization [16].
Benchmarking
Human benchmarking is such a process by means of
which a firm qualifies itself for a continuous
development by comparing its performance indicators,
operation, processes with the indicators and processes of
other similar companies [20].
The employees and the organizational structure are
ranked among a company’s features to be compared
Index numbers of the investment in human resource
Aim of the calculation of the investment in human
resource is to help to assess, measure the effectiveness of
the investment in human resource. We discern two
methods of the investment in human resource: static and
dynamic methods [2].

Fig.1 Model of the factors influencing the turnover
Source: [26]

Working-time utilization indicators
An enterprise shall take into consideration, already in
the course of planning, that the workers are absent
occasionally during a year (holiday, sickness, other
justified absence etc.) but the non-justified absences are
to be assessed separately for disciplinary reasons as well.
The working-time balance shall be planned and its
fruition shall be taken into account. Beside the workingtime balance, we can calculate different index numbers
(labour force exploitation indicators, labour force
utilization
indicators,
working-time
exploitation
indicators etc.) [19].

Benefit value analysis
Benefit value analysis is such a method by means of
which the workers of a firm can be assessed not only on
the basis of the classical objective criteria (wage
demands, the number of years spent in the working) but
such other, even subjective elements (behaviour,
knowledge of a language) can be involved in the
assessment which characterize the collegial effectiveness
[3].
Human resource audit
An organization development diagnostic system
during which the following things are mapped by means
of questionnaire and interview methods: HR strategies,
policies existing in an organization; existence, features,
characteristics of the corresponding systems which
ensure the operation (recruitment, selection, performance
assessment, job structure, compensation systems, career
development,
training,
administrative
records,
controlling) [14].

Efficiency indicators
The effectiveness is a relation between the yield
reached by the production, service as well as other
undertaking activities and any or all resources used for
reaching the yields. Both the yield and the resource can
be represented in natural unit of measurement.
Examination of the labour productivity is an essential
area of the human resources management, during which
we assess that how the living labour was utilized, how
effectively the available labour force was used by the

Measurement of the intellectual capital
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[5]

Role of the intellectual capital a corporate resource is
steadily growing. The corporate added value arises from
such factors which are closely linked to the corporation
but cannot be sold independently. There can be at least
two reasons of ranking a factor among this group: (1) the
given factor is not a property of the corporation so it
cannot be sold (management, employees) or (2) the given
factor is inextricably linked to the corporation therefore it
is unmarketable independently (strategy, opportunities
for growing, organizational system, contracts). The
literature generally mentions all of these factors as
intellectual capital (intellectual capital – IC). [18].

[6]
[7]

[8]
[9]

[10]
[11]

Tableau de Bord
Tableau de Bord control is used as an instrument in the
management practice. Its essence is that it collects and
serves the index numbers determinative from managerial
point of view (indicators) for the corporate management.
A manager shall make decisions quickly, taking the
environmental factors and the situation of corporation
(airplane) into consideration, with the goals in mind [17].

[12]

[13]

[14]

[15]

IV. CONCLUSION

[16]

More and more people recognize the role of human
resources management in growing the competitiveness;
importance of the personnel activities is also on the
increase in process of the long-term value creation. At
the same time, one of the largest costs is to ensure and
maintain the adequate human resource therefore it is
required to pay an outstanding attention to measurement
and analysis of the costs during operation of the firms.
By its activity, human controlling helps the effective
operation of an enterprise during which human
controlling takes part in preparation and establishment of
the managerial decisions by calculations, analyses and
proposals. With duly supported arguments, human
controlling can propose the moderation of the unjustified
human resource costs; it can contribute to enhancement
of the competitiveness as well as the improvement of the
market positions. Furthermore, we must not forget either
that we are talking about a special resource because the
people have emotions, thoughts, consequently, based on
these facts, attention should be paid to those elements
which can be measured harder but are essential as well,
such as the organizational culture or the satisfaction.

[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]
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[27]
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movement to achieve both mixed signs, and through
traffic lights.
Geometric configuration of the zone subject to change
by the so-called "Turbo to turning" led to the creation of
two areas ,, the conflict "between the tram and car traffic
lanes, preventing the traffic in the roundabout of vehicles
covered by the indicator, but especially not ensure safe
passage through them ,, trams conflict "concerning the
safety of trams crossing in good condition, and primarily
streamline the flow of vehicles in the area ,, the conflict".
Drivers, to ensure the two directions which may
approach from trams, are practically obliged to reduce
speed until the vehicle stops and trams as leaders are
forced to slow to a stop and crossing ,, the conflict zone
"only when the goodwill of a car driver stopped giving
priority flow trams and all of them require traffic lights,
and this led to the development of a project that has been
assigned to solving the author [1], [2].
Analyzing the above presented, to start drafting a
project to prioritize trams in relation to motor vehicles
designed phase, phase in which the author of this thesis
has contributed.

Abstract— Case Study on adaptive solution facilitates
deployment of traffic light tram traffic prioritization in relation
to the phase of conflict designed cars in the points which are
intersections of tram lines and the lanes car Independence
Square of Oradea, Bihor County. Description of the chosen
solution for optimizing traffic by prioritizing traffic in relation
to the phase trams designed cars will require abolition of the
intersections with traffic lights and intersections to configure
other decongestant and road flow in this area too.
Keywords: Traffic optimization, adaptive traffic lights,
prioritize trams, inductive loop detectors, traffic, traffic lights
operating diagram

I. INTRODUCTION

C

ASE Study on Implementation of adaptive Traffic
Light solution facilitates prioritization of trams in
relation to a motor vehicle intended primary
destinations phase in the conflict points are the
intersections of tram lines and the lanes car Independence
Square of Oradea, Bihor County.
The description of the chosen solution for optimizing
traffic by prioritizing traffic trams in relation to a play
designed cars.
Due to friction between the rail and tram wheels found
a degree of usage of tram rails, thus becoming a threat to
safety of passengers in such conditions can always derail
trams if not traveling at a speed much lower than the
movement Under normal conditions. This inconvenience
imposed regulatory measures to reaching solution
amending the path of the tram route and also
reconfiguring intersections geometric Independence
Square.
The solution presented at the meeting submitted to the
movement, (author part of this committee) has led to the
possibility of including this intersection traffic circuit
executing a so-called "Turbo to turning" to decongestants
and take the road flow in the area. This goal led to the
cancelation of street intersections with traffic lights
Cantemir - Marshall Way and the Averescu street- The 3
Cris - H. Heine street - the Civic Center street– “1
December” Square
following that regulating the

1

II. CASE STUDY ON IMPLEMENTATION OF ADAPTIVE
TRAFFIC LIGHT SOLUTION BY PRIORITIZING TRAFFIC IN
RELATION TO THE PHASE TRAM VEHICLES IN CIRCULATION
INDEPENDENCE SQUARE IN ORADEA.

The so-called "Turbo to turning" Independence Square
,, has two areas of conflict "with tram lines, intersection
and the intersection B, shown in plan in Fig. 1.
intersections. Conflict resolution will be the indicator for
the tram, it is a means of transport high-capacity rolling
their own way and limited opportunities for maneuver.
This regulation does not ensure increased safety but
traffic in the area. Safety tram crossing in good condition
first and streamlining the flow of vehicles in the area ,,
the conflict "will be achieved through the traffic light [3],
[4]- [11] The classical solution would impose a twophase traffic light traffic: the default one and other
associated vehicles trams, launched only after a call
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green space, an area which is provided with irrigation
carpet of grass [11].
In order to remove any suspicion of wear and
deformation due to inductive loops and wet environment
due to irregularities presented by the substrate on which
they were to be positioned, launched the idea of finding a
solution that takes all these inconveniences due to
location area configuration.

requested by a tram approaching from one direction or
the other. So if there are trams, vehicles Phase permanent
benefit their movement. If a tram approaching vehicles
intended phase ends and is intended trams are passing
phase.
The design theme required but prioritizing the phase
designed trams in relation to motor vehicles, which can
not be achieved through conventional traffic lights [5].
For security reasons, fluency and rhythm,
prioritization will be done but with certain constraints.
For example, if a number of trams approaching the
intersection, only the first phase will immediately benefit
from being able to cross the traffic intersection [6], [7].
Basically few adjustable parameters of the program
will adjust the traffic light rhythmic movement phase
appearance and its maximum designed trams [8].
Initially, to enable serving trams without them stop at
traffic lights, for early detection requires a period of time
greater than or equal to the duration of the transitional
phase intended for vehicles in the tram.
Thus, if the transition is performed within 3 seconds of
flashing green ,, "plus three seconds ,, yellow" and still
one second red ,, general "in total seven seconds, tram
detection should be about 60 m before the point ,, the
conflict ". It is assumed that the tram will travel the 60 m
with an average speed of 30 km / h, [9], [10].

Fig. 3. - Detail Location inductive loop detection anticipation
tram grassy area [1]

Fig.1. - Operation plan semaforizării intersections between
lines tram and car traffic lanes version Independence Square
traffic detectors and inductive loops [1]

In fact this interval, even if the tram is approaching at
high speed (we consider the legal limit of 50 km / h in
vehicles) must decelerate because approaching a conflict
point "and that the traffic light is associated with
indicator 'give way'.
Detection tram will be achieved through inductive
loop located between the rails of the chassis, shown in
SR 1848/5- .inductive loop located .

Fig. 4. - Covering natural grass inductive loop detection tram
grassy area [1]

In other words, to find a solution by author by
installing inductive loop in a material called,, TEGO"
type rectangular hollow figure embedded necessary to
preserve moisture carpet of grass material that consists of
a laminated plywood used automotive and allows cutting
a sense,, "the inductive loop to be installed without it
being modified. Coverage loop and the ductus cut
material will be made with a material called silicone

Each direction of travel of the trams will be equipped
with three detection loops detailed in Fig. 3.
In Fig. 4. is shown loop anticipation, located about 60 m
before the point of conflict, this loop is located in the

1
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cancels the effect of anticipated demand and opens a new
cycle of detection. ,, Loop closure "or,, cancelation"
located about 5m after point,, the conflict "is shown in
Fig. 7.

exterior,, "black. Fig. 5. shows in detail the realization
inductive loop location in the protective conduit.

Fig. 7. - Detail location,, inductive loop closure "for the
detection tram in the asphalt [1]

Fig.5.-Detail the location of the loop channel protection [3]

In some situations where the tram was detected in
advance though, it fails to reach a reasonable time for
any reason intersection may not receive the required
phase. Yet he will come later and will be served in the
intersection. This is achieved through the loop,, security
", located in the vicinity of the conflict. As long as it will
signal the presence of the tram, the machine will serve
traffic light phase trams allocated.
Loop,, safety "mounted about 3m before the point of
conflict in the asphalt is shown in Fig. 6. It is noted that
the geometric shape of the loop does not have full
middle, removing it is to reduce labor costs for
placement.

It was followed by the realization of this goal and that a
tram, which comes at a time lower than the one served
with priority, and he will not be served by extending the
time allotted extra trams phase. It will have to wait at
traffic lights will be served in the next cycle. This feature
of the operating algorithm will feature semaforizării
adjusting the minimum interval between two trams
finishes.
Issues related to the implementation of this goal are
shown in Figs 8, 9 .

Fig.8.- Fireplace input protection tubes stranded copper
conductor, which is connected with the automatic traffic light
[1]
Fig. 6. - Detail Location inductive loop,, safety "for the
detection tram in the asphalt [1]

,, Loop closure "or cancelation is to trigger the transition
from phase allocated to the allocated tram vehicles. It

1
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III. 3. CONCLUSION ON ADAPTIVE TRAFFIC LIGHTS
Traffic theory seeks to describe a mathematically
precise as the interaction between vehicles and their
operators (mobile components) and infrastructure
(buildings components). Last lies in the system of roads
and runways all operational components: control devices
and traffic lights, signaling and monitoring.
In this way, these theories are indispensable for the
design and construction of all types and facilities used in
the design and operation of streets and highways.
Measuring the effectiveness of programs implemented
requires a system for collecting traffic data, recording
them in a reasonable period of transfer through a
communication network in a final point of calculation
and processing, plotting and analysis, compiling -the
statistical reports.
A simple method at hand is local direct observation.
The formation of queues at traffic lights, without that
they are discharged from service following phase
associated semaforizării shows a low efficiency.
Otherwise said, if a vehicle waiting for more than one
cycle to the traffic lights, traffic lights program is not
effective. At the same time and waiting at traffic lights,
while traffic unloaded phases are conducted with
consistent flows of vehicles, it is considered a weak
adaptive traffic light program.
To eliminate these deficiencies author proposed
solution for implementing adaptive semaforizării
presented in this chapter and that solves the problem.

Fig.9. - Method of twisted pair multiwire cable 1,5-2,5 (mm2)
copper (at least 10 twists per meter) [1]

In Fig. 10. is shown a diagram of the intersection
operation of P Independence Square.
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Fig.10. - Operating Diagram intersection
Independence Square in P [9]

Fig.11. - Operating Diagram B intersection of Independence
Square P [9]
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were conducted to predict the ambient levels of road
traffic noise and to estimate the population exposed for
certain cities [7].
The impact of road traffic on the environment is
determined by calculation procedures, which depend on
the quality of input data. Data needed to ascertain the
level of noise generated by the road traffic are: vehicle
count (traffic volume), traffic speed, traffic flow type,
and road characteristics. A complete set of these
variables is rarely available [8], and certain assumptions
and averages should be introduced to the modelling
process, with more or less influence the final result.
Some usual assumptions include: the number of heavy
vehicles in the flow; the average speed of vehicles;
topographical data of the area; the road surface type for
each road segment. The input data are among the
uncertainties included in any model used in noise
mapping software and these are the only sources of
uncertainty that can be controlled by the user.

Abstract— The paper presents a case study regarding a the
noise generated by the road traffic on a main road that traverse
a city. Since no input data was available, all data was produced
using free available sources for the base map and data collected
on site for the traffic volumes and speed. The methods and tools
used to process the outputs are also presented. Beside the noise
mapping software, are used GPS, GIS and CAD techniques.
Keywords— noise map, road traffic, environmental noise,
instrumented vehicle, vehicle speed.
I. INTRODUCTION

T

noise maps are useful tools for estimation of the
influence of various noise sources on the
environment and on the population. Construction of new
buildings will produce noise not only during
construction, but also after completion, in the form of
increased road traffic noise [1]. Noise is an important
factor to consider in urban planning, as new traffic routes
and changes to the movement patterns of the vehicles can
be identified. Noise maps can be used to predict the
sound levels when new buildings and roads are planned,
and also to monitor the noise in agglomerated areas,
where many dwellings are neighboring with major roads.
In European Union, following the Directive
2002/49/EC, it is mandatory for major roads to prepare
noise maps and to develop actions plans for noise
mitigation. The general methodology is presented in the
"Good practice guide for strategic noise mapping" [2]
and there are many commercial software tools available
for data processing. A calculation method is based on a
summary of many measurements undertaken by the
acoustic community and therefore in many cases is more
representative than an individual measurement that is
more or less a snapshot. A comparison of the noise
prediction methods is presented in [3]. The methodology
includes various instruments for producing the input
data, defined for each noise source. Depending on the
instrument used, the results may be more or less accurate.
The methodology is described and commented also in
papers like [4] and [5]. A review of the existing tools for
traffic noise prediction is presented in [6]. Other studies
HE

1

II. METHODOLOGY
A. Basic elements for road noise assessment
The effect of noise on the environment is described
using an indicator named equivalent sound level, LAeq.
LAeq is a conventional measure that represents the sound
level which, if should be constant for the entire reference
duration, will give the same acoustic energy like the
fluctuating noise of the road. The equivalent sound level
is expressed in dB(A), unit that consider the sensitivity of
the human ear. The measurable parameter that is at the
base of the equivalent sound level estimation is the sound
pressure level, calculated using the formula:
Pa  20  log10

Pmeas
Pref

(1)

where Pa is the sound pressure level (in dB), Pmas is the
measured sound pressure and Pref is the reference sound
pressure.
When the noise is generated by multiple sources
(many vehicles travelling on the same road segment), the
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effect of summation of all sources is calculated using the
relation:
n

Patot  10  log 10

 10

Pai
10

explicitly, not even a digital map of the area. Under these
conditions, the study objectives were defined as follows:
1) prepare the layers of the base map - streets,
buildings, etc;
2) estimate the number of inhabitants/dwelling;
3) collect traffic data (volume, speed);
4) create the noise map for the time intervals
day/evening/night (Lden) and night (Lnight);
5) estimate the number of inhabitants exposed to
more than 55 dB(A) Lden and 45 dB(A) Lnight;
6) propose action plans for noise mitigation;
7) create noise maps for the proposed situation,
estimate the exposure of inhabitants and generate
difference maps.
In this paper are presented the steps until estimation of
the inhabitants exposed to current noise level, without the
proposed action plans.

(2)

i 1

The noise indicators used for the noise maps, as
defined by Directive 2002/49/EC [2] are: Lday (day-time
indicator), Levening (evening-time indicator), Lnight (nighttime indicator), and the compound indicator Lden (dayevening-night) noise indicator. The noise indicators Lden
and Lnight are used for the calculation of strategic noise
maps. Lden is calculated based on Lday, Levening and Lnight:

Lden  10  log10

L day
L evening  5
L night  10 

1 

12  10 10  4  10 10  8  10 10 

24 




(3)

C. Description of the noise mapping process
The process of creating a noise map includes three
steps: prepare the inputs, calculate, process the outputs.
The road traffic data are attached to the GIS map
layers and represent input data for the calculation
software, which is Lima 7812 [11]. The program offer
features for preparing the input data and also for
processing the calculation outputs; for this study only the
calculation module was used.
The noise map outputs can be considered as one or
more layers in a Geographic Information System (GIS),
with the graphical support and the associated properties
according to the GIS rules. The raw outputs are the noise
levels for all the points of a grid that covers the entire
area of study. The output files are then processed using
custom functions that allow the user to evaluate the
exposure of each building and to estimate the number of
inhabitants exposed to different noise levels.
The software tools used for preparing data are QGIS
[12], AutoCAD for preparing the graphic support of the
GIS layers and MsOffice for preparing input data
according to Lima requirements. Beside these open
source and commercial software packages, custom
software developed by the project team was also used.

The estimation of the noise generated by the road
traffic can be made using statistical Traffic Noise
Models, which are implemented in noise mapping
software. The models used to ascertain the road traffic
noise uses an estimation of the speed of passing vehicles.
There are more methods that can be used to ascertain the
vehicles speed, described in the literature [2], [9].
A method considered very accurate is to use devices
for automatic traffic flows analysis, like traffic countersclassifiers. The traffic classifiers are convenient for
measuring traffic volumes, but the measured speeds are
instantaneous speeds for the point were the device is
mounted, usually in the middle of each road segment.
The speed values will be higher than in other parts of the
road. It is easy to calculate the average speed of the
traffic flow in the measuring point, but this value cannot
be applied with a good accuracy for the entire road
segment when the traffic flow is not continuous.
An efficient and cost-effective method for acquiring
vehicle speed data for acoustic road traffic modelling is
the use of Global Positioning Systems (GPS) technology,
as described in [9] and [10]. This means one or more
vehicles equipped with GPS receivers will travel
following the traffic flow, so that the speed measured by
the GPS device is approximately equal with the average
speed of the traffic flow. More passings on each road
segment will improve the accuracy.

III. INPUT DATA
The input data consist in two categories: map data and
traffic data. The map data are included in the layers of
the GIS map: digital terrain model, buildings, green areas
(forestry, parks, gardens), streets. The traffic data are
associated to the road segments and include: traffic
volumes, speed, type of traffic flow.
A similar approach is described in [13], where are
mentioned also two types of basic data in traffic noise
calculations: traffic flow information and the attributes of
roads and buildings.

B. Theme and objectives of the study
The theme of the study was to realize the noise map
for the noise generated by the road traffic on the road
DJ200B on the administrative area of municipality of
Voluntari. A previous traffic study revealed on this road
a traffic volume of 3,725,555 vehicles, so it was
considered major road (over 3 millions vehicles/year)
and consequently is necessary to evaluate the effect of
the noise on the population of the traversed city.
The only data available when this study was started
were the end limits of the road that had to be considered
as noise source. No other information was given

1

A. Base map
A good resource for GIS layers, free available online,
is OpenStreetMap [14]. The map data available from
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OpenStreetMap (Figure 1) are accurate, but not complete
in the study area. The missing information is available
with good details in Google Maps [15], for the study area
being available also the 3D views. The views captured
from Google Maps were georeferenced using QGIS, then
exported into AutoCAD to extract only the necessary
contours and to attach custom data, like the height and
type of each building and the estimated number of
inhabitants.

B. Traffic volumes
In Figure 2 are marked the road segments (A-E) and the
points of traffic counting (1-7). CB represent a part of the
Bucharest ring road. On all road segments, the traffic
flows on both directions, with a single lane for each
direction, except for a part of the segment D where are
two lanes in each direction. The methodology chosen for
data collection was manual counting.
The calculation model used is the French method for
road traffic noise prediction (NMPB – Routes ’96) [16].
The vehicle's category used in this method are only two:
light vehicles (under 3.5 t) and heavy vehicles (over 3.5
t). Vehicles of both categories were counted for each
direction. A special attention was given to the
roundabout area, where the vehicles number differ for
each entry and each arc of the roundabout, and also there
are significant differences in speed [17]. The traffic
volume on each of the road segment in the intersection
area is determined analytically based on the counts taken
in points 1, 2 and 3.

Figure 1 - The base map imported from OpenStreetMap

The number of inhabitants for the entire
neighbourhood was available from the last census
reports, but there were no information available about the
number of inhabitants for each dwelling. For a closed
contour, composed by straight segments, it is easy to
calculate the area, in an automatic way, and so it was
calculated the living area for the entire neighbourhood.
This total area was then divided by the total population
number, resulting the area/inhabitant. Then for each
building, the living area was divided by the area available
for each inhabitant, resulting the number of inhabitants in
that building, rounded to integer value.
All the map layers have been defined in detail in the
CAD files, then imported in QGIS as vector layers. An
important property of each CAD entity is the handle of
the entity. The handle will be used as object identifier to
synchronize the geometric objects with the database.
The street layer is composed by open polylines. Like
the building entities, the entities that represents the street
segments have custom data attached, including the traffic
volume and speed for the three intervals: day, evening,
night. The length of each segment depends by the road
curvature and the changes in the traffic parameters. Close
to an intersection the road segments are shorter, in order
to capture the quick changes of the vehicle speeds. The
road gradient and pavement are similar for all the road
segments; the road is considered horizontal and the
pavement is smooth asphalt.

1

Figure 2 - Road segments and points of traffic counting

The traffic volumes recorded revealed values over the
average daily traffic obtained in the previous traffic
study, meaning 10,207 veh/day. The new measurements
show daily traffic volumes between 8,512 and 14,096
physical vehicles, and that is a variation of the annual
volumes between 3,106,880 vehicles on the road segment
A and 5,145,040 vehicles on the road segment C. A high
daily traffic value was obtained for the road segment E,
but this should not be considered as noise source,
because is not part of the road DJ200B. A high volume
was measured on the road segment B (1,350 veh/hour,
approx. 10,800 veh/day), which contributes to the
discharge of the road segment A.
C. Speed
The traffic flow inside cities can be generally
considered to be pulsating, on horizontal roads. The
reason for this assumption is the high number of
intersections, where the speed profile includes
accelerating and decelerating phases. The noise
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generated by this type of traffic has a higher level at
lower speeds because it involves many accelerations and

decelerations.

Figure 3 - Speed versus distance diagram for more passings on the road segment C

GIS data are combined with data acquired using GPS
devices to determine average speeds of traffic flows. The
speed was measured driving an instrumented vehicle on
the road of study (using a GPS receiver with an output
rate of 1 Hz). Data stored in the receiver memory was
imported in the CAD drawing that contain the street layer
of the GIS map, and attached to the polylines entities
which represent the road segments [18]. There were 17
passings in both directions. Each of the road segments is
composed by at least three sub-segments, so that the
speed data can be different near the junctions.
Using the data attached to the entities that compose the
track, various diagrams can be generated using dedicated
functions. Figure 3 shows the speed versus distance
diagrams for more passings on the same road segment.
At the left of the diagram appear the diagram of speed
frequencies distribution, generated automatically by the
software function. Using the same data on which is based
this representation, with the formula below, it can be
calculated the mean speed for the analyzed route:

v



D-1, E-3). Some small road segments, like those that
compose the roundabout, are not explicitly listed in the
table because the median speed has the same value as for
the adjacent segments. The speed values for CB and all
values for the night interval are adopted.
TABLE I
MEDIAN SPEED DETERMINED FOR ALL ROAD SEGMENTS
Road
Light vehicles speed
Heavy vehicles speed
segment
Day Evening Night Day Evening Night

fi  v i

i

N

(4)

where v is the mean speed, fi is the frequency of
observations in the speed group i, vi is the middle value
of speed in the group i and N is the total number of
observations.
The mean speed calculated for this road segment is 33
km/h. The lateral diagram in Figure 3 is used to generate
a diagram of cumulative frequencies that allows the
graphical determination of the median speed (V50), as
well as other speed percentiles. The median speed for the
road segment C is 33.44 km/h, which is very close to the
value of the mean speed for the same road section.
The values of median speed (V50) for all the road
segments used in this study are given in the TABLE I.
The segment IDs which are not clearly identified in
Figure 2 are those located near the intersections, like A-6
which is at the end of the road segment A, in the area of
the traffic counting point 6. In a similar way are defined
the short segments near and inside the roundabout (C-2,
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23
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23
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B-4

23

23

30

23

23

30

B

42
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50

42

42

50

C-5

23

23

30

23

23

30

C

33

33

50

33
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50

C-2

24

24

30

24

24

30

D-1

24

24

30

24

24

30

D

46

46

50

46

46

50

E-3

24

24

30

24

24

30

E

46

46

50

46

46

50

The traffic volumes and speeds, as well as any other
information available about the road (pavement, gradient,
etc.), are attached to the polylines that represent the road
segments. When the input data are ready, all information
is stored inside the CAD drawings, as custom data
attached to the geometric objects.
IV. CALCULATION AND RESULTS
A. Use of the noise mapping software
The software use to calculate the noise level was
LimA 7812 [11]. The calculation result is a grid where
for each node it is calculated the equivalent noise level.
The grid is composed by square cells with the side length
of 5 meters.
Data are imported in the calculation program as
MsAcces tables and attached to the objects (road
segments, buildings) using the object ID as reference.
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The results delivered from the noise mapping software
consist in a grid of noise assessment and can be exported
as text files, where each line contains the coordinates of a
point and the noise levels (including Lden and Lnight)
calculated for that point. The noise mapping software
offers features for presenting and printing the noise
maps and also for estimation of population exposure.
However, a better control of the results is obtained if the
raw data are exported and processed with other software.
The software tools used for presenting and processing the
output data are, as for preparing the input data, QGIS and
AutoCAD, with custom designed applications.

will represent properties of that point. Such properties are
the noise level indicators. An available plug-in for QGIS
can calculate the contours defined by certain values of
the point properties and creates contour or polygon layers
based on those properties.
The 5 dB bands required in noise maps start at least
with 55 dB for Lden and 45 dB for Lnight. In Figure 4 is
presented the noise map obtained for the study area, for
the Lden indicator. The lowest noise level band displayed
in the figure is 30 - 35 dB.
C. Validation of the calculation results
At the same time with vehicles counting,
measurements of the sound level were made using a
sound level meter (Bruel&Kjaer, Type 2250), in the
points 1, 6 and 7 (as per Figure 2). The duration of each
measurement was 30 minutes. The differences between
the measured and calculated sound levels should not me
higher than 3 dB. The measured and calculated values are
listed in TABLE II. The resulted differences are less than
3 dB (max. 2.5 dB in the table).

B. Noise maps
The processed noise results grid files may be used for
production of 5 dB noise contour bands, for graphical
mapping of results.

TABLE II
VALIDATION OF THE CALCULATED SOUND LEVELS
Measuring
Sound level [dB(A)]
point
Measured
Calculated
Difference
(LAeq)
(Lden)
1
73.7
71.2
2.5

D.

6

73.3

70.9

2.4

7

72.4

69.9

2.5

Population exposure

As results of the noise mapping process, it is required
to report the total number of dwellings (in hundreds)
exposed to Lden and Lnight higher than 55, 65 and 75 dB
for major roads. It is also required the estimated number
of people (in hundreds) living in dwellings that are
exposed to noise, in 5 dB bands, for the various scenarios
mapped. The results are presented in TABLE III.

Figure 4 - Noise map - Lden

QGIS allows the user to import data from text files
organized in rows and columns, and the user has to
specify which columns represent the coordinates of the
point corresponding to each line, and the other columns

TABLE III
PEOPLE EXPOSED TO NOISE LEVELS
Noise interval [dB(A)]

People exposed
(hundreds), Lden
People exposed
(hundreds), Lnight

<35

35-40

40-45

45-50

50-55

55-60

60-65

65-70

70-75

>75

13

22

27

36

45

28

15

5

1

-

55

28

20

13

10

5

3

1

-

-

Lnight. The conflict maps and the lists of population
exposure help the organisation that administer the road to
take measures for noise mitigation.
Since the main goal of the study was to assess the
influence of the noise generated by the major road on the
environment, the road traffic on the adjacent streets was
ignored, except the road segment B, which is considered
to have a high influence on the traffic volumes measured

V. FINAL COMMENTS
On the base of noise maps are generated the conflict
maps, which highlights the areas with noise levels over
the limits established by the national authorities
(Environmental Protection Agency). These limits are, for
road traffic noise, 70 dB(A) for Lden and 60 dB(A) for
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on the main artery.
It can be consider that for this study was used data of
high quality, as the most important input data was
collected on site. No information was available when the
project started, so that third party GIS data and on site
observations were used. The traffic volumes were
counted manually, in critical points of the road, and the
speed was measured using an instrumented vehicle,
equipped with a GPS receiver. The grid cell size used in
calculation was 5 meters.
Measuring the accuracy of the results obtained by
noise mapping is a difficult task, as each data type used
has its own level of accuracy. Globally, on the final
maps, the values of the calculated noise level for certain
points should be with no more than 3 dB different by the
measured noise level in the same points. The noise map
of the major road DJ200B was validated with differences
between measured and modeled values of 2.5
respectively 2.4 dB, so it was not necessary to adjust the
input data and then to model again the noise map.
The lower accuracy used in input data is for the traffic
volumes. This is because the counting was done during a
single day. The existence of a long term vehicle counting
database would allow the determination of seasonal,
monthly and daily correction factors, allowing more
accurate measurements when using short-term counting
(eg. one hour). Lack of historical data is a premise of
increasing uncertainty. The uncertainty of a result is
reduced only if all input data are of acceptable accuracy.
In case of a high uncertainty of all input data, the total
uncertainty will exceed any of the individual values.
The accuracy of results is important in creating
conflict maps, where the noise levels are compared with
limit values, in order to develop action plans for noise
mitigation, that involve public spending.
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forces appear during the impact are the femoral bone
respectively tibia and fibula.
The femoral bone is the longest bone of the human
body. It connects the pelvis with the fibula and tibia. Any
lateral force upon the knee articulation acts like a
bending moment upon the femoral bone. Any type of
accidents where pedestrians are involved lead to a
bending of the femoral bone [8].
The bending tolerances both static and dynamic of the
tibia were given in previous studies. For example,
Yamada (1970), presented the static bending moment of
tibia [9], after the tests performed by Motoshima in 1960
with a medium tolerance of 184 (N∙m), which indicate
that the man have a resilience of 6 times higher than
women. For dynamic bending, Nyquist et al. (1985)
reported that the fractures that appear in the middle of
tibia occur at moments of 280 (N∙m) for women, and 320
(N∙m) for men, independently of the impact direction [9].
The structure of the front bumper of the vehicle has a
major importance in pedestrian safety. In this regard,
using structures for absorbing energy were proved to be
efficient. In order to reduce injuries that appear in the
lower limbs, composite elements were used in the
structure of the energy absorbers. In certain
environmental conditions, the legform impactors used in
EEVC (European Enhanced Vehicle-Safety Committee)
tests were investigated [9].
There are two different types of legform impactors
used in the tests regarding the pedestrian safety: TRL and
Flex-Pli. TRL impactor is used in the European
programme Euro NCAP (New Car Assessment
Programme), while the impactor Flex-Pli is used in the
tests performed in Japan, by JNCAP (Japan New Car
Assessment) [10].

Abstract—The purpose of the paper is to determine the
severity of the injury that may appear at the collision of the
frontal part of a vehicle with the pedestrian’s lower limbs. In
this study the bio-mechanic model of the lower limbs was
constructed, in order to determine the bending moment of the
tibia. The collision forces that were used as input data were
collected from a simulation performed in a traffic accident
reconstruction software. The developed multi-body simulation
is considering all forces acting on the lower limb. The injury
severity is estimated using the bending moment of the tibia.

Keywords— Accident, collision, injury, leg, multi-body,
pedestrian

I. INTRODUCTION

T

HE pedestrians are the most vulnerable road users
[1]. Pedestrian protection is one of the most
important topics regarding the safety measures taken
during the accident [2]. When a vehicle collides with a
pedestrian, in most of the cases, the lower limbs enter in
contact with the front bumper. It was researched that the
lower limbs fractures due to the impact with the front
bumper, with a higher level than 2 on the AIS
(Abbreviated Injury Scale), were distributed as follows:
55% of the fractures occurred in the tibia and fibula; 32%
of the fractures were in the tibia; 10% of the fractures
occurred at the knee ligaments [3]. These injuries require
a long term hospitalization, and are interfering with the
daily activities, thus the injury mechanism in the case of
collision with the vehicles must be analyzed in order to
reduce the number of fatalities.
After determining the injury mechanism, it is
necessary to perform an accurate accident reconstruction.
When this is performed, the injuries are considered the
starting point of the reconstruction [4]. In case of real
accidents, the injuries can give information regarding the
impact velocity, but also the positions of the pedestrian
and the vehicle in the moment of impact [5]-[7]. The
position of the front bumper and the type of injury have
to be determined in the reconstruction.
The most important parts of the lower limbs, where the

1

II. BIOMECHANICAL MODEL OF THE LEG
To study the severity of the injury that appears in the
lower limbs due to the collision between a vehicle and a
pedestrian, the bio-mechanical model of the leg was
built. The model was created in the Matlab software
package, using the Simmechanics and Simulink
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between the behavior of the leg between the simulation
and the proposed biomechanical model at different time
points (Fig. 2, Fig. 3 and Fig. 4).

extensions. The model contains 3 parts, which are
interconnected with a rotation joint. This joint has one
degree of freedom, allowing one rotation.
The biomechanical model of the lower limb was
constructed based on the following assumptions:
1) The elements of the leg are connected by ideal joints
and all axis of rotation are parallel
2) The joints used are rotation joints, with one degree of
freedom, while the leg of the pedestrian model used by
PC-Crash is composed by joints with more than one
degree of freedom.
3) The model is fixed to the base with a rotation joint in
the upper part, and all the movement of the other
elements of the model occur relative to the base, while in
the simulation with PC-Crash, the hip of the pedestrian
model has also a movement
From the traffic accident reconstruction software PC
Crash, version 10.1, were obtained the values of the
forces acting upon the leg, at the moment of impact. The
collision was framed in the accident scenario. The
accident is described in the following.
A vehicle was driving on the right side of the road,
while a pedestrian was walking towards the vehicle on
the same side of the road. The vehicle braked, but the
collision couldn’t be avoided. The impact took place at a
velocity of 20 (km/h). By simulating the impact, the
software was able to compute the impact forces that act
upon the leg of the pedestrian. The value of the force
acting upon the tibia is presented in Fig. 1. The peak
value of the force that acts upon the tibia is obtained after
0,060 (seconds), with a magnitude of 200,86 (N).

Fig. 2. The beginning of the impact

Fig. 3. The moment when the force is applied on the tibia

Fig. 4. The moment when the pedestrian leg is raised up
from the ground

In the left side of Fig. 2 is presented in the PC-Crash
software the beginning of the impact where the lower leg
is bended by the force applied by the front bumper of the
vehicle. On the right side of the picture it is presented the
bending of the biomechanical model built in
Simmechanics which is subjected to the same values of
the force. At this time point, the force applied is upon the
femoral bone.
The Fig. 3 presents the moment when the force is
applied both on the tibia and the femoral bone, tibia
having a higher value of force applied.
In the Fig. 4 on the left side is presented the last phase
of the impact when the lower limb is raised up from the
ground due to the moments of inertia generated by the
forces applied. On the right side of the picture is shown
the biomechanical model built in Simmechanics
behaving similar with the pedestrian from the PC-Crash
simulation, being subjected to the same values of the
forces.

Fig. 1. Force diagram from PC-Crash

These values were used as input data in the
biomechanical model of the leg. The scale for the model
is 1:1. The length of each part of the model is similar to
the dimensions of a Hybrid III 50 th percentile male
dummy. Also the pedestrian that PC-Crash is using has
similar anthropometric characteristics as the dummy.
For realistic behavior of the leg model, it was
necessary to consider also the values of the forces that act
upon the femur and the foot at different time points.
In the figures below are shown the similarities

1
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To determine the injury of the tibia, the values
necessary to calculate Revised Tibia Index were
computed. Tibia Index is a criterion regarding the injury
tolerance of the tibia, using for calculation bending
moments and axial compressive loads. Tibia Index is
used in some tests regarding pedestrian safety. It has
been developed to evaluate tibia and fibula fractures.
This criterion does not include the injury severity of the
foot or ankle. It has been developed by performing tests
on PMHS (Post Mortem Human Subjects) [11].
Later was observed that the values for critical
bending moment and critical compression force are not
realistic, therefore new values were determined, giving a
Revised Tibia Index (RTI).
The maximum bending moment determined with the
biomechanical model was 25,2 (N∙m). This value was
used to determine Revised Tibia Index. The diagram of
the tibia bending moment is presented in Fig. 5.

Fig. 5. Tibia bending moment diagram

In Fig. 6 is shown the scheme of the model built in
Simulink.

Fig. 6. Scheme of the model built in Simulink

The differences on the time scales between the model
and the simulation is due to the position of the pedestrian
used in PC-Crash in the collision configuration. The
simulation started before the contact between the vehicle
and the pedestrian took place.

RTI is calculated with the following equations:
FZ  m ped  g  80  9 ,81  0 ,78 (kN),
(1)
(2)

M R  M y  25 ,2 (N∙m),

(3)

RTI 

III. CALCULATION OF REVISED TIBIA INDEX (RTI)
According to Tim Wehner et. al., the value of axial
compression force of the tibia can reach up to 1,5 BW
(Body Weight) [11]. In the given case, the pedestrian is
in the “Foot Flat” phase from the gait cycle in the
moment of impact, therefore, all the body weight it is
transferred on the leg which is positioned on the ground.
Consequently, the value of the axial compression force in
the tibia is 1 (BW). The weight of the pedestrian used in
the simulation is 80 (kg), while the height is 1,79 (m).

1

Mx  0 ,
M R Fz

 0 ,17
240 12

where:
FZ – Axial compression in Z- direction (kN);
mped – Mass of the pedestrian (kg);
g – gravitational acceleration (m/s2);
MR – Maximum bending moment (N∙m);
Mx – Bending moment on the x axis (N∙m);
My – Bending moment on the y axis (N∙m).
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According to Shashi Kuppa et. al the probability of an
injury higher than AIS 2 with respect to Revised Tibia
Index is very low, at the RTI value of 0,17. The diagram
is presented in Fig. 7.

magnitude of the tibia bending moment obtained with the
biomechanical model is plausible, and it can be stated
that the obtained value of RTI is real.
From RTI value was determined that the probability of
tibia injury higher than AIS 2 in the case of the collision
of a vehicle driving with 20 (km/h) with a pedestrian is
close to 0. The injuries that have a code 0 or 1 on AIS
don’t require long hospitalization time.
REFERENCES
[1]

[2]

[3]

Fig. 7. Probability of an injury higher than AIS 2 with respect
to RTI [12]

[4]
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TABLE I
CLASSIFICATION OF THE AIS
Severity

No injury
Minor
Moderate
Serious
Severe
Critical
Fatal
No additional information

IV. CONCLUSIONS
The obtained biomechanical model is capable of
reproducing the behavior of the human leg during the
impact by introducing values of the impact forces. The
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problem and solved it with a software developed by them, based
on the Electre III method.

Abstract—The selection of logistics center location
represents one of the most important strategic decisions made
by a company, because it has a significant and a long term
impact on its overall activity risk and profit. The organizations
which understand and anticipate the expectations and needs of
the customers will do everything possible to meet their needs.
This paper presents the selection of the most appropriate
location for logistics center, formulated as a multiple criteria
ranking problem. This process involved a complex assessment
of the considered options, taking into account the decision
maker’s preferences and existing constraints. The options are
ranked in terms of their appropriateness for selecting a location
by using the Electre III method. The results obtained from
computational experiments attest that this methodology is a
feasible and a practical decision support model.

II. METHODOLOGY
The multi criteria decision making/analysis is a field of
study originating from operations research, which aims the
development of mathematical procedures and advanced
computer-based-methods that support the decision maker in
solving multiple criteria decision problems [2]-[3]. A
multiple criteria decision problem implies the definition of
an actions/variants/solutions set S and a consistent family of
criteria F in which the decision maker aims to [4]:
1) calculate the best subset of actions/variants/solutions
in S depending on F (choice problem);
2) divide S into subsets representing specific classes of
actions/variants/solutions, in accordance to clear
classification rules (sorting problem);
3) rank actions/variants/solutions in S from the best to
the worst, according to F (ranking problem).
The ELECTRE methods [5] were designed to improve the
existing multiple criteria decision making methods. Within
the ELECTRE methods, ELECTRE III was chosen because it
allows the use of inaccurate, indefinite, imprecise and
uncertain data [6]. The Electre III method is an effective
method used in solving multiple criteria ranking problems,
based on the application of the outranking relation. The
method used is very useful in ordering a finite set of variants
from the best to the worst, on the basis of evaluation criteria
[4].
ELECTRE III has been used widely in different applications,
including renewable energy sources field [7]-[8], education [9], in
the area of environment and management of water consumption
[10]-[11], in the transport planning field [12].
ELECTRE III contains two distinct stages [3], [9]:
1) Constructions of the outranking relation – the
alternatives are pairwise compared and each pairwise
comparison is characterized by an outranking relation.
2) Exploitation of the outranking relation – two prerankings are then performed to get recommendation from
the results obtained in the first stage in order to obtain the
final ranking.
The starting point in ELECTRE III represents the
defining of a finite set of variants and a family of criteria

Keywords—location problem, logistics center, Electre III
method, multi criteria decision method
I. INTRODUCTION

I

N order to be more competitive on the market, many
companies have become more focused on increasing
demand from customers for higher quality and service.
The attainment of competitive advantage through offered
services comes from a combination of carefully thoughtout strategy for service and the development of
appropriate delivery system [1]. Logistics centers occupy
an important position in the supply chain management.
The logistics center location selection implies finding the
most appropriate location for logistics its facilities.
The logistics center location should be considered as a twolevel, hierarchical problem. In the first stage, the macro-analysis
of the macro-regions should be performed to determine their
overall potential and adequacy for placing the logistic center on
their territory. In the second stage, the micro-analysis is
performed to define the most suitable locations of the logistic
center within the region selected in the first stage [2]. In this paper
the authors took into account the first stage of the logistic center
location. The main aim of this paper is to develop the macroanalysis of the selected regions and to determine the most suitable
one for performing the logistics activities. Based on principles of
multiple criteria decision making [2]-[3], the authors formulated
the problem of regions selection as a multiple criteria ranking
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with which to compare them. In order to determine
outranking relations with respect to the defined criteria, this
method is implemented based on successive pair wise
comparisons of two alternatives [13]. Three types of
relations between alternatives A and B can be considered
[9]:
1) A and B are indifferent (A I B) if the indifference
threshold is greater than or equal to the difference
between the performance of the two alternatives. If A and
B are indifferent, then the decision maker can not make
any difference between alternatives.
2) A is weakly preferred to B (A Q B) if the indifference
threshold is less than the difference between the
performance of the two alternatives and the preference
threshold is greater than the difference between the
performance of the two alternatives. If A is weakly
preferred to B, then the decision maker is skeptical to
adopt one of them.
3) A is strictly preferred to B (A P B) if the preference
threshold is less than or equal to the difference between the
performance of the two alternatives. If A is strictly preferred
to B, then the decision maker is sure that alternative A is
favored to alternative B.
The next step is to estimate the concordance index for each
pair of alternatives A and B by comparing the performances of
both alternatives for all criteria. The concordance index indicates
the truth of the statement “A outranks B”. A value of 0 shows that
the statement is false and a value of 1 denotes the full truth of the
assertion (alternative A is better than alternative B for all criteria).
The concordance index is defined as follows [9]:

1
C(A, B) 

W

pair of alternatives A and B by comparing the performances of
both alternatives for all criteria. Discordance index quantifies
the strength of the evidence against the statement “A outranks
B”. In order to introduce discordance into the outranking
relations, the veto threshold for each criterion is assigned. The
statement “A outranks B” can be overruled if the difference of
performances between the alternative A and B, on any
criterion i, is higher than the veto threshold vi. The
discordance index for each criterion i is defined as follows
[3]:
0, if p i (f i (A))  f i (B)  f i (A)

 f (B)  f i (A)  p i (f i (A))
D i (A, B)   i
,
 v i (f i (A))  p i (f i (A))
1, if v i (f i (A))  f i (B)  f i (A)

if v i (f i (A))  f i (B)  f i (A)  p i (f i (A))

where:
vi – veto threshold for the criterion i;
The degree of credibility of outranking is calculated
taking into account the concordance and discordance
indices. The credibility index S(A,B) is defined as follows
[9]:
C(A, B), if C(A, B)  D i (A, B) i

S(A, B)  
(1  D i (A, B)) , otherwise (4)
C(A, B) 
iJ(A,B) (1  C(A, B))




where:
J(A,B) – the set of criteria for which Di(A,B)>C(A,B).
The degrees of credibility compose the credibility matrix.
The next step is performing the distillation procedure. A
graph can be drawn from the credibility matrix. In order to
rank the alternatives, a procedure named distillation should be
used. The name distillation has been adopted for the analogy
with alchemists, who distil mixtures of liquid to extract a
magic ingredient. The alternatives are ranked in two preorders which are constructed in different ways. The ranking
procedure includes the following three steps [9], [14]:
Step I. By using descending distillation procedure, a
complete preorder Z1 is created.
1) The largest credibility index is determined, λmax = max
S(A,B), where the maximization is taken over the current
set of alternatives under consideration.
2) λ is calculated *  max  (     ) , where α, β are
distillation coefficients. α = 0.3, β = –0.15
3) λ–strength is calculated for every alternative, namely,
the number of alternatives in the current set to which it is
λ–preferred using λ=λ*.
4) λ–weakness, is calculated for every alternative,
namely, the number of alternatives in the current set to
which are λ–preferred to it using λ=λ*.
5) The qualification is calculated for every alternative,
by difference between its λ–strength and its λ–weakness.
6) The set of alternative with the largest qualification is

n

w

i

 c i (A, B)

(1)

i 1

where:
n

W – sum of all weights of criteria ( W 

 w );
i

i 1

w – weight of criterion i;
n – number of criteria;
ci(A,B) – concordance index over alternatives A and B
with respect to the criterion i;
1, if q i (f i (A))  f i (B)  f i (A)

 p (f (A))  f i (A)  f i (B)
c i (A, B)   i i
,
 p i (f i (A))  q i (f i (A))
0, if p i (f i (A))  f i (B)  f i (A)


(2)

if p i (f i (A))  f i (B)  f i (A)  q i (f i (A))

fi(A) – performance of alternative A as regards to the
criterion i;
fi(B) – performance of alternative B as regards to the
criterion i;
qi – indifference threshold for the criterion i;
pi – preference threshold for the criterion i;
The next step is to estimate the discordance index for each

1

(3)
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called the first distillate, D1.
7) If D1 is composed by more than one alternative, the
process on the set D1 has to be repeated until all
alternatives have been classified; then continue with the
original set of alternatives without the set D1, repeating
until all alternatives have been classified.
Step II. By using ascending distillation procedure, a
complete preorder Z2 is created. The second distillation
uses the same procedure as the descending one, except
that at step f above, the set of alternatives having the
lowest qualification forms the first distillate.
Step III. By combining the two pre-orders, the final
ranking is obtained. The results obtained from the partial
pre-orders are aggregated into the ranking matrix. There
are the following cases:
1) The alternative A is higher ranked than the alternative
B in both distillations or A is better than B in one
distillation and has the same position in the other one,
then A is better than B: A P+ B;
2) The alternative A is higher ranked than alternative B
in one distillation but B is better ranked than A the other
distillation, then A is incomparable to B: A R B;
3) Alternative A has the same position in the ranking
than alternative B in both distillations, then A is
indifferent to B: A I B;
4) Alternative A is lower ranked than alternative B in
both distillations or A is lower ranked than B in one
distillation and has the same rank in the other
distillation, then A is worst than B: A P – B.
The final ranking is obtained by summing the number
of P+ for each alternative.

Fig. 1. The regions of Romania

The South East Region (RSE) is placed in SouthEastern part of Romania and includes the following
counties: Brăila, Călăraşi, Constanţa, Galaţi, Ialomiţa,
Tulcea and Vrancea. This region has the largest area,
slightly above 39.000 (km2) and its population number
amounts close to 2,7 million (people). The region is
featured by lower than average level of annual GDP per
capita ((€)5.142) and the transport infrastructure is
underdeveloped. The maximum aid intensity for regional
investment aid is the same as in the RNE and the
competitive rivalry among existing firms is less intense
as than in the previous region.
The South (Muntenia) Region (RS) is placed in the
Southern part of Romania and includes the following
counties: Argeş, Buzău, Dâmboviţa, Giurgiu, Prahova and
Teleorman. The total area of this region is slightly above
31.000 (km2) and its population number amounts close to 3
million (people). The region is characterized by a lower than
average level of GDP per capita ((€)5.827), has a high
unemployment rate (7,46(%)) and has the lowest level of
education. The advantages of this region are: the less
intensive competitive rivalry among existing firms and the
second best transport infrastructure.
The South West (Oltenia) Region (RSW) is placed in
South-Western part of Romania and includes the
following counties: Dolj, Gorj, Mehedinţi, Olt and
Vâlcea. The total area of this region is around 29.000
(km2) and its population number amounts to 2 million
(people). The region is characterized by a lower than
average level of GDP per capita ((€)5.181), has the
highest unemployment rate (8,31(%)) which constitutes a
serious social problem and has the smallest number of
clients and potential clients. The transportation level of
this region is well developed and the competitive rivalry
among existing firms is lower than average.
The West Region (RW) is placed in the Western part of
Romania and includes only four counties: Arad, CaraşSeverin, Hunedoara, Timiş. The total area of this region is
above 32.000 (km2) and has the smallest population number,
slightly above 1,8 million (people). This region is
characterized by the second best level of GDP per capita
((€)7.612) and level of education and has a low
unemployment rate (3,88(%)). The weaknesses of this
region are: the maximum aid intensity for regional
investment is only 35(%) of the eligible costs and the

III. PROBLEM DESCRIPTION
A. Description of the options
In this study, the eight economic development regions
of Romania have been considered. Romania was divided
in eight regions, based mainly on the development
regions created in 1998 for a better regional coordination
toward accession to the European Union. These regions,
named by their geographical position in the country, are
illustrated in fig. 1 and represent potential areas for
placing the logistics center on their territory.
The North East Region (RNE) is placed in the NorthEastern part of Romania and includes the following
counties: Bacău, Neamţ, Iaşi, Botoşani, Suceava and
Vaslui. The total area of this region is 36.850 (km2) and
has the largest population number, close to 3,3 million
(people). This region is characterized by the lowest level
of GDP (Gross Domestic Product) per capita ((€)4.119)
and has a high unemployment rate (6,89(%)). The
advantages of this region are: the maximum aid intensity
for regional investment is 50(%) of the eligible costs of
the relevant investment projects and the competitive
rivalry among existing firms is not intense.
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2) Transport infrastructure ((km)/100 (km2)) – is a
maximized criterion, being defined as the density of
modernized public roads in the analyzed regions.
3) Courier services (units) – represents a maximized
criterion and it emphasizes the number of courier
companies in each region.
4) Level of competitiveness (%) – represents a minimized
criterion and it shows the percentage share of the total
competitors in each region.
5) Investment attractiveness (%) – is a maximized
criterion. It emphasizes the maximum aid intensity for
regional investment. It is defined as a percentage share of
the eligible costs from the relevant investment projects.
6) Investment level (million €) – represents a maximized
criterion. It shows the net and gross investments, which
directly
contribute
to
increasing
regional
competitiveness.
7) Target market (units) – is a maximized criterion and it
emphasizes the number of firms from specific industries
towards which the company has decided to aim its
efforts.
8) Social dimension (%) – is a maximized criterion. It is
defined as the unemployment rate, which, from an
economic perspective, may represent unused labour
capacity.
9) Labour cost (€) – represents a minimized criterion and it
shows the average gross nominal monthly wages in each
region.
10) Level of education (units) – represents a maximized
criterion and it shows the number of universities per
100000 residents from specific domains in each region.
11) Safety (points) - is a maximized criterion. It is
expressed in terms of: number of traffic accidents,
number of offences and crimes per 100000 inhabitants
and number of collective accidents.
12) Environmental-friendliness (%) – is a maximized
criterion. It is defined as protected areas’ percentage
share of the total region’s area.
The decision matrix which describes the performance
of the alternatives to be evaluated with respect to
identified criteria is presented in TABLE I.

number of clients and potential clients is lower than the
average level.
The North West Region (RNW) is placed in North-Western
part of Romania and includes the following counties: Bihor,
Bistriţa-Năsăud, Cluj, Maramureş, Satu-Mare and Sălaj. The
total area of this region is 34.159 (km2) and its population
number amounts close to 2,6 million (people). This region is
characterized by an average level of GDP per capita ((€)5.864)
and a low level of unemployment rate (4,14(%)). The region is
characterized by the highest number of clients and potential
clients and the level of education is above average. The intense
competitive rivalry among existing firms is the main drawback.
The Center Region (RC) is placed in the Central part of
Romania and includes the following counties: Alba, Braşov,
Covasna, Harghita, Mureş and Sibiu. The total area of this
region exceeds 34.000 (km2) and its population number
amounts close to 2,4 million (people). It is featured by an
average level of GDP per capita ((€)6.668) and
unemployment rate of 6,01(%). Similarly to Region NW, it
has a high number of clients, potential clients and a high
level of education and the main disadvantage is the intense
competitive rivalry among existing firms.
The Ilfov Region (RI) is placed in Southern part of
Romania and includes Ilfov county and Bucureşti, the
capital of Romania. This region has the smallest area,
only 1.583 (km2) and its population number amounts
close to 2,3 million (people). This region is characterized
by the highest: level of GDP per capita ((€)14.336),
transport infrastructure and level of education. The main
weaknesses are: the most intense competitive rivalry
among existing firms and the maximum aid intensity for
regional investment is only 25(%) of the eligible costs.
B. Selection of the criteria
Multiple criteria evaluation of the proposed regions
has been carried out with the application of a consistent
family of criteria that includes economic, social and
environmental aspects. In order to perform a complete
assessment of the regions, the authors have proposed a
set of twelve criteria, which are presented below:
1) Economic performance (€) – is a maximized criterion,
which is defined as annual value of GDP per capita in the
regions.

TABLE I
PERFORMANCE MATRIX [15]-[16]
C

Alternatives
RNE
RSE
RS
RSW
RW
RNW
RC
RI

R I T E

R I A

CI

CII

CIII

CIV

CV

CVI

CVII

CVIII

CIX

CX

CXI

CXII

4,119
5,142
5,827
5,181
7,612
5,864
6,668
14,336

12.61
10.73
13.62
13.50
12.24
10.87
11.50
49.27

175
170
155
96
115
152
171
202

5.67
3.39
2.92
3.61
10.83
12.29
8.68
52.60

50
50
50
50
35
50
50
25

1,119.96
3,531.16
3,480.47
1,804.15
2,269.33
2,214.35
3,379.57
4,820.58

4,347
4,561
4,675
2,858
3,332
5,865
5,694
5,519

6.89
6.66
7.46
8.31
3.88
4.14
6.01
1.76

409.07
429.20
455
446.40
461.33
415.63
432.83
700.48

0.73
0.64
0.14
0.30
1.16
1.08
1.02
2.32

5.26
5.50
5.45
6.64
8
6.42
6.39
4.21

1.73
21.01
3.99
13.31
9.70
7.66
1.44
0.00

The preference thresholds and weights were assigned on
the basis of the preferences of company stakeholders. The

1

values of the parameters are given in TABLE II.
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TABLE II
THRESHOLDS AND CRITERIA WEIGHTS
C R I T E R I A

Preferences
Indifference (q)
Preference (p)
Weights (w)

CI

CII

CIII

CIV

CV

CVI

CVII

CVIII

CIX

CX

CXI

CXII

0.1
0.15
0.08

0.05
0.15
0.12

0.05
0.15
0.10

0.1
0.2
0.07

0.1
0.2
0.08

0.1
0.2
0.05

0.05
0.1
0.20

0.05
0.2
0.03

0.05
0.2
0.05

0.1
0.2
0.15

0.1
0.15
0.03

0.1
0.15
0.04

ranking it is displayed, the software is able to specify
which is the most suitable solution based on the Electre
III methodology.
The software was implemented on a real case study.
Each region of Romania was analyzed, in order to make
the decision regarding which of these eight best fit to
locate a logistics center based on several criteria. The
options, criteria and preferences of the company
stakeholders are presented in the previous paragraph.
After developing the performance matrix and
preference values to be used as input, the software
generated the concordance matrix, presented in TABLE
III. It can be noticed that the diagonal of the matrix is the
unity because the alternative is compared to itself.

IV. RESULTS
Based on the algorithm of the Electre III method
described above, a software was developed in order to
facilitate the decision making process, regarding the
location of a logistics center. When the performance
matrix and all the threshold and weight values are input
by the user, the software returns the concordance matrix,
the discordance indices, if it is necessary, and the
credibility matrix. Then, based on the credibility matrix
the software develops the two distillations: descending
and ascending. In order to display the final ranking, that
includes the option which overtakes the other ones, a
matrix is constructed and it contains the results of the
comparison between the distillations. When the final

TABLE III
CONCORDANCE MATRIX
RNE
RSE
RS
RSW
RW
RNW
RC
RI

RNE
1
0.82
0.82
0.59
0.57
0.68
0.85
0.70

RSE
0.76
1
0.80
0.46
0.47
0.74
0.88
0.70

RS
0.62
0.98
1
0.81
0.39
0.73
0.74
0.70

RSW
0.68
0.82
0.77
1
0.72
0.74
0.74
0.70

RW
0.65
0.63
0.70
0.39
1
0.91
0.79
0.70

In the next step, the discordance indexes are computed,
but only if veto thresholds are specified; contrary, the
software returns 0 values for all discordance indexes. In
this case, the concordance matrix is identical with the

RNW
0.45
0.56
0.63
0.49
0.67
1
0.96
0.65

RI
0.3
0.3
0.3
0.3
0.3
0.5
0.5
1

credibility matrix. The method determined two
preliminary rankings using the distillations, presented in
fig. 2.

RI

RC
RSE

RC
0.49
0.51
0.50
0.42
0.79
0.71
1
0.70

RC

RNW

RSE
RI
RNW
RS
RSW
RW
RNE

RS
RSW

RNE

a. Descending distillation

RW

b. Ascending distillation
Fig. 2. Results from distillations

According to descending distillation, the Central Region
was ranked in the first space. In accordance with the
ascending distillation, Ilfov Region was the best

1

alternative. The final ranking is acquired by aggregating
the pre-orders into the ranking matrix, presented in
TABLE IV.
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RNE
0
P+
P+
P+
P+
P+
P+
P+

RNE
RSE
RS
RSW
RW
RNW
RC
RI

RSE
P0
PPPPP+
R

RS
PP+
0
R
PP+
P+
P+

TABLE IV
RANKING MATRIX
RSW
RW
PP+
P
P+
R
P+
0
R
R
0
P+
P+
P+
P+
P+
P+
[2]

In order to obtain the final ranking, the number of P+
from ranking matrix, for each alternative, is summed.
The final ranking is shown in fig. 3.

[3]

RC

[4]

RSE
[5]
RNW

RI
[6]

RS
RW

RSW

[7]

RNE

[8]

Fig. 3. Final ranking
[9]

It can be observed that RC and RSE regions
outperform the remaining regions, being the most
suitable solutions. At the other extreme, RNE region is
placed at the bottom of the ranking, which indicates that
it represents the least desired region for placing the
logistic center on its location.

[10]
[11]

[12]

V. CONCLUSION
The paper presents the practical application of one of
the multi criteria decision making methods. The study
concerning the logistics center location selection has
revealed its practical meaning and applicability. In order
to select the most suitable solution the authors have
applied Electre III method. Eight regions have been
identified and evaluated according to twelve criteria that
meet stakeholders’ expectations. By carrying out the
steps of Electre III methodology, while running the
software developed to implement the procedure, the final
ranking of regions was obtained. As a result of the
computational experiments performed, the Central
Region overtook the other regions, which means that it
represents the most suitable region for placing the
logistic center on its location. The results obtained prove
that Electre III method may be very useful in solving
location problems.

[13]

[14]
[15]
[16]
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Abstract— it is already proven the fact that creativity and
being inventive is what helped people round the world to face
and overcome the crisis or different financial hard times in their
lives. As for companies, being creative is what helps them to
growth and differentiate from competitors. For this very reason
a business strategy used by them is co-creation that focuses on
customer experience and interactive relationships. As
ascertained in part (A), the aim of this paper is to explore and
identify the pro-active involvement of all interested parties in
Barilla’s products development or improvement using cocreation and co-innovation as main business strategy. The
foreseen result is to emphasize the Barilla Factory platform’s
characteristics for consumer’s engagement in the value creation
and co-creation, using social media as a main tool.

Creative
Class

Creative
Economy

Fig. 1. Steps towards creative economy [2]

The term of creative industries refers to the socioeconomic potential of the activities concerning the
commerce with creativity, knowledge and information
[3]. It is very important that each country where creative
industries have an impact to the economy to define them
to better understand their size, shape and the skills
required to the work force.
All kinds of creative industries that have managed to
grow despite the difficult times of crisis, and doubt, are
often perceived to have as many differences, in so many
similarities. However, each has in common a business
model. Among the models that emphasize different
classifications of creative industries recall: DCMS
model, NESTA model, TWF model, Symbolic texts
model, and WIPO copyright model [4].
At the European level, because there are countries that
failed or did not bother to define creative industries, the
most used definition is that given by Department of
Culture, Media and Sport from United Kingdom.
Even though in Italy there is no official definition of
creative industries, what Italians understand is the fact
that they represent those cultural goods and services that
can be technically reproduced or industrial produced and
commercially sold.
In Italy, at first, the term of creative industries was
about books, press, radio-television, cinema, musical
recordings, and new mass-media. Then, the term
extended to other industrial sectors, considered extremely
creative, such as: fashion, gastronomy, publishing and so
on [5].

Keywords—co–creation, creativity, innovation, social
media

I. INTRODUCTION

T

HE word creativity has been lately used around us,
as the need for creativity has become more and more
significate at regional, national and international level.
We hear and talk about individual creativity,
organizational creativity, and citywide creativity.
What really interlocks to the idea of creative city is
Richard Florida’s concept of creative class, that is
formed of people or groups of people for whom the
creativity is compulsory to carry on with their jobs. We
mainly talk about artists, such as designers, vocal or
instrumental performers, actors, but as well scientists,
and brain-workers [1].
Charles Landry considers creativity as one of the
actual and main currencies, more sophisticated and
powerful than the financial currencies, considered onedimensional and narrow [2].
Taking into account all the above it is clear that
creative class is what determines the appearance of a
creative city, and in the end a creative economy. The
latter represents a platform for the development of the
economy and of the city [2].

1

Creative
City
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II. CONSUMERS’ PROACTIVE ENGAGEMENT – BARILLA
FACTORY

Barilla Factory is one of the projects from the
collections of projects that form the Barilla’s portfolio of
innovation and creation, which is constantly revised
based on recognized priorities. Barilla Factory is [10]:
1) a creative space for the exchange of views on topics,
products and relationships;
2) a way to get involved and co-create content.
On the Barilla Factory platform two important projects
are also presented: “Love life, love pasta; in your
way!”, and “L’Arte della Cucina”.

The Barilla case study that represents the base for this
paper has been divided into two main sections: The Firm
and the Innovation Management and Co-creation in
Innovation.
The first section of the case study was presented in
part (A) of this paper, and the second section is the
subject of this second part (B).
The first section was done with the purpose to obtain
data regarding Barilla Group and its preoccupation
toward innovation and co-creation in its products'
manufacturing. The objective to research for these data
was to familiarize with both the type of business that is
the subject of this research, and the way stakeholders'
direct involvement is part of Barilla’s goals.

B. Love Life, Love Pasta; In Your Way! Project
„Love life, love pasta; in your way!” is the first “callto-action” campaign hosted by Barilla Factory. It is in
fact a competition that takes into account all the brand,
but with a focus on pasta, and targeted [11]:
1) Firstly, the announcement of the platform launch,
following the successful direct result of the two previous
contests: Sughi Barilla and Di che pasta sei fatto.
2) Secondly, promoting the idea of "Love life, love pasta:
in your way!", by exploring and highlighting the values
that Barilla will promote as part of its future strategic
communication, values that can be described in three
words: diversity, uniqueness and inclusion.
In this project, participants were given the opportunity
to create a video focusing on all the things that make us
unique, in that we have the ability to create extraordinary
things as long as we put the soul and the mind, as long as
we are passionate about, and strong enough believe in
something.
Through this project, Barilla wants a creative vision of
our world, made of new types of communities [10]:
1) digital relationships, born and developed due to social
networks;
2) the co-housing among young professionals that lives in
big metropolis;
3) extended families;
4) friends sharing hobbies, and trends.

A. About Barilla Group
Barilla was first founded by Pietro Barilla in Italy,
country where its headquarter exists even today right
from its beginnings.[6] It is a private property owned by
the well-known Barilla family, whose fourth generation
has as legacy, for the present days, the production of
quality and innovative products as its great-great
grandfather used to over 130 years ago. It is in fact the
continuation of the tradition initiated in 1877. [7][8]
One of Barilla’s goals is to create new products in
order to satisfy the needs of all who will decide to buy
and have them for any meal of the day. Carrying this in
mind, the company manages to annually launch round 50
new products, this representing the final stage of a long
process of four main stages: ideation, development,
execution, and launch.
The four stage process, that was presented in part A, is
based on the interplay between different professionals,
that are brought together as the company anticipated long
time ago the tight relation among people that design the
products and those for who are designed. The latter ones
are the stakeholders, and the professionals that are
involved in products creation can be either from inside or
outside the company.
One way of stakeholders’ involvement in new
products creation consists in a collaboration between
them and Barilla's designers. The company selects a
group of people to participate, in an active way, to the
creation of new products together with a design team.
They are not invited just as tasters, but also as pro-active
persons involved in the development process right from
the first stages [9].
In terms of innovation, Barilla has publicly revealed its
determination to become both the home of competence
and a hub for innovation. For this reason, it annually
invests its innovative and creative energies in almost 150
projects. With the help of these projects, the
enhancement and education of the food industry, as a
strong concept, are aimed. The completion of all started
processes will be between two and three years, and at
present they can be found in different stages of progress.

1

C.L’ Arte Della Cucina Project
Because Barilla appreciates both the chef and the
artist's creative spirit for a long time, the “L’Arte della
Cucina” project is initiated. Petro Barilla's passion as a
benefactor and art collector has determined Barilla to
become an early innovator in the design of posters of the
twentieth century. Over the decades, designers and artists
have found inspiration in the celebration of food and
cooking, influenced by the art of those times [12].
Through this project, Barilla invited everyone to put
creativity at work to bring to life a fresh expression of
Barilla’s sauce, with the potential to become a part of the
Barilla’s collection. In fact, it was aimed to achieve a
contemporary interpretation of Barilla’s sauce, as a
poster, to communicate that the fresh from the garden
taste of Barilla Sauce inspires fresh ideas, and exciting
possibilities [12].
III. BARILLA FACTORY PLATFORM
The tool dedicated to interaction with stakeholders is
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the Barilla Factory platform, through which different
countries and cultures are connected, attracting creative
people, known filmmakers and new talents.
Within the projects launched by Barilla Factory,
people are asked to speak in different creative languages,
each project being linked to a region that the Brand can
explore through the community. On the Barilla Factory
platform the connection with the participants is based on
individual accounts created by the participants.
More and more often, the exciting and captivating,
entertaining and creative information are realized by a
community. With Barilla Factory, the company offers a
place where creative people can discuss and jointly create
new landscapes and new stories.
Barilla Factory serves as a hub of ideas, being an
innovative platform where filmmakers from around the
world can communicate their ideas and skills, sharing
diversity and collaboration to provide Barilla company
new ideas.[10]
There is no direct connection between the Barilla
Group official site and the Barilla Factory platform:
https://www.barillafactory.com/us
In terms of externalization of the instrument, as long
as on this platform people are invited to imagine stories
and concepts, not only on Barilla’s reality, but also to
their own worldview, new habits and ways of life, it
exists.
The visual identity of Barilla Factory platform is given
by the combination of the logo used by Barilla brand
specific for pasta, and the word factory written with
transparent letters, to very well combine with the blue
color of platform’s background. In fact, blue is the color
used for pasta’s packaging.

registration by clicking on the Registration button, we
must select the box if we want to receive the Userfarm
newsletter. Userfarm is the partner of Barilla Group that
developed the platform, and administrates care of it.
The Login option can be found on the same page as
the Registration, but on the right, and it requires
completing two fields: Email and Password. On top of
the Email field, the Userfarm logo is placed with the
mention that Userfarm users can Login using their
credentials.
Just before using the Login button, there is the
possibility to recover the password, in case we do not
remember it, by selecting: Forgot password? A new page
opens, Reset Password, in which we are invited to
introduce the email address and to follow the instructions
that will be sent to that address, by selecting the button
Submit.
On the bottom of the page, the following sections can
be found, from left to right:
1) Barilla logo for pasta
2) Legal notes
3) Privacy Policy
4) Netiquette (the correct or accepted way to
communicate on the Internet ) [13].
On the same line, but on the right side of the page the
Twitter and Facebook icons are placed. With just click on
them we are directed toward the respective pages.
Latest details that are found on bottom left are links to
Barilla.it, Barilla Group, and Barilla.com sites. On the
same line, but at the bottom right it is written the current
year: 2014, with all rights reserved Barilla Factory and
under this we can find out by who is the platform
administrated, namely USERFARM, Content Creators.
All these elements / sections / details that can be
encountered on the Barilla Factory site, at the first
access, on both top and bottom of the page, store each
time, at each opening of new sections / pages platform.
The first page of the platform, in addition to the above,
greets us with a message of welcome, showing, through a
changing image, all contests and their names. The way
that anyone interested can participate to the contests is
found under these moving images. Thus, three buttons/
sections are posted: Brief, Registration, Awards. By
accessing each of these sections, more information on the
contest, whose image runs while selecting the button, are
available. Under these three buttons a brief of the
following sections appears:
1) Creative, with three videos and four posters, and
2) Artists, where few of the artists and the date on which
they were connected to the platform can be viewed.
In the Projects section all details about the projects of
Barilla Factory can be found: title of the contest,
description, deadline, awards, brief, jury, contest rules,
by accessing the corresponding button.
In the Creative section, can be discovered the contents
made by people, those who have viewed these contents,
comments, and are invited, if we like to, to share it with
all our friends. These contents are presented as videos

Fig. 2. Barilla Factory Logo

The first time the platform is accessed, in the upper
left there is the logo, followed by the four main sections:
Projects, Creative, Artists, and Factory. On the same
line, but on the right, there are the following:
1) the icon to select the language in which we want to
explore the platform: English, Italian or French;
2) the Log in or Sign up icons. By accessing one of them,
just with a click, a new page opens where we can
Register, on the left, if we have not done it yet, or Login
on the right side of the page, in case the Registration
process was done earlier;
3) the Search option.
The required fields for registration are: Username,
Name, First name, Email, Password, confirmation,
Nationality, Residence, Language. Before ending the
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and posters that can be searched using the Search option,
placed on the left, above the Video. In line with Search,
but on the right side of the page, the button used to sort
the videos and posters by date, by views, by comments or
randomly can be found. The same button is found on the
lower right corner of the page.
In Artists section we can make acquaintance with the
creative talents community, and are invited to join them
by registering to the Barilla Factory platform, selecting
the preferred competition, thus putting ourselves to test.
By pressing Be part of the community we are directly
directed to the Registration/ Login page.
We can also find here the Search option, positioned as
in the Creative section, but instead of the button for
videos and posters viewing by date, comments, views or
at random, we now have the Sort by Newest/Number of
videos option.
In the Factory section a brief of the Barilla Factory
platform can be read.
In terms of stakeholders, Barilla addresses to those that
work / activate in one of the domains presented in Table
I. During the time their number increased as a
consequence of Barilla’s long term objective
implementation: “Good for You, Good for Planet”.
Within this growing direction, the products and services
diversity is also meaningful in terms of stakeholders’
engagement.

Barilla’s competitions/ projects address to both today's
consumers and potential consumers of Barilla products,
as well to all stakeholders presented above. The
geographical limitations, of age or any others are
imposed by each project/ competition.
As for competitions found on Barilla Factory, they are
addressed especially as it follows:
„L’Arte della Cucina” addresses to all over 18 years
old, legal residence of United States (50 states),
Columbia District [16].
„Love life, love pasta; in your own way!” addresses to
all over 18 years, without any distinctive limitations [16].
Being about competitions to create posters and videos,
the intellectual/industrial property rights on ideas/
innovations submitted by participants represents a very
well described section by the company. It can be found in
the Rules section, rules that are required to be kept in
order to participate in competitions, of any type.
Therefore the management and rights exploitation on
the selected videos / posters requires that all works to
compete to be managed under the terms of the agreement
between the two parties. The company has the right on
videos [14] / posters [15] without any limitation, as
follows:
1) Reproduce, in any format, any Poster or Video
temporarily or permanently, including digital format,
and by any resources or procedure now in existence or
which will in future exist;
2) Make all Posters or Videos available to the public,
using electronic tools such as the Internet, on one or
more websites, without limitation, both in streaming as
well as in download, and or any other technical means
which allows use of the Posters or Videos;
3) Present and communicate all Posters or Videos to the
public in any possible format or using any resources of
remote transmission, already in use or that will exist in
the future, such as any sort of telephone network, air,
cable or satellite television, free television, re-broadcast
via satellite, pay or pay per view television, video-ondemand, near video-on-demand, digital television, Dvdh, IPTV;
4) Distribute any Poster or Video in both analog or
digital format, now in existence / use or which will exist
in future, such as CD, CDi, CD-ROM, DVD, VHS, by
any resources and through any commercial channel,
such as e-commerce, big and small distribution,
newsagents, so on;
5) Distribute any Poster or Video, together with the
distribution of audiovisual materials and / or publication
of the press;
6) Show any Poster or Video in cinemas;
7) Translate into any language the Poster or the audio of
each Video and insert sub-titles in any language;
8) Use any Poster or Video to promote and advertise the
activities of the Barilla Company, or using any ways
whose use are permitted under this agreement;
9) Posters and Videos’ use and distribution to t third
parties, even in embedded mode, allowing those third

TABLE I: BARILLA’S STAKEHOLDERS [16]
Level
International

National

Local

Stakeholders

Media

x

x

x

Scientific
Community

x

x

x

Institutions
NGO’s and
Civil Society
Barilla People

x
x

x
x

x
x

x

x

x

Commerce and
Retailers
Consumers

x

x

x

x

x

x

x

Local
Communities
Suppliers

x

x

x

Universities
and Research
Center

x

x

x

Financial
world

x

x

x

Control Position in
Organization

Communication and External
Relations Department
Scientific Relations Center –
Department
of
Research,
Development and Quality
Institutional Relations Center
Centre of Sustainability and
NGOs Relations
Centre
of
Internal
Communication
Europa Market Centers –
Regional Managers
Marketing Department and BDI –
Regional
Managers
–
Department
of
Research,
Development and Quality
Department of Operations and
Supply Chains – Regional
Managers – Factory Managers
Department of Supply Chains and
Operation
Department of Research,
Development and Quality –
Scientific Relations Center
Barilla Lab – Centre for Talent
Attraction
Department of Administration
and Finance
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their works on the site under the required conditions. All
posters/ videos are reviewed by the editorial staff of the
site, which will make a preliminary assessment on the
suitability for publication and if they are in accordance
with the guidelines outlined in the presentation, available
on-line [14], [15].
The editorial staff is committed to examine and
approve, within a reasonable time, the posters/ videos
uploaded. Each step: approval, rejection, different change
requests, if the posters or videos are considered adequate,
but lacking in form or content, it notifies the user via
email or other means of contact provided when
registering on the site. All posters approved will be made
visible and available online.
A jury of six experts made the selection of posters the
announcing of the 5 finalists being scheduled at an
established and announced date. Presentation of the 6
experts can be found on the competition website to the
Jury section. The public is also involved with the
opportunity to vote for the 5 finalists through an online
campaign at a time also established and announced [19],
and the announcement of the winner being scheduled for
14th of November 2014, and the Art event celebration
was held in New York four days later.
Regarding the “Love life, love pasta; in your own
way!” project, key data collection, processing and
analysis of ideas were also well established in a
particular sequence and made public.[20]
After the registration period of time, the Userfarm
team, the hosting platform, has prepared a short list of the
best 20-30 works, from which Barilla chose the favorites
top 10. Afterwards, the Barilla’s database/fans were
asked to vote for the best videos out of the 10 selected,
during a week. Finally, Barilla decided the awards order.
Barilla works to implement forms of involvement of
stakeholders in defining the key elements of
sustainability policy, in order to identify stakeholders on
the criteria of representativeness and relevance, to
establish a communication channel based on
strengthening their suggestions and directions, to
improve the design of programs and initiatives in order to
have them as partners for achieving the goals that the
company cannot achieve alone.
Through initiation and continuation of competitions /
projects on various topics and platforms, Barilla seeks to
move the dialogue with stakeholders to their real and
effective involvement. The company is convinced that
without their contribution to sustainability it could not
exist. It is not only wanted innovation of products, and
technologies, but also to highlight young talents in any
field, such as design, graphics, photo-video, promoting
and enriching their portfolios. Thus, a community of
creative artists was created, of people interested in food
safety and nutrition under the brand Barilla.
All these had also a financial impact on the Group.
Prizes winners are, as we have seen. All the prizes from
the competitions were, so far, quite significant and
consistent.

parties to reproduce posters and videos on their sites,
without having some form of prior authorization and
without any claim for moral damages;
10) Use different parts or fragments of the Posters or
Videos, and re-assemble them, in whole or in part, if the
Company and/or Barilla and/or a third party licensees
considers necessary to better use them;
11) Use single parts or fragments of any Poster or
Video;
12) Insert, in the Poster or Video, a distinctive mark,
such as figure, name, or other, of the Company and/or
the Barilla and/or of third party licensees.
Promoting projects on Barilla Factory platform is very
important to attract more participants and voters.
Therefore, in addition to conventional methods, Barilla
also uses social media in order to develop co-creation
initiatives. Social media can be defined as a group of
Internet applications that rely on the ideological and
technological foundations of Web 2.0, and allow creating
and sharing generated content [17].
Social media is the new tendency, fashion as many
may say, which changes the rules of communication with
customers, allowing the company to engage in direct and
immediate contact with the final-consumer, at relatively
low cost and relatively high efficiency compared with
traditional communication tools [18].
The presence on social media of Barilla Factory
platform is as follows:
1) “L’Arte della Cucina”: direct links from the
competition page to Facebook, Twitter and Google plus.
2) “Love life, love pasta; in your own way!” direct links
from the competition page to Facebook, and Twitter.
Through these links we are invited to share the
projects from Barilla Factory with all our friends in the
online environment, and even publish them on our
personal socializing pages. Social media shortens the
distance between the company and users, increasing and
strengthening their degree of involvement in the
innovation process [19].
The collection, processing and analysis of ideas
provided by customers/ stakeholders is done according to
each project’ requirements. To participate in all projects
from Barilla Factory platform, registration on the
Website is required. User may register by completing all
required data and after reading and accepting the Legal
Notice and Terms and Conditions for participation in
competitions. All information must be true and correct,
to retrieve and process according to the privacy policy
posted on the site. A single registration by e-mail is
accepted.
Once registered, the user will receive a confirmation
email of registration on the site to the e-mail address
provided on the registration form. Once registered,
anyone can take part in any competition by uploading
one or more posters/ videos.
All participants in the competition: 41 participants - 81
creative for the first project, and 155 participants - 166
creative for the second project, had to register and upload
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According to Annual Report for 2013, the total
revenue for 2013 has registered a series of changes
compared to previous year. These revenues are analyzed
according to the Table II:

[3]

TABLE II BARILLA’S REVENUES IN 2012 AND 2013 [21]

[5]

Revenues from:
Total sales of finished product
Sales of secondary products
Sales of packages and other
materials
Revenues from the distribution
of franchise products and
services
Total

[4]

Year
2013
2012
3,121,227
3,067,472
49,517
54,401
22,383
27,120
5,356

6,854

3,198,483

3,155,847

[6]

[7]

[8]

[9]

Even though in 2013 Barilla Group did not manage to
register not even the same revenues on sales of secondary
products, packages and other materials, and from
distribution of franchise products and services, the Group
certainly managed to register higher revenues on total
sales of finished products.

[10]

[11]
[12]
[13]

IV. CONCLUSIONS
More and more often, the exciting and captivating,
entertaining and creative information are realized by a
community.
With Barilla Factory the company offers a place where
creative people can discuss and jointly create new
landscapes and new stories.
Thus, Barilla Factory serves as a hub of ideas, being
an innovative platform where filmmakers from around
the world can communicate their ideas and skills, sharing
diversity and collaboration to provide Barilla company
new ideas.
One of the main tools used by the platform to promote
its projects, to make them known worldwide, and so
invite consumers, clients, stakeholders in general to proactive get involved is social media.
Social media is the new tendency / fashion, which
changes the rules of communication with customers,
allowing the company to engage in direct and immediate
contact with the final-consumer, at relatively low cost
and relatively high efficiency compared with traditional
communication tools.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ACKNOWLEDGMENT
This research was undertaken within the framework of
the National Research Program PN II, financed by MEN
– UEFISCDI, project PN-II-PT-PCCA-2013-4-1811.
REFERENCES
[1]

[2]

R. Florida, The Rise of the Creative Class: And How It's
Transforming Work, Leisure, Community, and Everyday Life.
New York: Basic Books, 2002.
C. Landry, The Creative City. A Toolkit for Urban Innovators,
Earthscan from Routledge, 2008.

1

204

British Council, Home: Creative Industries/ Creative Economy,
http://creativecities.britishcouncil.org/creativeindustries/what_are_creative_industries_and_creative_economy
The Work Foundation, Staying ahead: the economic performance
of the UK’s creative industries. Department for Culture, Media
and Sport, 2007.
COMPENDIUM, Italy: Cultural/creative industries: policies and
programmes
http://www.culturalpolicies.net/web/italy.php?aid=423
Barilla Group, Quick Answers: Where is the main headquarters of
the Group
http://www.barillagroup.com/corporate/en/home/quickanswers/azienda/gruppo-Barilla/nascita.html
Barilla Group, Quick Answers: Is Barilla a publically held
company?
http://www.barillagroup.com/corporate/en/home/quickanswers/azienda/gruppo-Barilla/nascita.html
Barilla Group, What We Do: How Products are Created
http://www.barillagroup.com/corporate/en/home/cosafacciamo/co
me-nascono-i-prodotti-Barilla.html
Barilla
Factory,
Factory,
https://www.barillafactory.com/us/factory
Barilla Factory, Projects: Love life, love pasta in your own way,
Brief, https://www.barillafactory.com/us/call/love-life-love-pastain-your-own-way/394/brief
Barilla Factory,
Projects: L’Arte della Cucia, Brief,
https://www.barillafactory.com/us/call/arte-della-cucina/471/brief
TechTerms.com, http://www.techterms.com/definition/netiquette
Barilla Communication and External Relations, Sustainable
Business: Good for You, Good for the Planet Reports, 2011
http://www.barillagroup.com/corporate/en/home/our-sustainablemodel/sustainable-business-reports.html#
A.M. Kapla, M. Haenlein, “Users of the worlds, unite! The
challenges and opportunities of Social Media”, Business
Horizons, 2010.
Barilla Factory, Projects: Love life, love pasta in your own way,
Rules, https://www.barillafactory.com/us/call/love-life-love-pastain-your-own-way/394/regulation#regulation
Barilla Factory, Projects: L'arte della cucina, Rules,
https://www.barillafactory.com/us/call/arte-dellacucina/471/regulation#regulation
A. Martini, S. Massa, S. Testa, “Customer co-creation projects
and the social media: the case of Barilla of Italy”, Business
Horizon, forthcoming.
F.T. Piller, A. Vossen, C. Ihl, “From social media to social
product development: The impact of social media on co-creation
of innovation”, Die Unternehmung, Swiss Journal of Business
Research and Practice, 2012.
Barilla Factory, Projects: L’Arte della Cucina, Deadline,
https://www.barillafactory.com/us/call/arte-dellacucina/471/contents
Barilla Factory, Projects: Love life, love pasta in your own way,
Deadline, https://www.barillafactory.com/us/call/love-life-lovepasta-in-your-own-way/394/contents
Barilla, Annual Report 2013. Parma: Graphice Step, 2013.

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania

MODEL OF A VIRTUAL RESEARCH
CENTER
Liliana Georgeta POPESCU1
1

”Lucian Blaga” University of Sibiu, liliana.popescu@ulbsibiu.ro

participants in the act of creation, and hence the necessity
to implement the work in network These issues were
considered in shaping a new virtual research center (eresearch).
The modeling process of an e-research center
comprises: [2]
A0. THE MODEL OF A VIRTUAL RESEARCH
CENTER
A1. THE DEVELOPMENT OF THE VISION AND
THE STRATEGY OF THE VIRTUAL RESERCH
CENTER
A 1.1. The Development of the vision
A 1.1.1. Developing the strategic goal
A 1.1.1.1 The design of the desired future
A 1.1.1.2. Design assurance
A 1.1.1.3. Defining the future center
A 1.1.2. Environment analysis
A 1.1.2.1. Analysis of the external environment
A 1.1.2.2. Analysis of the internal environment
A 1.1.2.3. Analysis of environmental change
A1.2. The Strategy of the Research Centre
development
A 1.3. Development of the research strategy
A 1.4. Configuration of the management system
A 1.4.1. Establishment / services configuration
A 1.4.2. Identification of the specialists
A 1.4.3. Agreeing the protocols and procedures
management
A 1.4.4. Defining the tasks
A 1.4.5. Division of labor
A2: SUPPLY AND MAINTENANCE OF THE ONLINE SERVICES
A 2.1. Registering virtual services
A 2.2. Providing virtual services
A 2.3. Maintaining virtual services
A3: EXECUTION, DELIVERY AND MAINTENANCE
OF THE ON-LINE PROJECTS
A 3.1. Identifying needs / requirements
A 3.1.1. Networking
A 3.1.2. Automatic questionnaires development
A 3.1.3. Fill the questionnaires in network
(consumer, specialists)
A 3.1.4. Automatic data analysis
A 3.1.5. Stating posting the requirements on the
platform

Abstract—This paper presents a general model and the
results that allow the construction of a virtual research center.
After detailing the processes and the procedures within
research centers, it has been developed a model using IDEF0
methodology. This was achieved by abstracting the initial
model. The resulting model is based on a theoretical vision of
ideal processes that can be developed through a virtual research
center. The resulting virtual research center may be
implemented and developed in the industrial sector.
Keywords—IDEF, modeling, virtual research centre
I. INTRODUCTION

T

HIS modeling is performed using IDEF0
methodology, the resulting process model
representing the basic processes required. When
launching a research topic defining network operating
system, includes the following steps:
a. Narrative description and / or graphics
b. Define limits
c. Overall description (using context diagrams (level 0)
of languages IDEF 0)
d. The general model of the network -through the inputs
and outputs (communication, collaboration, research,
information
dissemination,
allocation
of
responsibilities, updating, storing, selecting information)
e. Restrictions used to define system (process)
f. Investigate how the system work (1.2 level diagrams,
... n) of languages IDEF 0.
II. DEFINITION OF THE SYSTEM
The need for modeling a modern research center, in
order to match the current trends of faster data generation
and ideas is the result of a SWOT analysis and a strategic
analysis conducted previously. [1] Having in view the
fact that the market is continuously changing, that the
customer is the one who comes to the center and that the
services provided by the research center must be prompt,
with low priced, there results the need of modeling a
flexible structure for the research center. The resources
(humans and materials) must have the largest possible
degree. The research team must be a flexible one, the
members can have separate tasks on parts of the project.
The scientists, the experts and the customers are direct
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A 3.1.6. Validation requirements in network
A 3.1.7. Hierarchy requirements using the platform
A 3.2 . e-concept, e-design
A 3.2.1. Identification of the type of solution
A 3.2.2. Highlight requirements
A 3.2.3 Establishing online the key requirements
A 3.2.4 Establishing on-line taken measures
A 3.2.5. Using the creative methods to identify
measures constructive platform
A 3.2.6. Using creative methods listed and selecting
possible solutions
A 3.2.7. Establishing online the optimal solution
A 3.2.8. Network modeling visualization solution
A 3.2.9. Improving the solution
A3.3.10.Validation
the
solution
through
collaborative decision
A 3.3.11. Network View
A 3.3. The project Completion and "dismantling the
infrastructure"
A 3.4. Archiving the project and finalizing the contract

resulting from the research accomplished.
4) The mechanisms for achieving the requirements is
provided through a virtual platform and an internet
provider.
When a virtual research center is created, the needs
and the desires of that center should be established as
well as what types of activities may be conducted or what
products or services may be provided. The structure of
the virtual R pattern is shown in Fig. 2.

III. THE DEVELOPMENT OF THE VIRTUAL RESEARCH
CENTRE MODEL

Fig. 2. The virtual research center model

If virtual research center, it is considered a newly
established structure that develops in a continuous cyclic
process. Whatever of the type of organization, the first
steps are identical, the difference being the instruments
used to put into practice.
Fig. 1 shows the highest level (A-0) of the virtual
research center model. The activity is all actions
necessary to manage a virtual platform of a virtual
research center, and the modality of using the platform to
run a complete project from initial customer
requirements at the end of the contract.

At the stage of development vision and strategy (A1) –
it appears the activity of providing online services and
maintenance. Implementation mechanisms are the
programs and systems integration knowledge, the tools
and the platform online service provider.
This activity is splited in actions: (Fig. 3.)
development the vision, strategy development of the
research center, the development of the research activity
and the configuration of the management system.

Fig. 3. Development of the vision and the strategy of the virtual
research center (A1)

As shown in Fig. 3. the model of the virtual center is
relatively simple, there are no many mechanisms or
constraints. The only constraints that occur are related to
legislation, environment and customer specifications.
Modeling the vision and the center strategy are splited in
vision development, the development o the research
activity strategy and
in the system management
configuration.
The second action of virtual research center model is
the provision and maintenance of the virtual services

Fig. 1. The Generic Model of Virtual Research Center (A0)

1) General entries are the customer requirements, market
needs and the need to adapt to the market.
2) The restrictions are the legal frameworks, environment
and customer specifications.
3) The outputs are the product, service or project
conducted within the research center and the knowledge
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(Fig. 4.). This activity (A2) - involving the registration,
supply and maintenance of specific center services. The
entries are dependent on vision and center strategy.
Inputs are "Registering virtual services" and the legal
restrictions, environment, customer specifications. The
mechanisms for realization of the activity are tertiary
service provider, online service provider, platform tools,
the shoftwares and the systems integration of knowledge.
The outputs of the activity are knowledges (data,
performed procedures) and the services provided by the
center.
Internet service provider, and virtual platform tools are
instruments used to operate in the virtual research center.

Organization itself, through the activities and
processes of transformation that it includes, represents a
set of values for its members, for the shareholders and for
the public. The value of the products and the services that
the organization provides to satisfy a certain need is
extremely important to the customer. [3]

Fig. 5. Achievement, supply maintenance the online projects

The e-concept, e-design model (A32) follows:
Identify the type of solution
Highlighting requirements
Establish the importance of on-line requirements
Establish on-line the measures to be taken
Use creative methods on platform, to identify the
constructive measures
f) Use creative methods to listed and selecting possible
solutions
g) Establish online the optimal solution
h) Modeling solution with network visualization
i) Improved solution
j) Validation solution through collaborative decision
k) View Network
Finalize the project and "dismantling the
infrastructure" (A33) is the stage where the
investigational product are resulting. Here it should be
noted that there is a return loop between this and the
previous one, due to any technical discrepancies that may
occur. All information related to the project (technical
details, programs, customer data, database specialists)
exiting the virtual completion of the research is the next
stage of Entries "archiving project and finalizing the
contract" (A34). Archiving these datas are improving the
databases of the center.
a)
b)
c)
d)
e)

Fig. 4. Supply and maintenance the on-line services

This activity (supply and maintain virtual services)
involves the provision and the management of services
available through the virtual platform and the knowledge
"acquired" during the modeling process. The results is a
set of virtual services that are managed and maintained
and which are simultaneously entries for A3 module
(that of "supply and maintenance of virtual projects").
The on-line service provider, and the virtual platform
tools are the mechanisms of work.
The third action of the model - the realization, supply
maintenance the online projects (A3), are splited in
identifying the needs and requirements, the proper
research work called e-design, e-concept, completion
project and archiving project. (Fig. 5.)
The outputs of this model are the products (which may
be projects, services, products), knowledge acquired, new
data for databases (archived projects, customer data
bases, etc.) and satisfied customers.
Identifying the needs/requirements (A31) assume the
following methodology compose by seven steps. The
first step is networking, followed by: automatic drafting
questionnaires, filling the questionnaires in network
(consumer specialists), automatic data analysis,
enunciation and posting requirements on the platform,
network
validation
requirements,
prioritizing
requirements using the platform.

1

IV. THE ANALYSIS OF THE VIRTUAL RESEARCH CENTER
MODEL THROUGH PROJECT MANAGEMENT
METHODOLOGY
Creativity management by objectives can be used in
perfect combination with budget management, with
participation management and / or one of the other two
aforementioned
methodologies:
projectbased
management or product management. [4]
To achieve the analysis of the research center model it
proposed to use the methodology of project management.
[5]

207

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
In this regard it is considered that the construction of
new research center is a project that runs virtually all
specific stages of project management. It should be noted
that there are actions whose duration is variable in this
study taking into account the average time required for
certain actions. Depending on the type and complexity of
the projects or products under investigation in that center,
the time varies. In the case of virtual esearch center there
are several actions can be carried out in parallel, thus

saving time and resources.
It was felt as cross action the virtual services
maintenance. The actions such as audit and evaluation
activities were considered, also, as cross actions. These
are no longer specified in the study. Duration for
modeling the virtual center, resulting from the
application of project management methodology is 109
days. (Fig.6.)

Fig. 6. Improve the efficiency of e-research center in terms of project management

Sectorial Operational Program
Development 2007 – 2013.

V. CONCLUSION
This paper presents a general model and the results
which allow the construction of a virtual research center.
After having detailed the processes and the procedures
within research centers, has developed a model using
IDEF0 methodology. This was achieved by abstracting
the initial model. The resulting model is based on a
theoretical vision of ideal processes that can be
developed through a virtual research center. The resulting
virtual research center may be implemented and
developed in the industrial sector. A genuine virtual
research center requires specific tools and IT services.
After establishing the framework within which will be
held the research activity it is necessary to develop a
preliminary model - a pseudo code language for defining
the variables and of logical interactions between the
components. Regarding the work in network it is
necessary to develop a working methodology. After
outlining the problem that is intended to be solved and
the models to be developed, a complex activity is
planning and tracking a project in order to solve the
problem detected.

Resources

REFERENCES
[1]

[2]

[3]

[4]

[5]

ACKNOWLEDGMENT
This work was supported by the strategic grant
POSDRU/159/1.5/S/133255, Project ID 133255 (2014),
co-financed by the European Social Fund within the

1

Human

208

L.G. Popescu, P.D.Brindasu, “The Strategic Analysis Model for a
Virtual Research Centre”, in Quality Management in Higher
Education Proceeding, of the 6th International Seminar on Quality
Management in Higher Education, Tulcea, 2010, pp. 667-670.
L. G. Popescu, Tendences in research activity, („Tendinte in
activitatea de cercetare”), Editura Universitatii “Lucian Blaga”
din Sibiu, Sibiu, 2014, pp. 141–148.
G.M. Moraru., Popa D., “Creativity and the market – profit –
value relantionship”, Proceeding: SGEM Conference on Political
Sciences, Law, Finance, Economics & Tourism, Conference
Proceedings, Volume III – Economics & Tourism, Albena,
Bulgaria, 2014, pp. 113-118.
G.M. Moraru, “Methodological levels in creativity management”
in Proceeding of INTED2015 Conference, 2nd-4th March
Madrid, 2015, pp.4362.
R.V. Pascu, Project Management, (Managementul proiectului)
Editura Universitatii “Lucian Blaga”, Sibiu, 2010.

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania

MODELING AND SIMULATION WITH
DISCRETE EVENTS OF THE ASSEMBLY
PROCESS USING ARENA SOFTWARE
Marinela INTA1, Achim MUNTEAN2
1
2

Lucian Blaga University of Sibiu, marinela.inta@ulbsibiu.ro
Lucian Blaga University of Sibiu, achim.muntean@ulbsibiu.ro

and cost effective to replace a component in a virtual
machine than the real one. Also the lead time for
introducing a new model is shortened often with months
or decades.
For tests that can be performed in a virtual
environment, their number can be unlimited (depending
on available time), with low cost and does not affect in
any way the physical components.
The results of the tests can be useful to improve the
system before it becomes real.

Abstract—This paper demonstrates how to design and
develop a simulation model for an assembly line Festo. The
layout consists of 7 process stations. The complete assembly
line processes consist of one robot. The study was conducted on
a automated FESTO line. The simulation was made using
ARENA software considering the line as a computer integrated
production system. As input data it were considered the real
data of the physical model and the model was verified in real
functional conditions. In the simulation different scenarios were
tested in order to optimize and balance the line.
Keywords— modeling and simulation, Didactic Festo Line,
queuing, Arena software

1.

II. CASE STUDY FESTO LINE

A. General consideration
I. INTRODUCTION

Festo Didactic Line is a flexible manufacturing system
which is designed based on modern technologies, one of
them being MPS - Modular Production System (modular
manufacturing) [3].
This means that the line is made up of several modules
which may be arranged in almost any band which may be
representative of a comprehensive line of computer
integrated manufacturing.
Festo Didactic line from SmartLab laboratory of the
Faculty of Engineering, is made up of seven modules
(workstation) and a transmission line.
The seven modules are:
1) Distributing station (MPS Distributing);
2) Testing station (MPS Testing);
3) Assembly station (MPS Assembly);
4) Robot station (MPS Robot):
5) Milling machine EMCO Mill 55;
6) Handling (MPS Handling);
7) Sorting (MPS Sorting).
Distribution station has the role to pick parts from
warehouse with a capacity of 8 pieces and sends it to the
test station.

T

HE role of simulation in virtual environment systems
increased in the last decade, with the imposition of
stricter requirements in terms of resource consumption.
Until recently, research and development process began
with the creation of a real prototype system that requires
a large amount of raw materials (components are usually
made by cutting processes in semi-finished block) and
working hours [1].
This prototype was then subjected to a series of tests
of various kinds to be analyzed. By definition prototype
was not a perfect mechanism and most its parts had to be
changed. This meant investment in other types of
resources. Thus, since the development of information
systems virtual simulation environments were also
developed allowing simulation of both reduced
complexity models (processing machine) and the
complex ones (an entire factory with multiple production
lines) [2].
Through virtual simulation systems can reveal much of
the risks to which they are subject in the real world and
can be removed before the real system is affected.
The system can determine what functions can not
fulfill their role in the current technical solution and
enables the developer to reject that concept which does
not work, in an early stage of the project. It is also simply

1
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To simulate entities representing the subcomponents
of final assembly or final assembly itelf, the Create
process was used. This creates entities in a time interval
and in a number set by the user [4] - [6].
The process of making the simulation model is logical
module, module pre-assembly, assembly and animation.
As a starting point, logic modules were created that
represent subcomponents or final assemblies using
objects from „Basic Process”, „Advanced Process” and
„Transfer”. These modules allow you to create entities and
establish the properties of each, is observed in Fig.3.

Fig. 1 FESTO Line

A. FESTO Line – Input data
To model the system we need input data. They consist
of pieces which are used in final assembly and processes
that are performed during assembly.
The final piece, cylinder, consists of the following
components: housing, valve, spring and cap. The case is
of three types: Red, Black and Chrome and goes through
stations 1 and 2 distribution and sorting (black parts
being scratch). The good parts are transported by
conveyor to 3, 4 and 5 stations.
Here are picked from the conveyor to the robot module
and begin the assembly process. When launching a slide
by sorting station to assembly station, robot takes a lid
and place it in the milling machine to achieve a milling
operation.

Fig.3. Creating entities

Added processes Create: Distribution - issues Housing
entities representing the stock at distribution station;
S_Capac - Capac_NP issue entities that are unprocessed
cover; S_Arc - issuing entity type Arc; S_Supapa issuing entity type Supapa; S_Ventil - issuing entity type
Ventil, which is the final assembly.

Fig.2. Housing types
Fig.4. Overview of the flowchart, including robot and
assembly stations

This cover is also of two types: Not processed and
processed. At assembly station components are
processed in a row: it pick up the valve of the conveyor
and is taken to the place of assembly is positioned in the
valve housing, then add the spring, and then remove the
machined cover from milling machine and close the
cover, ending the assembly process. The valve is then
placed again on the conveyor and sent to handling and
sorting station.
Another input parameter is given by the number of
carts that are simultaneously on the conveyor. Their
purpose is to transport the parts on line, from one station
to another.

Once you have been issued carcasses, they go through
the process Decide (Body color) to simulate
predetermined percentage of different types of carcasses,
such as: red carcasses received 60%, 35% chrome
housings and casings 5% black. To make the transition
from simulation Carcasa entities to the type
Carcasa_Rosu, Carcasa_Crom and Carcasa_Negru using
the Assign (Red, Chrome, Black) process. However it
done and change the icon assigned to each type of entity.
The Record type process (NR_Rosu, NR_Crom,
NR_Negru) count each entity which passed through it,
thus obtaining the exact number of types of carcasses.
Once modified type of entity result, they go through
another process of decision (Testing) that determines
whether the parts are good or scrap. Thus if the part is

B. Implementation of data entry in ARENA 14 software
To achieve FESTO line modeling there were used
many of the features of the Arena 14 academic software.
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entity Carcasa_Negru type the Dispose (scrap) by which
entities are removed from the simulation.
The good parts get Hold (Transfer_carucior) that
simulates adding a carcass on the conveyor cart to be
passed to the next station. In this process a verification if
carts are available at the test station is made via variable
Nr_Carucior.
This variable is set at the beginning of the simulation.
If it is greater than zero then at least one carriage is
available and the housing can enter the line. In the very
next Assign (Carucior), Nr_Carucior variable decreases
by one unit and Carcasa_lansat variable increases by one
unit. The latter determines launching is send Capac_NP
type to be transported to the type Process (CNC_Frezat).
When a case goes to trial Descarca_1 - Hold variable
string, Pr_asamblare, transits from state off to state on.
This simulates assembly process start.
Once begun assembling, no other housing entity can
not enter Robot decision process that determines the
following: if the entity is a type Capac_NP is send
CNC_Frezat process; if type Ventil, put it back on the
conveyor to be transported to the handling and sorting,
and if any other type sends the submodel Assembly,
which simulates the assembly process. CNC_Frezat
process simulates the machining of workpiece retaining
entities for 45 seconds, after which it launches in the
Processing Cap - Assign to turn them into Capac_P entities.
In submodel assembly simulates following:
Asamblare_elemente - Decide determines what kind of
entities are to count what components have already
entered in assembly by Ass_Carcasa, Ass_Supapa,
Ass_Arc and Ass_Capac variables, after it are removed
from the simulation (Dispose 5); S_Ventil - Create
process issues entities type Ventil to the
Asamblare_finalizata that retains entities until all
subcomponents entered in assembly. On leaving the
submodel, the Assign 15 resets all variables that
determine the assembly process from baseline in order to
resume the assembly process.

structures will be set as control functions for input or
output of an entity that is on a Process object, such
distribution station, a new entity will be passed to the
Transfer process only if it is not busy.
III. FESTO LINE SIMULATION
To simulate FESTO line it is necessary to know all the
times for each process, from the distribution station to
the storage of parts. All these times are considered input
data for the simulation model.

Fig. 6. Animation modul

For data visualization and a good presentation of the
results for certain processes there were introduced Chart
type objects. These monitor the percentage of stations
that are in the active phase, staging, blocked or
inoperable. These graphs were assigned Robot and
EMCOCO55Mill objects type because they realize most
operations and have the lowest operative time.
Thus, the two simulations were performed to achieve
the 50 products with different housings, following the
processing time in each module and time of product
development in different conditions:
1) Parallel operation of two modules assembly and
processing;
2) Simultaneous use of several transport units.
At the first test performed, the throughput time
decreased when placing 2 transport units, thus reducing
queues, Fig. 7.

Fig.5. Assembling submodel

The resulting entity Ventil again pass through Robot,
after which it is transferred to the cart and reach the final
station, where the cart is released. Thus Nr_Carucior
variable increases by one unit.
The flow of material is not certain, being controlled by
selective structures written in VBA language. These

1

Fig.7 Percentage of objects Robot and EMCOCO55 Mill

If you increased the number of products required, the
realization time also increased but little, because the
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entities begin to accumulate to module assembly and
processing. Previous entity going on schedule, only when
the module is free.
In the case of the second test was applied JIT process
(number of products required by the client) and many
transport units.
After the simulation it is seen that the module Robot is
pretty much blocked or waiting time as its operating time
is related to the total and not in its own time. A good time
was obtained to the introduction of a odd number of
transporters, Fig. 8.

1) for a better execution of the whole process on
FESTO line it is important to establish the number
of transport units, in this case 2 units;
2) increase of the capacity of assembling and
machining, that are the critical resources in the
simulation of this process could lead to increased
production.
The use of this modern tool for computer assisted
planning of processes gives us the possibility of a better
anticipation of the manufacturing process and planning
of capacities, especially for the critical resources that
create bottlenecks and queues. Also it helps to obtain an
optimized load of the shop and reduce throughput time.
The line FESTO which is a flexible manufacturing
system based on modular technology stations, adding
new stations in line is relatively is easy and cost
effective. So, by simulation using Arena software,
planning and scheduling of production takes place
without any additional costs.
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TABLE I
NUMBER OF REPLICATION REQUIRED
Actual Mean
CI = 95% (   5% )
134
10
19
25
16
30
9
50

The simulation result produced average cycle times for
each station, throughput time, wait times, work-inprocess. From the simulation result, the main bottleneck
for this layout is the station 1 - Assembly.
IV. CONCLUSION
After many scenarios performed by simulating line
FESTO and how assembly and machining is made, we
can highlight some subsequent conclusions to help the
development of the process:
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analyses of these structures are made successively,
begining with structures obtained through clasical
calculus and ending through step by step modification
with the optimum solution which proposes a minimal
mass and maximum rigidity in accepted resistance
conditions. For chain and tensioning guide contact, the
analysis porpose is to determine the contact pressure, to
be used for subsequent analysis on the tribological chain
and tensining guide contact [5]-[9].
The virtual model was made using the Catia v5
software, where the main components are modelled as
different parts. Then by considering the geometrical
constraints between the toothed chain links and the
tensioning guide, the final assembled model is obtained.
The virtual model of the toothed chain and tensioning
guide system is presented in Fig. 1. In this model, the
links are in different contact type with the tensioning
guide.

Abstract—The paper presents the analysis of tribological
contacts between the tensioning guide and toothed chain
generally used in the combustion engines. First it is identified
geometry which define the contact between the tensioning
guide and the toothed chain. To determine the pressure
distribution in the contact area between tensioning guide and
links, is necessary to resolve the Reynolds equation. So, a
general methodology is proposed for contacts of this type.
Then, the mathematical modeling and numerical solution
obtained are presented for a specific optimization problem of
the tensioning guide and link contact.
Keywords— chain, pressure, tensioning guide, Reynolds.
I. INTRODUCTION

T

HE kinematic and dynamic operation of the
transmission chain highlights the possible occurrence
of vibration. To eliminate these vibrations a tension guide is
mounted that tense the branch chain driven either by
mounting or using elastic plates or hydraulic systems [1],
[2].
This paper presents by finite element analysis the
contact between toothed link and tensioning guide.
Maximum pressure variation in the contact plates will
cause dependence between strength and pitch. At the end
of the paper it is highlighted the variation of the lubricant
film pressure variation for the contact guide - chain using
Reynolds equation.
II. DETERMINATION OF CONTACT PRESSURE USING FINITE
ELEMENT METHOD

Fig. 1. Toothed chain tensioning:
1- guiding sprockets links; 2- bolts; 3- interior link; 4- exterior
link; 5- pressure cylinder; 6- tensioning guide.

Generally, for the mechanical systems are frequently
the situations when, their elements become instable,
because of the constructive shape and connections. A
solution to resolve this is to remove the functionality of
some mechanical systems elements, which can have
serious consequences on the entire mechanichal system.
The finite element analysis of these mechanichal
structures, assume to identify the displacement and
tension fields; this is mainly aimed in determining the
displacements, rigidities and equivalent tensions for
comparison with the admissible limits, and also to use in
subsequent dynamic calculus [3]-[5]. The finite element

1

For numerical evaluation of the studyed model a high
performance finite elements computing software Ansys
Workbench was used. Given that the contact pressure
between the tooth links of the chain and the tensioning
guide the materials for these two components are of
explicit interest. Basically for the tooth links, bolts and
pressure cylinder a steel with the following properties
was used [10], [11]:
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1) Young's Modulus E = 200000 (MPa);
2) Poisson ratio ν = 0.3;
3) Tensile Yield Strength - TYS σ02 = 250 (MPa);
4) Ultimate Strength - UTS σR = 460 (MPa).
For the guide polyamide PA66 was used with the
following properties:
1) Young's Modulus E = 3300 (MPa);
2) Poisson ratio ν = 0.42;
3) Tensile Yield Strength - TYS σ02 = 38.8 (MPa);
4) Ultimate Strength - UTS σR = 70 (MPa).
The constraints application method of the model and
the boundary conditions imposed are shown in Fig. 1,
where the force, F = 137 (N), was applied normal to the
surface of the pressing element, the chain was fastened at
the ends for all degrees of freedom and for the guide
tensioning five degrees of freedom were restricted,
allowing one translation. How the transmission from the
point of application of force to the chain is only done
through contacts between components, also in Fig. 2, are
shown also the contact areas defined in Ansys.

Fig. 4. Displacement distribution

In Fig. 5, is shown the Von Mises stress distribution. It
shows that the maximum stresses appear on the links, σ =
300 (MPa), with acceptable values. The pressures
between links and guide reach a maximum of
approximately 23 (MPa), which is also acceptable.

Fig. 2. The finite element model
Fig. 5. Von Mises Stress.

The model was discretized with finite elements of
solid deformable hexahedron and second order node
tetrahedron integration. The model discretization result is
shown in Fig. 3.

The contact between the guide and toothed guide was
used friction coefficient of 0.2 and as a result of applied
force of 137 (N), we obtained a theoretical distribution of
contact pressure, Fig. 6.
The value of maximum contact pressure is 4.44 (Mpa).

Fig. 3. Meshing model

Due to the force applied to obtain a uniform
displacement theoretical distribution with a maximum
displacement resulting from 0.038 (mm). This is shown
in Fig. 4.

1

Fig. 6. The maximum contact pressure.

Fig. 6 says that the pressure is distributed uniformly on
the links due to the position of the chain tensioner area.
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To get exactly the links in contact pressure variation,
maximum values are read. This is shown in Fig. 7.

Fig. 9. The pressure variation of the guiding sprockets link and
interior link

Previously determined pressures are useful in
determining the graphical dependence between F/b ratio
versus time.
This dependence is given by relation [12]:

Fig. 7. The pressure distribution of the tooth links.

Making an average of the values obtained next
paragraph will present in detail the pressure variation for:
guiding sprockets links;
interior links and
exterior links.
Fig. 8 presents the pressure variation of the exterior
links depending by the ratio x/p, where:
p- is the chain pitch, and
x- represent the lenght on the contact.

2
F 4    R  pmax
,

b
Ered

(1)

where:
b – is the links width (b = 2.19 mm);
F – represent the force links are in contact;
R – is the radius of tensioning guide;
pmax – maximum pressure on each links in contact with
the guide profile;
Ered – reduced Young's modulus for tensioning guide and
tooth chain.
Fig. 10 presents the force variation of the exterior
links.

Fig. 8. The pressure variation of the exterior links

This chart tell us that pressure is the applied force area,
then drops to the last links out of contact with guide. In
this case was considered as pressure the medium value of
the pressure values for the exterior links.
In Fig. 9, is presented the pressure variation of the
guiding sprockets link and interior link depending by the
ratio x/p.

Fig. 10. The force variation of the exterior links

Also, Fig. 11, presents the force variation of the
guiding sprockets link and interior link.
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The one-dimensional Reynolds equation [12]-[14],
considering uniform distribution of pressure on the depth
of the lubricating film is
dp
hh
 12    U  3 ,
dx
h

(3)

where:
η – represents the oil viscosity;
h – represents the lubricant film thickness;

h – lubricant film thickness in the point of maximum
dp
pressure x  x (( ) x   x  0) ; Pressure will have a
dx
minimum at exiting the narrow space at coordinate
dp
x  x  (( ) x   x  0) , where h  h [12]-[14];
dx
U is the medium speed of the lubrication film

Fig. 11. The force variation of the guiding sprockets link and
interior links

Based on diagrams shown in Fig. 10 and Fig. 11, it can
be observed that the force depends on the width of the
links in contact with guide profile.

U

III. REYNOLDS EQUATION-ASSUMPTIONS AND SOLVING
For this case of tribological contact for guide – chain
contact is the cylinder/cylinder case, was it is presented
in Fig. 12. The geometrical and functional parameters of
this contact, applied for tensioning guide – chain contact
can be also observed. The cylinder 1, with radius R1,
corresponding to the chain link is considered moving
with speed U1 relative to the cylinder 2, the tensioning
guide, having the radius R2, which is considered fixed.

U
1
 ( U1  U 2 )  1 .
2
2

(4)

The thickness of the lubricant film, h, at the coordinate
x is given by the relation:
h  h0  h1x  h2x ,

(5)

where:
h 0 – minimum lubricating film thickness

h1x , h 2x – lubricant film thickness relative to the
coordinate x, can be approximated with following
relations:
h1x 

x2
2R 1

(6)

x2
.
2R 2

(7)

and
h 2x 

For the reduced curvature:
1
1
1
.


R R1 R 2

(8)

Fig. 12. Guide/chain contact

Applying (6), (7) and (8) in (5) it becomes:

This relative speed is given by relation

U1 
 n1  Dd1 ,
60

h  h0 

(2)

The resulted Reynolds equation is

where n1 is the rotational speed and Dd1 the pitch
diameter of the driving sprocket.

1

x2
2R
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dp 6    U1 
1


2
dx
h0

x2
  1 
2Rh0
 




h

.
2
3
2


 
x

 
h 0  1 

2Rh0  



In Fig. 13, is presented the variation of the minimum
gap of the space h0, depending on relative speed, for
given values of forces.

(10)

The following boundary conditions must be used in
order to solve equation (10):
Pressure at exiting the narrow space, is equal to 0,

p(x)  0 ;
Pressure at entering the space p  p 2   0 ;


Normal load on the contact is
x

Fl

 pdx ,

p

(11)
Fig. 14. Minimum gap of the space h0, depending on relative
speed, for guiding sprockets link and interior link

2

where l is the width of the contact.
Equations (10) and (11) form a system from which the

Also, in Fig. 14, is presented the variation of the
minimum gap of the space h0, depending by normal
force, for given values of relative speed.

results are: pressure distribution p(x) (coordinate x ) and
minimum gap of the space h0.
IV. REYNOLDS EQUATION - NUMERICAL COMPUTING
The values and also the range of the parameters, used
as inputs in determining the pressure distribution for the
tensioning guide – toothed chain contact, considering the
case of a given real transmission, with variable speeds
and constant tensioning, are presented in “TABLE” 1.
TABLE I
PARAMETERS AND VALUE RANGE
Parameter
Symbol, value (range)
Chain link radius, m
3
Guide radius, m
Reduced curvature, m
Dynamic viscosity, Pas
Driving sprocket pitch diameter, m
Driving sprocket rotational speed, rpm
Chain speed, m/s
Link normal force, N
Chain link width, m

R1  5 10
R 2  0.1

R r  0.03

  0.150
D d1  0.05

Fig. 15. Minimum gap of the space h0, depending on normal
forces, for few values of relative speed

n1  500... 5000
U1  1... 10
F  1... 6

From the Fig. 14, Fig. 15 and Fig. 16 can be observed
that the minimum gap of the space is decreasing below a
minimum gap value, considered at least 5 (m),
corresponding to mixed lubrication instead of ideal
hydrodynamic lubrication, for smaller vales of speed and
higher values of normal force.
In the Fig. 16 and Fig. 17 is presented, for the value of
the relative speed U = 5 (m/s), the pressure variation for
different values of normal force and narrow space x. As
it was presented, the narrow space is depending by the
geometry of the contact: the smallest radius of the chain
link was considered R = 0.03 (m), straight face of the
chain link and maximum radius of the tensioning guide
was considered R = 0.1 (m).

3

l  2  10

Fig. 13. Minimum gap of the space h0, depending on relative
speed, for exterior links
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toothed chain and tensioning guide geometry.
For more accurate data, an analysis by considering the
pressure distribution on the width of the contact should
be performed as future research.
Another important purpose of the research is the
tensioning guide shape optimization with the goal to
reduce the friction and improve the toothed chain
transmission durability.
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increasing the efficiency supercharging compressors [4].
Currently, on vehicles, the pressure wave compressor
is driven by the crankshaft. But experimental research
carried out on the test bench have shown the fact that this
driving solution limits the efficiency of the pressure wave
compressor [5].

Abstract— Pressure wave compressor is one of the efficient
compressors that can supercharged internal combustion
engines. In this compressor, the intake air interacts directly with
the exhaust gases in the rotor channels. Thus, the intake air is
directly compressed by the exhaust gases, the role of the rotor is
that of distribution of the exhaust gas and of the intake air. For
a certain type of compressor, the value of the supercharging
pressure varies with the value of exhaust gas pressure and with
the driving speed of the compressor. Currently, the pressure
wave compressor is driven by the crankshaft. However, this
solution limits the efficiency of the compressor because the
driving speed depends only on the speed of the engine and not
on its load. In this context, this paper highlights another driving
solution that streamlines the pressure wave compressor, without
particularly increasing the cost of the process of supercharging.
Keywords—engine, pressure wave compressor, speed,
supercharging.

I. INTRODUCTION

O

NE of the compressors used in the supercharging of
internal combustion engine is the pressure wave
compressor [1]. The two main variants of this
compressor are Comprex and Hyprex. The first is
destined to the supercharging of compression ignition
engines, and the second to the supercharging of spark
ignition engines.
In the pressure wave compressor, the air is compressed
directly by the exhaust gases. So, the supercharging
pressure depends directly on the exhaust gas pressure.
Another significant influence on the supercharging
pressure is the driving speed of the compressor. There is
a strong dependence between the value of the speed
compressor and the time available for the development of
the process of compressing air.
As in Fig. 1., it can be claimed that the effectiveness of
a certain pressure wave compressor depends significantly
on how the two parameters are correlated: the pressure of
the exhaust gases and the driving speed.
The fuel economy and environmental performances of
the internal combustion engines must be improved [2],
[3]. A solution to improve the internal combustion
engines is to increase supercharging pressure, through by

1

Fig.1. Influences on supercharging pressure

The compressor operates with a high efficiency when
it is driven at a speed which is not proportional to the one
of the supercharged engine.
An improving solution of the pressure wave
compressor is to have it driven by an electric motor at a
variable speed. Thus, for each operating mode of the
internal combustion engine, the compressor can be driven
at the speed at which a satisfactory value of
supercharging pressure is obtained.
In this solution, the wide variety of speeds at which the
compressor should be driven, requires an electronic
control system of the electric motor by which to vary the
speed of the electric motor. Therefore, the supercharging
process is achieved at a higher cost compared with its
conventional driving, from the crankshaft.
In this context, this paper aims at highlighting another
effective solution for driving that does not particularly
increase the cost of the turbocharging process, namely:
sequential speed driving of the pressure wave
compressor.
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experimental research the necessary power to the driving
of the compressor has not exceeded 350 (W). This
reduced value of energy consumption from the engine is
due to the fact that the two inlet ports are inclined
(Fig. 3.), so that when the exhaust gases enter the channel
they rotate the rotor.

II. COMPRESSING AIR IN PRESSURE WAVE COMPRESSORS
In pressure wave compressors the transfer of energy
from the exhaust gas to the intake air is made directly.
The interaction between the exhaust gas and the intake
air takes place inside the channels of the rotor of the
pressure wave compressor.
For example, in the case of the Comprex type pressure
wave compressor, CX-93 model, the rotor has 68
longitudinal channels ordered in two rows.
As in Fig. 2., in a channel of the rotor, the functional
cycle begins with the entrance of fresh air in the channel
trough air inlet port (4). By the rotation of the rotor, the
exhaust gases enter the channel trough gases inlet port
(1). The fresh air begins to be compressed by the
advancement of the interface exhaust gases – intake air
and shock wave [7]. The functional cycle ends by
emptying the channel rotor of exhaust gases trough gases
outlet port (2). The compressed air is evacuated trough
air outlet port (3).

Fig. 3. The exhaust gases stator – pressure wave compressor, type
Comprex, model CX-93.

It can be claimed that a high quality of the
compression process is achieved when the supercharging
pressure has a value close to the pressure of exhaust
gases (the pressures equalize). This requires the rotor to
be driven at a speed allowing a complete deployment of
the compression process of the fresh air in channel. It is
conceivable that the compression process took place
completely if the exhaust gases crossed the entire length
of the channel [7].
III. CORRELATION BETWEEN SPEED PRESSURE WAVE
COMPRESSOR AND EXHAUST GAS PRESSURE
The exhaust gases move in the channels of the rotor at
a speed proportional to their pressure. Therefore, an
increase in the dynamics pressure of the exhaust gases
requires a shorter duration of the intake air compression
process carried out in the channels of the rotor, because
the speed of movement of the interface exhaust gases- air
is higher [8], [9].
Therefore, it can be claimed that with the increase of
the pressure of exhaust gases, the driving speed of the
compressor should increase.
During the operation of the internal combustion
engines at a given speed, the exhaust gas pressure varies
proportionally to the load. Therefore, the driving speed of
the compressor should not be dependent only on the
speed of the engine (as it happens in the case of the
crankshaft driving), but the engine load must be taken
into account (as is the case in the driving at a variable
speed from an electric motor).
According to [9], the supercharging pressure is

Fig. 2. Various positions of a channel – pressure wave compressor.

Basically the rotor of the compressor is designed to
distribute the exhaust gases and the air. The channels of
the rotor making the connection between the stator
through which the exhaust gases and the stator through
which the intake air cross.
Each of the two stators comprises two inlet ports and
two outlet ports. Thus, after a complete rotation of the
rotor, each channel will come in front of the inlet and
outlet ports twice. This solution, which ensures the
running of the two-cycle operation at a single speed rotor
reduces to half the speed at which the pressure wave
compressors function.
Because the intake air compression is carried out by
the exhaust gases, the energy necessary to the driving of
the compressor is reduced. According to [6], in some
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strongly influenced by the pressure of the exhaust gases.
Also, according to [5], the pressure wave compressor
functions with high efficiency when driven at speeds that
are not proportional to those of the supercharged engine.
In comparison with the supercharging with turbocharger,
higher performance was obtained by the driving of the
pressure wave compressor at a variable speed from an
electric motor [4], [10].
Experimental results have shown that by varying the
pressure wave compressor speed of a Comprex CX-93
type by 70%, a variance of up to 10% supercharging
pressure was mainly obtained, with point increases of up
to 16% [11].
All these aspects support the fact that for a certain
model of compressor the main influence on the
supercharging pressure is represented by the pressure of
the exhaust gases. Therefore, the driving of the training
pressure wave compressor with sequential speed, can
represent a viable solution to supercharge the internal
combustion engines. This solution is of interest
especially if it is intended to optimize the efficiency of
the pressure wave compressor at the cost of the
supercharging process.

compressor will result.
For each domain an average speed will be established
by which the compressor will be driven. In this way, by
reducing the speed at which the compressor will operate,
the electronic system for the variation of the driving
speed will simplify.
In the follow-up the advantages of the driving solution
with a sequential speed of the pressure wave compressor
will be presented in relation to the one when the driving
is made by the crankshaft.
V. EXPERIMENTAL RESULTS
Experimental researches were conducted on a
compression ignition engine. It is a four-cylinder,
supercharged and direct injection engine. During
research the engine was equipped with a Comprex type
pressure wave compressor, model CX-93.
The CX-93 Comprex type compressor was driven at a
speed proportional to the engine speed the multiplication
ratio of the speed is of value 7.
Another stage of the research consisted of
supercharging the Comprex driven by a variable speed
from an electric motor. From the optimal speeds, two
driving speeds were established at which the compressor
should be trained: 11000 (rpm) and 14000 (rpm).
As a result of experimental research that have been
obtained show the efficiency of the pressure wave
compressor within the two driving solutions.
Fig. 4. presents the increase of the supercharging
pressure due to the driving of the sequential speed
compressor compared with the solution of the crankshaft
driving.

IV. SEQUENTIAL SPEED DRIVING OF THE PRESSURE
WAVE COMPRESSOR
The principle of the driving solution with sequential
speed of the pressure wave compressors is similar to that
of the driving solution at variable speed [5]. The
difference between the two solutions lies in the fact that,
after the establishment of optimal speed at which the
compressor should be driven, a selection is made of the
speeds at which the pressure wave compressor will be
driven (TABLE I).
TABLE I
COMPRESSOR SPEED SELECTION IN THE SEQUENTIAL SPEED DRIVING
SOLUTION
Engine parameters

Load (l)
l1

Speed (s)

Driving at
Driving at
variable
sequential speed
speed
Speed drive compressor (sC)

s1

sC1.1

s2

sC1.2

s3

sC1.3

sn

sC1.n

s1

sC2.1

s2

sC2.2

s3

sC2.3

sC2.n
…

…

…

…

Fig. 5. shows the influence of the driving solution of
the sequential speed compressor on the maximum
pressure in cylinders. The reference values are those
obtained while driving the compressor at a proportional
speed to the one of the crankshaft, the multiplication ratio
is value 7.
These experimental results confirm that the solution of
the crankshaft driving reduces the performance of the
pressure wave compressor.

sC2
average speed of:
sC2.1, sC2.2, …, sC2.n
…

…
sn

Fig. 4. The variation of the supercharging pressure at various speeds
and engine loads.

…

…

l2

sC1
average speed of:
sC1.1, sC1.2, …, sC1.n

The entire range of values within which the driving
speed of the compressor varies will be divided into 2-3
parts. Thus, 2-3 limited domains of driving speed of the
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Fig. 5. Increased on the maximum pressure in cylinders, at the engine
equipped with a pressure wave compressor driven at a sequential speed.

In general, the pressure wave compressor driven at a
sequential speed ensures a higher level of the
supercharging pressure. With the supercharging pressure
increases the maximum pressure in cylinders.
At 1600 (rpm) and 1800 (rpm) speeds of the engine,
for both driving solutions, the compressor is driven at a
speed almost identical that is why the variation of the
presented parameters is insignificant.
VI. CONCLUSIONS
While driving the pressure wave compressor from the
crankshaft the multiplication ratio of the compressor’s
speed is limited by the domain of speed at which the
engine operates and by the maximum speed of the
compressor.
The solution of the driving from the electric motor
with sequential speed compressor facilitates the
positioning of the compressor on the engine, compared
with the driving solution from the crankshaft.
The energy necessary to the driving of the pressure
wave compressor is reduced, so that it is possible to use a
small electric motor.
By the driving at a sequential speed, the performance
of the compressor improves and implicitly those of the
supercharged engine, without significantly increasing the
cost of the supercharging process.
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In the case of the pneumatic drives the
compressibility of the gas should be taken notice
during the positioning method.
To move the pneumatic transporter (Fig. 1.) two
electropneumatical pressure regulators were used.
These valves are controlled with 4-20 mA and
proportional to this current they set the filling
pressure between 0 and 10 bar of the chambers of the
transporter. To reach the accurate position of the
workbench of the transporter, a distance measuring
sensor - operating on the Hall effect principle - with
0-503 mm measurement range was used, its output
voltage - the feedback signal - according to this
range is 0-10 V.
The pneumatic circuit was created with the Rexroth
D&C Scheme Editor software (Fig. 2.).

Abstract— In the industrial processes the
positioning with high accuracy is really important. In
this paper we controlled an electropneumatical and an
electrical powered linear axes. The pneumatical part of
this model (a pneumatical transporter with magnetic
clutch) is moving to the x direction, and the electrical
part (servo engine with its linear axis) is positioning to
the y direction. The communication network is created
with the PLC (Programmable Logic Controller) via
CANopen protocol (based on CAN –Controlled Area
Network- industrial standard bus) and FHPP (Festo
Handling and Positioning Profile) data profile. We
used a PID controller (proportional-integral-derivative
controller) for the pneumatic positioning, and made it
in the PLC program.
Keywords— closed-loop control, PID controller;
pneumatic axis, servo motor, PLC, distance sensor
I. INTRODUCTION

T

he base of this paper was to create a positioning
execution with two different driven linear axis.
In our earlier works [1] we dealt with controlling of
stepper and servo motors, and we used our experiences
to create an innovative, combined system, which means
that we connected a pneumatical and an electrical
driven axis. These axes realized a fixed working area in
which the positioning of an optional chosen tool –for
example a pen or a gripper – takes place.
II. GENERAL INFORMATION ABOUT THE PNEUMATIC
PART

Fig. 2. Pneumatic circuit

It contains the following elements: double acting
pneumatic transporter with magnetic clutch (1) with a
distance measuring sensor (S1), controlled non-return
valves (2), integrated pressure sensor (S2) in a 3/3

Fig. 1. Pneumatical transporter with magnetic clutch
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monostable electropneumatic pressure regulator valve
(3), monostable manually operated 3/2 pneumatic
valve (4), air service unit (5), compressor (6).

Defining u(t) as the PID controller output, the
transfer function is:
(1)

III. THE PID CONTROLLER FOR THE PNEUMATIC
TRANSPORTER

where: KP: proportional gain, a tuning parameter,
KI: integral gain, a tuning parameter [1/s],
KD: derivative gain, a tuning parameter [s],
e(t): the actual error.
Another form, containing the time terms:

A PID controller (proportional-integral-derivative
controller) (Fig. 3.) was used for the accurate
positioning of the workbench of the pneumatic
transporter. It is a predefined function block in the
CODESYS programming interface of the PLC
(Programmable Logic Controller), which provides an
easily configurable, parameterized, and simple to set
adjustments.

(2)
(3)
The substance of the control is that it compares the
measured process variable (y) with the desired, set
point value (y0). The controller calculates the
difference – it is called error - and it decides how to
reduce it, with the new control variable (u), which
brings closer y to y0 [2].
The PID controller is the sum – parallel connection of the proportional (P), integral (I), and derivative (D)
terms. If its parameters are chosen incorrectly the
output can oscillate, and the control can be instable,
thus the tuning of the PID loop is necessary. The
chosen method was the Ziegler-Nichols, according to
this method the effect of the integral and the
derivative terms should be set to zero. By increasing
the proportional term to the output starts to oscillate,
the Ku ultimate gain and its ultimate period P u can be
defined (Fig. 5.). We could monitor the tuning
method and the transfer functions with the graphs on
the CODESYS programming interface.

Fig. 3. The used closed-loop system

Based on the output of the PID the
electropneumatical pressure regulator valves are
controlled in an inverse way to each other
(PneuValve1 and PneuValve2 in the PLC program).
The feedback from the actual position of the
workbench is the signal of the distance sensor
(PneuActualPosition). With the xPIDMan variable a
manual set point can be chosen (a slider in a control
interface for testing), in the other case this set point is
depends on the target coordinates and the position of
the servo driven linear axis (the PLC program makes
the connection between them) (Fig. 4.).

TABLE I

ZIEGLER-NICHOLS METHOD – PARAMETERS [3]

P
PI
PID

Kp= Ku /2
Kp= Ku /2.2
Kp= Ku /1.7

TI= Pu /1.2
TI= Pu /2

TD= Pu /8

The control loop became a stable system without
oscillates.

Fig. 5. The variables in the PLC program for the PID
control
Fig. 4. The PLC program for the PID control
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(Controlled Area Network) bus. The communication
takes place on FHPP (Festo Handling and Positioning
Profile) data profile.
The PLC program was written with CODESYS user
interface in structured text programming language
and it is based on the case function [5].

By measuring the pressure and the distance of the
workbench (Fig. 6.) the power and velocity in
function of the time can be defined.
(4)
This v(t) velocity can be calculated by dividing the
displacements between the sampling time with the
period time (Fig. 7.).

V. THE ELECTRICAL DRIVEN AXIS
A FESTO EMMS-AS-55-S-TM type servo motor
with a linear tooth belt axis is moving perpendicular
to the pneumatic axis. The range of the positioning is
between 0 and 300 mm (Fig. 9.).

Fig. 6. The distance of the pneumatic workbench in
function of the time
Fig. 9. The used motor and linear axis

The used motor controller is a FESTO CMMS-ASC4-3A-G2. The configuration of the motor controller
can be done with the FESTO Configuration Tool
(FCT) program. Every part of a system should be set
with all parameters by this program, and after it
calculates the details, for example the maximum
speed, which is stored in its memory. For the
accuracy of the positioning we use the encoder which
is mounted on the motor shaft, and the limit switch of
the linear axis. We set the home position with using
this Reed sensor.
In the FCT program we can monitor the movement
according to different parameters, and the results can
save to the computer (Fig.10.).

Fig. 7. The velocity of the pneumatic workbench in
function of the time

IV.THE CONTROL UNIT
We use a FESTO CPX-CEC-M1 modular type
Programmable Logic Controller (Fig. 8.). It controls
the motor, the pneumatic valves, makes the PID
controller, collects the signals of the sensors and
makes the communication between the different
parts.

Fig.10. The velocity and the current of the motor in
function of time

Control
module

HPP
module

Analog
modules

Digital I/O
module

By using the FHPP data profile we have the
possibility to control 4 different motor controllers via
CAN bus. To solve this we have 32 byte data, 8 byte
for each motor controller.
We can choose between two different modes the
Record Select and the Direct mode. Each mode have

Fig. 8. The structure of the used PLC

With the CPX−CM−HPP communication module
the PLC is able to control the motor via CAN

1
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their own control, status and reserved bytes, they can
be seen in Table 2.

In the CODESYS programming interface we
created a user interface for testing our system. Our
aim was to make an interface to this system, with a
simple structure for a common user. It means that it
can be used easily without the deep knowledge of
programming. The user can send commands on it,
and set velocity values of both axes, monitor the
motions and change the modes.
In the Fig. 11. the structure of the communication
between the devices of the electrical system can be
seen.

TABLE II

CONTROL AND STATUS BYTES OF THE MODES [4]

In Record Select mode we can use in the motor
controller defined and configured discrete positions
and dynamic parameters. In one motor controller with
Record Select mode

Outp
ut
data
Input
data

Byte
1
CCO
N

Byte
2
CPO
S

SCO
S

SPO
S

Byte
3
Recor
d
numb
er
Recor
d
numb
er

Byte 4
Reserve
d

RSB

Byte 58
Reserv
ed

VI.CONCLUSION AND RECOMMENDATIONS

Actual
positio
n

Electrical driven
linear Y axis

PLC

Workbench

Direct mode
Byte
1

Byte
2

Byte
3

Byte 4

Byte 58

Outp
ut
data

CCO
N

CPO
S

CDIR

Set
value
(velocit
y)

Input
data

SCO
N

SPO
S

SDIR

Actual
value
(velocit
y)

Setpoin
t2
(positio
n,
force,
torque)
Actual
value
(positio
n,
force,
torque)

Pneumatic
transporter
X axis

Motor controller

Fig. 12. The main components of the created system

The created system can be seen in Fig.12. it can be
used in different industrial field, it depends on the
used tool. This construction can be extended with
different tools, for example with a pen (drawing
method, plotter function), a blade (stamping out), a
gripper (packing). By increasing the accuracy of the
pneumatic part –for precision positioning - and
integrating a new motor driven axis into the z
direction, this system could work as 3D printer, CNC
(Computer Numerical Control) machine, etc.

using digital I/O mode we can store 63 different
positions and 8 profiles (velocity, acceleration and
deceleration).
By choosing the Direct mode all the motor
parameters can be set and dinamically change from
the PLC program. In this mode with the CDIR byte
we can choose between the position, velocity, force
and torque control mode, and use them in the
program with input and output bytes 5-8, their actual
and set points.
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II. CONSTRUCTION THE CLUTCH

Abstract—Within mechanical transmissions, clutches fulfil
the function of transmitting the rotational movement from the
shaft of a driving element to the shaft of a driven element.
However, clutches can fulfil other functions necessary for the
good operation of the transmission. From a constructive point
of view, clutches can be simple or combined. This paper
presents a simple mechanical clutch that is able to fulfil the
properties of a mixed one. This new type of clutch represents an
optimal solution from the constructive and functional point of
view. The design of the clutch allows the combination of the
functions of elastic and safety clutches. The clutch’s
intermediate element between the semi-clutches is the elastic
dowel. The paper presents the assembly drawing and the
calculus schemes used for the analytical modeling of the torque,
which the clutch can transmit [1].

The design of the elastic and safety clutch with
radially distributed elastic dowels is based on the
following criteria [1], [6], [7]:
1) The clutch has to absorb shocks and torsional
vibrations;
2) The clutch must take technological and
assembling clearance;
3) The elastic feature of the clutch has to be
progressive, which would allow for kinetic
energy storage with high damping capacity;
4) The load decoupling has to be free of shocks;
5) The clutch should allow the changing of
rotation direction without shocks;
6) Small size and low cost;
7) The break of an elastic element should not
lead to clutch failure.
In Fig. 1, there is presented the elastic and safety
clutch with elastic dowels. The components of this clutch
are: 1 and 3 represent the two semi-clutches, 2 represents
the elastic dowel, 4 represents the screws used for fixing
the dowel, 5 represents the fitting used for sealing, 6
flanges, 7 represents the screws used for fixing flanges,
and 8 grower washer.
The rotation is transmitted from semi-clutch 1 to semiclutch 2 through the elastic dowels. Both of the semiclutches have equidistant holes in the shape of a conical
frustum. The operation of the clutch includes three
stages, as follows:
1) In the first stage, the movement is transmitted
between the elastic dowels and the semi-clutch 1,
the characteristic of the clutch being linear;
2) The second stage corresponds to the displacement
of the elastic dowel on the conical frustum’s
generating line; during this stage, the clutch has a
nonlinear characteristic.
3) The third stage corresponds to the load decoupling
of the transmission when a resistive moment,
which exceeds the maximum moment for which the
clutch was designed, occurs.

Keywords—analytical modeling, elastic, mechanical clutch,
multiple functions.
I. INTRODUCTION

T

HE clutches used in mechanical transmissions can
fulfil different functions, which can ensure a good
operation of these transmissions. The main function of
these clutches is to transmit the rotational movement and
the torque from a driving shaft to a driven shaft. The
clutches must ensure the proper functioning of the
transmission regardless of the technological and
assembling conditions of its components [1].
In technological processes a series of disturbances
occur, which negatively influence the operation of the
transmission. The clutches are able to take over
technological and assembling deviations, torsional
vibration and shocks, protection and fitting vibrations of
its component machine elements [1], [2], [3].
Besides fulfilling the main function of an elastic clutch
and of a safety clutch, the proposed type of clutch is able
to fulfil the secondary functions of these two types of
clutches. The clutch is a simple clutch, which can have
the same functions as a combined clutch by choosing the
intermediate elements between the semi-clutches and
their layout. The main advantage of the proposed clutch
are its reduced dimensions and low cost [1], [4]. [5].
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Fig. 1. The design of the clutch

The relative movement between the semi-clutches will
take place from the small base to the big base of the
decoupling takes place. In this way, the mechanical
conical frustum. In that particular moment, the load
transmission is protected. The clutch’s stiffness is given
by the number of holes and by the number of elastic
dowels and their diameter, respectively. The relative
rotation angle between the semi-clutches is a function of
the number of holes equidistantly spaced and of the
radius of the big base of the conical frustum.

The elastic and safety clutches are characterized
through a variable rigidity (nonlinear characteristic) –
relation (1) – and the protection condition of the
mechanical transmission is expressed with relation (2).

The elastic and safety clutches are characterized by a
variable rigidity (nonlinear characteristic) as presented in
Fig. 2 and refer to (1), [1], [8].
Nonlinear
characteristic
Linear
characteristic
k(φ0)
Mt(φ0)

0

φ0

φ

Fig. 2. The characteristics of the elastic clutches

The security condition of the mechanic transmission is
presented in (1), [8], [9].

1

1)

M t lim 1     M t maxa

(2)

where: k() - represents the tangent to the curve of the
torque, which is written depending on the relative
displacement;  - the relative displacement angle
between the semi-clutches; Mt() - the torque
corresponding to the clutch deformation with the angle ;
Mt lim - the torque when the clutch disengage; Mt max a - the
maximum torque admitted by the strength of the most
weak clutch element;  - the relative error reset inputs in
function of the clutch.
In Fig. 3 are presented the calculation schemes of the
elastic and safety clutch with elastic radial dowels:
Fig. 3.a. the clutch is at rest;
Fig. 3.b. the clutch operates in a low load;
Fig. 3.c. the clutch operates under the action of the
load, the contact is achieved between the dowel and the
trapezoid-shaped surface of the rabbet from the driven
semi-clutch 1.

III. DETERMINATION OF THE TORQUE

Mt

dM t  
d 

k   
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From the analysis of the proprieties corresponding to
the elastic and safety clutches, a distinct importance goes
to the elastic element modelling, a thus as to ensure the
every flux automated braking off, at the torque limit
value [10].
The three schemes correspond to the three operation
stages of the clutch [11].
In the first stage, which corresponds to a linear
characteristic, the stiffness is constant until the elastic
dowels are not in contact with the inclined surface of the
notch (Fig. 3,a.).
The second stage corresponds to the increase of the
transmitted torque, force application point moves
continuously between the markers 1 and 2, the clutch
characteristic being nonlinear (Fig. 3,b and Fig. 3,c). The
third stage corresponds to the elastic dowel displacement
in the contact point when the clutch load disengagement
occurs.
From Fig. 3, the following parameters can be
determined:
The tangential force

a)

Fx 

Mx
z R 0  f x 

(3)

The angle of the median string:

x  x   

b)

Fx x 2
2EI

(4)

For which the following assumptions are considered:
tan  x   x

tan x     x  
The arrow:

yx 

Fx x 3
3EI

(5)

yx 

2
x x   
3

(6)

From equations (3) and (4), the arrow at the end of the
elastic dowel can be determined as:

c)
Fig. 3. Geometrical model used for torque determination

The elastic and safety clutches are characterized
thought the next functions (functional technique
criterions):
i) They make the bundle between two shafts (with
relative fix variable position) and ensure the moment
transmission and the rotation motion between the shafts
(according to the general definition);
ii) The power transmission is braked off when the
resistive moment outruns an imposed limit value; the
energy flux braking off it is realized basis on an elastic
element deformation.

1

f x  l  x x  

(7)

 x
f x   x    l  
 3

(8)

Mx  zF x R 0  x  l  x

(9)

The relative rotation angle of the semi-clutches x
results as:

x 

M x  zF x R 0

Fx (l  x)

(10)

Mx - represents the transmitted torque, z represents the
number of the clutch’s elastic dowels, Fx represents the
tangential force, R0 represents the disposing radius of the
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elastic dowels, l represents the active length of the
dowels, and x represents the distance made by the dowel
on the frustum’s generating line [12].
In Fig. 4 it is presented the theoretical characteristic of
the proposed elastic and safety clutch with axially
distributed elastic dowels, which was derived from Eq
(1), [1].

IV. CONCLUSION
The elastic and safety clutch with elastic dowels has
the following advantages, [1]:
The clutch can take shocks and torsional vibrations;
The characteristic of the clutch is progressive;
The relative rotation angle between the semi-clutches
is a function of the dimensions and the frustum’s angle
between the generating line and it is based and of
numbers of elastic dowels;
When the maximum torque, for which the clutch was
designed, is exceeded, the transmission load decoupling
takes place, the clutch fulfils the safety function;
The clutch can take over technological and assembling
deviations;
The clutches ensure the compensation of axial, radial
and angular deviation in relatively large limits;
The clutch might be designed for different torques;
moreover, it has a small size and a low cost.
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Fig. 4. The elastic characteristic of the clutch.

Calculation of elastic and safety clutch with
radially distributed elastic dowels:
Torque calculation

Mtc  M2  kM t

(11)

Tangential force calculation

Ftc  F2 

M tc
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Average fiber angle

c   c   

Ftc a 2
2EI
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The relative rotation angle between the semi-clutches
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-8.826 -10.295 -1.531 140 139 139
-8.826 -10.280 -1.531 145 144 143
The first three columns are in absolute coordinates
take it from laser scanner and can be arranged in the 3D
windows view in PC Crash (software program for
accident reconstruction) aligned at zero point elevation if
a part of this area is known as zero elevation point.
The next three columns represent the color in rgb
format this part of information is facultative as far as we
intend to have only the shape of the ground. If we intend
to have also the color of the background this information
shall be also take into account.
For use in PC Crash the point cloud can be used as it is
take it by the laser scanner but the main problem it will
be that in the simulation all the points will be calculated
and the simulation it can be very slow. In this case we
can select the area on which we intend to calculate the
trajectory and we can triangulate this area with fewer
points so that the calculation will be done on surfaces
instead of points and the simulation process will be
faster, and also the movement of the cars on this kind of
surfaces will be smooth.

Abstract—The aim of this paper intend to familiarize the
reconstructions experts with the new technic of using for
simulations of the accidents the 3D point clouds scans. In the
new version of PC Crash (software program for accident
reconstruction) this facility is already working, as it was been
implemented from the version 10.1. The main advantages of
using these scans are in the reference with the precision of the
simulation process. Also as far as we can appreciate the result
of the simulation is quite close with the real situation in the
field of the crime scene. One of the main advantages of using
this method it is represented by the possibility of a good and
fine appreciation of the deformed line of the car profile which
conducts to a good evaluation of the total energy consumed in
the impact by calculating the EES (energy equivalent speed)
parameter with crash 3 and Burg methods.
Keywords—Point cloud, 3D scans, accident reconstruction
and simulation, PC Crash
I. INTRODUCTION

T

HE 3D Point Cloud represent in fact the file from a
3D laser scan scene crime or damaged vehicle result
in an accident investigation. At this moment the 3D laser
scanners devices provided by FARO, ARTEC,
CREAFORM - (scanner producers) etc. rest at a
considerable price due to the precision of the final
measurement, but in the meantime on the market arrive
all-purpose application for a good balance between the
price and the final result quality. Also if we look on the
market we can observe that the prices of this device have
been decreased by ten times in the last three years. So we
appreciate that this method will be very soon available
for all crime scene investigators to provide a 3D laser
scanned file instead a simple 2D outline.

III. CASE STUDY
This example it is realize on the base of a real full
scale crash test performed in Linz in 2014 at the test
crash facility of “DSD Datentechnik G.m.b.H.”, the PC
Crash software provider and developer with the occasion
of the annual Easter Seminar [1].
The aerial photography is presented in fig. 1 below:

II. WORKING IN PC CRASH
The format file of the 3D laser scanned image can be
interpreted in different software programs but the most
portable format that we can use we considered to be the
.xyz file called as point cloud file. In fact this file
contains a list of 6 variables 3 coordinates and 3 color
values separated by space (see the example below).
-8.806 -10.336 -1.531 135 136 138
-8.810 -10.312 -1.531 142 141 142
-8.839 -10.265 -1.531 144 143 144
-8.844 -10.253 -1.530 148 148 148

1

Fig. 1. End position of the cars after impact.

Using PC Rect 4.2 software program [2], we can
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obtain a very good aerial view from this scene which can
be scaled and can provide further dimensions because
this image is rectified.

accurate than the photographic rectified image. Also we
can see that this scanned image is constituted by 6.25
million of points, for this resolution.
But the real value of this representation in point cloud
is that the image file is 3D constructed as it can be seen
below:

Fig. 4. The 3D point cloud image in 3D window

In PC Crash for handle this kind of file we have now a
special menu which is very easy to use:

Fig. 2. The rectified image of the impact scene

The next step is to scan the area with a 3D laser
scanner and import the point cloud obtained into PC
Crash [3], [4], the result for comparison is presented
below in Fig. 3.
Fig. 5. Meniu related to point cloud in PC Crash

By using this menu we can use this 3D image in the
way that we can obtain the maximum information from
the impact. For documentation we need to know the
maximum deformation of the vehicles involved in the
impact [5]-[8]. This residual deformation can give us the
image of the total deformation energy consumed in the
impact. Whit this information and with the energy
consumed in the post-crash displacement we can have an
image and an estimation of the speed necessary to cover
the energy conservation in the impact.
Therefor we have to measure de depth of the
deformation for each vehicle and to calculate the EES
(energy equivalent speed) for each vehicle.
In fact as far as we have the 3D representation of the
deformed vehicle it is quite easy to define the
deformation area.
So in the next image we can select exact the height of
the main deformation represented with orange color and
to define this area associated with a new lawyer for
further use.
This procedure have to be realize for each car
individually and after that in the menu related with
Crash3 method [7] we have to determinate the most

Fig. 3. Point cloud image from laser scanner.

As far as we can see the scanned image is more
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in PC Crash [4] we can determinate the speed involved in
the crash that we study.
Because the PT Cruiser have also the possibility to
communicate with the can-bus of the vehicle after a scan
with the Bosch CDR (Crash Data Recorder) thee results
for the acceleration can be seen in the next figure:

appropriate value of the EES parameter.

Fig.6. Definition of the deformed profile

The result of this appreciation will give us also the
impact real position as it is figured below:

Fig. 9. Acceleration from the can-bus of the impact vehicle.

The values for the speed obtained in the real
measurement form different devices are presented below:

Fig. 10. Speed evaluation of the test.
Fig.7. Impact position

In the next frames we intend to show some of the impact
moments as there was take it from the tests.

If we define the new contour area as deformation line
the software take directly tis values to calculate the EES
parameter and the EBS (energy barrier speed) one.

Fig. 11. The impact moment

The next frames will give a image from the rest of the
impact parameters and the final evaluation will be in the

Fig. 8. The Crash3 calculation of deformation

With these calculations and with the optimization module

1

233

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
comparison between the real impact and the simulated
impact. This kind of test are designated to provide the
prove and also the validation of the mathematical model
which is beside the calculation in PC Crash program.

For all images in this simulation we are able to
provide all the stages of the real impact as far as with the
evaluation of the real damages.
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Fig. 12. The real tests a,b,c

As far as we will see in the presentation the simulation
will make almost the same estimation of the final result.
IV. CONCLUSION
This case documentation which is describe in this
paper wish to demonstrate once more if it is necessary
that the simulation software program PC Crash ver. 10.2
can be a very powerful tool for accident reconstruction.
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organization;
4) assimilate new knowledge, technologies and different
innovations;
5) make more informed decisions;
6) understand the mechanisms of collective and
organizational performance;
7) correct a wrong business processes or to improve
those that are not carried out properly when;
8) exclude complacency and capping of the
organization;
9) implement or accelerate change;
10) choose and achieve challenging goals; and
11) accelerate the development of products,
technologies or new business.

Abstract—Firstly, the paper presents the advantages of
using benchmarking in modern organizations, with direct
involvement in management processes and relations. We even
stipulate the appearance in the future of a “relationship
benchmarking”, destined to improve organizational relations.
Secondly, the paper tries to convince that an efficient
benchmarking has a cyclic structure. To improve the quality of
its products, processes and relations, any organization
activating in any domain must participate in this cycle. It is the
shortest way to performance in the knowledge economy.
Keywords—benchmarking, cyclic, performance, managers.
I. INTRODUCTION

I

N Western Europe, the Americas and Australia - but
not only there - benchmarking was, is and will remain
one of the most used methods of boosting the
competitiveness of the firms being on top of the charts in
many areas [1].
Retention existing in Romania on its use by managers
is often unjustified. It is - unfortunately - often
maintained by the exaggerated highlight of its
disadvantages in the Romanian literature.
The skepticism of Romanian managers might be
caused by the lack of consistency in the treatment and
analysis of this method in the literature [2]. Often, in the
same book, benchmarking is defined both as "a
management tool" but also as a "process" or
"management technique".
Of course, in its complexity, the term can encompass
all these meanings and even more (method, process, etc.),
but it should be explained simply without confusing
readers interested in benchmarking [3].
So benchmarking can be regarded as a method, and as
a process, but may have any of the previously presented
tones.
In developed countries, benchmarking was first used
in production, but is currently applied almost anywhere.
Thus, we rely on benchmarking to:
1) increase the effectiveness of an action or
organization;
2) increase the quality of products / services or
processing / activities within a company;
3) increase profits or other financial indicators of the

1

II. ADVANTAGES RESULTED FROM THE
BENCHMARKING PROCESS
Often, leaders from around the world want to discover
the shortest way to improve organizational processes and
to obtain better results. Some have found that
participation in firm benchmarking processes may lead to
finding those answers.
To convince others, we recall some essential
advantages of benchmarking:
1) Eases the comparisons that a company can do with
some of its competitors, while also ensuring the
confidentiality and data running in this process.
2) Allows the use of an extremely wide range of
evaluation indicators for different levels of
competitiveness.
3) Given the context of knowledge management, it helps
organizations to produce, in the computerized
databases, a true "front" of information as the
basis for comparison for long periods of time.
4) Contributes to the company identification of the needs
to improve, the priority measures to be taken,
emphasizing in this regard also which are the
emergencies.
5) Creates opportunities for both organizational
development and the progress of organization
members collectively or individually.
6) Helps organizations to discover strengths and
weaknesses and adapt their strategies so as to be
exploited first and the latter to be removed. (In
other words, is an important source of information
for a proper SWOT analysis)
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conclusions drawn from a benchmarking that it had been
involved in: enterprises in other industries, farms,
municipalities, hospitals, governmental organizations,
trade unions, charities, etc.
Of course, in each of these areas there are certain
characteristics that distinguish the activities and
differentiate an industry from another. But there are
phenomena, transformations, procedures that can serve as
an example to other industries and can be taken by them
with great success, and can serve as a benchmark to
improve their processing and procedures. Among the
advantages of such a generalized benchmarking, we
recall the following:
1) Stimulating human resource creativity by providing
successful examples yet not found in a given area;
2) Availability of much larger and more complete images
in terms of organizational processes, than those
obtained from a benchmarking conducted on a
particular industry;
3) Extended possibilities for analysis and diagnostics for
managers;
4) Increase the acceptance of change, especially among
managers;
5) There is a strong flow of information and data
captured in the organization, used either
immediately or later;
6) Stimulating improvements that normally follow
benchmarking by example offered by the company
organization which are not competing;
7) Elimination of prejudices and inhibitions, about
providing data, which appear to initiate a
benchmarking between rivals.
It may of course that these forecasts do not come true
exactly as displayed here. However, there will appear
new forms of benchmarking, which probably will include
those mentioned. This method of management is in
constant transformation, and the future it can even be the
base of new management methods.

7) Facilitates business partnerships and other
collaborations between different companies.
8) Stimulates fair competition and, in parallel,
discourages the unfair one.
9) Allows comparisons at all levels: local, national or
international.
10) It is a method that usually leads – through the
measure that follow after its implementation - to a
guaranteed increase of consumers’ of goods and
services satisfaction.
It should be noted that all the above is not achieved
instantly through benchmarking, but are results that
appear after the period of participation in this process.
III.

FORECASTS IN BENCHMARKING

Benchmarking is usually initiated on the internal plan
of an organization, thus seeking to improve the work of
departments by taking the positive elements of other
departments, or externally, aiming to: obtain
organizational performance (competitive benchmarking),
improve certain functions of the organization (functional
or process benchmarking) or improve organizational
strategy, followed by finding ways to achieve
competitive advantages (strategic benchmarking) [4].
From the point of view of this classification, we notice
the use of benchmarking process to improve management
processes and functions. However we predict that in a
society where social norms, cultural and moral suffer
more frequent and surprising changes, there will appear
also a relationship benchmarking that will help improve
management relations (in particular), all relations
between organization members and relations between
members of several organizations in general. This new
type of benchmarking will be necessary because of the
direct repercussions of the relationship established
between people on company results.
Even in the case of a high degree of computerization
of the business, the relationship made through an IT
communication network is finally also a relationship
between human factors. Artificial intelligence, which
takes processes and transmits messages, does all these in
the manner provided by the system designer and user. So
the more it will be required a benchmarking of these
computerized relationships.
Another need for the emergence of relationships
benchmarking is the size of these relationships
(compared to the human relations): social, economic,
legal and technical-material dimensions.
If until now primarily companies participated in
benchmarking with other organizations in the same
business or similar or related areas, further the likelihood
of a benchmarking between companies with very
different activity profiles is increasing. Although this
third-party may seem bold a prediction, considering it
carefully, we find that it could bring many benefits to
organizations involved. It is not impossible, for example,
that a machine manufacturing enterprise to improve the
staff recruitment and selection processes based on the

1

IV. THE BENCHMARKING CYCLE
Benchmarking is often part of the reengineering
process of an organization or a broader process to
improve its quality assurance systems. But also in other
processes or transformations that enterprise goes through
in order to achieve certain performance, benchmarking
always plays a crucial role. Comparison with other
organizations can be the first step on the road towards
improvements; the first impulse to competitiveness. To
make such comparisons, benchmarking process is based
on five essential elements.
The first element is the benchmarking partners - those
organizations who agree to share data with the company
concerned and especially supports the idea that all
participants follow the progress and performance, not just
one. For effective benchmarking partners must
demonstrate excellence in their field.
The second element is the list of performance
indicators to be measured and analyzed indicators
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covering some or all activities in the organization.
Another necessary element is a set of unique reports in
which the benchmarking partners collect the necessary
data.
The fourth essential element is the evaluation
committee, which collects, analyzes and processes data
partners, and then develops the final report.
And the last item - but perhaps the most important –
needed in a benchmarking process is the combination of

two basic characteristics that should fit closely the other
four elements: trust and confidentiality.
A truly effective benchmarking process develops
cyclically (Fig. 1) and repeats for two or three years to
effectively monitor progress of participants. An open,
incomplete cycle, resulting from the application once the
benchmarking is likely too small to lead to performance
rather resembled an occasional marketing research.

Fig. 1. The cyclic structure of benchmarking (adapted from [3], here improved)

If one wants to improve two or three processes or
different organizational functions, participants must be
convinced of whether to explore two or three different
studies. Sometimes it is possible through strategic
management to improve more activities after a single
benchmarking process.
The first step in initiating a process of benchmarking is
to identify the object of study. So, first one must set clear
what is to be analyzed (in order to improve): a product, a
function of organization, process, business strategy, etc.
particular performance. It is necessary to set realistic
goals for the period that is only beginning. Then it is
necessary to establish coordinates of the cycle in an area
accessible to the partners.
The second step is the formation of a committee and
its training to be able to coordinate on benchmarking. It
may be a general one (including people from other fields,
industries or economic sectors) or a branch committee.
An organization may have a branch committee formed by

1

choosing representatives from: their customers, business
partners, suppliers of raw materials or services,
competitors and other organizations working in the same
field or related fields.
The Committee establishes performance indicators
used in benchmarking as a basis for comparison and
defines the number of items (magnitudes) to be
measured. Then, it selects a unique form of reports to be
completed by participants, distributes these reports,
which then it collects, with all the data contained in them.
Typically, to ensure full confidentiality, the Committee
shall elect a coordinator, who only has access to all data.
Benchmarking participants do not know who the
coordinator is. After collecting data, the coordinator
analyzes and processes them in accordance with a
procedure previously designated by the committee. Then
he drafts the final report describing the results of each
participant compared to the other. Data and results of
each participant are encrypted and only the coordinator
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knows the identity of each participant.
Participants instead recognize each of their final report
only through their own code. They can instead evaluate
the position of the object that is analyzed in terms of
benchmarking, which is the gap which separates the first
or last position in the charts.
Each of them will try to identify changes and their
implementation. After a year, to highlight whether or not
the change management acted in an effective manner, the
benchmarking cycle is repeated. Participants will usually
find out, after two or three cycles, that they are acquiring
considerable strategic advantages.
If in the benchmarking cycle (Fig. 1), the participants
choose the training, in the second step, a general
committee, the process methodology does not change. It
appears instead an advantage: several industries,
industries or economic sectors may give participants
ample opportunity for comparisons. To achieve such a
goal, the committee generally consists of several industry
committees, who "assemble" - in step 6 of Fig. 1 – their
final reports.
The general committee and the industry are facing
during benchmarking with some difficulties:
1) Consensus on performance indicators to be used by
committee takes time.
2) Definition of measured data is a laborious step. There
is a danger of not choosing the most
representative data or data to measure a number
of different optimal (too few or too many).
3) Out of ignorance, misunderstanding, or inadvertently,
participants can gather incorrect data. Negligence
may lose some data.

4) It is usually noted that the participants are tempted to
provide a limited amount of information. Many
would like to communicate as little information
about their company, but to get as many on the
other.
There may be situations where some participants are
quick to make some comparisons with partners - with or
without their consent - without a sound knowledge of
how to process data and without sufficient knowledge
even about their own data.
Although such situations may seem paradoxical, it
usually denotes a specific behavior of market leaders
who believe they know better what to do and that may
continue empirically, from a certain point, a parallel
process of "benchmarking on their own."
Unfortunately, this attitude shows a lack of the last
element necessary to develop the cycle in good: trust and
loyalty. It may be that this problem is most difficult for
the committee [5].
Committee coordinator will help prevent if possible
some of these difficulties and solve the others. If
benchmarking cycle is properly executed, in many cases
might take longer than was originally planned by the
committee and participants [2].
But the advantages obtained range from improvement
of operations or performance, to improve strategic
management capacity of the organization and even
change management, and finally crystallization strategic
advantages. So, in the majority of cases, benchmarking is
worth an extra effort and extra time consumption.
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Fig. 2. The profit of the selected companies in 2011 and 2012
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information [6] and from other sources [7], [8] only three
of the most used evaluating indicators of the
competitiveness of a firm: the profit (Fig. 2), assets (Fig.
3), and number of employees (Fig. 4).
In order to measure the financial performance of the
firms, we accorded, every year, 1000 points to the
company which registered the maxim value of each of
the financial indicators: profit and assets. Also, we
converted the euro into points (Fig 2, Fig. 3).
Similarly, we accorded 1000 points to the company
which registered the maxim number of employees in the
specified year (Fig. 4). This is a relevant indicator for the
social performance of the firms.
We propose the use of the next general formula to
calculate the performance of the logistic services

V. CASE STUDY: BENCHMARKING BETWEEN
LOGISTIC SERVICES PROVIDERS
Benchmarking can be used in every economical sector.
In order to simulate a benchmarking process, we selected
seven companies from the top of Romanian logistics
operators in 2011 and 2012 [6].
We presented in Fig.-s 2, 3, and 4, some of their most
important results. Taking into account the data
confidentiality, necessary in benchmarking, we didn’t
mention the name of the companies. We gave them the
codes L1, L2, … , L7.
The experts from “Transit Logistic Magazine”
collected data at the end of every year, in a repetitive
process, according to Figure 1. We selected from their

1
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providers:
P = Σ wi pi

competitiveness. Regrets for not having participated in
such courses are always late, rarely being able to recover
the strategic advantage that the organizations early
involved in benchmarking had gained.

(1)

The score pi of every indicator of a company can be
received in Fig.s 2, 3 and 4. For determining the weight
wi of these indicators, we must to develop a marketing
research regarding the logistic services consumers
satisfy.
Of course, the relation (1) can be improved using more
indicators. We have the intention to develop future
studies regarding a more complex accept of the
organizational performance.
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A. CIS
Abstract—SCADA, CIS, ICS and similar MODBUS based

CIS stands for Critical Infrastructure Systems. Talking
about CIS means talking about energy generation,
chemical production, manufacturing, water supplying,
transportation or any other industrial processes.

systems were always the target of many types of attacks, but
during the last decades because of the fast spread of the
internet, these systems become much more vulnerable. This
paper is a case study, which aim is to investigate the
seriousness of the above described situation.

B. ICS
ICS stands for Industrial Control System. ICS are
command and control networks and systems designed to
support industrial processes. According to this definition,
ICS is the system which purpose is to realize the
processes of the CIS.

Keywords— attack, Modbus RTU, SCADA, security
I. INTRODUCTION

T

ALKING about smart homes, smart buildings,
intelligent facilities, internet of things the following
questions arisen in us.
1) Is SCADA(Supervisory Control and Data Acquisition)
or similar systems secure enough?
2) Which part of that systems is the more vulnerable?
3) Is there any solution to protect the communication
channel?
4) If there are vulnerabilities in the communication, is it
able to cause serious problems?
5) If it can, how serious is the damage?
On the next pages we will try to answer these
questions, but the aim of this case study is not to analyze
the SCADA or similar systems vulnerabilities part by
part in detail, but to investigate one part of it, which part
is the communication protocol, and search successful or
unsuccessful attacks against it. In this article, we focus
on the MODBUS communication protocol because it is a
widespread communication standard in the particular
field and 22% of the communication protocols used in
these types of networks is MODBUS. The paper
structure is the next. Section II. gives a brief introduction
about the basic concepts. Section III. descripts the
MODBUS protocol itself in detail. Section IV presents
real attacks against SCADA systems and section V.
stands for the conclusion and section VI. is for the future
work.

C. SCADA
SCADA stands for Supervisory Control and Data
Acquisition. SCADA is a special type of ICS. SCADA
systems usually includes sensors, PLCs (Programmable
Logic Controller), RTUs (Remote Terminal Unit), and
HMI (Human-Machine Interface ). SCADA systems
usually designed to make operation of processes better,
improve performance, simplify actuation or reduce error
comes from human intervention. SCADA systems are the
backbone of most of ICS, it collects, exchanges and
analyze the system properties, and other relevant data to
help operate the processes more effectively, both in terms
of time and materials.
As you can see the above listed systems are essential
parts of well-functioning plants, facilities, towns, cities
or countries, so a successful attack against it affects not
only the actual SCADA systems but also us.
D. MODBUS protocol
The MODBUS protocol was designed by the
MODICON in the early seventies. MODBUS is a
network protocol, which primary purpose was to build
network from PLCs. Through the years it became one of
the most common communication protocol. There is
three types of the MODBUS protocol according to the
messages sending on the channel.
E. MODBUS TCP

II. BASIC CONCEPTS

There are several research dealing with the weaknesses
of this type of the MODBUS, and although it is not
typical to use, but several solution exists to protect a
SCADA system using MODBUS TCP. One of these
solution is to apply firewalls, proxy servers or SSL.

For the better understanding in this section we define
some basic concepts.

1

241

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
F. MODBUS RTU
The MODBUS RTU is the serial MODBUS protocol,

Fig. 1. SCADA system of the Building Mechatronics Research Center in University of Debrecen

security, although there are several security breaches in
it. In Section III. it described in detail.

B. The physical layer
As one of the most widespread serial communication
protocols, MODBUS serial usually use the
ANSI/TIA/EIA-485-A-1998 standard (also known as
RS485) as the physical communication layer. Because
the Master-Slave hierarchy of the MODBUS protocol,
the RS485 standard used in half-duplex mode, mainly
with the two-wire configuration

G. MODBUD ASCII
Sending ASCII characters through a communication
channel is not too widely used solution, so this type of
MODBUS is not interesting for us in the respect of
secure SCADA systems.
III. THE MODBUS SERIAL PROTOCOL

C. The Master-Slave principle

A. MODBUS serials place in the OSI/ISO model

On the MODBUS serial line several Slaves can be
connected, but only one Master at a time. Every Slave
must have a unique address, only the Master can
communicate successfully without it. As the Master
initiates the communication, the Slave acknowledges the
request and send back the required data. The Master
device can issue these requests in either unicast (one
slave) or broadcast (all slave nodes) modes. Upon
receiving a broadcast message the Slaves do not send
reply.

The MODBUS serial protocol is a Master-Slave
protocol, taking place in the Data link layer of the
OSI/ISO model. It is a request-reply protocol, typically
one node, the Master, requests the transmission of data
from the Slave devices. Usually the Slave nodes do not
initiate the communication with the Master or with other
Slaves.
On the seventh layer of the OSI/ISO model the
MODBUS Application layer provides server-client
communication.
On the MODBUS serial line the Masters act as clients
and the Slaves as servers.

D. The architecture of the MODBUS serial frame
The Protocol Data Unit (PDU) of the MODBUS
protocol is simple and independent from the underlying
layers. It is composed of a Function code that determines
the action to be taken with the following Data segment.
On the serial line the PDU is encapsulated in a frame that
contains an address field and an error check part. The
address field in the beginning of the frame is an address
of a Slave (the target in unicast mode requests, or the
origin if it is a reply of a slave) and the error check part is
a CRC or LRC byte pair.
There are two coding methods to use, the ASCII where
the data (and the entire frame) is sent in characters, or the
RTU (Remote Terminal Unit) where the frame is
composed of hexadecimal characters. The latter is the

TABLE I
The ISO/OSI Modell And The Modbus Protocol
Layer

ISO/OSI Model

MODBUS

7

Application

MODBUS
protocol

6
5
4
3
2

Presentation
Session
Transport
Network
Data Link

1

Physical

Application

MODBUS
Serial
Line
Protocol
ANSI/TIA/EIA-485-A-1998
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default, and its data throughput is greater than the ASCII
method (due to character density).

Fig. 2. Typical Master-Slave configuration on RS485 serial network. Note the resistors.

the medium without any encryption, in a simple and clear
text format and can be read without decoding.
In an imagined scenario, if an attacker successfully
insert a transceiver device between two nodes, it can
monitor, disrupt and modify the communication or
compromise it entirely.
So, we can declare -without any detailed analysis of
the protocol- that several serious security breaches found
in the communication through MODBUS.

Fig. 3. Architecture of a MODBUS RTU Frame

E. Usage of MODBUS serial
As the second biggest de facto standard in industrial
applications (22%, Profibus 28% as of 2010) the
MODBUS serial protocol is widespread.
Countless applications are known:
1) End point devices:
a)
b)

- Intelligent actuators (motor controllers,
pumps, valves etc.)
- Sensors (like Radio frequency sensor
gateways, thermometers, M-bus integrators
etc.)

2) Data acquisition and control devices:
a)
b)

PLCs
Embedded controllers

3) On site control, monitoring and data presentation
devices
a)
b)

Fig. 4. A compromised MODBUS network topology

Industrial computers
HMIs and various displays

IV. SUCCESSFUL ATTACKS

4) Servers and databanks

A. Attack against MODBUS/TCP protocol based
systems

F. The weaknesses of MODBUS serial
The most obvious weakness of the MODBUS serial
protocol is the lack of built in security measures. There is
no means of identifying a device on the bus, if we do not
anticipate its presence. There is no built in command to
discover connected devices or to verify their authenticity.
And foremost the Master nodes do not have to have
address, and can communicate over the bus without one.
Another weakness is that the messages transmit over

1

1) 1982
In 1982 a part of the Trans-Siberian gas pipeline
destroyed because of a Trojan virus got into its SCADA
system. The explosion was equivalent with a three
kilotons of TNT.
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similar networks the presenters stated: “It would be better
to answer that question backstage, in private.”

2) 2003
In 2003 a US hydroelectric power plant decoy system
lost all control because of a hacker group called APT1
[1].
In 2003 seven American states needed the work
properly without electricity because of a malware
destroyed some CIS. The blackout caused many damage,
among other serious things, people died because of it [3].
3) 2013
In 2013 two American cyber security experts took
over the control of an oil rig. It could have been cause
serious environmental disaster [2].
The above listed events only a tiny part of the known
attacks, and most of them happened because these
SCADA, CIS and ICS had somehow linked to the
internet. Several publications and researches investigate
the vulnerabilities of internet linked SCADA systems, or
in other words MODBUS TCP based SCADA systems –
as it mentioned before -, and of course several solution
exists. Nevertheless these solution focus on to protect
SCADA systems from attacker who come from the
internet.

V. CONCLUSION
We come to the point to answer the questions of the
introduction section. The answer for the first question is
clearly no, we can say it because in the previous section
lot of successful attacks were presented, and these cases
are only the top of the iceberg. Answering to the second
question in the absence of a thorough investigation may
seem to be guesswork, but it can be said that every
system – consisting any types of devices - depends on the
underlying communication channel. That is the reason,
why we choose the MODBUS protocol as the main topic
of the case study. As you can read in the previous
sections there are several possible solution to make
MODBUS PLC communication more secure, but there
are not any solution (or not cryptographically secure
solution) for MODBUS RTU. MODBUS communication
protocols are backbones of SCADA and CIS systems,
which responsible for critical tasks, so ruin such systems
can cause not only enormous material damage, but can
costs lives.

B. Attack against MODBUS RTU protocol based
systems

VI. FUTURE WORK

1) 2010
From 2010 a malware called Stuxnet systematically
destroyed a fifth of Iran’s nuclear centrifuges by causing
them to spin out of control. When the malware installed
on a SCADA system it is able to access, read, write, and
delete code blocks on the PLCs. It infects USB drives,
and then spread like a common flu, that is why the
solutions that secure against MODBUS/TCP did not
work in this particular case [4].
2) 2011
In 2011 McAfee reported that several of its customers
(corporations in the energy sector) got hit by a series of
attacks from Chinese origin. The primary goal of the
attacks was not to cause damage, but to gather
information on the affected companies SCADA network
structure (and possible exploitable weaknesses) [5].
3) 2013
In 2013 two ICS expert compromised multiple
industrial facilities through radio frequency channel.
They took access over temperature sensors, and was able
to falsify the real data [7].
The ICS-CERT (Industrial Control Systems Cyber
Emergency Response Team) monitoring report of 2013
states that in the first half of that year they discerned
more than 200 attacks that targeted ICS systems [6, 8].
In their 2013 presentation at the 30th Chaos
Communication Congress, the SCADA Strangelove team
reported their findings about the vulnerabilities of several
industrial protocols including MODBUS. They exploited
“zero day” bugs and took over entire networks within the
matter of hours. When a viewer asked after the
presentation if the team could take over nuclear plants or

1

After investigating these cases we can say, that a
proper solution is needed to make communication over
MODBUS RTU secure, and make SCADA systems more
reliable, from this point of view too. In the next months
we plan to design a secure and cryptographically correct
communication protocol on the MODBUS RTU standard
and implement on AVR microcontrollers.
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combustion engines; because it burns with little air
pollution and little solid residue, besides that, it does not
dilute lubricants, and it has a high octane rating [4].
Subject to space limitations, most combustion ignition
engine vehicles can be converted to run on LPG. The
common method for vehicles manufactured after year
2000 is the Single Point Injection system. Depending on
the vehicle type, the LPG tank can be located crossways
behind the rear seats, in the well beneath the boot floor
where the spare wheel normally fits or in the boot space
itself [5].

Abstract— This paper present a study regarding the
emissions produced by the old vehicle engines, and researches
about the LPG as an alternative fuel for SIE. The engines
utilizing LPG constitute an important part of ecological vehicle
engine options. Experimental research has been done for one
light vehicle, Dacia (year 2002) equipped with a 1397 (cm3)
Spark Ignition Engine with Power = 46 (kW) at 5500 (rpm) and
Single Point Injection system. There were been made two tests,
for each type of fuel (gasoline and LPG), for several increasing
engine speeds, using a portable analyzer, GA-21 plus. The
parameters measured with the analyzer and used in the analysis
are: CO, CO2, NO, NO2 and SO2. It was concluded that the
highest pollutants values are when the vehicle was fueled with
gasoline. In conclusion, Liquefied Petroleum Gas is the optimal
solution in order to reduce the pollution produced by the old
running vehicles.

II. POLLUTION MEASUREMENT METHODOLOGY
The experimental researches has been done for a
single vehicle, fueled with two different fuels: gasoline
and LPG. The tested vehicle was a Dacia (year 2002)
equipped with a 1397 (cm3) Spark Ignition Engine with
Power = 46 (kW) at 5500 (rpm) and Single Point
Injection system.
There were been made two tests, for each type of fuel,
from starting the engine operated at idle speed and for
several increasing engine speeds: 1500 (rpm), 2000
(rpm), 2500 (rpm), 3000 (rpm), 3500 (rpm) and 4000
(rpm). In Figure 1 is presented the equipment and the
placement of it in order to perform the measurements.

Keywords— LPG, Gasoline, Pollution, Spark Ignition
Engine, Exhaust Gases.
I. INTRODUCTION

V

ehicle pollutants are responsible for two third of air
pollution in the urban areas. The major pollutants
emitted by motor vehicles including CO, NOx, sulphur
oxides, (SO), HC and suspended particulate matter
(SPM), have damaging effects on human health and
environment ecology [1]. The human health effects of air
pollution vary in the degree of severity, covering a range
of minor effects to serious illness, as well as premature
death in certain cases. Most of the conventional air
pollutants are believed to directly affect the respiratory
and cardio-vascular systems. In particular, high levels of
SO2 and SPM are associated with increased mortality,
morbidity and impaired pulmonary function. [2].
The Institution for Romanian Driving and Vehicle
Registration presented the 2014 report showing that 54%
of vehicles circulating in Romania are older than year
2002. In order to reduce pollution from old vehicles, an
alternative is to use LPG.
Liquefied Petroleum Gas (LPG) is a mixture of gases,
chiefly propane and butane, produced commercially from
petroleum and stored under pressure to be kept in a liquid
state [3]. The LPG is an attractive fuel for internal

1

Fig. 1. Vehicle pollution measurements

The LPG and gasoline measurements ware made,
using a portable analyzer, GA-21 plus as it shown in the
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Fig. 2. The GA-21 plus is a multi-functional for different
burning fuels gas analyzer. Electrochemical sensors are
used for gas concentration measurements. The analyzer is
fitted the next sensors: Oxygen O2, Carbon monoxide
CO, Nitric oxide NO, Sulphur dioxide SO2, Carbon
dioxide CO2 and Nitrogen oxides NOx [6].

on the quality of the combustion process that takes place
inside the cylinders. Also, the combustion process
depends on the perfection degree of the cylinder air
intake and fuel injection systems [9]. By using the LPG
as an alternative fuel for spark ignition engines, an
ecological effect can be achieved by providing the engine
with the proper adjustment (with the excess of air factor
λ = 1) at all operating conditions. In order to achieve the
optimal parameters, the operation of the engine needs to
be verified on a test stand [10], [11].
The main pollutants variations depending engine speed
are presented in Fig. 4, Fig. 5, Fig. 6, Fig. 7, Fig. 8 and
Fig. 9. The variation of excess air factor λ is presented in
Fig. 3.
Variation of the excess air factor
according to engine speed

Excess air factor λ

1,1

Fig. 2. Madur portable analyzer, GA-21 plus

O2, CO, NO, SO2 are measured directly using the
electrochemical cells. The remaining components are
calculated. The concentrations of oxygen and carbon
dioxide are shown in percent (%). The concentrations of
the remaining gases is shown as follows: volume
concentration in (ppm); absolute mass concentration in
(mg/m3); mass concentration relative to the oxygen
content in (mg/m3) [7], [8].
Also, the air inlet or ambient temperature and flue gas
temperature are measured. Using the measured
temperatures, gas concentrations and the known fuel
parameters the analyzer calculates a variety of
combustion parameters such as Stack Loss - SL,
Efficiency - h, Excess Air - λ, Loss through Incomplete
Combustion - IL [6].

1
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Fig. 3. Excess air factor λ variation
in function of engine speed
Variation of the CO2 concentration
according to engine speed
18
17

III. POLLUTION RECORDERED DATA

16

CO2 [%]

There have been made two tests for the same vehicle,
one with gasoline as fuel and second for LPG. The tests
contains 7 reports for each fuel, and for the following
engine speeds: idle speed - 920 (rpm), 1500 (rpm), 2000
(rpm), 2500 (rpm), 3000 (rpm), 3500 (rpm) and 4000
(rpm). The collected data are saved as database in order
to analyze the results.
For every report following parameters are saved:
parameters values (CO, NO, NO2, SO2, H2S, H2)
measured by the equipment cells and expressed in (ppm);
calculated parameters values (O2 (%), CO2 (%), NOx
(ppm)); calculated parameters values (CO, NO, NO2,
SO2, H2S, H2) expressed in (mg/m3); flue gas
temperature, Tgas (ºC); ambient temperature Tamb (ºC);
excess air factor λ [6].
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Fig. 4. CO2 variation in function of engine speed

Complete combustion of LPG yields water vapor and
carbon dioxide, which are, along with atmospheric
nitrogen, the primary components of the exhaust gases of
an gas engine. In real conditions, nitrogen oxides (NOx),
carbon monoxide (CO), sulfur oxides (SOx), and various
organic compounds are also produced [1].

IV. DATA ANALYSIS
The internal combustion engines performances depend

1

15
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combustion chamber design and engine operating
parameters [1].

The concentration of carbon dioxide is much lower in
case of using LPG because the combustion is more
complete. It can be noticed a lower CO2 level in case of
LPG test (12 -13 %) than with gasoline test (16 - 17 %).

Variation of the NO2 concentration
according to engine speed
Variation of the CO concentration
according to engine speed

NO2 [ppm], NO2 [mg/m3]
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Fig. 7. NO2 variation in function of engine speed

Fig. 5. CO variation in function of engine speed
Variation of the NOx concentration
according to engine speed
Variation of the NO concentration
according to engine speed
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Fig. 8. NOx variation in function of engine speed

Fig. 6. NO variation in function of engine speed

It can be noticed a lower NOx level in case of LPG test
(~ 175 (mg/m3) at idle speed and ~ 400 (mg/m3) at 4000
rpm) than with gasoline test ((~ 200 (mg/m3) at idle
speed and ~ 800 (mg/m3) at 4000 rpm).
The carbon monoxide (CO) concentration from the
exhaust gases is related to the engine operating
parameters, namely the amount of excess air utilized (λ),
the uniformity of the air-fuel mixture, and the exhaust
gases cooling system [1]. For LPG fueled engine test the
level of carbon monoxide is much lower (< 2000

The concentration of nitrogen oxides (NOx) is the
combination of nitric oxide (NO) concentration and
nitrogen dioxide (NO2) concentration. NOx is formed
from atmospheric nitrogen at high burning temperatures
and pressures. The first part of oxidation produces NO,
which is then oxidized by atmospheric oxygen or ozone
and transformed into NO2. The concentration of NOx in
the combustion gases are directly dependent on the

1
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(mg/m3) at idle speed and ~ 0 (mg/m3) at 3500 and 4000
revolutions per minute).

LPG and gasoline. When a liter of LPG is used by a
combustion ignition engine vehicle, the level of CO2 and
pollutant emissions from the exhaust is lower than that
for a liter of gasoline, because of the lower proportion of
carbon in LPG relative to gasoline.
In conclusion, LPG is the most appropriate solution for
exhaust pollution level diminish for older spark ignition
engine vehicles (example: older than year 2002).

Variation of the SO2 concentration
according to engine speed

SO2 [ppm], SO2 [mg/m3]
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of the vehicle and to reduce fuel consumption and
pollutant emissions.

Abstract— In this paper is presented the calculus, designed
by the authors, of the fuel supply scheme for a multipoint
injection system. The calculated outputs are the fuel
consumption and the injection duration depending on the
rotational speed and on the environmental temperature. A
computer program was developed to determine the parameters
of a SI engine in two cases: 1. the calculation of the injection
parameters depending on the rotational speed (n) and on the airfuel ratio () for environmental temperatures t0=-35...+45 0C
and environmental pressures p0=1·105 Pa; 2. the calculation of
the injection parameters depending on the rotational speed (n)
and on the environmental temperature t0 for a air-fuel ratio =1
and environmental pressures p0=1·105 Pa.

II. COMPARATIVE STUDY BETWEEN FUEL SUPPLY
SYSTEMS WITH CARBURETOR AND GASOLINE INJECTION
SYSTEMS
Over time, the constructive form of the carburetors
was improved. Dual body and four body carburetors
were built. In order to improve the air-fuel mixture,
multiple carburetors were also used, one for each
cylinder or for a group of cylinders. For easier fuel
vaporization, at the start of the engine, the fresh charge is
heated by the exhaust gases (Fig. 1a). This device is
placed at the exit of the carburetor and has an adjustment
flap commanded by a rheostat. When reaching the
operating temperature, the rheostat commands the
closure of the loop circuit of the exhaust gases and the
heating of the fresh charge stops (Fig. 1b).

Keywords— electric pump, electronic injection, flow
meter, air-fuel ratio
I. INTRODUCTION

T

HE paper presents a mathematical model to calculate
the parameters of the electronic injection for SI
engine for λ=1. The computational program
developed by the authors determines the variable
parameters of the SI engines with electronic injection.
The calculated data were compared with the
experimental ones.
The mathematical algorithm includes the equations
that describe the phenomena occurring in the electric fuel
supply pump, in the pressure regulator and in the
injector.
The model was developed based on a Bosch Motronic
in port fuel injection system. A data acquisition plate was
used. The temperature, the pressure, the rotational speed
and the crankshaft offset were determined using electric
sensors. To compare the calculated data with the
experimental ones it was necessary, based on the
acquisitioned data, to draw the engine’s indicated
diagram. The mathematical model proposed by the
authors can be used to improve the dynamic parameters

1

Fig.1 The mixture heating scheme: 1 – the exhaust pipe;
2 – the intake pipe; 3 – exhaust gases; C the adjustment flap

The introduction of gasoline injection for SI engines
aimed mainly to improve power and fuel consumption
performances, performances capped by the way the fuelair mixture is formed and the less volumetric efficiency
of the engines with carburetor. Subsequently, the
restriction regarding the environmental pollution of the
SI engines exhaust gases imposed a new development
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direction for the gasoline injection systems, that is to
reduce pollutant emissions [1].
The carburetors with electronic command have
considerable advantages compared with the classic ones
such as: simplified mechanical construction, reduced fuel
consumption, the reduction of pollutant emission,
automated driving system and stable operation at idle.
The most improved carburetors provide a homogenous
fuel-air mixture accurately dosed for all operating
regimes. Appreciable accelerations are obtained and the
fuel consumption is acceptable. Meantime, the
carburetors adapted for high loads operate with difficulty
at lower loads.
The main advantages of the gasoline injection are the
following: reduces the inconvenient of the carburetor for
all operating regimes, increases the power and reduces
the fuel consumption and the polluting emissions.
The advantages of the gasoline injection, compared
with carburetor, are: fine gasoline spraying for all
operating regimes, greater uniformity of the injected
mass especially when there’s an injector for each
cylinder, the raise of the volumetric efficiency, a precise
fuel-air ratio, the increasing of the effective engine’s
power with 10-15%, a decrease of the fuel consumption
with 12-15% and the reduction of the pollutant
emissions.
III. THE
ALGORITHM

DEVELOPMENT

OF

THE

polytropic exponent of the expansion process (nd) and the
polytropic exponent of the exhaust process (na).
A sensitive issue in terms of computer programming
for the relations of the adiabatic exponents is that the
initial values of the temperatures in the characteristic
points of the indicated diagram are not known. So, these
initial values were chosen based on a preliminary
calculus [2].
The temperature at the end of the intake process was
considered known as an initial data, and the calculated
expression was used as verification equation at the end of
the computing cycle. All the expressions used for
developing the program are correlated with each other in
order to be introduced in the algorithm. These relations
are correlated only depending on the temperatures in the
characteristic points of the engine cycle. The other
parameters in these points were substituted with the
values from the initial data.
By recalculating the adiabatic exponents with the
values of the determined temperatures the engine cycle
was browsed again. So, after some computing cycles the
error can be reduced under a value appreciated as been
admissible. Another simplifying assumption is that the
composition of the gases inside the cylinder instantly
changes into the final one (the burning is instantaneous),
corresponding to the air-fuel ratio at which the fuel
burning takes place.
The program also calculates the effective mean
pressure (pe), the effective efficiency (ηe), the power (Pe),
the torque (Me), the fuel mass injected in an engine cycle
(mcb) and the specific fuel consumption (ct). And finally,
the indicated diagram of the proposed engine cycle was
raised.
The calculus of the fuel mass injected in an engine
cycle and of the injection duration was developed for a
Mono-Motronic injector with electronic command.
The calculus for the electromagnetic injector was
developed based on the scheme presented in Fig.2.

CALCULUS

The Bosch-Motronic is a highly complex in port fuel
injection system. It combines the electronic injection
with the electronic ignition. The command and the
control of the fuel mass injected in one engine cycle and
the start of the injection for all operating regimes are
performed by a computer.
The theme of this paper is a part of a program
developed for the calculus of the parameters of a SI
engine with gasoline injection. With the aid of this
program one can raise also the indicated diagram of the
engine.
The general program was developed based on a
simplified engine cycle proposed by the authors. The
program calculates the heat input of the cylinder’s unit
volume (qcb) and the volumetric efficiency (ηV). It is
determined the pressure increasing ratio during the
constant volume burning phase (α) and the equation of
the volume increasing ratio during the afterburning (δ).
The program includes the calculus of: the mean adiabatic
exponent of the intake process (ka), the mean adiabatic
exponent of the compression process (kc), the mean
adiabatic exponent of the heat input during the fast
burning phase (kV), the mean adiabatic exponent of the
heat input during the afterburning (ku) the mean adiabatic
exponent of the expansion process, (kd), the mean
adiabatic exponent of the exhaust process (ka), the
polytropic exponent of the intake process (na), the
polytropic exponent of the compression process (nc), the

1

Fig. 2 The scheme for the calculus of the fuel flow through an
electromagnetic injector

The fuel mass injected during an engine cycle is
proportionally to the injection pressure and the injection
duration [3], [4].
The flow section of the spray orifice is determined
using the following equation [3]:
 β   d v  1 
(1)
A  π  s  sin

;
i

a

  
 2   s a  sinβ 

where: Ai (m2) – the instantaneous area of the flow
section;
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dv (m) – the needle’s diameter in the tip zone;
β (0) –the seat angle;
sa (m) – the needle’s stroke (it is considered to
be constant;
The volumetric flow that crosses through the injector
is calculated using the formula:
2  (p b  p ga )
(2)
Qb  μ i  A i 

τi 

m cb
μ i  A i  2  K r  ρb

(7)

The variation of the injection duration depending on
the rotational speed and on the environmental
temperature, for an air-fuel ratio λ=1, is presented in Fig.
4.

ρb

where: Qb (m3/s) – the volumetric flow;
μi – the mean flow coefficient of the flow area;
μi=0,8 … 0,93;
pb (Pa) – the gasoline pressure at the entrance in
the injector;
pga (Pa) – the fresh charge pressure in the valve
port;
(3)
p  k r  p ga
b

kr=1 .. 4 – the regulator’s constant;
and, it results:
Qb  μ i  A i

2  Kr

(4)

Fig. 4 The variation of the injection duration depending on the
rotational speed (n) and the environmental temperature (t0)

ρb

Using the definition of the volumetric flow, results:
(5)

mb
3
Q b  10 
ρb  τ i
where: Vb (dm3) – the

IV. COMPARISON BETWEEN EXPERIMENTAL AND
CALCULATED DATA

volume of fuel that passes through
the injector in one engine cycle;
τi (ms) – the duration of the injection;
to (0C) – the environmental temperature;
mb (kg) – the mass of fuel that passes through the
injector;
ρb (kg/dm3) – the fuel’s density;
The fuel mass injected in one engine cycle is:
3
(6)
m  10  ξ  1/λ   η  ρ  Vs
cb

V

The experimental data were obtained on a test bed that
includes an eddy currents electrical brake.
The comparison between experimental and calculated
data is presented in Fig. 5.

0

where: mcb (g/cycle) – the fuel mass injected in a cycle;
ξ – the ratio between the intake air mass and the
intake fresh charge mass;
ρ0 (kg/dm3) – the fresh charge density;
Vs (dm3) – the swept volume;
The variation of the fuel mass injected in one cycle
depending on the rotational speed (n) and on the
environmental temperature (t0) for a fuel-air ratio λ=1 is
presented in Fig. 3.

Fig. 5 Comparison between some experimental and
calculated parameters

The meaning of the parameters shown in Fig. 5 is:
ce, cet (g/kWh) – the experimental and the calculated
specific fuel consumption;
Me, Met (Nm) – the experimental and the calculated
torque;
Ch, Cht (kg/h) – experimental and calculated hourly
fuel consumption;
Pe, Pet (kW) – experimental and calculated power;
ηe, ηet – experimental and calculated engine effective
efficiency;

Fig. 3 The variation of the fuel mass injected in one cycle
depending on the rotational speed (n) and the environmental
temperature (t0)

From (4) and (5) results that the duration of the
injection is:

1
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As seen in Fig. 5, the errors between experimental and
calculated data are acceptable.
In this paper only the fuel consumption will be
analyzed.
One can observe that for the hourly fuel consumption
there are practically no differences.
The calculus must be adjusted for the specific fuel
consumption. For rotational speeds under n=2300 rot/min
the difference between the experimental and the
calculated data are around 20%, but in rest the
differences are no bigger than 10%.
The main reason why these differences occur is the
fact that in the mathematical algorithm the flow
coefficient (μi) was considered to be constant. In reality
it’s variable because also the area of the flow section is
also variable. For small flow section the difference
between the mean value and the instant one of the flow
coefficient can be 50-70%.
In Fig. 6 is presented the comparison between
experimental and calculated data for the injection
duration.

Besides the calculation of the engine cycle, some
computational models were developed for the elements
of the injection system, for the fuel supply electrical
pump, and for the gasoline pressure regulator.
The model proposed for the determination of the
injection duration as function of the rotational speed and
of the load proposed in this paper is an original one.
Using the general computation program, an analysis
was conducted on the influence of the air-fuel ratio on
the burning process at different environmental
temperatures.
It was determined the theoretical optimal start of the
injection at different rotational speeds.
After some slight adjustments, that include calibration
with experimental data, the proposed model can be used
for future research activities such as:
1) the determination of mechanical losses due to
internal frictions between the moving parts of the
crank gear’s parts, especially at low rotational
speeds [5];
2) the influence of the air-fuel mixture quality on the
burning process and on the engine’s parameters;
3) the reduction of fuel consumption and polluting
emissions;
4) the study of the fuel flow through the injector in order
to determine with more accuracy the flow coefficient
(μi);
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(CO) and Oxides of Nitrogen (NOx) [1], [2].
The approximation of chemical pollutants can by made
using linear, exponential or polynomial regressions,
Gaussien models, Lagrangian model, etc.. The
Romanian, US, European and Asian studies shown that
this pollutants can by approximated in function of
different parameters using mathematical models [3].

Abstract— This paper present a study regarding the
emissions produced at the engine could start. Also, the paper
presents a brief survey of current extra emissions estimation
methods. The main goal of this work is to describe the relative
cold start extra emissions as a function of exhaust gas
temperature. Experimental research has been done for several
light vehicles. There were been made six tests, in different
temperature conditions. For measurements was used a the GA21 portable analyzer. The parameters measured are: CO, NO,
NO2, NOx, and SO2. In order to accomplish a mathematical
approximation of CO, NO, NO2 and SO2 in function of exhaust
gas temperature, logarithmic approximations and polynomial
regressions were used. The curves resulted from the
mathematical model can be used to approximate the level of
CO, NO, NO2 and SO2, for similar vehicles.

II. METHODOLOGY FOR EXHAUST GAS MEASUREMENTS
Experimental research has been done for 4 light
vehicles:
1) Dacia Logan equipped with a 1461 (cm3)
Compression Ignition Engine with Power = 50 (kW) at
4000 (rpm) - fabrication year 2007.
2) Opel Astra G, equipped with a 1686 (cm 3)
Compression Ignition Engine with Power = 55 (kW) at
4000 (rpm) - fabrication year 2001.
3) Skoda Octavia, equipped with a 1896 (cm 3)
Compression Ignition Engine with Power = 77 (kW) at
3800 (rpm) - fabrication year 2006.
4) Volkswagen Golf, equipped with a 1896 (cm3)
Compression Ignition Engine with Power = 85 (kW) at
3800 (rpm) - fabrication year 2001.
There were been made six tests, in different
temperature conditions, from starting the engine to the
point that optimum operating temperature is reached. The
engines ware operated at idle speed throughout the
measurements. In Figure 1 is presented the equipment
and the placement of it in order to perform the
measurements.
The six research tests were made as follows:
1) 12.02.2014 Test (ambient temperature~16
ºC);
2) 12.02.2014 Test (ambient temperature~18
ºC);
3) 12.02.2014 Test (ambient temperature~16
ºC);
4) 15.05.2014 Test (ambient temperature~17
ºC);
5) 15.05.2014 Test (ambient temperature~20
ºC);
6) 11.02.2015 Test (ambient temperature~13

Keywords— Cold start, Exhaust, Temperature, Diesel, Gas
analyzer.

I. INTRODUCTION

P

ollutant emissions from vehicles are responsible for
about 60 % of air pollution in the urban areas. The
big development of the industry in the last years has
extended and develops the transportation from the all
world. Very populated urban and rural areas are directly
affected by the mobility increase and by the intense
merchandises and population circulation. Road
transportation represents the general vehicles and
pedestrians movement, concentrated on the land meant
on this porpoise (roads). The road traffic phenomenon its
manifest in large territories, but also in small areas.
Because it was proven that an important population
percentage is affected by diseases produced by chemical
pollution, this question appear: what is the role of road
transportation that uses internal combustion engines
regarding to others pollution sources in human health
problem.
The major pollutants emitted by motor vehicles
including CO, NO, NO2, SO2, HC and suspended
particulate matter (PM2,5, PM10), have damaging effects
on both human health and environment degradation [1].
In internal combustion engines, the gases comprise a
mixture of unburn hydrocarbons (HC), Carbon Monoxide

1
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ºC);
7) 12.02.2015 Test (ambient temperature~18
ºC).
The GA-21 plus is a multi-functional flue gas
analyzer. The analyzer is fitted with oxigen, carbon
monoxide, nitrogen oxide, sulphur dioxide, carbon
dioxide and all nitrogen oxides sensors [1].
Also, the air inlet, the ambient temperature and
exhaust gas temperature are measured. Using the
measured temperatures, gases concentrations and the fuel
parameters, the analyzer calculates a variety of
combustion parameters such as Stack Loss - SL,
Efficiency - h, Excess Air - λ, Loss through Incomplete
Combustion - IL [4], [5].
In direct measurements the temperature values and the
concentration of those gas elements which are detected
by independent electrochemical sensors are obtained.
The electrochemical cell indications are proportional to
the volume concentration of the detected elements
expressed in (ppm) (parts per million). The following
quantities are obtained by means of direct measurement:
volume concentration of CO (ppm); flue gas temperature
T gas and ambient temperature, expressed in (ºC);
volume concentration of NO (ppm); volume
concentration of SO2 (or any other optional cell) (ppm);
volume concentration of O2 (%) [1], [4].

results of collected data for 11 February 2015 Test are
presented in Table I.

TABLE I
AIR POLLUTANT CONCENTARTIONS FOR 11.02.2015 TEST
Tgas
Tamb
CO
NO
NOx
NO2
SO2
(°C)
(°C)
(mg/m3) (mg/m3) (mg/m3) (mg/m3) (mg/m3)
25,0
29,9
34,7
42,5
46,7
51,7
52,8
53,9
58,4

13,1
13,0
12,8
12,4
12,3
12,3
12,1
12,1
12,2

601,25
270
242,5
223,75
223,75
205
306,25
1250
1241,2

183,5
207,7
206,3
203,6
198,3
198,3
171,5
83,08
62,98

283,72
322,79
320,73
316,62
308,4
308,4
267,28
129,52
100,74

2,056
4,112
4,112
4,112
4,112
4,112
4,112
2,056
4,112

11,44
8,58
2,86
0
0
0
0
0
5,72

The main pollutants variations depending on exhaust
gas temperature are centralized and analyzed. The
concentration of carbon monoxide is high for Diesel
engine cold start. Until the exhaust gases reaches a
temperature of about 30 (ºC), the concentration of CO is
between 400 and 1000 (mg/m3). The maximum NO
values, about 225 (mg/m3) are reached when the engine
is warming. In sulphur dioxide case, the maximum
values are registered at engine start (around 25 (mg/m3)).
Also, in this case, NO2 values oscillates until Tgas reaches
an optimum temperature (about 50 (ºC)), when it will
tend to 1 (mg/m3). It can be concluded that the highest
pollutants values are recorded until the point when
exhaust gas temperature is 35 to 40 (ºC).
IV. MATHEMATICAL MODEL
In order to accomplish an approximation model to
estimate the pollutants (produced by the combustion of
gasoline) concentrations at engine cold start, will be used
all the data collected from the six tests. Pollutants values
(CO, NO, NO2, NOx and SO2) and exhaust gas
temperature (Tgas) from all six tests are grouped in one
worksheet [1]. To realize the mathematical
approximation of CO, NO, NO2, NOx and SO2 in
function of exhaust gas temperature, will be used several
variable functions. This model can use for chemical
pollutants approximations. It is needed accomplishment
of a data base for vehicles specific pollutants. pollutants
analyses and usage of an approximation model [1].
The collected data were processed for each
representation of the measured values, obtaining a
theoretical curve given by a regression equation [1], [6].
It was whished to result a theoretical curve similar to the
collected values curve [1]. The values for all six tests are
centralized in Table II. The values are ordered in function
of exhaust gas temperature (in ascending order).

Fig. 1. Vehicle pollution measurements

III. RESEARCH RESULTS
The results resulted after the six tests were
downloaded and it was created a database in order to
analyze them. To exemplify, 11 February 2015 Test will
be presented as follows.
Measurements were made from cold engine start,
saving reports at every two minutes. The test contains 9
reports for exhaust gas temperature ranging from 25 to
60 (°C). The collected data are saved as database in order
to analyze the results.
For every report following parameters are saved: CO,
NO, NO2, NOx, SO2, CO2 H2 (mg/m3); exhaust gases
temperature measured at exhaust pipe end, Tgas (ºC);
ambient temperature, Tamb (ºC); excess air factor λ. The

1

Tgas
(°C)
16,2
20,6

254

TABLE I I
AIR POLLUTANT CONCENTARTIONS FOR ALL TESTS
Tamb
CO
NO
NOx
NO2
SO2
(°C)
(mg/m3) (mg/m3) (mg/m3) (mg/m3) (mg/m3)
18,4
19,6

962,5
941,25

230,4
226,4

250,76
246,74

20,28
20,28

2,86
14,3
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25,0
25
25,7
27,5
29,9
29,9
29,9
31,2
34,5
34,7
34,7
34,7
35,1
37,7
38,5
39,9
40,7
41,6
42,4
42,5
42,5
43,8
44,0
45,1
45,2
45,9
46,6
46,6
46,7
46,7
46,8
47,2
48,2
48,9
49,2
50,7
51,4
51,7
51,7
52,8
52,8
53,1
53,9
53,9
57,2
58,4
58,4
73,1
94,6

13,1
13,1
19,8
18,3
17,1
13,0
13
18,3
17,2
19,8
12,8
12,8
18,2
19,9
17,2
18,2
19,8
17,2
18,4
12,4
12,4
19,8
17,2
17,2
18,4
19,9
18,4
18,4
12,3
12,3
17,3
18,4
19,8
17,2
18,1
17,4
17,4
12,3
12,3
12,1
12,1
16,4
12,1
12,1
16,3
12,2
12,2
16,2
16,5

753,75
218,4
241,03
606,25
227,8
250,13
666,25
218,4
241,03
TABLE I I - CONTINUE
601,25
218,4
240,47
601,25
225,1
247,17
326,25
217,0
239,69
266,25
211,7
228,16
635
217,0
229,04
270
206,3
210,47
270
206,3
210,47
225
213,0
225,39
591,25
219,7
232
308,75
207,7
228,26
242,5
207,7
211,81
242,5
203,6
207,79
210
203,6
216,01
298,75
198,3
220,93
510
198,3
216,50
177,5
198,3
210,65
292,5
198,3
216,82
468,75
176,8
195,00
166,25
191,6
201,9
223,75
183,5
187,69
223,75
183,5
187,69
291,25
170,1
188,68
472,5
166,1
184,28
473,75
158,1
168,30
153,75
179,5
187,78
261,25
174,2
194,76
148,75
174,2
184,48
142,5
175,5
185,82
223,75
158,1
162,23
223,75
168,8
172,95
483,75
152,7
165
121,25
151,4
161,7
247,5
171,5
187,96
456,25
171,5
187,87
112,5
119,2
129,54
115
93,8
104,08
127,5
151,4
161,7
205
96,48
100,59
205
113,9
118,01
206,25
83,08
87,192
206,25
83,08
87,192
391,25
65,66
84,164
125
62,98
85,036
125
62,98
85,048
136,25
77,72
104,44
124,25
96,48
137,59
124,25
148,7
189,85
271,75
142,0
183,16
261
146,0
191,29

22,61
22,33
22,61

14,3
17,16
28,6

22,05
22,05
22,61
16,44
11,96
4,112
4,112
12,33
12,24
20,56
4,112
4,112
12,33
22,61
18,18
12,33
18,50
18,12
10,28
4,112
4,112
18,50
18,12
10,18
8,224
20,56
10,28
10,28
4,112
4,112
12,24
10,28
16,44
16,35
10,28
10,28
10,28
4,112
4,112
4,112
4,112
18,50
22,05
22,06
26,72
41,11
41,11
41,12
45,23

11,44
11,44
8,58
22,88
31,46
8,58
8,58
8,58
14,3
2,86
2,86
2,86
2,86
2,86
5,72
2,86
2,86
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5,72
7,79
8,72
6,9
8,6

Fig. 2. CO concentration variation in function of exhaust gas
temperature

In the figures (Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6) are
presented the resulted curves and equations, for CO, NO,
NO2, NOx (resulted value for all nitrogen oxides) and
SO2 variations in function of exhaust gas temperature
(measured at exhaust pipe end).
NO regression in function of exhaust gas
temperature
240

y = 0,044x2 - 6,8381x + 371,94
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200
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Fig. 3. NO concentration variation in function of exhaust gas
temperature
NO2 regression in function of exhaust gas
temperature
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Fig. 4. NO2 concentration variation in function of exhaust gas
temperature

y = 0,2636x2 - 34,57x + 1269

900

20

CO (mg/m3)

800
700

For this five analyzed chemical pollutants, in order to
realize a unitary model, it can be written equations of
pollution concentration variation depending on exhaust
gas temperature (Eqs. 1, 2, 3, 4 and 5) [1].
2
(1)
COapprox = 0 ,2636 Tgas
34 ,57 Tgas + 1269

600
500
400
300
200

2
NOapprox = 0 ,044 Tgas

100
0
10

20

30

40

50

60

70

80

90

2
NO2approx = 0 ,0146 Tgas

100

Exhaust gas temperature (°C)

6 ,8381 Tgas + 371

1,1762 Tgas + 36 ,737

2
NO x approx = 0 ,0466 Tgas
6 ,9389 Tgas + 393 ,21

1
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(4)
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2
SO2approx = 0,01 Tgas
1,2049 Tgas + 36,239

end) [1].

(5)

Where: COapprox, NOapprox, NO2approx, NOxapprox and
SO2approx = the approximated values of the CO, NO, NO2,
NOx and SO2 concentrations (mg/m3) which describes
the variations of the regression curves. After the
introduction of the formulas and the graphical
representation of the 5 pollutants, result the theoretical
curves corresponding to the used equations (Fig. 7) [1].

NOx [mg/m3]

NOx regression in function of exhaus gas
temperature
320
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y = 0,0466x2 - 6,9389x + 393,21

Fig. 7. Utilization of mathematical model for CO, NO, NO2,
and SO2 estimation, in function of Tgas for Diesel engines
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Fig. 5. NOx concentration variation in function of exhaust gas
temperature

A database containing pollution information for
various vehicles was created in 2013 and now is frequent
updated with new values, being able to make
comparative studies over the pollution level at exhaust
pipe. The prediction model involves the analysis of a
large number of data (pollutants, temperatures, engine
function parameters) [1]. The collected pollutants values
are used to generate approximation curves for studied
pollutants, and after, the curves resulted from the
mathematical model can be used to approximate the level
5 pollutants, for similar vehicles.

SO2 regression in function of exhaust gas
temperature
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aggregate with varied dimensions, weights, destinations
and operating conditions [1].
Appreciation and define the dynamic quality of
translation mobile aggregates can be done using a
dynamic factor D, which is a specific excess power,
unitary, relative and dimensionless. This factor can be
defined as the ratio of excess driving force Fe and total
weight (weight plus own parts, materials, goods,
passengers, etc.).

Abstract— This paper defines dimensional and
dimensionless dynamic characteristics for a mobile aggregate in
translation. Its optimization is ensuring: the drive power
available in excess; driving force available, downward
equilateral hyperbolic with speed (ideal traction characteristic);
acceleration of the variable movement, decreasing with speed.
The numerical application refers to a vehicle driven by an
internal combustion engine equipped with a three-speed
gearbox.
The analysis undertaken reveals the main influencing factors
and limits of the process, addressing researchers that deals with
optimization of startup through transmission of continuous
power, hydraulically monitored.

D=

(2)

with Fe and G expressed in Newton.
Dynamic factor can be expressed as the ratio of
mechanical powers:

Keywords— force, power, speed, torque
I. INTRODUCTION

T

RANSLATIONAL mobile aggregates are conveyors,
vehicles per bands, with large inertia and weights.
Higher total weights of these mobile units G determines
the mechanical power losses through friction in brackets,
bearings and guides, expressed through coefficients of
resistance to transport ψ, f and/or through dimensionless
indicator energy called mechanical efficiency ηm.
During the variable and transient movements, of
starting or braking, occur temporal variations of the
transport speed dv/dt, positive (acceleration-start) or
negative (deceleration-braking). Large masses m of these
mobile units determines the dynamic forces of inertia
provenance, opposite to the movement.

v
D= 0
v

D=ψ+

(3)

δ
g

dv FR
+
dt
G

(4)

This factor defines the characteristic/variable
transitional capability of mobile aggregate. This factor
defines the characteristic/capability transitional cell
aggregate variable [2]. Specific resistance, dimensionless
and translational is given by:

II. THEORETICAL CONSIDERATIONS

ψ=k

f

(5)

The coefficient f is the friction coefficient in roller
bearings for conveyors and rolling resistance coefficient
for wheeled vehicles, being increased in direct proportion
to the speed.
The coefficient k is a coefficient of increase, higher
than one, particular (Example: k=1.3 for a road slope of

(1)

Force Fe characterizes the dynamics of translation
mobile unit, but cannot be used as an indicator for
comparative assessing of performance for different

1

Ne
,
N0

where Ne=Fe.v; N0=G..v0 and v is the current speed of
translation; v0 is rated speed in uniform motion.
It is proposed analytic relationship for the
dimensionless dynamic factor:

It defines the available driving force, in excess, Fe, that
is used to overcome the resistance of the translational
movement due to mechanical friction movement Ffr.mec.,
the dynamics of inertia variable motion Fdyn., and
resistances of work, FR.
Fe = F fr .mec . + Fdyn. + FR

Fe
Fe
=
,
G
m g
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maximum power; ω, n, r0 is the angular velocity, speed
and radius of gear final drive unit (in the case of vehicles
driven wheels); v is velocity of transport/current
translation.
In case of using variable speed in steps (gearbox), the
link between dynamic factors and the reports of
transmission is given by the equation:

30%, for vehicles) [3].
It is obvious that ψ(v) depends on the constructive
solutions, the operational conditions of functioning and
the quality and degree of wear of the track, on a case by
case basis.
The coefficient δ is a coefficient greater than one that
takes into account the assemblies, bodies, parts and
attached auxiliary machinery, in translational moving,
integral with the mobile unit (via couplings, gears, etc.).
If nominal operation and functioning of the motion is
uniform v=v0=const., dv/dt=0, under load and FR is
different from zero, the dimensionless dynamic factor is:

F
D=ψ+ R
G

i
Dk = k 1
ik

Dk 1

(10)

Torque of the drive unit is multiplied from the driving
motor and rotation speed decreases corresponding to the
ratio value in each gear [6].

(6)

III. NUMERICAL APPLICATION
Given the current conventional expression of relative
mechanical power losses through the mechanical
efficiency, is proposed the original expression:

D = (2 ηm )

δ
g

dv
dt

FR
G

We
consider
m  1200kg  11.8kN ;

dv FR
+
dt
G

automobile
with:
v0  30 m s  108 km h ;

  1.3  f . It also adopts FR = Fair, aerodynamic
resistance force.

(7)

Fair = c x

This expression eliminates the ψ coefficient from the
relation, being difficult to determine or express for
conveyors. For vehicles we recommend the use the
coefficient ψ [4].
Equation (7) contains explicit ηm coefficient, the
influence coefficient ψ as default. Knowledge,
determination and estimate the values of ψ and ηm are
difficult and require a careful examination of each case.
Approximation correctly, leads to preliminary
calculations, estimates and comparative with an
acceptable accuracy.
The relationship between ψ and ηm it is obtained
equaling expressions (6) and (7). It is obtained:

ψ
δ
=
1 ηm g

an

A

ρ v2
=k
2

A v2

(11)

In the considered case are used the following values:
1) the front surface A  1.2  m 2 ;
2) aerodynamic resistance coefficient c x  0.45 ;
3) specific weight of the air under conventional
conditions   1.293 kg m 3 ;
4) dimensional coefficient of proportionality
k   2  cx .
5) There are used the values: nm  2200 rot min ;
i0  1 2.3 ; n0  955 rot min ; N 0  354kW .
The curves of variation of the dynamic factor in
relation to the vehicle speed for a gearbox with three
gears represents the dynamic characteristic of the vehicle.

(8)

Proposed expressions combined factors: constructive
G, operational (v, dv/dt, FR) and quality ηm.
The indicator D can be used as a criterion of
comparison between different units, constructive
solutions, and represents the dynamic characteristic of
starting and braking [5]. A high dynamic characteristic
can be obtained by requiring large accelerations, which
determines, among other things, lower values for starting
or braking time (as reflected on the times and rhythms of
technology, productivity, carrying capacity, etc.).
Mobile unit is driven by an engine from which it
follows some typical specifications. The gear ratio is:
n
30
ω
30
v
i=
=
=
,
(9)
nm
π nm π nm r0

Fig. 1. Optimized dimensional characteristic for the vehicle

In Fig. 1 is showed the dimensional characteristic, in
Fig. 2 is the dimensionless characteristic, systematized
and optimized based on the calculations shown in
TABLE 1.

where nm is speed of the drive motor, usually of

1
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3) specific
dynamic
force,
unitary,
dimensionless, relative acceleration, of
 dv

inertial origin,
, decreasing with the
g dt
relative speed vr;
4) specific driving power available, relative,
dimensionless,
Ne
v

 D  vr  D  0 ,0702  const .
N 0 v0
In this cases were considered dimensionless
coefficients:
- gear ratio i(v) increasing with the speed;
- coefficient of running resistance (running and slope),
slightly downward with the speed.

TABLE I
VALUES OF ALL PARAMETERS IN FUNCTION OF GEAR
Gear

Speed

I
II
III
Gear

I
II
III

v
[m/s]
4
20
30

Relative
speed
vr
[-]
0.133
0.666
1

Friction
coef.
f
[-]
0.045
0.040
0.035

Specific
resistance
ψ
[-]
0.0585
0.0520
0.0455

Form
coef.
δ
[-]
1.3
1.5
1.7

Dynamic
factor
D

Gear
ratio
i

Power

Acceleration

Driving
force
Fe

[-]
0.525
0.105
0.0702

[-]
1/17.25
1/3.45
1/2.3

[kW/hp]
24.72/33.6
—
—

Ne



dv
dt

[m/s2]
4.58
0.413
0

[kN]
6.18
1.24
0.83

IV. PROVISION OF THE AGGREGATE DRIVING MOTOR
WITH THE DYNAMIC CHARACTERISTIC

Dimensional dynamic characteristic was built:
1) with driving force available, in excess, Fe,
downward hyperbolic with the speed (ideal
characteristic of traction);
2) with acceleration of variable motion,
dv
transient and positive,  
 0 , but on
dt
decreasing absolute value with velocity v;
3) with available driving power in excess, Ne =
24.8 kW = const.

The operation and ideal entrainment is made by a
continuous operation without breakage of power flow,
which can be achieved using an engine:
1) electrical of continues current;
2) electrical three-phase, alternating with
constant speed (Example: Ward-Leonard
group);
3) using a hydraulic drive adjustment with
elements (primary or secondary).
It is considered an internal combustion engine
equipped with a speed variator. It will analyze its
behavior for the considered application.

Fig. 3. Vehicle dynamic characteristic of vehicle with three
gears

Fig. 2. Optimized dimensionless characteristic for the vehicle

With relative values, specific and dimensionless,
optimizing conditions from above leads to a dynamic
characteristic dimensionless generalized with:
1) the dynamic factor, which is a specific force,
unitary/relative, dimensionless, decreasing
with relative speed, v r  v v0  0 ,1 , D(vr)
following a hyperbolic law;
2) specific
dynamic
force,
unitary,
dimensionless, relative acceleration to the
inertial origin, decreasing with the vr;

1

In Fig. 3 it is presented the vehicle dynamic
characteristic of vehicle with three gears. Fig. 4 shows
the external characteristic of the internal combustion
engine speed, raised on the test bench, between 1800 and
2000 rpm.
Maximum revolution speed is specific revolution
speed of engine maximum power, nm,max  2200rpm ,
N m,max  35CP .
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crankshaft revolution speed drops to nII. The size of this
reduction is determined from the ratio of the gear
transmission reports of the first and second gear.
Considering that the transition from one gear to another
occurs instantaneously and vehicle speed remains
unchanged at this time, this process can be represented
by the line bc.
On starting in second gear, the speed changes to vIImax,
and crankshaft speed again reaches the maximum value
(right cd). The transition from second to third gear is the
right de and startup in the third gear is right ef.
At the first gear engine power has changed from NI to
Nmax, the second gear of the NII to Nmax and third from the
NIII to Nmax.

TABLE II
VALUES REVOLUTION SPEED, POWER AND TORQUE
Revolution speed
nm
[rpm]
1800
1850
1900
2000
2100
2200

Power
Nm
[hP]
4.48
13
22.4
30
34.2
35

Torque
Mm
[Nm]
17.4
49
82.7
105
114
112

Figure 5 shows the diagram of engine power during
startup using three gears. On the vehicle starting in first
gear, the rotation speed of the crankshaft is changed from
the minimum to the maximum value [7].

V. CONCLUSION
Using a multistage transmission, or continuous,
average power used is noticeably higher, and starting can
be performed faster.
Analysis undertaken, containing all influencing factors
and limits of analyzed process is addressing to
researchers concerned with optimizing startup continuous
power transmission, hydraulic controlled and monitored.
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Firstly, this modern forecasting system captures the
data and information about environmental factors and
their modification. The captures of information are made
by managers and specialists.
Secondly, information is used in the individual
forecast, made by each manager, but also in the
collective forecast, performed with each group.
Finally, the organizational prediction is nothing more
than a synergic combination of the forecasts made by all
departments. The forecasting knowledge can be stored in
the computerized database in the form of artificial
knowledge, usable by intelligent computer systems,
expert systems etc. [2], [3]. Organizational forecasting is
followed by creative planning, implementing of the
plans, controlling and evaluating the results (Fig. 1).
Feed-back is able to improve the forecasting ability of
human resource generally and of managers particularly.
Creativity management in organizations producing
goods and services must involve the client in the creative
research and in the development processes. The creativity
of the customers will enrich the organizational database.
While the computerized database grows, the company
will be better prepared to cope with future changes in the
external environment.
Moreover, we appreciate that the organizational
database will facilitate the management in the
development of centers for additive manufacturing, both
in universities and in industry. A center for additive
manufacturing in the university can develop partnerships
with various research centers, companies and other
stakeholders [4]. This center can operate as node in a
network of specialists, customers, distributors, services
based on technical support offered by information and
communication technologies [4].
Therefore, the databases from many organizations can
be connected, generating benefits for all of them. One
managerial method for achieving this is benchmarking.
Creativity can be developed through benchmarking, not
copied [5]. The organization will not discover something
already discovered. Using interchangeable knowledge,
the forecasts made by network members will be more
accurate. The markets’ demands will be determined more
exactly. Product variety and consumer loyalty will
increase.

Abstract—Nowadays organizations and their management
must take into account the knowledge revolution. This paper
presents the role of creativity management in two managerial
functions: forecasting and organizing. Firstly, we analyzed
some important theoretical aspects of the studied problem.
Secondly, we presented a part of a research made in the
Romanian academic and industrial environment, regarding the
implication of creativity management in forecasting and
organizing processes. Finally, we appreciated that creativity
management must use both the knowledge of the own
organization, as well as those of other organizations.
Keywords—creativity,

management,

forecasting,

organizing.

I. INTRODUCTION

K

revolution in modern society is marked
by managerial, organizational and economic
innovation. Organizations must permanently improve
and innovate, not only their products and services, but
also their actions.
External environment influences the organization and
its management. Therefore, many external factors
influence the forecasting made by managers. In order to
exercise properly the managerial functions – forecasting,
organizing, coordinating, training, and control-evaluating
[1] – they must take into account not only the
information, but also the knowledge from all
departments.
In this context, managers must use the creativity of the
employees. They can make an accurate forecast and a
competitive strategic plan only in collaboration with their
employees.
NOWLEDGE

II. THE CREATIVE FORECASTING
In order to avoid the dissipation of knowledge or
information, we recommend the establishment of
computerized knowledge database, one for each
department (Fig. 1). These databases are interconnected
and information and knowledge can be transferred from a
department to another. In Fig. 1, we considered an
organization with “n” departments. We appreciate that all
“n” databases are interconnected in a larger
organizational database.

1
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Fig. 1. The creative forecasting ([1], [2])

This way, using creativity in managerial forecasting
will generate more opportunities for the company’s
future. In order to facilitate all the transformations of the
products/services, we consider that managers must use
creativity in organizing, too.
III. THE MODERN MANAGERIAL ORGANIZING
Regarding at the specialists’ suggestions about the
corporate strategy, we notice the “organizing for
innovation”, based on three types of innovation:
improving existing products, launching new products and
developing new technologies [6].
We propose a new concept, including the one above:
organizing for creativity (Fig. 2). The organizational
structure is flexible and open to the clients’ desires,
demands and creativity. The organization can change its
structure in a short period of time, passing from the
functional structure to the matrix or hybrid structure,
from the network structure to a structure based on quality
circles, and so on. The most important thing in
organizing for creativity is to keep the organization open
to the external knowledge and creativity, providing from
clients, partners, suppliers, other stakeholders, and other
environmental factors (Fig. 2).

1

Fig. 2. Organizing for creativity – a concept for modern
organizations.

We considered that an organization without borders is
open to knowledge and creativity from the external
environment. All employees can change creative ideas
with clients and other stakeholders, in order to improve
products, organizational processes/transformations and
structure.
Moreover, we appreciate that creative forecasting and
organizing are today the first steps in the establishment
of new virtual organizations.
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IV. SELECTIVE RESEARCH IN THE ROMANIAN ACADEMIC

This research was based on the theoretical considerations
presented in II – The Creative Forecasting. In order to
avoid the rediscovery of existing products, processes,
methods and so on, we remind only the importance of
using benchmarking in creativity management.

AND INDUSTRIAL ENVIRONMENT

In the Romanian academic and industrial environment
we have conducted an ample research about the
implications of the creativity – benchmarking couple.

Fig. 3. The impact of the creativity – benchmarking couple on the forecasting function (respondents’ opinions).

Fig. 4. The impact of the creativity – benchmarking couple on the organizing function (respondents’ opinions).

1
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We present here the part of the research regarding the
impact of the creativity – benchmarking couple in the
forecasting and organizing processes. We distributed
questionnaires to PhD students, academics who teach
managerial disciplines, and managers who work in
various industrial fields. One of questions asked the
respondents to evaluate the impact of the creativity –
benchmarking couple on each of the managerial
functions. We used the following rating scale: 0 points
for “I don’t know”, 1 point for “a very small impact”, 2
points for “a small impact”, 3 points for the “moderate
impact”, 4 points for “a strong impact”, and 5 points for
“a very strong impact”. The answers of the respondents
regarding the impact of the creativity – benchmarking
couple on the forecasting function are presented in Fig. 3,
and its impact on the organizing function in Fig. 4.
The most respondents from the academic environment
appreciated the impact of creativity and benchmarking on
the forecasting function as very strong: 56.0% of PhD
students and 50.0% of academics (Fig. 3). The most
respondents from Romanian industrial environment
appreciated this impact as strong: 34.1% of managers.
The statistics of the responses related to the prediction
are centralized in Table I. The answers of the sample of
managers were not homogeneous: the coefficient of
homogeneity has a value above 0.4.

forecasting and organizing.
V. CONCLUSION
Regarding the use of the human potential in modern
organizations, including the creativity potential, we
appreciate that a correct prediction and a flexible
structure are the first steps to be performed by
management. On the other hand, managers must not
forget the importance of the methods used to amplify
human creativity. Benchmarking is one of these methods,
which shorts the way to new products and processes,
taking creativity outside the organization and multiplying
it by own creativity.
The use of benchmarking in creativity management is
possible by connecting the knowledge databases from
many organizations through Internet. In this case,
managers can combine the methods for stimulating
human resources creativity with benchmarking, obtaining
“a brainstorming operating on a global scale” [7] (see p.
678). In fact, not the managerial methods are important,
but their outcome: the use of this inexhaustible resource,
the human creativity.
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optimizing cutting conditions with regard to the
minimum of consummated energy.” In this context, on
the basis of published outcomes and own experience, it
can be claimed that, for instance, the consummated
energy during turning on universal lathes amounts for 1,3
to 16,4 % .[1]- [10]
If you as part of the research carried out, a
methodology of comparative machining trials was
designed and applied, focused on the impact of the given
cutting environment on the electric power consummation
for selected machining parameters (vc – cutting speed, f –
feed, ap – depth of cut, geometry of the cutting wedge of
the given tool). With different technological parameters,
the same fluid achieves different levels of impact on the
machining process, i. e. the impact on the quality of
machined surface, residual tension on the surface layers,
size and orientation of the cutting forces, precision of
machining, stability of the machining process, and, last
but not least, the field of or research: the impact on the
energy consummation. [11]
As for the availability of production facilities and the
possibilities of collecting data measured by these
facilities, the control research has been carried out for
turning as machining technique. The findings published
in this paper are focused on measuring the input electric
power of a selected production facility (SN50 lathe) on
defined samples of machined material (steel 12050.1) for
chosen matrix of technological conditions and selected
cutting environments for transversal turning.

Abstract—Authors focus on an issue of cutting medium effect
on possibilities to reduce energy consumption in a cutting
process. The method was designed to monitor an energy
consumption and factor of friction under different cutting media
at turning. First measured data was statistically processed and
then, using software Mathematica this data was overlapped
with surface and overlaid with a power - function selected
machining parameters curve. Using neural networks method a
simulation model is presented. It can give a conception of
cutting media behavior when different parameters of machining
are used, which were not an object of tests.
Keywords— cutting fluid – friction factor – cutting output –
energy balance

I. INTRODUCTION

N

OWADAYS, the research on energetic demands of
the machining process represents a priority question
of evaluating production efficiency. When
evaluating individual machining techniques, not only the
quality of produced components and their productivity
but also power saving is taken into consideration – the
energetic balance showing the energy consummated
during the cutting process and thereby also the energy
costs of the technological process. The analysis
evaluating the impact of the cutting environment on the
energy balance of the machining process proved, that the
problem has not been solved so far and that the objective
results as presented by both producers and consumers of
the cutting environment are not complex.
Reasons for such behavior on the side of both
producers and consumers of cutting fluids are evident
from the implementation of the products on the market,
where thy impact of the cutting environment on the
stability of the machining process and the quality of the
machined surface represent the primary criteria for
employing the given cutting environment in the
machining process. The amount of consummated energy
of individual machining methods is conditioned by the
particular conditions of machining. The field offers space
for a vast research that could be defined as a „need for

1

II. PROCEDURE FOR PAPER SUBMISSION
For experiments we had at our disposal 26 different
cutting fluids thinned with water in precisely prescribed
ratio and produced different producers. For steel 12050.1
machining, a 5 % solution of delivered cutting fluids was
selected. The percentual concentrate of the cutting fluid
thinned with water is given by the producer, with regard
to the type of the machined material. For experiments, 26
emulsion cutting environments by 9 producers were
selected. The cutting environments were marked by code
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system RP.1 – RP.26 for the experiment outcomes to be
left undisclosed and because of a missing agreement with
the cutting environment supplier regarding the publishing
of findings.
In order to precisely determine the concentrations of
tempered cutting environment we used graduated vessels
for determining the volumes of both water and the
concentrate of the cutting environment. The percentage
of concentration was monitored by a refractometer.
With regard to high volume demands of the reservoir
of the cutting environment on SN 50 lathe, an external
system of delivering the cutting fluid to the point of
cutting was constructed, [11].
For measuring the electric power consummation
during the cutting process, the Hioki 3196 wattmeter was
used, plugged into 3 phases by means of four grip
ampere-meters and four clamps, which measured the
current voltage before the individual phases achieved the
main electromotor.

Fig. 2. Experimental measuring for transversal turning

III. EXPERIMENTAL CONDITIONS
For the proposed experiment, following technological
parameters of machining were selected. The matrix of the
experiment, i. e. the cutting conditions for 26 chosen and
supplied cutting environments, was defined as follows:
 Depth of the cut ap = 0,5, 1, 1,5
(mm)
 Cutting speed
vc = 152
(mpm)
 Transversal feed f = 0,2, 0,36, 0,56 (mmprev.)

Fig. 1. The scheme of connection of the measuring

The measuring facility enables to monitor and record
the phenomena connected to the quality of controlled
machine supply. Its functioning rests on scanning the
changes in current take-off (I), value of the voltage (U)
and phase shift, on the basis of which the facility is able
to calculate the real input power of the lathe’s
electromotor. The values are recorded in real time in
defined time interval. In the course of real time,
measured data are used for computing the average value
and thus give statistical evaluation as the fundament for
result evaluation. The facility is also able to record data
from one month of uninterrupted measuring in its
internal memory. It is also possible do save data on both
a PC card (ATA flash cards) or into internal memory. It
is also equipped with the HTTP server function, which
eliminates the need of special interface and in application
enables to use any usual internet browser (e. g. Internet
Explorer) for full distant monitoring and operation.

1

Fig. 3. Scheme of the machining with given process
parameters

IV. RESULTS OF THE EXPERIMENTS
TABLE 1 displays the summary of the statistical
procession of all measured parameters. The authors of
the paper were not given producers’ permission to
publish particular names of cutting fluids.
An example of processed data for the cutting fluid no. 1
is displayed in the Fig. 4, Diagram 1. The measured data
were statistically processed and then, using the
Mathematica programme, they were converted into
surfaces characterizing the function of calculating the
input power as related to selected machining parameters
(See Fig. 4, Diagram 2)
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TABLE I
Technological
conditions

14

15

16

17

Average energy consumption (kW)
18
19
20
21
22

ap=0,5

f=0,2

1,77

1,78

1,87

1,88

1,81

1,88

1,75

1,83

1,85

ap=1

f=0,2

2,31

2,38

2,43

2,42

2,39

2,36

2,42

2,43

2,44

ap=1,5

f=0,2

2,75

2,82

2,87

2,82

3,80

2,79

2,79

2,99

2,93

ap=0,5

f=0,36

2,10

2,12

2,18

2,14

2,13

2,16

2,10

2,05

2,09

ap=1

f=0,36

2,83

2,91

2,89

2,94

2,95

2,90

2,84

2,93

2,89

ap=1,5

f=0,36

3,50

3,63

3,67

3,72

3,63

3,66

3,58

3,77

3,85

ap=0,5

f=0,56

2,54

2,44

2,47

2,50

2,47

2,50

2,48

2,46

2,43

ap=1

f=0,56

3,42

3,52

3,57

3,63

3,71

3,64

3,59

3,79

3,82

ap=1,5

f=0,56

4,61

4,36

4,62

4,58

4,63

4,65

4,59

4,63

4,73

23

24

25

26

1,8
9
2,4
6
2,8
7
2,1
9
2,9
8
3,7
5
2,5
1
3,5
9
4,6
2

1,80

1,7
8
2,3
9
2,9
1
2,0
5
2,9
6
3,7
6
2,4
8
3,7
6
4,5
7

1,77

2,40
2,91
2,09
3,08
3,75
2,49
3,56
4,81

2,44
2,92
2,15
2,97
3,69
2,41
3,70
4,65

CONSUMPTION OF ELECTRIC POWER DURING TRANSVERSAL TURNING FOR 26 DIFFERENT CUTTING FLUIDS (VC =152 MMPM)
TABLE II
Technological
Average energy consumption (kW)
conditions
1
2
3
4
5
6
7
8
9
10
11
12
13
ap=0,5
f=0,2
2,04 1,94 2,03 1,97 1,97 2,01 1,94 1,86 1,86 1,8
1,92
1,7 1,70
9
5
ap=1
f=0,2
2,61 2,56 2,61 2,60 2,57 2,48 2,58 2,44 2,50 2,4
2,38
2,4 2,31
8
0
ap=1,5
f=0,2
3,08 2,93 2,99 3,07 3,05 3,01 2,96 2,99 2,90 2,9
2,82
2,8 2,80
1
3
ap=0,5
f=0,36 2,40 2,38 2,45 2,37 2,18 2,24 2,20 2,20 2,16 2,1
2,21
2,1 2,09
7
0
ap=1
f=0,36 3,10 3,21 3,28 3,20 3,20 3,28 3,25 3,05 2,95 3,0
2,91
2,9 2,87
2
3
ap=1,5
f=0,36 3,93 3,86 3,96 3,97 3,92 3,93 3,84 3,80 3,81 3,7
3,55
3,6 3,59
6
4
ap=0,5
f=0,56 2,66 2,55 2,73 2,74 2,78 2,77 2,51 2,58 2,56 2,5
2,58
2,5 2,50
3
2
ap=1
f=0,56 3,92 3,90 3,90 3,88 3,88 3,76 3,48 3,82 3,89 3,6
3,65
3,5 3,45
2
3
ap=1,5
f=0,56 4,71 4,85 5,10 4,67 5,13 5,02 4,61 4,84 4,76 4,5
4,65
4,3 4,52
7
6

An example of processed data for the cutting fluid no.
1 is displayed in the Fig. 4, Diagram 1, [12]-[15].

7

4,71
3,93 3,92
3,082,43,1 2,66
2,61
2,04

0,56

0,56

0,36

-3

0,2

2
0,2

Input power (kW)

1. Fluid

f (mmprev.)

(a) Diagram 1: The consumption of electric energy
(b) Diagram 2: The development of the electric
during transversal turning
energy consumption in the relationship to ap f.
Fig. 4 Processed data of measuring the changes in energetic demands on the cutting fluid no. 1

The measured data were statistically processed and
then, using the Mathematica program, they were

1
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converted into surfaces characterizing the function of
calculating the input power as related to selected

machining parameters (See Fig. 4, Diagram 2)

[2]

V. CONCLUSION
On the basis of the results achieved by the paper it can
be concluded, that the knowledge of the impact of
experimentally proved cutting environments on the
process of transversal machining have been broadened. A
method of evaluating the cutting environment in the
relationship to the consumption of electrical power for
the given machining operation or for the given matrix of
technological parameters of machining was designed and
verified.
A contribution of the carried-out research is to be seen in
valuable experience for the producers of cutting fluids
who can closely examine the question of chemical
composition and production technology of cutting fluids,
i. e. it can foster the producers of cutting environments to
considers the impact of individual components (EP
substances) in the greasing qualities in the relationship to
the energy consummated in the process of machining.
The measured data were statistically processed and then,
using the Mathematica program, they were converted
into surface and function of calculating the input power
in relationship to selected parameters of machining.
Then, a simulation model was created with a usage of
neuron nets, giving us a picture of the behavior of a given
cutting environment when using such machining
parameters which were not an object of the carried-out
tests.
As a conclusion it can be claimed that the cutting
environment really represents an intensifying factor of
machining processes: it not only positively influences the
exploitation qualities of produced parts but also offers an
opportunity to considerably save energy consumption
during the machining process. When comparing 26
samples of cutting environment, our experiment proved a
16-pecent saving of energy.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
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DETERMINATION THE CHAINS OF SIZES
COMPOSED OUT OF VECTOR AND
SCALAR SIZES
Constanta RADULESCU
University ,,Constantin Brâncuşi” of Târgu-Jiu, Romania

runout and front of bushings, rings, gear wheels, etc.) we
are dealing with chains of sizes what have deviations of
variable direction [4]. An example of this kind is shown
in Fig. 1, in this case, the support frame 1 into which is
placed bushing 2 has an eccentric reaming.
Chain of sizes will be given by the relation [5]:

Abstract— In this paper are presented some aspects on the
formation and determination of dimensions chains in the
component which enters both scalar sizes how and vector sizes.
We studied the dimensions chains which were formed at the
assembly between of a piston and a connecting rod. In this case
the orientation and fixation of the piston rod is made with a
centering rods on which parts are positioned horizontally. The
problem is to determine the precision between the piston, rod
and bolt.

xR = R = x1 + x2

in which: x1 , x2 si xR depend on the value of tolerance
field of eccentricity,, e,, as well as of the direction of
eccentricity ,,θ,, respectively of a vector whose module is
size of eccentricity ,, e,, and the argument is angle θ.

Keywords— chains of sizes, scalar dimensions, tolerance,
vector dimensions
I.

(1)

INTRODUCTION

Î

n industry of machinery and equipment
each piece, each subassembly and
assembly, each machine must be performed
at certain precision and scale limits which
are set by the designer. Determining the size to a
piece, upper and lower limit deviations of dimensions
and presentation these on the drawings of the piece is
done using the chains of sizes. In the literature of
specialty is shown a simple and complete definition and
namely: ''Through chain of sizes is defined whole the
dimensions which determining the position some
surfaces of a piece or more parts of a assambly, which
are connected by certain relations of dependence or
influence and forming a closed contour’’ [1]- [2]. A
classification in terms the chains of sizes formed in a
plane or in space, is the following: chains of planar
dimensions, in this case the dimensions of the chain are
in the same plane, and the chain can be composed of
non-parallel linear dimensions of the angular sizes or the
mixed chains of sizes; chains of sizes spatial in this
case the dimensions of the chain are in different nonparallel planes.
In this paper will analyze chains of sizes which are
formed at assembly the pieces of the revolution. In this
case, in the composition of chains of sizes enter both the
linear and angular dimensions as well as position
deviations [3] - [6]. When in structure the chain of sizes
enter, besides simple scalar errors ( chains of angular
sizes and linear sizes) and vector errors (for example

1

Fig. 1. Chain of sizes with variable steering deviations [5].

The primary elements of the chain of sizes are x1 si x2 ,
the latter being the given by relation:
x 2 = e cos θ

(2)

The mean value of the element 2 will be:
M( x2 ) = M(e cos θ) = M(e) M(cos θ) = 0

(3)

for   0,   , we have:
π
M(cos θ ) = ∫
cos θ Φ(θ ) dθ
0

If we believe that we have a uniform distribution [7],
1
   , results:
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(4)
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M (cos θ ) =

1π
∫
cos θ
π0

M (cos θ ) = 0,

dθ

adica

or

(5)

( )

M x2 = 0

Tolerance resulting element is given by relation:
TRpr =

kD
kR

n 1
∑ A 2jk 2jTj2
j=1

(6)

where: k- is the scattering coefficient;
Aj- the elements of the chain of sizes;
Tj – tolerances of the elements.
In this mode are determined tolerance and the deviations
of the closure element.

II.

Fig. 3. Scheme at assambler with bolt and conneting rod:
1- axis piston; 2 – axis bolt; 3 - axis rod

The problem of determining the ratio of the bolt with
holes in the piston and connecting rod are solved using
chains of sizes A and B. In determining the closing
elements of the chain of sizes and their tolerances, will
write the following relations for calculation:

DETERMINATION OF THE CHAIN OF SIZES
AT ASSEMBLY OF THE PIECES OF
REVOLUTION

The case study at which you will refer to assembly
pieces: the connecting rod and piston. In the scheme
which will follow, the orientation and the fixation of the
piston and the connecting rod is done using a centering
rod, on which pieces are positioned in horizontally plane.
The bevelling tapered of the rod ensures easy positioning
of parts that are oriented and fixed on it.
At the displacement in outside the centering rod ,
forces under its own weight and the force of gravity of
the piston and the connecting rod, due to the presence of
the play between its supports, Fig. 2, rod will lean with
angle γ and şi as a result of this, the sizes of
displacement (on vertically) will be  . That size will
be taken into account order to be able determine the
accuracy for the scheme of orientation and fixing a the
bolt in the piston's holes.

A R = A1

A2;

(7)

BR = B1

B2

(8)
'

dt
2

+

T '
(l / 2 + L)s'
d
+
;
2 sin α
l

[(

TΔ ∑ =

d

'

)

(9)
(10)

TR = TB + TB
1
2

] (

)

2
'
2
d t / 2 + T ' / 2 sin α + (l / 2 + L)(s / l ) + TB + TB
;
1
2
d

(

)

    min  r ;

(11)
(12)

In this case, the error angle  will be:
'
δγ = (l / 2 + L)s / l .
'

(13)

where: d represents the diameter the bore in the piston
where is fitted the bolt;
r – radius of rounding the chamfer part of the bolt;
dt – diameter of the rod;
L – the distance between the fulcrum of the hole to the
end of the piston;
l – outside distance ;
s’ – the play between the rod and piston bosses;
 - semi-angle prisme;
In Fig. 4 is present a scheme of assembler of the
piston and connecting rod and the elements components
of chains of sizes that are formed.

Fig. 2. The scheme centering movement of the plunger, in
the case centering the piston and connecting rod.

In Fig. 3, piston and connecting rod are oriented and
fixed on two cylindrical surfaces and the bolt is oriented
on prisms.

1

d

TA = TA 1 + TA 2 + δγ =
R
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the interior surfaces of the ends of the cylindrical piston,
which is not permissible. Therefore guidance and fixing
scheme presented can be used to automatically fitting.
In Fig. 4, the scheme of orientation and fixing a the
piston with connecting rod is the same as in the previous
case, with the difference that the bolt is fixed on the
second guide into the bush. Base fixing and orientation is
the cylindrical surface of the bushing, Base fixing and
orientation is the cylindrical surface of the bushing, and
the base of support is its edge. The problem of ensuring
precision refers to the bore between bolt and apertures
from the piston end and the connecting rod end. This
precision is determined by the chain of sizes A
respectively the chain of sizes B.
In this scheme, the diameter of the centering bushing
hole dBT it take such that the generatrix of the exterior
surface of the bushing does not intersect the generatrix of
the bore surface of the piston end. This condition is
necessary because the bolt, at the pressing, it can move
and rotate within the limits of an error, what you do not
correlate the bolt and the piston.
The bushing diameter of centering is:

Fig.4. Scheme the guidance when fitting piston with bolt
and connecting rod: 1 – axis piston; 2 – axis rod; 3- axis
connecting rod; 4- axis bolt.

The problem consists in determining the the precision
of the piston, connecting rod and bolt. This calculation
will be determined thru the writing the relations the
chains of sizes:
A R = A 3 + A4
B R = B1

A1

(14)

A 2;

'
d BT ≥d + TΔ ∑

(15)

B2;

The tolerance of lack of correlation is the same as for
previous, but it may be greater in conditions cumulation
as a result of lack bevels the bolt.
In the schemes of orientation and fixing shown in
Fig.5 and Fig.6, is observed the coincidence the
generators surfaces in contact of the components
elements adjusted or fixed of the device assembly.
In the scheme of assembly shown, the mounting of the
bolt 3 in the piston 4 is achieved by means of a fixed
prism 5, Fig. 5.

Tolerances the elements are determined by the relations

(

TA = TA + TA + TA + δγ = TA + d
R
1
2
3
1

(

''

)

)

d' ' / 2 +

d

TB

= TB + TB
1
2

(17)

TΔ ∑ =
=

(16)

/ 2 + T A 4 + δγ;

+ d0

R

'

[

'
TA + (d
d' ')/ 2 + (d 0
1

2
2
d )/ 2 + TA + δγ ] + (TB + TB ) ;
4
1
2

(18)

''

 E   min  r ;

(21)

(19)

In this case, the error angle  will be:
δγ =

(l / 2 + L)s '
l

(20)

where:
d ' is the diameter of the bore in the piston where is
fitted the bolt;
r – the radius of rounding chamfers the bolt;
dt – the diameter rod;
L- the distance from the end of the pivot to the end of
the rod;
l – the distance between the ends of the pivot;
s’ – the play between the rod and piston bosses;
d’’ – the diameter’s bolt
Tolerance T  can be a very small size, which

Fig.5. The mounting of the bolt in piston with help a fixed
prism.

is determined by adding his   , in this case impair the
quality of assembly of the product quality no is longe of
quality, namely in the process of the pressings bolt
under action force punch is possible the deformation of

1

As it can be seen in figure, instead the rod of centering
is using a dorn whose diameter is equal to the rod
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diameter. On this mandrel is mounted upper prism 2,
and the two surfaces of the prism will coincide with the
dorn generatrix, after which the prism position in the
device shall be fixed. The size of displacement the
generatrix of the piston 3 and bolt 4 is calculated, in this
case, according to the equation:
Δ ab =

d

'

d
2

''

1
sin α

1

schemes studied during assembly of the type piston - rod,
we can draw the following conclusions:
1) the contact between surfaces parts assembled it
make on the shortest path by determining the
shortest chain of sizes, excluding the influence
of errors most elements of orientation and
initial fixation; propiu center said in such cases
will play the role the searcher which directs and
fixes the pieces on their contact surfaces;
2) assembly process can be studied as a problem of
surface area, whose solution has with purpose
obtaining the coincidence surfaces parts that
are assembled and the position their reporting.
3) The using the shortest path at assembly allows
to increase tolerance at dimensions the device
of orientation and mounting of machine of
assembled, tolerance which enters the
calculation of the chains of sizes;
4) regardless of the orientation and fixing scheme
chosen, the contact surface parts is possible
provided two displacement and two rotations of
the piece moving in her limits no coincidence
errors.
Taking into account the the last two cases presented to
mounting the bolt in the piston with help the devices
with fixed prisms
or mobile prisms, it may be
concluded that at the automatic fitting, in cases where the
the parts that touch on the cylindrical surfaces and have
chamfers of very small size, will can be used as element
of fastening and orientation, the fixed prism or the
adjustable prism, which allows to completely exclude
unwanted deformations of parts and deformations
cylindrical surfaces at the ends of the piston.

(22)

The lower prism 5, which has the possibility of
displacement and rotation in two directions enter in
contact with the bolt 3. Under the force of a coil spring,
the lower prism tighten the bolt in device. After replacing
the mandrel with rod of centering, the bolt 3 installed
with the punch 6 on the prisms 2 and 5, will retain the
position shown in Fig. 5. And in this case, before
pressing the bolt in of the ends piston holes, will ensure
guaranteed game between the surfaces thereof in any
section, whose size shall be determined according to the
relation (22). Thus, the mounting will be done without
piston deformation and without cylindrical surfaces
deformation at piston ends. After installing prism 2, the
end of the rod, at the repeated mounting, will retain
previous position. This thing constitutes the deficiency
the studied scheme of orientation and fixing.
In the case adjustable prism, Fig. 6, at every exit
motion of the rod of centering 1, the prism 3 is rotating
and is moving and it presses with its surfaces on the rod
generators 1. For this reason, for fixing is needed of the
feather 4. The inferior mobile prism 7, under the action
of helical springs will push the rod in down.
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III. CONCLUSION
The study of chains of sizes that form at the assembly
of various parts of rod-piston type, helps in choosing the
shortest routes and assembly and at the tolerance
increasing or decreasing device dimensions of guidance
and fixing. From the analysis of orientation and fixation
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equilibrated masses generators: power 0,75 (kW), speed
960 (rot/min).

Abstract—Separator type machines are used in food
industry to separate useful parts of poly-granular materials from
impurities. Most of their kind are vibratory machines that have
a specific motions directed with non-equilibrated masses
generators. Work paper presented in the following is about
vibrations measurements in order to establish that specific
motions of these machine types. An original measurement
hardware system is used next to specific programs for
processing data that are obtained in order to detect motion
trajectory along with transmitted vibratory motion to the
ground. Conclusions drawn are that supporting elements are
good both for motion sustainability and for damping of the
transmitted vibrations to the ground.
Keywords—vibratory machine, separating
supporting elements, elastic and damping properties

II.

In order to study the vibratory motion acceleration of
the separating machine MTRA 100/200 presented in
former paragraph of this paper, experimental
measurements have been made. The measurement system
consists of:
1) accelerometer MetraMess KD 32 (50 (mV/g))
2) data acquisition system National Instruments PCI
1200
3) external signal amplifier interface
A special data acquistion program was written in C++
for primary data acquiring and results of the
measurements were processed in specific data files in
MATLAB.
Measurement points distribution is given in Fig. 1,
with blue color, and details containing position,
measuring direction and name of the data file which
contain information is given in Fig. 3 to Fig.17. Data
acquisition for one point has been done several times
keeping at least two of the already acquired data files.
The measuring system is presented in Fig. 2 where
details concerning signal amplifier interface model are
given. During measuring the machine was in stable
functioning, in working parameters.

machine,

I. INTRODUCTION

A

separator type machine is used in food industry
to separate useful parts of poly granular materials
from impurities (cleaning process)
The specific motion is produced using generation with
non-equilibrated masses generators. This motion actuates
a sieving box designed for poly granular material
separation which is supported by the machine frame [1].
For this, supporting elements, are used with elastic and
damping properties, necessary in motion support, [2].
The machine structure is presented in Fig. 1. From the
point of view of [3] this machine is classified as a monomass vibrating machine with motion in one direction,
with two generators with non-equilibrated masses.
Technical characteristics of the generating system are
given by the two electric motors drive of non-

1

ACCELERATION MEASUREMENT OF SEPARATOR
MTRA 100/200

273

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania

Fig.1. Detailed drawing with measuring point positioning [4]

system: 5 – accelerometer MetraMess KD32; 6 – PC
system including data acquisition system National
Instruments PCI 1200 [5]; 7 – external amplifier interface
Primary data obtained have been stored in data files
and then processed and transformed in data files specific
to MATLAB with a data reading program [6].

A conclusive image is presented in Fig. 2 where one
may observe the measuring system. The experimental
setup consists of the following elements: 1 – sieve box
which is working body; 2 – elastic damping supporting
element; 3 – supporting fixed frame; 4 – generator with
non-equilibrated masses and elements for measuring

a)
b)
Fig. 2. Picture relevant moment of the vibratory motion of the machine measuring accelerations

simultaneously for two of the files with acquired data for
two perpendicular directions of the same geometric point
and therefore the plane trajectory of vibratory motion is
drawn.
Acquired signals are grouping in relation with
acquisition point position in:
1) group of two (1–X, 2–Z); (5–X, 6–Z), consisting of
points on the support bridle of the sieve box on the

III. DATA PROCESSING AND RESULTS
The obtained data have been processed with a program
written in MATLAB R2009. The program filters
acquired signal, retain obtained data for the filtered
signal and integrates data to obtain displacements and
eventually evaluate a spectrogram. This analysis is made

1
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supporting rubber elements: (E) evacuation, respectively
(A) admission on longitudinal direction X respectively
vertical direction Z (Fig. 3 to Fig. 10)
2) group of two (3–X,4–Z); (7–X,8–Z), consisting of
points on the fixed frame of the machine which supports
on supporting elements sieve box: (E) evacuation,
respectively (A) admission on longitudinal direction X
respectively vertical direction Z (Fig. 11 to Fig. 18)
3) group of two (9–X,10–Z); (11–X,12–Z), consisting
of points on the sieve box: between (E) evacuation and
center of gravity CG, respectively between (A) admission
and center of gravity CG, on longitudinal direction X
respectively normal direction Z,
4) group of points (1–Y), (5–Y), (Y middle), consisting
of measuring points that complete study of vibrations on
supports and sieve box on transversal direction.

Fig. 6, Spectrogram of the used signal in measuring point 1

Fig. 7 Acquired signal in measuring point 2

Fig. 3 Acquired signal in measuring point 1

Fig. 8 Used signal in measuring point 2

Fig. 4 Used signal in measuring point 1

Fig. 9 Filtered signal in measuring point 2

Fig. 5 Filtered signal in measuring point 1

1
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Fig. 10 Spectrogram of the used signal in measuring point 2

Fig. 14 Spectrogram of the used signal in measuring point 3

Fig. 11 Acquired signal in measuring point 3

Fig. 15 Acquired signal in measuring point 4

Fig. 12 Used signal in measuring point 3

Fig. 16 Used signal in measuring point 4

Fig. 17 Filtered signal in measuring point 4
Fig. 13 Filtered signal in measuring point 3

1
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Fig. 18 Spectrogram of the used signal in measuring point 4

Fig. 21 Obtained trajectories for first measuring from
measuring points 5-X and 6-Z

Fig. 19 Obtained trajectories for first measuring from
measuring points 1-X and 2-Z

Fig. 22 Obtained trajectories for second measuring from
measuring points 5-X and 6-Z

Fig. 20 Obtained trajectories for second measuring from
measuring points 1-X and 2-Z

Fig. 23 Obtained trajectories for first measuring, from
measuring points 9-Xl and 10-Zn

1
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the post-resonant regime of the machine.
Analyzing spectral data presented in Fig. 3 to Fig.18
results the following:
1. in measurement points localized between supports from (E)
evacuation and (A) admission spectrum values are higher
on longitudinal direction (X) then that on vertical direction
(Z)
2. in measurement points localized between center of gravity
CG and evacuation (E), respectively admission spectrum
values are higher on longitudinal direction (X) then that on
vertical direction (Z)
3. generally, spectral values on vertical axes Z are decreasing
from evacuation (E) towards admission (A)
Fig. 24 Obtained trajectories for second measuring from
measuring points 9-Xl and 10-Zn

4. spectral values for measured signals of acceleration on the
transversal axis Y of machine are higher in generators
zone, close to center of gravity (CG)
5. spectral values of vibratory motions transmitted to the fixed
frame both in longitudinal direction X and vertical
direction Z are diminished, indicating a good damping
effect by the supporting elastic and damping elements
6. vibrating motions of the working body of the separating
machine after signal integration presents trajectories as in
Fig. 19

We may conclude from the study of measured data
that the support structure, have very good characteristics
for the vibratory motion of the separating machine
operation.
REFERENCES
Fig. 25 Obtained trajectories for first measuring from
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Fig. 26 Obtained trajectories for second measuring from
measuring points 11-Xl and 12-Zn

IV. CONCLUSION
There have been analyzed the spectrograms and the
most important data localized around the frequency of
16,33 Hz, a frequency responding to working speed of
the non-equilibrated mass generators taking into account
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liaison that are encountered in presenting the dimensions
between subassemblies of the car [4] - [5]. For this
reason, in this work are shown various devices for the
assembly of pieces of revolution ( shaft, bushes etc. ) as
well as the chains of size what is formed in the case of
schemes of attachment and their orientation. The pieces
assembly are made with the aid the rods of centering,
prisms fixed and prisms mobile, in the work being
presented the scheme of fixing and guidance to the shaft
and the bushing at automated assembly on horizontal.
The study the chains of size, that themselves form at
the automated assembly of different parts, is needed as it
helps to choose the shortest path of assembly and the
increase or decrease tolerance of sizes of the device of
orientation and fixation of various parts used at the
assembly devices [6].

Abstract— In this paper are presented and studied the
chains of size that himself form to the automatic assembling of
parts of the rotation. The assembling the parts are made with
centering rods, prisms fixed and prisms mobile. The position of
the assembled parts will be determined by the shortest chain of
size and the influence of rotations relative on the precision of
coincidence of the parts that themselves touch will be
practically excluded.

Keywords: chain of sizes, devices assembly, tolerance

I. INTRODUCTION
he importance of studying chains of sizes is
present and in the case's designing, installation
and functioning of the joining devices. These
chains dimensions are seen as some spatial chains of
sizes. Spatial chains of sizes represents the technical
device which the quotas an assembly it transforms
succesive at subassemblies and parts so as to enable
achieving the initial conditions of parts and intermediate
conditions of subassemblies [1] - [2].
A classification a the chains of size encountered in the
specialty literature is it after membership at piece or at
ensemble. Here it can distinguish two types of chains of
sizes, namely: chains dimensions of the parts taken
individually – these chains of sizes determines partially
or totally, the size, shape and position of surfaces of a
piece
(these chains of sizes are obtained at the
processing ) and chains of sizes at assembly (obtained at
the assembly) [3]. The chains of sizes of assembly
determined, in part or in whole, the position of parts in an
assembly, these are divided into: the chains of sizes of
assembly determined, in part or in whole, the position of
parts in an assembly, these are divided into (for example,
realization of the assembly of the shaft-bore with game
or with tightening, and refers to the chain of dimensions
of assembly formed only of two parts; realization to a
three-jaw chuck and refers to the chains of sizes of the
assembly formed of several pieces) and chains of sizes of

T

1

II. REGARDING FORMING CHAINS OF SIZE AT DEVICES
OF ASSEMBLING PIECES OF REVOLUTION
During the moment of assembly between the a shaft
and a bushing, Fig. 1, the forces which enter in action can
be expressed in function of:

Fig. 1. The forces that occur during the moment of the
assembly.

P ≥ T + Gtg( + ρ) + μG

where: P is the force of assembly;
T – the pressing force of the edge;
G – force of gravity of the bushing;
φ - edge angle of the shaft;
ρ – the friction angle;
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μ - the coefficient of friction.
During the joint, the bushing slides with her edge on
chamfer of shaft, and the prism pressed with force P until
generator surfaces
of shaft coincides with
those of bushing. During the sliding, assembly force
reaches a maximum, and then decreases rapidly. The
amount of force F is directly proportional to
the error of the orientation and inversely proportional to
the size of the pressing force P of the mechanism
of the prism. From the formula represented above is
observed that when known quantities G, μ and F is easy
to determine the force of pressing on the prism.
A device for orienting and fixing the cylindrical parts
which are to be assembled, it is shown in Fig. 2. In this
case the accuracy of the relative position of the parts
assembled is influencing the degree of coincidence,
deviations the shaft and respectively deviations the
centering rod.
At the automatically installing in cases where the the
pieces that themselves touch on the cylindrical surfaces,
and they are chamfers of very small size, is will maybe
used as
orientation element and fastening element,
the prism fixed or movable, which makes it possible to
completely exclude the unwanted deformations of
pieces and some
deteriorations of surfaces. By
presenting chains of sizes (linear, angular) wich is
formed, it can determine the precision of the coaxial parts
which are assembled as well as the precision their spins.

condition to the attachment pieces in such devices is the
presence the holes of centering at the shaft that is to be
assembled.

Fig.3. The position the assembled pieces, in the case when
you the report l / d> 1.

In the case these devices, the report the length of the
sleeve as against the inside diameter is l/d>1, and in that
case, the materialization the base of touch to pieces
themselves can present in the form of schemes, Fig. 3 a,b
and c, where the support points are materialized on the
edge of the punch, respectively on the prismatic support
which is located in the bottom of the device. (Fig. 3 –
a,b) and 2-bor on part lateral (Fig.3 -c).
The determination the chains of size themselves make
with the relations:

Fig. 2. The schemes of orientation and fixation of pieces
assembled with help the centering rods.

d0

d
2

and

α2

βR = β2

β1

(3)

A2

(4)

TA  TA  TA
R
1
2

- represent the tolerance between

the holes in plate and bushing.
The rod's diameter is given by relation:

When using the such a device, the precision of
coincidence of the pieces that will assemble will be
determined by the shortest chain of size. A necessary

1

α R = α1

AR = A1

(2)

+ c1 + c2

A3
A3

A2

In Fig. 4 is presented the scheme of orientation and of
fixation at the fitting the block the chain of roller. In this
case non coincidence between of the holes in plate and
bushings, it will determine with the chain of size:

The position the assembled pieces will be determined
by the shortest chain of size, and the influence the
rotations relative on the precision of coincidence a the
pieces, that themselves touch will be practically
excluded. In this case, the diameter of the centering rod is
given by the relation:
dt ≤ d0

A R = A1 + A 2
BR = B3

d t = do
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TA = TA + TA =
R
1
2

d0 max

dt

2

respectively bushing at the automatic assembling on
horizontal. Also are shown and the chains of sizes which
it form: A, B, α and β. By those chains of sizes (as we
said) it can determine the precision of the coaxial parts
which are assembled as well as the precision their spins.

(6)

+ eb

Fig. 5. The scheme of orientation and fixation the shaft and
the bushing at the automatic assembly in the horizontal plan
and presentation the chains of sizes A,B, α, β which it form.

In this case, we have:
A R = A4 + A5 + A6

A1

A2

(8)

A 3;

(9)

B1 ;

BR = B2

Tolerances the resulting elements are given by the
relations:
TA =
R

Fig. 4. Scheme of orientation and of fixation at the fitting
the block the chain of roller

TB

For the contact between plates holes and bushing
must respect the condition:
TΔ ∑ = TA
≤

d0

db
2

R

= TA + TA =
1
2

d 0 max
2

dt

+ eb ≤

R

TD
B
2

+ l1 +

d0

dB
2

+ TA

3

+ l2;

(10)
(11)

= TB1 + TB2 ;

The tolerance T is determinate with relation [7]:


TΔ =
∑

(7)

+ c1 + c 2

TD
B
2

+ l1 +

d0

dB
2

2
+ TA

3

+ l2

(

+ TB + TB
1
2

)2

Δ E = Δ min + TΔ ε ;

The study the chain of size A, B, α and β which
themselves determined by the position of pieces in
contact is easy to observe that the position of the bushing
compared to the shaft, are influencing widening the
bushing, the errors outer surfaces of bushing and of
shaft, perpendicularity the edges pieces compared to
their axes.
For parts that are assembled with the game, without
sharp edges beveled, in the absence of the coincidence
of the edges of the contact surfaces, it obtain a rigid
closing force, and at increase the assembly forces can
take place the crushing
or cutting edges, after which
the assembly force disappears quickly.
Are further presented modes of assembly of cylindrical
parts (the assembly between the shaft and the bushing),
modes of orientation and fixation of their in the special
devices and
calculating the chains of sizes which
it form during assembly. In Fig. 5 is presented a
schematic of orientation and fixation of the shaft

1

(12)
(13)

In this case, rod diameter will be given by:
d t = d 0 min

where: Td

B

(Δ min

TΔ ε )

(14)

it is the tolerance the shaft diameter;

D01 , D02 - the diameters of the holes corresponding the
bushing and the shaft;
TD
B

- the tolerance of the outer diameter of the bush;

TA , TA , TB , TB 3
4
3
4

tolerances the basic elements;

e - the size of concentricity of the bushing.
Because the axis of the shaft coincides with the axis of
the bushing is necessary for the bushing to be displaced
and to be able to rotate within the tightening, and for this
thing the diameter rod of centering dt must shall be less
than the hole diameter bushing:
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d t ≤ d 0 min

Δ min + TΔ ∑

surfaces with very small sizes of the games due the
chamfers.

(15)

When at assembling, generators surfaces the shaft
coincide with those of bushing, the latter will be
fixed, oriented and centered with help the centering rod
whose diameter is determined by the relationship 15.

III. CONCLUSION
From analysis the schemes of guidance and of:
a. fixing studied is resulting that: the contact between
surfaces of parts assembled themselves make on the
shortest path, by determining the shortest chain of size,
excluding the influence of the errors elements of initial
support, the center itself in such cases will play the
seeker role which orients and is fixes the pieces on
their surfaces of contact;
b. the assembly process can be studied as a problem of
surface whose solution aims at achieving coincidence the
surfaces pieces which themselves assemble and the
position of reporting their.
The use the shortest path to the assembly allows to
increase tolerance at the dimensions devices of
orientation and fixation of the machine of assembled,
tolerance which enter in the calculation the chains of
sizes.
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perimeter. Fig. 1 shows the annular surface area 6 in
contact with the ball throughout the rolling, given that
the ball will run a continuous oscillation motion as
against the annular wall.
When getting in contact with the wall the electrical
polarization of the ball will be similar to the wall, the ball
will move away from the wall. Afterwards, due to
electric polarization losses through the dielectric glass
and air the, the electric loading falls, and the ball will
start to be attracted by the annular wall.

Abstract—Rolling elements driving the electrostatic
engine rotor perform a complex mechanical motion
under the forces exerted on them. This motion has
repercussions on the motion collector geometry that can
diminish the action of the rolling elements. Setting the
rotation axis, its precession, the directions of the
elements and the axe precision will determine the shape
of the motion manifold.
Keywords— electrostatic, electrical field, electrostatic
effects, motor, propulsion
I. INTRODUCTION

T

HE basis of the electrostatic motor operating
principle is a propulsion phenomenon that is
currently not fully elucidated. It was highlighted an
electrical interaction that occurs between a circular metal
wall 2, see Fig. 1, charged to a positive high level
potential i.e. several kilovolts, and a metallic spherical
body 3, placed inside and in contact with this ring;
obviously the latter is loaded at the same potential as that
of the metal ring.
The ring is placed on a glass plate and it is keeping a
distance from the plate 1 by means of three supporting
legs. Below this plate there is the negative load plate 4 of
the spatial capacitor condenser thus formed as against the
metal ring. In this context it is clear that from electrical
point of view between the positive load plate, the metal
ring and the spherical body the Coulomb force
interaction occurs which initially tends to push the ball
located near the wall, [1].
In terms of physics this would be the phenomenon one
would reach at least theoretically. In reality there is an
interaction between the electric field generated by the
spatial capacitor format and the spherical body surface
charged at the same potential, at least at the beginning.
The phenomenon appears to be complex given that the
distribution of charges on the spherical body is
influenced by both the upper ring and the same capacitor
plate, focusing on the difference in geometric shape of
these fittings; the fact is that the spherical element will
perform a rolling circular motion on the metal ring inner

1

Rmax
Rmi
n

6
1

2

3

4

5
DCV
1,8kV

Fig. 1. Components of experimental stand.

The process described above is virtually the way the
spherical body would move in the inner perimeter of the
upper ring, as shown, contact between the spherical body
and dielectric from above 1, and see Fig. 1; the contact
between the spherical body and the above dielectric 1
being made on the annular area showed in the same
figure. Thus, the spherical body performs a continuous
oscillation in this area under the effect of both the
Coulomb interaction force and centrifugal force, [2].
When Coulomb force is higher the rolling element
moves inside the ring to Rmin, see Fig. 1. In this process
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now directed towards the inner part of the metal ring, the
centrifugal force being probably slightly diminished by
the contact with metal ring wall, [5].

and due to electric polarization losses, the spherical body
decreases resulting in both an electrostatic attraction
between the metal ring and a decrease of the spherical
body load and thus causing an electrostatic attraction
between the metal ring and spherical body while the
centrifugal force is driven outward, towards the metal
ring. Now the spherical body is directed accordingly
even slightly hitting the metal ring loaded to its full
electric polarization. Obviously the element will now be
loaded to the same level of electric polarization which is
why the repulsion reaction force occurs again between
the metal ring and the spherical body which makes the
above mentioned phenomena to resume, [3].
Throughout this route the spherical body rolls over
upper dielectric glass. This rolling is basically generated
by the interaction between the electrostatic field
generated by the spatial capacitor condenser and the
distribution of electrical charges on the surface of the
rolling element. Unfortunately this phenomenon is
currently not precisely elucidated in terms of
responsibility for generating the spherical body rolling
moment.

Δθ

R
Rmax-Rmin=arc{AB}

B

A

3a
6
ωR

2
3b
b7

1

3

4

5

Fig. 2. Nutation of the ball own rotation axis.

According to Fig. 2, one may notice the two limit
positions of the ball, the 3a outside position see Fig. 2
also showing the ball position on the trajectory by the
inner circumference of the metal ring, representing the
maximum radius, Rmax. The corresponding inner position
of the same ball 3b in the Fig. 2, when pushed by
electrostatic repulsion reaction gets on the trajectory of
the minimum radius, Rmin, as shown in Fig. 1. Meanwhile
the ball is rolling by the inner perimeter of the metal ring
ωR at angular speed, moving away from it at R min and
colliding with it at Rmax, respectively.
The difference between the two radii is equal to the
circle arc AB shown in Fig. 2, respectively, and with the
segment corresponding to the supporting points of the
balls in the extreme points in terms of the distance from
the metal ring.
It is assumed that the oscillation of the ball’s own
rotation axis in the plain of Fig. 2 is performed by a pure
rolling without slipping over the upper dielectric 1 shown
in Fig. 2. The equality suggested in Fig. 2 regarding the
congruency of measures between the arc AB, and the
difference between the Rmax and Rmin radii results as a
first consequence of the rolling without slippage of the
ball between these two positions.
Thus one could speak about a combined rolling, one
carried in the plain perpendicular on the upper insulator 1
in Fig. 2, which is identical to the figure plain and a
second rolling driving the propelling of the ball by the
inner circumference of the metal ring, motion carried out
through the rolling circle, the circle 5 for the position 3a
and the circle 6 for the position 3b as shown in Fig. 2,
which was seen above as varying depending on the ball
own axis of rotation oscillation. The rolling circle having
the maximum diameter for the corresponding position 3a,
see Fig. 2, and 3b for the position generating the small
rolling circle 7, see Fig. 2.
The observation is valuable and implies the possibility

II. EXPERIMENTAL CONSIDERATIONS
The motion of approaching to and moving away from
metal ring is caused by Coulomb interaction force
overlapped with the centrifugal force underwent by the
rolling body. It was experimentally proved that this
oscillation as against the metal ring occurs by Rmax to
Rmin radii as shown in Fig. 1; it is noted that both forces
show strength variation which causes the rolling of the
body in plain, see the bottom of Fig. 1.
The potential of the ring 2 and the ball 3, shown in
Fig. 1, are the same in the case when they are both in
direct contact, reason for which the electrostatic
repulsion reaction pushes the rolling element to the
center of the metal ring. Meanwhile, the ball rolls
obviously on the upper surface of the dielectric 1, see
Fig. 1, while gradually loosing its polarization potential
by loosing electric charges through dielectric and air, [4].
During this time the rolling circle guiding the roll
motion is becoming shorter and shorter in terms of length
by changing the axis of rotation of the rolling body,
which reduces the motion speed on the body trajectory.
At this moment a return of the ball rotation axis occurs
due to electrostatic interaction between the metal ring
and rolling body. Since the electric charges on the ball
surface are now decreasing ball is attracted to the metal
ring.
Moreover by changing the position of the axis of
rotation of the ball, the circumference of circle according
to which the ball is rolling increases which leads at its
turn to an increase in the rolling speed over the inner
circumference of the metal ring, and the increase of the
centrifugal force. Now both forces are guided toward the
metal ring, the ball rolling towards and colliding with the
metal ring. Following this contact the electric
polarization potential of the ball is restored, the
electrostatic repulsion reaction occurs and the latter is

1

ωb

ωb
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of approximate calculation of both the positions of balls’
own axes of rotation and rolling circles of course. This is
an important factor in establishing a correlation between
the speeds of a rolling body by the inner perimeter and
determining roughly the rolling body’s own rotation. At
the same time this observation provides the opportunity
for comparison between the values determined from
geometrical reasons and the experimental ones.
Obviously the inevitable questions that arise is how the
balls’ rotation by the metal ring circumference is
influenced depending on the diameters of these two
elements and whether there is an optimum speed of
rotation by the inner perimeter of the metal ring.
The fact that the ball is drawn to and then rejected by
the metal ring wall is to some extent explained above, but
it is far more difficult to explain which is the factor
driving the rolling along the inner perimeter of the metal
wall, and which is the phenomenon responsible for the
occurrence of ωb in Fig. 2.
Rolling phenomenon was experimentally proved to be
precisely generated by a rolling moment generated in the
ball. Therefore, if on the surface of the insulator 1 see
Fig. 2 a silicone droplet was poured, for example, and
was scattered throughout the metal ring area 6, the above
phenomena do not occur anymore.
Therefore the frictional forces between the ball and the
upper glass insulator have a clear role in rolling, acting as
conditioning factors.
The interaction between the charges accumulated on
the ball and the potential of the metal ring should
obviously exist; the existence of the plate 4 in Fig. 2
makes the load distribution on the surface of the ball
complicated and influence the distribution of charges.
Moreover, every ball points during its own rotation and
motion by the inner perimeter of the metal ring are
generating in terms of charges distribution other charges
distribution, [6].
The continuous movement of charges on the surface of
the ball generates, perhaps varying strength currents that
can interact with the electric field of the spatial capacitor
condenser formed by the following: the ring, the upper
plate 2, the glass insulator upper glass 1, the lower plate
4 and the lower glass insulator.
The Ball motion itself distorts local distribution of this
field. In conclusion the moment generating rolling should
appear on the rolling body which is when the frictional
forces have a decisive role in this case above.

perimeter of the metal ring, it is clear that the motion of
points on the surface of the ball will generate a
continuous reorganization of electric charges on the
ball’s surface according to laws of electrostatic force.

z2
ωR

z1

θ

N

z
y

y2
ψ

x2
φ

x1
x
Fig. 3. Adequate systems for the motion of a steady point on
the ball surface.

This continuous reorganization of charges on the ball
complex moving surface described above generates
virtually shifts of charges that can be considered as
currents.
Their interaction with the electric field of the electrical
condenser might be responsible for the effective
propulsion of the ball. Of course the above is an
assumption to explain the propulsion phenomenon.
As shown in Fig. 3, there are presented the reference
systems proposed to formulate in order the law of motion
of a point on the sphere; the system Ox2y2z2 which is in
the center of the metal ring 2 in Fig. 2, which is a system
positioned at an equal distance to the radius of the ball as
against the upper glass insulator 1 as shown in Fig. 1 and
Fig. 2. That makes that the plain x2Oy2 includes the balls’
center of gravity during the ball movement. This system
is considered fixed, firmly attached to the stand.
The system
has a rotating axis
and
the rotating angular speed φR equals ωR which is the
balls’ rotation speed inside the metal ring.
The axis
is geared towards and passes
permanently through the ball’s center of gravity, which is
valid in case the latter would rotate by the ring at
constant rotational speed which is considered
theoretically permissible.
The system O1x1y1z1 originated in the ball’s center of
gravity and moves with the ball inside the metal ring but
its axes remain permanent in parallel with the system
; therefore these two systems rotate in parallel.
Compared to the latter system presented above and
taking into account the movements made by the rolling
body, it is considered useful to approach the issue via the
Euler angles, considering that the ball makes its own
rotation around its own axis denoted obviously by φ.
Nutation described in the previous paragraphs and
caused by centrifuges by electrostatic forces occurs as
shown in Fig. 3 in the plain of the axes z1zx1, which is a
perpendicular to the plain nodes denoted N, [7].

III. MATHEMATICAL MODEL
Formulating the law of motion for the points on the
surface of the rolling body is an important step forward
in the study of the interactions between ball surface
charges and the electric field generated by the electrical
condenser.
Especially when taking into account that a steady point
of the ball has the rotation motion around balls’ own
axis, which coincides with the rotation of the inner

1

y1

285

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
The peculiarity in this case is the fact that at
least accepting the hypothesis that there is no movement
of precession of the own rotation axis, as shown in Fig.
3, it results a constant precession angle.
These four systems offer the possibility of writing the
law of motion as vector for a steady point motion on the
surface of the rolling body.
Given the simple geometric constructive elements, the
ball’s own rotation speed can be determined quite
accurately, in other words φ is known. As nutation takes
place in the plain of the axes z1zx1 it becomes virtually
an oscillation of its own rotation axis, the axis tilting
from the position of contact of the ball with the wall of
the metal ring 2, as shown in Fig. 2, from 45° up to even
a 90° angle.
This phenomenon also depends on the constructive
geometric factors, and on the voltage used in the
experiment.
In conclusion the rotation matrices that ensure
smooth conversion from one system to another are
slightly simplified in terms of shape.
Homogeneous transformation between the
is given
coordinates of the systems Ox2y2z2 and
by the formula 1 below.

The transformation between the systems O1x1y1z1 and
Ox2y2z2, given the fact that the systems O1x1y1z1 and
are equivalent, having parallel axes is as
follows:
(5)
This being clarified and according to the formulas 4
and 3, the laws of motion is formulated as a vector, for a
fixed point on the ball surface.
IV. CONCLUSION
Tilting axis of rotation by shifting its direction requires
the changing of the constructive geometry of the rotor
and motion collector in order to reduce friction and
ensure the continuous propulsion.
The presence of currents on the ball surface through
the reorganization of charges during rotation of the ball
may generate the factor that propels the ball or
unbalanced electrostatic pressure on the ball surface
might be liable for this process, or ultimately these
varying currents could generate (through Lorentz effect)
the propulsion moment of the rotating body’s own
rotational axis.
Balls’ rotating and propulsion are performed at ball’s
level, if annular area between Rmax and Rmin radii in Fig.
2 is slightly greased the rolling does not occur. The
friction coefficient between the glass insulator and the
ball is responsible for rolling; in conclusion the rotation
moment occurs at the level of rolling body.

(1)

-

Simplified the above formula becomes:
(2)
Given these clarifications one could formulate the law
of motion of rolling body’s gravity center as the vector
equation corresponding to the following formula (3).
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the performance of people in an organization and the
relationships between them.
The activities of engineer economists are ubiquitous in
human resources system in any organization regardless of
its size. These activities are ways to accomplish specific
objectives of human resource management. They focus
on achieving consistency employee-job trying `to fit`
skills and motivation to employee demands and rewards
of a job. Engineer economists exerting these activities
must comply with policies and procedures regarding
personnel management.
Company HR activities can be grouped as follows:
organization staff; human resource planning; staffing;
human resource development; relationships with
employees and unions; terms and conditions, creating
good work conditions; rewarding employees.
Engineer economists in the fields of electric, electronic
and energy can access the HR system offered by a
company and submitted in COR (Classification of
Occupations in Romania) and the National Register of
Qualifications in Higher Education, namely: human
resources specialist (higher education); human resources
referent (higher education) [1].
These occupations and respective activities are
accessed by engineer economists in the fields of electric,
electronic and energy because they have acquired during
their initial training professional skills following
"performing
calculations,
demonstrations
and
applications for solving tasks specific for engineering and
management based on knowledge of basic sciences and
engineering ", "developing and interpreting technical
documentation
and
management",
"planning,
programming and management of enterprises and
networks associated logistics and production tracking",
"development and evaluation of technical, economic and
financial level business phenomenon managing technical,
economic and financial "," technical design and
technological processes on the structures and systems in
the electric and electronic domains in terms of quality,
technical and technological design process industry
electrical, electronic and energy data in terms of quality, "
management and control of companies and specific

Abstract — The human resource representing the most
important factor of production in any human activity and recent
developments in both the national economy and the economies
of developed countries involve new skills needed by students
for careers and status of European citizens. Unfortunately a
growing gap is revealed between the skills and the title, the
content of courses that are taught and tested in universities, their
lack of innovation.
We believe, following our studies, that economic engineering
is one of the new skills necessary for survival in a subsistence
economy. The Romanian economy has changed profoundly
since 1989, meaning that Romania’s industrial infrastructure
was situated among the first 10 countries in Europe, and today
is one of the subsistence. These issues create opportunities in
the current configuration of the labor market, the occupations,
in the human resources system, of engineers and economists in
their formation as innovators.
Keywords - engineer economists, human resources system,
occupations,
professional
competences,
transversal
competences, national register of qualifications.
I. INTRODUCTION

I

N this analysis we took into account, on one hand the
importance of the human resources system in any
economic activity, and on the other hand the offer for
engineer economists in the fields of electric, electronic
and energy in the National Register of Qualifications in
Higher Education in regard to the human resources
system.
Studying the main work forms in a firm and processes
necessary to achieve its overall objectives, namely the
processual organization, lead to the results of this
organization, namely: functions, activities, duties and
tasks, for example: Petrom Bihor.
Human resources activities are vital to the success of
any business. Without capable employees, a firm
produces inefficiently and risks bankruptcy. Human
resources are one of the biggest financial investments of a
company. The activities of engineer economists in human
resources system are considered activities which optimize

1

287

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
processes: project management and enterprise in the
electrical and electronic fields"; transversal skills
"application responsibly, principles, norms and values of
professional ethics in professional tasks and identify
objectives to be achieved, the resources available, work
flow, run time, time to achieve and risks "identifying
roles and responsibilities within a multidisciplinary team
and application techniques and effective work
relationships within the team "," identifying training
opportunities for their development and efficient use of
sources of communication and training assistance
(portrait internet, specialized software, databases, online
courses, etc.) both in Romanian and in an international
language "[1].
In performing tasks within the activities of human
resources in organizations, engineer economists must take
into account that the specialists in economics and the
obvious reality argue that the world has changed, as'
economies of the West are down. In the US, the
combined rate of unemployment and employment in the
professional qualification is higher than 15% and in some
European countries the situation is even worse` [2]. Some
experts argue that the solution is to increase consumption
by spending money again, creating new jobs. Consumers
are no longer able to borrow as easily as in the past. They
live in insecurity to preserve jobs, their inclination
towards saving increased lately. It is not clear whether a
consumer economy and a sustained low unemployment
will return someday. Meanwhile politicians who are
involved or not in corruption, have heated debates about
how to reduce debt or how to stimulate the economy,
which would lead, in the short term, to an increase in
government debt.
But most experts agree that an economic recovery
depends on the creation of jobs, and more innovation and
re-industrialization in our opinion in which the new or
improved ideas of engineer economists are able to create
products and services able to deliver wealth and new
jobs. Businessmen, especially, say that we need more
young people that generally produce innovation in areas
like science, technology and engineering and also in the
human resources system.
Many experts argue that the so-called American
'education science, technology, engineering and
mathematics`
(STEM
education)
is
becoming
increasingly important. Of course, they argue that young
people need to be better prepared for the well paid job
and highly skilled. It is necessary for them to graduate
from high school ready for collage` 'and the graduates of
license and master degrees, can be prepared for the labor
market which requires superior training.
The tasks of engineer economists required in the
activities of the human resources system are in
accordance with the competencies listed that must be in
the job description. The job description is considered an
important management tool that helps to set clear tasks
and responsibilities of the job, so the occupant of the
engineer economist position is to know exactly what is

1

expected for the job; helps identify and develop the
knowledge, skills, abilities necessary for engineer
economists to fill that post; helps to create a clear and
concrete bases for comparing positions and determining
salary levels; helps to support employment decisions,
evaluation and promotion of engineer economists; helps
ensure compliance with legislation. It is a tool for
engineer economists to help them complete tasks within
the system of human resources.
Example of activity: stimulating team work and the
integration of new employees at Petrom Bihor.

Fig. 1. Recruitment activity chart at Petrom Bihor

II. FORMATION OF ENGINEER ECONOMISTS AS
INNOVATORS IN THE HUMAN RESOURCES SYSTEM
For over 25 years, there have been changes and
adaptations of specializations in higher education. Of
course, the target of these changes was to reach a more
and more modern education and increasingly correlated
with the economic and social Romanian and European
environment [3].
One of the remarkable features of this period is proved
by the tendency to raise the degree of synchronization of
the Romanian education with the world’s higher
education through another type of communication with
the economic and social environments. In this sense, we
can also talk about a continuous process of change in
Romanian education. The need for these changes wells
from coupling to a free market society that requires a
workforce with skills to match its continuous change of
the labor market, both internally and externally.
The evolution of specializations in Romanian higher
education is a clear evolution of the Romanian economy,
which in terms of industrial infrastructure (engineer’s
fief), situated, in the year 1989, Romania among the first
10 countries of Europe and which has become today a
subsistence economy.
We believe that the engineer economists specialization
from the field of study engineering and management, on
one hand as a requirement of the changing labor market, a
result of profound changes taking place in higher
education Romania, on the other hand, a response to
market demands changing work and at the same time
increasing the quality level of skills of managers and
engineer economists as an objective forming part of the
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innovation of success in the human resources system are
extremely important to their future. Creativity and
'ecosystems` of engineering economy students – parental,
educational and mentor influences are acknowledged by
them as (following discussions with them) as essential for
their development. They also said about teachers that they
have mentioned as extremely important for their
development, there are even models used by them. The
license program engineering economy in the fields of
electrical, electronic and energy as well as the masters
program management and communication in engineering,
even though they need to be improved to obtain
innovation skills they can lead to the formation of
specialists who can occupy positions in the human
resources system. Of course, employers always come up
with proposals that lead to innovation itself courses of
study programs.
Engineer economists in the activities of human
resources system have the opportunity to contribute to the
development of highly originator work in their fields and
in social innovation and entrepreneurship. They can
combine innovation with entrepreneurship, but being
aware that 'not all young innovators are entrepreneurs and
not all entrepreneurs are and innovators.
The skills of engineer economists in the fields
electrical, electronic and energy, both the professional
and the transversal, allow them to act as specialist with
higher education in the human resources system. This
occupation is found in the human resources department
and is represented, for example, by the Recruitment
Coordinator position. This post is found in large
companies. Small and medium enterprises have a
separate position for recruitment to selected employees.
Recruitment is searching and attracting activity, in the
organization, of a group of people able and interested to
fill vacancies within which the group can choose suitable
candidates for these positions [3], [5]-[7]. Engineer
economists, through the skill they’ve acquired are
specially prepared and before they trigger the recruitment
process, they must know the exact number of vacancies
(through the planning staff), their nature and
requirements (through a job analysis).
If the title of the job, within the company, accessed by
the engineer economists as specialist in the human
resource system, is not found in the COR, the code of the
title nearest from the tasks and responsibilities point of
view will have to be taken from the COR. On the
Recruitment Coordinator position, the engineer
economist answers to the Human Resource Manager and
manages
the Human Resources Analyst. He has functional
relations, collaborates horizontally, with all the
departments during the recruitment process.
The general purpose of the job is the innovation and
increasing the efficiency of the recruitment process to
ensure hiring and retaining the best candidates for the
company’s vacancies, according to its policy and culture.
The objectives for achieving the general scope are

mission of the associations and engineer economists from
Romania (AMIER) [4].
The need for higher training of human resources in the
field of engineering and management has become
mandatory as long as specializations in traditional areas:
machine building, mining, metalworking, electrics,
electro mechanics, food industry, textile, leather industry,
etc., have become less demanding on the labor market in
the context of the disappearance of industry activities [4].
Unfortunately, it is clear, as some experts have already
come to the conclusion that the human resource in higher
education prepared in Romania is not ready for the labor
market` ', nor' high school graduates are prepared for
collage`. In addition, the combined rate of unemployment
and employment under the qualification level, both in our
country and in many European countries is growing.
Solutions for healing the national economy is reindustrialization, request for more and more innovation.
Businesses increasingly require young people who
produce innovation in areas such as science, technology
and engineering. Or, there is also the training of engineer
economists as innovators in the human resources system.
Because they are well trained, after they acquired
professional skills and cross the undergraduate degree
programs and master, they must find paying jobs and to
motivate them to continue their work.
There is almost a consensus on the vital importance of
innovation in the current situation of the economy and
also to educate the youth of economic engineering
innovators to transform the human resources system. To
do this, the competencies that matter most to innovation
must be identified. The question is how teachers can
develop those skills of students of engineering economy
that matter most to their future as innovators in the
human resource system. Advocating the idea that the best
measure of efficiency is the performance of a teacher
student / graduate and retrieval to the labor market in
occupations with skills acquired is the criterion or
performance. However, we firmly believe in the
responsibility of each professor in regard to improving
the learning process. From experience we concluded that
those who draw policy and those who administer
universities, faculties, departments, programs of study
have to know the perfect type of education necessary to
promote students who think critically and creatively,
communicate effectively and collaborate instead of
getting good grades in examinations and verifications.
They should have ideas about what motivates students the
most to learn. We are not convinced that the tests and
courses which are still used by the ones who make the
policy as direction of the education progress, measure the
skills that matter most today. It requires more analysis of
quality training for engineering activities of the human
resources system and better sources to confirm the results
to contribute to the debate about the education of
engineering economy students.
III. ACTIVITY: SPECIALIST IN HUMAN RESOURCES
The skills required from engineer economists for an
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continuously studying the latest trends in the field of
recruitment innovation and adapting them to the
company’s specific; elaborating innovative recruitment
tools and methods to ensure attracting and retaining the
most suitable candidates in accordance with the real
necessities of the company; promoting the company’s
image through transparency, confidentiality and
transmitting real information.
The description of tasks, attributions, activities as well
as job responsibilities will be done based on the size,
specific and organizational chart of the company. They
may be different.

V. CONCLUSION
The human resources activities are vital for ensuring
the success of any business.
In performing the tasks within the human resources
activities, in organizations, engineer economists must
take into account that specialists in economy as well as
obvious reality argue that the world has changed.
The combined unemplyoment and empoyment under
the qualification level rates is increasingly higher, both on
the Romanian labor market, as well as in other European
states.
Engineer economists have acquired professional and
transversal competences to conduct activities in the
human resources system.

IV. HUMAN RESOURCES REVIEWER
The engineer economist in the activity of human
resource referent, within this system accesses the job of
Human Resources Analyst. If in the company’s
organizational chart the title differs from the one from
COR, the title from the COR must be mentioned in the
job description. In the case in which the title is not found
in the COR, the code from the COR for the title which is
the nearest from the tasks and responsibilities point of
view will be used. The Human Resources Analyst is
assigned in accordance with the company’s size, specific
and organizational chart within the Human Resources
department.
This position is one of execution and is found in the
relationship of subordination with the Human Resources
Manager, he doesn’t have subordinates. Functional
relations, of horizontal collaboration, are manifested with
all departments when the recruitment and the
performance evaluation processes take place. He
represents the company in consulting collaboration
relations with recruitment and selection companies,
consulting companies. In all of these the size, specific and
organizational chart of the company will be taken into
account.
The general scope of the position is the innovative
realization of the human resources activities (recruitment
and selection, performance evaluations, career
development, etc.) in the company, in accordance with
the policy and set procedures. Depending on the size,
specific and organization chart of the company, the scope
may differ. The job’s scope will be found detailed in the
individual labor contract (CIM) signed by the parties.
Depending on the size, specific and organization chart
of the company, the job’s objectives are established in
order to realize the general scope, namely: identifying the
needs and realizing the recruitment and selection
activities of the company’s employees; implementing
innovative performance evaluation and employee career
development systems.
The description of tasks, attributes, activities as well as
job responsibilities is done in regard to the size, specific
and organizational chart of the company.
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The most recent elements introduced in the pedestrian
safety are the pop-up hood and the airbag for the head
protection. One of the most important countermeasure
taken to reduce the head injuries of the pedestrians
caused by the impact with a vehicle is the pop-up hood.
The pop-up hood can be classified in two types,
depending on the activation time [3]:
Passive hood – when the contact of pedestrian enters in
contact with the front bumper
Active hood – it is activated before the contact between
the pedestrian and the front bumper takes place
Another classification of the pop-up hood is regarding
the reversibility:
Reversible – can be reset after the activation (manually
or automatically)
Irreversible – are for single use
A few types of the lifting systems of the pop-up hood
are the following:
1) Pyrotechnic lift system [4,[5]
A gas generator is used to lift the hood at the detection
of the impact between the bumper with the lower limbs
of the pedestrian.
2) Pyrotechnic-link lift system[6]
A gas generator and a link mechanism lifts the hood
when the impact of the pedestrian’s lower limbs with the
bumper is detected.
It is classified in passive and irreversible.
3) SMA Spring lift system[7]
The springs are released by SMA at the detection of
the impact between the front bumper with the
pedestrian’s lower limbs, and the hood is lifted. Can be
classified in passive and reversible.
Given the complexity of the collision of the vehicles
phenomena which is given by a variety of factors,
associated with vehicle manufacturing, the conditions of
the event, physical and behavioral characteristic of the
pedestrian, vehicle kinematics, vehicle dynamics, and on
the other hand requires the use of experimental research
results with theoretical models associated with collision.

Abstract—The purpose of the paper is to determine the
severity of the head injury during the collision of a vehicle’s
bonnet with the head of the pedestrian by using an experimental
test bench. In this research were used two types of bonnets: a
normal bonnet and a pop-up bonnet. Is intended to find the
differences in head injuries of a vehicle equipped with a pop-up
bonnet and a vehicle equipped with a standard bonnet.

Keywords—

collision, experimental test, hood, injury,

pedestrian

I.

INTRODUCTION

P

EDESTRIANS are the road users which are the most
vulnerable to serious and fatal injuries
Arregui et. al. (2010) published a study regarding the
hospital data received from eight european countries
which contain 10341 pedestrians with 19424 injuries.
The study reported that the traumatic brain injuries
represents 26% of all injuries while overall head injuries
are 33% of the total injuries [1].
The injury of the pedestrians as a consequence of the
impact with a vehicle results from a primary impact in
the lower limbs, and depending on the velocity, a
secondary impact occurs (head injury) with the bonnet or
the windshield [2]. Most of the injuries appear at the
level of the head and the lower limbs. These two areas of
the human body are subjected to the highest forces.
In figure 1 is presented the ratio of the pedestrian
fatalities in comparison to the total fatalities due to traffic
accidents [3].

Fig. 1. Pedestrian fatalities compared with the total fatalities
due to traffic accidents

1
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II.

EXPERIMENTAL RESEARCH

a) Used equipment
The purpose of the experimental research was to
determine the influence of the passive safety elements
(pop-up hood), upon the head injury severity in the
collision between a vehicle and a pedestrian.
In order to determine the head injury severity, were
performed 2 experimental tests on a test bench. The hood
was fixed on the bench on vertical plane, and on the
upper side of the testing bench was fixed a pendulum on
which at the lower end was mounted the head-neck
assembly of a dummy. On the test bench can be
performed tests both with pop-up hood and with normal
hood. One of the tests were performed with pop-up hood
and the other one was performed with the normal hood.
In Fig. 2 is presented the test bench.

Fig. 4. PIC DAQ system

Was also used a high speed filming camera, Casio
Exilim EX-F1, being able to record with 1200 (fps).
To have a good quality of the videos were used 4
spotlights. The model of the spotlights is HEPOL
WL1002 having a power of 400 (W) each.
b) Description of the two test scenarios
i) The first test using a normal bonnet
The hood of the vehicle was fixed to the testing
bench. The pendulum was lifted in the highest position
and released for the impact to take place. The kinematics
of the impact is presented in the Fig. 5.

Fig. 2. The test bench

The system was equipped with tri-axial
accelerometers, mounted in the head of the dummy, on
the pendulum bar and on the hood. In the following
figure it is presented the tri-axial accelerometers and their
mounting (Fig.3).

Fig. 5. Kinematic of the impact

After the test was performed, the following diagram
was obtained (Fig. 6). The peak value of the acceleration
was almost 30g, g being the value of gravitational
acceleration (m/s2).

Fig. 3. Mounting of the tri-axial accelerometers

To collect data was used PIC DAQ data acquisition
system, produced by DSD. This system is a platform for
data acquisition, where accelerations and angular
velocities can be used to describe the movement of crash
tests between vehicles, braking tests and vehicle dynamic
performance measurement. Has 3 sensors for measuring
axial accelerations and angular velocities 8 analog input
channels with 12-bit resolution and acquisition time can
be up to 300 seconds at the highest sampling rate (1
kHz). Data storage is done on the memory card and can
be recorded more than 500 tests.
In the Fig. 4 it is presented PIC DAQ data acquisition
system, produced by DSD.

1

Fig. 6. Acceleration diagram
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Having the acceleration of the head was possible to
determine the velocity of the head at the contact with the
bonnet. In the Fig.7 is shown the diagram obtained by
introducing the values of the head velocity.

also the mean value of the head acceleration is higher.
ii) The second test using a pop-up bonnet
On the bench were mounted two small pistons to
simulate the active bonnet, and the procedure used in the
first test was repeated, by lifting the pendulum to the
highest position, and released to impact the pop-up
bonnet.

Fig. 7. Velocity diagram
Fig. 8. The rest position of the pendulum after the impact

As can be seen in the previous figure, the head
velocity in the moment of impact was more than 40
km/h.
To determine the severity of the injury was necessary
to calculate the HIC (Head Injury Criterion) value. HIC
was introduced by NHTSA in 1972, and it is based on
the resultant of the head acceleration in a short period of
time. HIC is now a criterion in automotive industry in
order to assess the injury of the pedestrians in case of a
collision. This value is obtained by performing tests on
the dummies [8]. Usually it is calculated in a period of 15
(ms) (HIC15) up to 36 (ms) (HIC36). It was reported a
value of 1000 for HIC, where no serious injuries appear
[9].
In this experimental test, the interval used was the one
where the peak values of the acceleration were obtained.
In this interval, were calculated different HIC values, at
different time steps. The two most important values
obtained were the values of HIC15 and HIC36.
The formula used to determine the HIC values is
presented in (1).

In the experiment were obtained similar values of head
accelerations, but the duration of the impact was
different. In this case, the duration of the peak value of
the acceleration is shorter than in the previous case. The
reason of this phenomenon is that the piston which acts
like a spring pushes the assembly away from the bonnet
when the piston is completely compressed.

Fig. 9. Head acceleration diagram

In this case, the velocity in the moment of impact is
the same with first case due to the fact that the initial
conditions were not changed. The pendulum was
positioned at the same height, and it was released under
its own weight. The velocity in the moment of impact
was approximately 40 (km/h).
To be accurate regarding the obtained HIC value for
the second test, the pendulum was positioned to enter in
contact in the same area of the bonnet like in the first
case. Therefore will be used the same critical area for the
pedestrian’s head.
In the following figure it is shown the position of the
pendulum in the moment of the impact with the pop-up
bonnet (Fig. 10).

t2

HIC 151  max[(t 2  t 1 )(
t 1, t 2

1
a(t )dt ) 2.5 ]
t 2  t 2 t1

(1)

where:
t2 – final value of the time (s)
t1 – initial value of the time (s)
a(t) – the resulting head acceleration (g)
After performing the calculation for (1) a HIC value of
14,192 was obtained.
The time interval limits ∆t= t2-t1 has to be smaller or
equal than 0,015 (s) or 0,036 (s).
The obtained HIC result is a low value, and the
pedestrian should not be in danger in case of an impact. It
has to be taken into consideration that in this test, the
mass of the pendulum is not corresponding with the mass
of the pedestrian. A pedestrian has a mass greater than
the used pendulum, and the mass distribution is
completely different. Due to the greater mass, the
moments of inertia are higher in case of an impact, and

1
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but the duration of the acceleration. Therefore a shorter
amount of time when the pedestrian is subjected to
acceleration will lead to a smaller chance of a serious
injury (Fig. 11).

Fig. 10. The impact location

In order to determine the HIC value in the second case
was chosen the time interval where the contact between
the head-neck assembly and the pop-up bonnet took
place. Also in this interval, the peak value of the
acceleration was reached.
To compute the HIC values, was created a Mathcad
sheet, where input values were introduced. Were used
two matrices, one corresponding to the selected time and
one corresponding to head acceleration. These values
were downloaded from the PIC DAQ device. The next
step was to find the transposition of both matrices. After
this calculation, Mathcad was able to create the
acceleration diagrams presented above.
In this second case, the same formula was used to
determine HIC value.

Fig. 11. Acceleration comparison

In the second case the active bonnet decreased the
amount of time when the head was subjected to
accelerations, obtaining almost half of the HIC value
from the first test.
This research leads to the fact that the pop-up bonnets
are useful in case of an accident by reducing the risk of
an injury in the critical areas of the frontal part by
increasing the free space above the engine.
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1

Regarding materials, one research field is the
application of mortars with additives, such as expanded
polystyrene, expanded cork and expanded clay
granulates, and the comparison of the acoustic behaviour
of these solutions using a small-sized acoustic chamber
[8], [9]. For insulating applications, mortars have also
been reinforced with recycled tyres to reduce pollution
caused by noise [8]- [11].
From an environmental point of view, some works
have developed recycled and/or natural materials for
acoustic applications, such as corn cob particleboard,
kenaf’s fibres and others [12],[13].
Thermoplastic materials, such as polyurethane and
polypropylene, can be an alternative to available soundinsulating materials [14], [15].
Due to the shock absorption and isolation properties of
rubber compounds, several works have focused on
determining dynamic stiffness and damping [16]-[19].
In the present work, ethylene vinyl acetate (EVA)
samples of different densities and thicknesses were
manufactured. EVA has many applications, such as
hoses, medical tubing, greenhouse films, gloves, etc.
When foamed in the microcellular form, it can be used to
make parts of tyres, knee pads, flexible toys, sound
proofing for automotive use or sports items.
In this study, we were interested in making full use of
the acoustic and dynamic properties of EVA to find a
new applicability in insulating and conditioning
applications. To achieve the study aim, dynamic
stiffness, acoustic impedance and sound transmission
loss were the parameters used to evaluate the behaviour
of the test specimens.

Abstract— Ethylene Vinyl Acetate (EVA) foam is used in
fitness facilities floors because of its shock absorption and
isolation properties. Varying some material properties such as
density and thickness, a range of these materials have been
studied in order to evaluate their dynamic and acoustic
behaviour. Two material properties (dynamic stiffness, and
sound absorption coefficient) have been characterized
according to the corresponding standards: ISO 9052 and ISO
10534-2. The results provide useful information to evaluate the
influence of the density and thickness in the dynamic and
acoustic behaviour of these materials.
Keywords— Ethylene Vinyl Acetate, Dynamic stiffness,
Acoustic impedance.

I. INTRODUCTION
standards for the acoustic behaviour of the
BUILDING
materials used on pavement slabs and walls in
buildings are becoming more restrictive. Given these
requirements, interest in research and the development of
materials to improve acoustic insulation and conditioning
in buildings is increasing.
In architectural acoustics, the behaviour of materials is
defined mainly by sound transmission loss, acoustic
impedance and dynamic stiffness. The determination of
these parameters by means of different methods has
resulted in today’s standards.
The first method to measure the sound absorption
coefficient and the transmission loss factor based on
standard test method ASTM E1050 [1] was proposed by
J.S. Bolton [2], who provided two other microphones
located downstream of the sample and an anechoic
termination. Another noteworthy work is that of P.S.
Allan, which focused on investigating the property of
sound transmission loss (STL) in a series of polymer and
polymer composites [3].
Several studies about floor impact-noise isolation
types of floating floors are available. One of the first
approaches to this problem was the works of Cremer [4]
and Ver [5]. To improve the impact-noise isolation of a
structural floor, it is usual to add a floating floor using a
resilient layer under a rigid floating slab. One of the
parameters that determines the performance of these
floors is the dynamic stiffness of the resilient material
[6],[ 7]. in accordance with Standard EN 29052.

1

II. EXPERIMENTAL
A. Materials
Ethylene vinyl acetate (EVA), or Expanded Rubber, is
a material that is copolymerised from ethylene and vinyl
acetate, and is randomly distributed along the backbone.
Its properties depend on the vinyl acetate level,
crystallinity, the branching level, molecular weight and
polarity [20].
Copolymers with a low vinyl acetate content (2-10%)
have similar properties to those of low-density
polyethylene. For a vinyl acetate content of 40-50%, the
copolymer is an amorphous resin that is easily
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(1 + r )
Z
R
X
=
+j
=
ρ c0 ρ c0
ρ c 0 (1 r )

crosslinkable. Resins with a high vinyl acetate content
(60-90%) are very often emulsions or dispersions in
water used for the modification of other polymers, and
also as carriers for plastic and rubber additives. When
vinyl acetate content rises, polarity increases and
crystallinity decreases. Among the mechanical
properties, tensile strength, hardness and stiffness
diminish with increasing vinyl acetate content [21].
For this work, plate EVA samples with a high vinyl
acetate content were manufactured to pursue good sound
insulating and conditioning properties. All the samples
had the same chemical composition that was divided into
a solid phase and a gas phase, including EVA copolymer
crosslinked (70%), silica and calcium carbonate as a
reinforcing filler (23%), process aids like wax (4%),
pigments (2%) and peroxides as a crosslinking agent
(1%). The mixture is introduced into a hold plate press at
80ºC for 25 minutes. It is possible to vary the pressure of
the press between 10-20 MPa to obtain the different
densities studied: 130 kg/m3, 200 kg/m3, 230 kg/m3,
300kg/m3, 360 kg/m3.

(1)

Where R is the real component, X the imaginary
component, ρ·c characteristic impedance, r is the
reflection coefficient.
The reflection coefficient is:
r=

H 12 H i
H R H 12

e 2 j k 0 x1

(2)
H12, is the transfer function from microphone positions
1 and 2, HR, is the real part of H12, Hi is the imaginary
part of H12, k0 is the wave number, x1 is the distance
between the sample and the first microphone.
The frequency range is determined by:
f1 < f < fu

(3)

fl is the lower frequency of the tube, f is the frequency, fu
is the upper frequency of the tube.
The impedance tube must be long enough to permit the
waves to be planed before the sample. Matlab is used for
controlling the analogue input and for processing signals.

TABLE I
MATERIALS

B. Experimental Setup
To characterize these materials from the dynamic and
acoustic points of view, two standard test methods were
used: ISO 9052 for dynamic stiffness and ISO 10534-2
for acoustic impedance.
Specific acoustic impedance is the ratio of acoustic
pressure to specific flow. According to Standard ISO
10534-2 specific acoustic impedance is the ratio of
acoustic pressure to specific flow. According to Standard
ISO 10534-2, the apparatus consists of an impedance
tube, which has a constant circular section (interior
diameter of 40 mm).
The sample is located at one end of the tube and a
sound source generates plane waves from the other end.
Acoustic pressures are measured by two microphones
located close to the sample. From the measured signals,
the transfer function is determined to calculate the
complex reflection coefficient, the sound absorption
coefficient and acoustic impedance. To calculate the
specific acoustic impedance, according to the standard:

1

Fig. 1. Apparatus used to measure the sound absorption
coefficient, where: 1) is the sample; 2) the two microphones
(microphones G.R.A.S. model 40AO); 3) the data acquisition
system (NI-9233); 4) the PC and 5) the sound source.

Dynamic stiffness is an important property for testing
the impact sound insulating of materials. The lower
dynamic stiffness is, the better the impact sound
insulation becomes. Dynamic stiffness is often
determined by measuring the resonant frequency of a
Single-Degree-of-Freedom (SDOF) mass-spring system,
which consists in a test sample of the insulating material
under a known mass. Above this resonant frequency, the
underlying material isolates the impact sound. Therefore,
the resonant frequency of the assembly should be as low
as possible.
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Standard ISO 9052-1 utilizes an SDOF system for
calculations. The test data are obtained from an
accelerometer and an impact hammer.
s = 4π 2m t fr2

(4)

Where mt is the mass per unit length of the upper plate
and fr is the resonance frequency in Hz.

Fig.4. Shows the influence of the thickness in the the sound
absorption coeficient in EVA samples of density of 300 kg/m3.

Variations in thickness show no clear trend in the sound
absorption coeficient. It cannot be concluded that a
certain thickness has a better behaviour at a particular
frequency range for the sound absorption coefficient.
Dynamic stiffness is an important parameter when
designing floating floors, and the lower the value, the
better impact sound insulation becomes. Poor dynamic
stiffness is desirable to obtain a low natural vibration
frequency of floating floors. Figure 5 shows the influence
of the density in the dynamic stiffness in EVA samples
of thickness 10 mm. These results show that the increase
in density of the material produces an increase in the
dynamic stiffness. Figure 6 shows the influence of the
thickness in the dynamic stiffness in EVA samples of
density of 300 kg/m3. These results show that the
increase in thickness of the material produces a decrease
in the dynamic stiffness.
The dynamic stiffness for different polymers used as
resilient materials, e.g., synthetic polystyrene or treated
rubber material mixed with elastomer elements, was
measured and their values were frequently lower than 30
MN/m3 [22]. The dynamic stiffness values of the
commercial rockwool samples for floor applications [23]
were under 20 MN/m3.

Fig. 2. Apparatus used to measure the dynamic stiffness, 1) is
the test specimen; 2) is the upper steel plate; 3) the
accelerometer (PCB 352C42); 4) the impact hammer (PCB
086C01); 5) the data acquisition card (NI-9233) and 6) the PC.

III. RESULTS AND DISCUSSION
For the sound absorption the results are low for all the
densities in all the frequency range, and it can be
concluded that the test specimens are not an efficient
sound absorbing materials. However, at certain
frequencies, the sound absorption coefficient is increased
and differences between densities can be observed. So,
for lower densities there are absorption peaks at certain
frequency ranges. Variations in thickness show no clear
trend in the sound absorption coefficient. It can not be
concluded that a certain thickness has a better behaviour
at a particular frequency range for the sound absorption
coefficient.

Fig.3. Shows the influence of the density in the sound
absorption coeficient in EVA samples of thickness 10 mm.
Fig.5. Influence of the density in the dynamic stiffness in EVA
samples of thickness 10 mm.

1
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Fig.6. Influence of the thickness in the dynamic stiffness in
EVA samples of density of 300 kg/m3.

[11]

IV. CONCLUSIONS

[12]

To evaluate the shock absorption properties, one of the
most important characteristics are the dynamic stiffness
that define the impact sound insulation. For a particular
application in fitness facilities, it is desirable that the
dynamic stiffness is low.
In general, these EVA modular plates present low
sound absorption coefficients. This can be explained by
the closed cell surface structure, with high sound
impedance and sound reflection coefficients close to one.
The results give us useful information in order to
conclude that these materials maybe could be used for
acoustic isolating, but not for acoustic conditioning.
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II. OBJECTIVES

Abstract—In the present article are described the proceeds
of how the BIOLOID PREMIUM humanoid robot is prepared
and adjusted to complete the tasks of the CEABOT
competition. The different tasks of this competition are:
obstacles avoiding, walking up and down stairs, fighting in
combats between two adversaries and artificial vision with
reading code QR for positioning. Setting the different
functionalities for the accomplishment of the tasks, the robot is
able to interact with the environment of autonomous form.
Using several coordinated devices a major autonomy is
obtained and the performance is improved, reducing the time of
reaction.

The main objective is the preparation of the BIOLOID
robot for the tasks of the CEABOT competition. The
competition shows the skills that each humanoid robot
possesses through the development of several tasks that
will be carried out separately. Below are described the
main objectives of the tasks:
A. Obstacles avoiding
The robots will go from one end of the field to the
other, and turned to the beginning point, walking
forward. The robot will have to avoid the obstacles,
without throwing them nor displacing of his position.
The robots will go out from the central zone, placed in
the Zone of Exit, must come to the Zone of Partial
Arrival. Once there, the robot will have to go back
autonomously, since passing completely the line of the
Zone of Partial Arrival. To increase the score it will be
considered the elapsed time, the distance, and the number
of penalties.

Keywords— artificial vision, CEABOT, humanoid,
Raspberry, robotics, robotics competition, QR codes
I. INTRODUCTION

P

eople who have worked with humanoid robots will
agree that one of the most laborious tasks is
programming the robot movements. They can basically
be classified into two types: movements that are
produced by a mathematical equation previously studied,
developed and programmed and movements that are
produced by the temporal interpolation of a series of
positions previously stored [1].
This article focuses on the second type of movements,
which are used in the humanoids robots to produce
movements required in the competition. Such actions are
normally executed in open loop, i.e. without the need to
correct in all moment the trajectories of arms and legs. A
classic technique for programming these movements is to
decompose them in intermediate positions, which are
obtained by the programmer and subsequently tested by a
temporal interpolation.
Movement present in humanoid robots is similar to the
human movement and they have capabilities with great
potential for exploitation. In this article is presented an
example of the importance that a vision system has to
increase the autonomy in a robot and to interact with the
environment and also shows the possibility of improving
the control of the process, because much more
information are gotten via processing images.

1

B. Walking up and down stairs
To pass this task, the robots will have to reach the
indicated zone, going up three steps and going down
another three steps. This task will be punctuated
depending on the number of steps overcome and the time
used for it.
C. Fighting
In this task, two robots of two different teams fight
inside the Combat Area according to the established
procedure. In addition, the competitive behavior of the
robot is valued, there being able to be penalized passive
and immobile attitudes.
D. Decoding information with Artificial Vision
system
The goal of this task is that teams can demonstrate the
skills and abilities programmed on the humanoid robot
using a camera. The score will reflect the greater
difficulty of the first case. The robot will start the task

299

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
from the center of the field, facing the first marker, which
contains a QR code. When the robot is in front of it, it
must decode it and interpret it to get to the next one.
The robots use additional devices to be able to control
the integrated vision system, so it is necessary to achieve
coordination between the devices used to perform in the
task.

store and analyze images obtained by the camera. We
opted for this device for ease of integration and low
consumption. Between the supported operating systems,
has been chosen Raspbian (operating system based on
Debian, optimized for Raspberry), since it makes
possible the required functionality. They have made the
necessary settings to use scripts developed using C++
and Python.
We used a camera with conection CSI (Camera Serial
Interface) compatible with Raspberry. This type of
cameras use a 15-pin flat cable and the transmission rate
is higher than that obtained using USB communication.
This is possible to get better performance, achieving
further optimization.
QR codes are useful elements currently, any of their
capacities are increased data storage (a certain quantity of
information encapsulated in a small area) or the added
security encryption (used in stenography and processes
encryption information) [4].
The humanoid robot has the capacity to move around
the environment and detect some elements, avoiding
collisions. The Raspberry, meanwhile, has the ability to
use the camera, get information and analyze. Cooperative
methods provide improved behavior of automated
systems, as influencing other devices and better behavior
or performance is achieved in different situations and/or
conditions [5].
Serial communication is very important and represent
a fundamental role in the development of applications
related
to
microcontrollers
[6].
To
control
communication is typically used the master-slave
method, which acts as a master device requesting
information. On the other hand, other devices, which are
known as slaves, are available to the master to respond
by offering an adequate response to requests received [7].

III. EXPERIMENTAL METHODOLOGY
The Type A Bioloid humanoid is a low cost
commercial robot kit. It measures 397 mm of height and
its weight is 1.7 kg. It’s independently powered by a LiPo battery type of 11.1 V and 1000 mAh.
Also, it's integrated with a central control module CM530 capable of controlling the actuators Dynamixel AX12, the infrared sensor DMS, the gyro sensor of 2 axis
and other sensors adapted for optimum performance,
such as infrared sensors for hands and feet, a compass for
its orientation and an ultrasonic sensor on the head. This
robot has 19 digital servomotors to emulate the
articulated movements of the human body general
structure [2].
The programming of this robot is carried out through
its own program called RoboPlus. This program has
multiple windows, such as the RoboPlus Motion
window, where articulated movements of the whole body
of this are programmed and another window called
RoboPlus Task, which is programmed with its own
language and very visual with basic structures the
execution of movements above programmed, too the
control conditions programmed using sensors [3].

IV. RESULTS AND DISCUSSION
Different sensors are required with customized settings
to participate in the competition’s tasks.

Fig. 1. Relation between distance and IR sensor value

The figure 1 representing a rough estimate of the IR
sensor value’s changes from the white object’s distance.
The sensor’s value is subject to change depending on the
object’s color and surrounding environment.
The IR sensor is divided into a receiver and
transmitter. When an object is too close, the angle where
the reflected infrared light comes is not even making it
difficult to know the area which the sensor value
decreases. Also, it can barely detect object further than
15cm [2].
To perform management vision system has been used
Raspberry, as it is necessary to use a device that lets it

1

Fig. 2. Compass located in the robot’s backside

A compass has been used in the tasks. It adds an
important ability to control the robot’s direction and it
allows increase accuracy of movements programmed
with the software (Figure 2).
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In the obstacles avoiding task, some distance IR
sensors was arranged in the robot, specifically in his
hands, chest and head (Figure 3). The sensor, located in
the robot’s head, was used at the same time that a motor
in a linear movement.

performance during the combat.
The battery would be a problem in this task because
the robot has different combats. Each combat consists of
some assaults and each assault may continue for five
minutes. It reflects the importance about low energy
consumption with mobile devices.
Other important point about fight task is the robot’s
stability. Therefore some modifications have been carried
out in the robot’s feet. In other words, the objective is
that the robot execute the routines with the best stability.
In the fourth competition's task the robot must detect
and decode some QR codes located in a specific area. In
this task is necessary a vision system therefore a
Raspberry was interconnected with a USB camera. The
Raspberry has been installed in the robot’s chest with an
independent battery (Figure 5).
The Raspberry decodes each QR codes, we can obtain
the new direction which is sent to the robot with serial
communication using a script. The robot’s CPU CM-530
receives the message and it search the next QR code.
The main objective is obtain images and information
about elements around the humanoid. Some proofs have
been executed obtaining information about different QR
codes, and we have extracted interesting data to send.

Fig. 3. Installed sensors in robot’s arms and chest

The main objective in this task, where the robot
interacts with environment, is obtain the best control
about movement skills. A solution to prevent wrong
distance’s measures is very important in the optimal
robot’s behavior. With different sensors it is possible to
obtain a correct control closed-loop between sensors and
CPU.
In other task, the robot must go up and down the stairs.
Four sensors was installed in a circuit which was
connected over the robot’s feet. Three sensors have
oriented facing the ground to detect limits about bottom
stair and the other sensor has oriented in forward
direction to control the distance about next step (Figure
4).

Fig. 5. Raspberry installed in the robot’s chest with a battery

The next example shows an image obtained with
Raspberry, this image was analyzed to retrieve the
address, concretely direction and angle where other QR
code is located:

Fig. 4. Electronic circuit with installed sensors in the robot’s
foot

In the third task, robots fight. The robot are configured
with a custom strategy using sensors to detect opponents
around the environment. An important objective is that
the robot has installed a minimal number of sensors to
prevent possible problems and have an optimal

1
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Fig. 6. Obtaining an image with QR code to analyze

When we use a communication method, like masterslave, the order is maintained in the sequence about
requests and answers during tasks execution [7]. For
example, in a first step the slave device is waiting to
receive an answer about a previous request, when that
device receives the request it executes a concrete
movement.

The Figure 6 shows an image created with low quality
and small size because process time is important, and
high quality images are not necessary to detect
information in QR codes. Other basic step is the data
identification which is stored codes within.
TABLE I
EXTRACTED DATA ABOUT QR CODE
Processed image

Obtained information

ImgQR.jpg

Turn45R
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When data about QR code has been obtained,
treatment that information is needed to send the next
robot’s movement. In the information we can retrieve the
direction, L (Left) or R (Right), and the angle (We have
obtained 45 degrees in the previously example). There
are not a lot of combinations, and a code has been
established to send for each instruction.
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V. CONCLUSION
In this document, some adaptations and specifications
have been defined about different sensors, which we
have realized the tasks in the CEABOT competition.
Other objective is present a strategic perspective about
movements and functionalities, which we have been
defined in the robot’s memory for the established tasks.
Vision systems are very important elements to obtain a
complete and reliable information about environment.
With this sensors the robot obtains more autonomy,
because it manage more information about some
important objects causing a different performance.
Some devices like Raspberry may act in recognition
systems, with certain limitations complying with some
requirements.
An encryption system is possible using QR codes. This
system would provide a layer of information security and
communication methods would be developed between
robots [4]. The used devices could be controlled better.
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from April 2009 regarding the reduction of the emissions
produced by motor vehicles, that sets limits for the CO 2
emissions - 130 (g CO2/km) by 2015 and 95 (g CO2/km)
by 2020, as opposed to 150 (g CO2/km) currently [4].
The electric buses can be divided in two categories:
non-autonomous (connected to an electric power source
during the functioning – trolley-buses) and autonomous,
that uses the stored electric energy for powering the drive
system consisting of one or more electric machines. Due
to the strong development of the electric power storing
systems (batteries or capacitors), this bus category has
been the center of attention of the motor vehicle and bus
manufacturers in the last years.
The autonomy of these buses is limited by the
amount/volume/mass of the onboard batteries or
capacitors [5].
A fast charging can be carried out at the end of the
lines of these buses (or in stations that are located
conveniently); when in intervals of 5-10 (min) a high
amount of energy is introduced into the batteries in order
to compensate the energy lost on the route. Thus the
autonomy of the bus is extended; it can operate all day
long, as the batteries are brought to the optimum
charging level during the night by means of a
conventional charging, directly from the tri-phase
network [6].
By charging the batteries to full capacity while the
buses are parked during the night, in the station or
stations at the end of the route (depending on the line
considered), the bus has autonomy of 50-150 (km).
In order to avoid the situation of being left without
electric energy the bus will be charged for approximately
5-10 (min) at each drive.
Thus, the bus travels the route with the batteries
charged almost to maximum capacity, reducing the risk
of being left without energy when stuck in traffic for a
longer period due to unforeseen situations.

Abstract—Urban transport is one of the most challenging
sectors of the public administration of a metropolitan area. Fuel
cost, maintenance, transport capacity, pollution represent only a
small amount of the data that is taken into consideration in the
decision of purchasing a new fleet of urban buses for public
transport.
Electrification of the public transport is not a new solution;
there is the tram, the trolleybus. Is there going to be a place for
the electric bus taking into consideration the purchasing cost of
the bus, the battery need to be replaced, the weight of the bus,
the charging infrastructure, the limitations of the bus due to the
range of no more than 150 (km), battery charging time and road
gradient. It is possible that these limitations overcome the
benefit of zero local emissions, reduced cost of exploitation,
and almost no maintenance of the power-train, all of them
being immediate benefits of the electric buses use as a solution
in urban transportation environment.
Keywords—Cruise, TruckMaker, electric bus, energy
efficiency, pollutant emissions.
I. INTRODUCTION

A

S the number of motor vehicles grows, the problems
of traffic agglomeration in the urban environment
and of the deterioration of the air quality, that the large
cities are faced with, are becoming increasingly stringent.
Thus, the tendencies are of taking immediate measures
for improving the quality of life in the large cities, in
order to preserve the environment and the human
ecosystem [1].
The classic buses that are in use in the urban traffic do
not comply with the increasingly strict criteria that are to
be met, namely: reducing the noise levels and improving
the air quality, according to the obligations imposed by
the EU-directives; reducing the CO2-emissions produced
by classic buses due to the internal combustion engines;
reducing the exploitation of conventional energy
resources obtained from fossil fuels [2, 3].
The replacement of the buses with classic Diesel
engines with electric buses is due also to the legislation
promoted by the EU, namely to the Regulations 443/23

1
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coupler is a pair of single ratio gears [8, 9].
For all three models the Central Controller System
receives the real-time signals from the driver, which in
the simulation model is the Cockpit element and from
other individual element, then commands the operation
of each element according to the preset control logic
[10]. The Cockpit represents the links to the driver and
the vehicle. The cockpit serves to define what data and
information are available to the driver and what
possibilities to influence the vehicle it has.
The Electrical System represents electrical consumers
as ohmic resistors in the on-board network. The user
defines the number of electrical resistors. The resistance
value can be given as a function of any input valve. It is
possible to switch each electrical consumer on or off
when another input value is exceeded.
The electricity consumption is strongly influenced by a
number of factors: the total mass, consumption by
auxiliary systems causing a significant increase of the
amount of energy consumed from the batteries, part of
these factors not being influenced by the distance. At the
same time, the route configuration could influence the
electricity consumption; it increases under acceleration or
when climbing upgrades and decreases when descending
downgrades or under deceleration, thus reaching negative
values (energy is transferred from the traction electric
machine towards the battery).
The Monitor allows for up to ten input channels of the
monitor to be connected to the output channels of the
calculation of the model runs. The Constant element
allows the user to define up to 99 constant values, which
can be used by other components through the Data Bus
Connections. The values can be of type integer, double or
string [11].
The model with the co-simulation interface developed
in Cruise will be saved in the working folder
TruckMaker/Cruise, where it will be loaded and launched
as project work in the application TruckMaker. It will
choose the Powertrain folder in the Vehicle Data Set
from TruckMaker and in the pull-down menu, choose
further AVL Cruise (Fig. 2).

II. MATERIAL AND METHODS
The main functional elements of the bus are: the
traction system (the electric machine plus the operation
and control elements), the batteries, and the charging
equipment either from continuous current (DC-DC
converter) or from alternating current (connection
elements to the tri-phase network and rectifier for the
AC-DC conversion).
While the bus is in motion, the energy flow has the
following route: batteries, operation and control elements
and the electric machine that converts the electric energy
into mechanical energy with an output of over 90%. The
obtained mechanical energy is transmitted to the driving
wheels with the help of the mechanical transmission
elements.
The Electric bus model in AVL Cruise (Fig. 1)
includes the following elements: Vehicle (1), Final Drive
(2,3), Vehicle Wheels (4-11), Disk Brake (12-15),
Electric Machine (16,17), Differential (18,19), Cockpit
(20), ASC Control (21), Electrical System (22), Battery
(23), eDrive Control System (24), eBrake & mBrake
Unit (25), Monitor (26) and Constants (27).

Fig. 1.Electric bus simulation model

The electric system includes an Electric Machine, a
Battery, a Control Systems consisting of eDrive Control
Unit that will order the transition from e-driving to ebraking and an eBrake & mBrake Control Unit that will
order the converting break torque into pressure for all
brakes.
Different combinations of the powertrain components
can be varied easily and their effect on the consumption
in different driving cycles evaluated. The model consists
of vehicle, driveline mechanics and e-component models.
The required level of model complexity depends on the
optimization targets. For energy efficiency optimization,
the energy flow simulation from battery to different
subsystems and components is essential [7].
The Battery element is a chain of five cells to support
the required voltage of the Electric Machine. The Electric
Machine component can be used either as an electric
motor or as an electric generator. It is possible to charge
the Battery while braking or decelerating. The torque

1

Fig. 2.TruckMaker – Cruise Interface

To evaluate the characteristics of the electric bus and
compare it with the IC motored bus used in urban
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transport (Diesel Euro 3 IC engine) a typical urban drive
cycle UDC was run (Fig. 3) which is defined in the
Annex III, Appendix I by the Directive 98/69/EC [12].
The total distance of this urban cycle is 8.39 (km),
maximum acceleration is 3.66 (m/s2), the average
velocity is 16.87 (km/h) and the total time is 812 (sec)
where the bus is stopped in 12 points for 240 (sec), and
the engine is at idle speed.
The lightweight bodied bus had an energy
consumption of 1.20 (kWh/km) on the cycle; 10 (kWh)
in total for UDC cycle.

for 100 (km) drive. According to the transaction price of
the greenhouse effect gas emissions certificates, the price
of a greenhouse effect gas emissions certificate is 12 (€)
and a certificate represents the equivalent of one ton of
CO2 emitted into the air [13]. In this way, by replacing
the IC motored buses a substantial quantity of emissions
is eliminated which otherwise would be emitted into the
air (Table I).
TABLE I
COMPARATIVE TABLE SCENARIOS
IC motored
Electric
Parameters
bus (EURO5)
bus
1.50
0 Local
Pollutant emissions CO
2.00
0 Local
Pollutant emissions NOx
0.46
0 Local
Pollutant emissions HC
0.02
0 Local
Pollutant emissions PM
834
0 Local
Pollutant emissions CO2
50
0 Local
Pollutant emissions CO2
<40
>90
Energetic efficiency
85-90
55-60
Noise level

U.M.
(g/kWh)
(g/kWh)
(g/kWh)
(g/kWh)
(g/km)
(to/year)
(%)
(dBA)

The purchase price of the electric bus type is up to
500,000 (€). The service life (depreciation time) of the
electric bus model is 12 (years), and for the battery
system in electric buses according to the cycle lifetime
estimate, respectively the service life (depreciation time)
for the charging equipment was taken as 10 (years) [14].
In Table II, emission costs according to Directive
2009/33/EC that regulated the emissions accounted for
CO2, NOx, NMHC and PM are presents [15].

Fig. 3.Urban Drive Cycle (UDC)

The AVL Cruise software offers a comprehensive tool
for post-simulation processing of information that
emerges during the simulation. The application provides
information concerning the accumulated energy
consumption, taking into account the charging areas
where energy is produced, giving clear and valid
information for the entire energy footprint of electric bus
model.
To run the simulation, first the model must be
connected with Cruise, (connection with the desired
model must be checked), and then the road must be
loaded, with the desired maneuvers (Fig. 4).

TABLE II
COST FOR EMISSIONS IN ROAD TRANSPORT (2009/33/EC)
Parameters
Value
0.0400
Cost for CO2 pollutant emissions
0.0044
Cost for NOx pollutant emissions
0.0010
Cost for NMHC pollutant emissions
0.0870
Cost for PM pollutant emissions

U.M.
(€/kg)
(€/g)
(€/g)
(€/g)

The major cost of the electric bus is its battery
replacement, depending on the life of the battery and the
cost of replacement. A key factor in the lifespan of a
battery is the number of cycles of discharge and charge
that the battery can withstand before it loses a certain
percentage of nameplate capacity.
The maximum cycle is estimated based on the depth of
discharge in each cycle and the percentage capacity lost.
The battery is estimated to last approximately 2,000
cycles given 100% depth of discharge and 90% of its
original capacity, and more than 10,000 cycles (or 10
years lifetime) on a given 100% depth of discharge and
80% of original capacity. Currently, the price of batteries
has dropped significantly to 500 (€/kWh) [16].
III. RESULTS
The result for electrical power and electric motor
torque is shown in Fig. 5 and 6. Driving resistances
consisting of rolling resistance and air drag correspond
with 30% of the total usage (Fig. 7).
The losses in inverter, electric motor and driveline

Fig. 4.Run simulation

The first externality type can be quantified starting
from the carbon dioxide emissions calculus reported to
the fuel (diesel) quantity consumed by an IC motored bus

1

305

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
were 20%, of total (Fig. 8). This loss is relatively high in
bus driving cycle as the energy flow is fluctuating back
and forth all the time in continuous acceleration and
braking.
The energy flows in and out of the battery were 15
(kWh) for discharge and the 5 (kWh) for recharging (Fig.
9). This behavior also has an effect on battery losses
during the driving cycle 5%, which was calculated using
constant 90% charge/discharge efficiency for the battery
(Fig. 10).
The actual efficiency measurements will be performed
later using battery tester and the actual battery load cycle
[17].
Fig. 8.Total power losses

Fig. 5.Electrical Power
Fig. 9.Battery energies flow

Fig. 6.Electric Motor Torque

Fig. 10.Battery efficiency

Distributions of energy consumption for electric bus
model are shown in the cycle diagram (Fig. 11). The
energy consumption in an electric city bus can be studied
using a simulation model of the vehicle [17].
The Voltage and Current of the battery in the drive
cycle are shown in Fig. 12 and Fig. 13. The State Of
Charge SOC of the battery during the drive cycle, are
presents in Fig. 14, Electrical Consumption in Fig. 15,
Electrical Resistance in Fig. 16 and Efficiency in Fig. 17.
The SOC has a near balance value during the drive

Fig. 7.Driving resistances
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cycle. Since the control strategy for braking recovery is
not faultless, the generator torque is more than the motor
torque and the SOC has a slight rise [8].

Fig. 15.Electrical Consumption
Fig. 11.Distributions of energy consumption

Fig. 16.Electrical Resistance

Fig. 12.The Voltage of the battery

Fig. 17.Efficiency

Fig. 13.The Current of the battery

IV. CONCLUSION
Fully electric city buses have the potential to reduce
local emissions the carbon footprint, and noise in
historical city center and not only.
An important trend for the future of electric vehicles is
the establish the energy efficient strategies that will allow
a longer range with less wasted energy by using the most
efficient energy recovery systems and planning the urban
city lines for the electric city bus taking into
consideration a fast charging strategy for each 120 (km)140 (km) range.
The advantages of the electric buses are:
1) Zero pollution (locally produced emissions);
2) Superior energy conversion efficiency of the electric

Fig. 14.The State Of Charge SOC of the battery
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machines (>90%) as compared to that of the internal
combustion engines (~30%);
3) Electric machines’ ability to operate as generators
during the braking periods, the generated energy being
stored in batteries, which increases the total efficiency of
the system;
4) Electric machines can be placed in the wheels of the
bus, in the remaining space the batteries could be
placed;
5) Additional batteries can be placed on top of the bus or
under the floor, depending on the choice of the
manufacturer and/or user, which means more room for
the ridership can be gained (for the higher autonomy);
6) Electric energy supply of the batteries generally takes
place during the night, as a long-term charging is needed
4–6 (hours), at low value currents, which generally
occurs by the direct coupling to the public tri-phase
network 400 (V).
As this generally happens during the night, when the
buses are parked at the ends of the lines/in the garage, no
special equipment are needed in the charging stations, the
only problem being represented by the available electric
power.
The disadvantages of the electric buses are:
1) Autonomy of these buses is limited by the
amount/volume/mass of the on board batteries or
capacitors. A large amount of batteries is used for this
type of buses in order to ensure an autonomy necessary
to function without intermediate charging during the day,
which is a considerable disadvantage, as the total mass
of the bus is noticeably larger, which has a negative
effect on the total energy consumption;
2) Electric buses cannot be used during the charging
period, which means that more buses are necessary in
order to serve the same number of passengers;
3) Volume of batteries is significantly higher than in any
other type of electric and/or hybrid bus type, which
means that their replacement and disposal costs are
higher.
The question remaining to be answered in regard to
electrical driven buses is the amount of energy that must
be stored for a reasonable range. The main solution for
energy storage is the batteries, and the super capacitors.
It is obvious that the range of an electrical bus it is only
25-30% from the range of a classical city bus, but as
proved it is not needed to be more.
An important trend for the future of electric vehicles is
the use of fuel cells that allow direct conversion of a
high-energy medium (gas of fluid) to electricity. In the
future, the fuel cell vehicle may compete with
conventional ICE vehicles [17].

The simulations presented in the paper were done
using the software AVL Cruise and IPG TruckMaker
supported by AVL List GmbH, Austria.
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standard fixed clamps attached to the wiring hose. A
digital potentiometer mounted on the welding head
allows a high-precision adjustment of the feed rate of the
welding wire or welding current in real time, i.e. even
during welding, depending on the technological
requirements, [1].

Abstract— Research on WIG welding are oriented
currently in two directions, namely increasing performance of
welding equipment and increasing the quality of welds and
welding productivity knowing that WIG welding is
characterized, especially in manual built up welding, by low
productivity due to operator module with inserting periodically
the wire into the metal bath. A measure towards increasing
WIG welding productivity is the welding wire feed rate
mechanisation by using specialized equipment and materials. In
this regard, the most familiar process is the orbital welding of
pipes where both the welding speed and the wire feed rate are
achieved mechanically.

Fig. 1. WIG TTW 4000 KD (Fronius) welding torch

Keywords—WIG welding, WIG mechanization, WIG
welding head, welding wire, mechanical feed

I. INTRODUCTION

T

HE major manufacturers of welding equipment in
the world are currently manufacturing specialized
welding torches for MIG (metal inert gas) welding with
mechanical feeding of welding wire of small Ø i.e. 0.8
mm, 1.0mm, and 1,2mm respectively. To drive the
welding wire one uses standard feeding devices used in
MIG (metal inert gas) / MAG (metal active gas) welding
or specialized devices to be mounted on the welding
equipment or facilities which allows mechanization,
automation or robotics of WIG welding process.
Manufacturing of such torches and equipment differ from
one company to another.

Fig. 2. WIG TTW 4000 KD (Fronius) welding torch head –
close-up view

Moreover the welding head enables vertical
positioning of the welding wire relative to electrode
position, adjusting the lead angle when entering into the
metal bath or turning the device for bringing the welding
wire in front of or behind the torch according to the
direction of welding i.e. to the left - by pushing or to the
right - by pulling. The disadvantage of these torches is
the relatively high cost price.
The analysis of welding torch with wire mechanical
feeding manufactured by specialized companies has
allowed the design and producing within IMF
department, (welding shop) of a welding torch to permit
and meet at the highest possible level the requirements of
WIG welding with wire mechanical and as close to the
performance offered by the manufacturers as possible,
but at a much lower cost price, given the limited financial
possibilities available to purchase such products.

II. PROCEDURE FOR PAPER SUBMISSION
Figs 1 and 2 bellow illustrate an example of a welding
torch i.e. the newest type of WIG welding torch with
wire mechanical feeding, manufactured by FRONIUS
company.
The novelty is that the guiding tube (Bowden) of the
wire electrode is incorporated in the hose with the torch
wiring which makes it more compact, ergonomic, and
allowing a smooth and fast replacement of the guiding
tube according to the diameter of the welding wire and,
last but not least, the torch looks more aesthetic. In the
past, a guiding tube was attached outside the WIG torch
for welding wire feeding purposes - by means of some
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positioning in the front or behind the torch, depending on
the welding direction i.e. to the left or right.

In the next part of our paper we shall make a
presentation of the welding torch prototype, [2].
Fig. 3 below shows an overview of the welding torch
with the welding wire drive and guiding device.

Fig. 4. The positioning and guiding head of the wire electrode

The adjustment flange is also made of indurated
material and fitted with a milled groove and allows the
positioning of the guiding tube for delivery and proper
positioning of the welding wire in the tungsten wire area
and in the electric arc area, respectively. It allows the
horizontal adjustment of the positioning head and the
rotating of the sliding bar, respectively
The guiding tube is made of copper pipe Ø6x1mm and
its role is to lead the welding wire in the arc area. By
sliding into the adjustment flange hole it allows vertical
positioning of the contact nozzle for placing adequately
the wire into the metal bath. The guiding tube is provided
at both ends with two threads, M4 inside and M6 outside,
respectively, for mounting and fixing the sliding bar to
the flexible guiding tube (bowden) designed for fixing
the wire and for the mounting of contact nozzle,
respectively. The guiding tube is provided with a
curvature in the contact nozzle area at an angle of 60º to
the vertical axis of the tube for bringing and placing the
wire at right angle in the metal bath, i.e. a 15-30º angle to
the surface of the welded part. In order to prevent wire
crimping and to reducing the friction in the guiding tube,
a steel flexible tube or a raylon tube is inserted before
bending. This would prevent tube bending and flattening.
Fig. 5 below shows the two types of guiding tubes.

Fig. 3. Overview of WIG welding equipment

The main components of the welding equipment are:
1)
WIG welding torch itself;
2)
Welding wire positioning and guiding
head;
3)
Welding wire guiding tube (Bowden);
4)
Euro hitch;
5)
Welding wire feed control switch.
The welding torch is a handle used in standard WIG
welding; it is manufactured by Fronius and delivered
with MAGIC WAVE - 300 universal welding facility
which equips the laboratory of welding equipment and
technology in protective gas environment within the IMF
department specialised in welding engineering. Due to
the wear of thread for fixing and tightening the welding
wire made of tungsten in the welding head. This torch
was decommissioned when launching the research and
the implementation of the new equipment but which
through a change made in the tightening system was
recommisioned. The welding torch consists of the
following parts: welding head, wiring hose, couplers for
power supply and return water, shielding gas hose and
the control bus bar for welding torch and welding cycle.
Coupling welding torch to the source is specific to
Fronius WIG welding sources, [3].
Fig. 4 shows the positioning and guiding head of
welding wire is shown in Fig. 4 below and includes the
following components:
1)Attachment flange;
2)Adjustment flange;
3)Guiding tube;
4)Contact nozzle;
5)Connector;
6)Attachment and tightening screws.
Attachment flange made of an insulating and indurated
material fixes the welding positioning head rigidly to the
welding torch body in the head area through an elastic
sleeve self-tightening chuck collet. It allows the vertical
adjustment of the positioning head and the sliding bar

1

Fig. 5. Types of guiding tubes

It seems that in the end one will opt for raylon tube to
reduce wire friction inside curvature area. In terms of
wear, the tube made of steel option is better, but it has
been shown that frictions inside are higher.
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guiding tube made of steel or one made of raylon – see
Fig. 9 below.

Contact nozzle, see Fig. 5 (right), serves to guiding
more accurately the welding wire in the metal bath and is
chosen according to the diameter of the wire used in
welding. In fact it is a standard gas nozzle used in MIG /
MAG welding with altered thread (from M6 to M4) for
the purposes of mounting it at the end of the guiding
tube. The contact nozzle is made of copper. It is
stipulated that it is intended to accurate guidance of the
wire and for this reason it is provided with a hole
calibrated to wire diameter, d = ds + 0.1 .. 0.2 mm.
However it does not have the function of transmitting the
power to the wire when using the MIG / MAG welding.
The connector links the flexible hose guiding the wire
and the guiding tube of positioning head. This part is
made of copper Ø6x1x40mm - see Fig. 6 below; it is
provided with an internal thread M5 for screwing the
guiding tube made of raylon and the flexible guiding tube
made of steel or raylon, respectively. Therefore this part
ensures the continuity of guiding route of the welding
wire from the feeding device to the positioning head.
Fig. 7 shows an "exploded view" of the wire guiding
route with the connector, and Fig. 8 shows the view of
the assembled tube, an operation that is performed after
placing the wire in the positioning head to facilitate this
operation.

Fig. 9. The flexible guiding tube made of: raylon left; steel – right

The guiding tube made of raylon has the advantage of
reducing the friction of the wire but it wears faster. The
flexible tube made steel increase the friction with the
wire raising drive problems and fluctuations in the wire
feed speed with negative consequences on welding. One
end of the guiding tube clicks into Euro hitch, and the
guiding tube of the positioning and guiding head is
mounted at the other end. The guiding tube is chosen
according to the diameter of the wire used in welding, as
the inner diameter of the tube is being calibrated to the
wire diameter, di = ds + 0.15...0.20mm. Usually, a
guiding tube may be used for two neighbouring wire
diameters i.e. 0.8 mm - 1.0 mm or 1.0 mm - 1.2 mm.
Extent frictions occur if the inner diameter of the tube is
too small and the wire may jam in the tube. If the inner
diameter is too large, wire crimping occurs in the tube
with negative effects on feed speed regularity and
process stability. In the case of flexible tubes made of
steel one should avoid spring effect of the tube that can
generate even the tube crimping if the frictions occurring
in the tube are too large. This can be avoided by using
tubes made of more rigid and thicker steel wire, or tubes
embedded in the plastic material by injection (see Fig. 9
- right). The flexible guiding tube should also be fixed
into the Euro hitch to prevent detachment under the
forces of friction existing in the tube. An alternative for
increasing the rigidity of the guiding tube is by inserting
it into a tube of greater stiffness – see Fig. 10 below.

Fig. 6. Connector

Fig. 7. Wire guiding route assembly deployed

Fig. 8 Guiding tubes assembling
Fig. 10. The guiding tube reinforced with plastic tube

The guiding tube (or Bowden) of the welding wire has
the role of guiding the wire from the feeding device of
WFD wire to the welding head. This can be a flexible

1

The guiding tube is mounted externally on the torch
hose by means of plastic clamps, paratape of scotch tape.
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Thus savings of approx. Euro 1000 were made i.e. the
cost of a welding torch with wire mechanical feeding
manufactured by the welding equipment manufacturing
companies.
Welding torch thus manufactured will be mounted on
a standard WIG welding facility to which will one shall
attach a WFD wire feed device used in MIG/MAG
welding facilities

This is a disadvantage because it can be used only for a
single diameter wire. However this disadvantage was
eliminated, as seen above, by the Fronius company by
making use of a guiding tube included in the WIG torch
wiring kit.
Euro hitch is a standard subset used in all welding
torch to connect the torch to guiding tube, (in this case)
the wire feed device, WFD - see fig. 11 below.
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Fig. 11. Euro hitch mounted on WFD a10-med44 (ESAB)

The electrical connection for WFD control is ensured
through Euro hitch.
WFD Control switch is rigidly mounted on the WIG
welding head through an attachment flange – see Fig. 12
below.

Fig. 12. Wire control switch

The control switch has two positions off - on.
Operating the control switch is made only after firing the
arc and forming the metal bath and determines the WFD
control and wire instant feed. When stopping the process,
the operation is reversing, i.e. the wire advance
decouples through switching the control switch on 0. The
wire feed stops and the feed advance followed by
quenching the arc.
III. CONCLUSION
In conclusion it is considered that within our research
a WIG welding torch with mechanical feed was designed
and manufactured without any investment but only on
the basis of existing facilities within the laboratory of
welding equipment and technology in protective gas
environment, thus allowing us to carry on with our
experimental research.
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attenuator is to reduce noise components of mid and high
frequencies, in this case the first harmonic being the most
significant [5]- [10].
The accurate data are only achieved by the
experimental tests. However, the analytical calculations
can be useful in the optimization of the mufflers
constructive solutions [7].
There are numerous functional requirements that
should be considered when designing an automotive
muffler such as the exhaust gas flow, the influences of
gasodynamic resistance on the engine performances,
adequate insertion loss, the spectral component of noise,
backpressure, pressure drop, durability, size, mass, cost,
shape and style [8].
This paper deals with a practical experimental
approach for the determination of some principal
functional parameters as the noise level, the pressure –
drop and the exterior surfaces temperatures. The
experimental results, obtained by the authors emphasize
the corroboration between these parameters and
contribute to the improvement of the muffler fabrication
and design thereby reducing noise level, emissions and
fuel consumption of the engine.

Abstract— The paper presents the procedure and the
experimental set-up for some functional parameters
determination as the noise level, the pressure drop and the
temperatures
through
investigating
three
different
manufacturing solutions for mufflers. An algorithm and a
dedicated method have been proposed in order to emphasize
more direct the mufflers influence on the engines performances.
The procedure equally includes particular cycles of the engine
and it is highlighted the relation between the engine operating
conditions and the functional parameters of the automotive
mufflers. The experimental results emphasize the corroboration
between these parameters and contribute to the improvement of
the muffler fabrication and design since it is a complex function
that affects noise characteristics, emission and fuel efficiency of
engine. It was designed a measurement chain for the noise level
evaluation of the mufflers. It was also created a measurement
chain for the pressure – drop evaluation and temperature
distribution on the external surface of the mufflers.
Keywords— mufflers, silencer, noise level, sound pressure,
pressure-drop, third-octave analysis, temperature measurement,
temperature distribution, thermographic images.
I. INTRODUCTION

T

HE most important component of the noise from the
internal combustion engine of the vehicle appears on
the exhaust system. It is generated by removal of flue gas
speeds and their pulsatile pressure during the evacuation
process.
Since the exhaust noise depends on a great number of
factors such as the engine cylinders number, the engine
capacity, the gas distribution phases, the construction of
the exhaust system, the uniformity and the engine
working sequences, it is difficult to make a rigorous
calculation [1]- [4].
As is known, the noise reduction is mainly by fitting
silencers, also called mufflers. The role of the absorption

1

II. PROCEDURES
The noise measurements must be in accordance with a
methodology established by the international standards,
in order to compare the results obtained for different
mufflers. The imposed conditions relate to the sound
field, the microphones path, the measuring equipment,
the engine installation and operation and also the criteria
for noise analysis are taken into account [1].
A sound measurement scheme – A-weighting – is
usually used to filter microphone sound pressure
readings to reflect human sensitivity, and give overall
sound pressure readings, in decibels (dB(A)) [9].
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We use an RMS (Root Mean Square) value of the
pressure fluctuations to obtain a logarithmic measure,
expressed as Leq. The sound energy may manifest itself
in a wide range of frequencies, frequencies audible to the
human ear is from about 20 (Hz) to 20 (kHz). According
to the sound measurement procedure, an octave band
convention was chosen. Successively, the bandwidth of
the progressive band is considered the double of the
previous band. Central frequencies allocated to the full
range of audible bands are: 31.5, 63, 125, 250, 500, 1000,
2000, 4000 and 8000 [2].
The microphone is located at the end of the exhaust
duct at a distance of 0.5 (m) from the exhaust pipe and at
an angle of 45° to the flow axis of the pipe termination
[11].
The noise analysis consists in a third-octave analysis
realized at various engine speeds and it is also measured
the overall exhaust sound level [5].
The parameters analysis and the behavior of
constructive variants of mufflers, impose the adoption of
some particular measurement methods according to some
general requirements of the European standards [12].
The engine running under specific loads and speeds
was simulated using a chassis dynamometer.
The particular operating conditions imposed some
deviations from the regimes recommended by the
standards. The determinations were realized at 0%, 50%,
90% load and engine speeds of 1500 and 1800 (rpm).
Three sets of determinations for these operating regimes
have been performed, in order to eliminate the accidental
errors.

Fig. 2. The LPS 3000 MAHA chassis dynamometer

The measurement chain of noise parameters consists
of:
1) a Bruel&Kjaer microphone of type 4133 (sensitivity
4-16 (mV) la (N/m2); 0.4-1.6 (mV) per (µbar); 36 150 ((dB) (A));
2) a Bruel&Kjaer precision sound level analyzer type
2209 (amplification: 2 (Hz) or 10 (Hz) at 70 (kHz);
standard filters according IEC R179, IEC R179A şi
ANSI Type 1) connected with the microphone and
NI DAQ;
3) a multifunctional external data acquisition board
type-NI DAQPad-6015 on USB;
4) a laptop Acer with LabVIEW soft compatible with
National Instruments DAQPad for data processing.
5) The noise level (dB(A)), A weighted, was measured
using two adapted LabVIEW tools:
6) Third-octave analysis - measuring total band power
and the noise level in the frequency bands (dB);
7) Sound level meter - measuring Leq (A) - equivalent
continuous sound pressure level (dB).
Specifications for these tools included in LabVIEW
library are defined by ANSI and International
Electrotechnical Commission (IEC) standards and the
results are fully compliant to the international standards
(ANSI S1.11-2004 and the IEC 1260:1995 standards).
To measure the temperature on the external surface of
the mufflers an infrared camera (Flir ThermaCAM E300
model) was used with the following technical
specifications: image resolution 320 x 240 pixels;
temperature range -20,...,500(ºC); accuracy ± 2(°C) or ±
2 % of reading; communications interfaces - RS-232,
USB 2.0, video output.
For different operating regimes, the pressure drop on
mufflers was measured with a glass U-tube manometer
with mercury. An additional glass U-tube manometer
was used to measure backpressure.

III. INSTRUMENTATION OF THE TEST BED AND
EXPERIMENTAL SET-UP
To carry out the tests included in the experimental
procedure, a diesel engine which equipped a passenger
car was used (Fig. 1).

Fig. 1. Experimental set-up

The tests were performed on the LPS 3000 MAHA
chassis dynamometer (Fig. 2).
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V. TESTS AND RESULTS
In this paper, for the three manufacturing mufflers
solutions, we were used the identification with numbers:
muffler 0, muffler 1 and muffler 2.
Some relevant experimental results of the tests at load
90% load, 1500 (rpm) for the muffler 1 are presented in
Fig. 6.

Fig. 3. Instrumentation for temperature measurements

IV. PARTICULAR MEASURING CYCLE OF THE ENGINE
In order to obtain the relevant results (noise level,
pressure drop and temperatures) of each operating regime
of the engine, the tests were carried out in accordance
with a measuring cycle designed in this experiment (Fig.
4). This cycle includes idle running breaks interposed
between engine operating stages in load regime. These
breaks were included in the measuring cycle to ensure
the same thermal state before each temperature
measurement. For example, in Fig. 5, a load simulation
diagram recorded on chassis dynamometer is presented.

(a)

Fig. 4. Measuring cycle of the engine

With the operating mode Constant Engine RPM the
chassis dynamometer is regulated in such a way that the
engine RPM remains constant independently from the
traction and speed created by the vehicle. The preselected target value (n-target) is regulated independently
from the traction created by the vehicle up to the
maximum chassis dynamometer motor capacity.

(b)
Fig. 6. Third-octave analysis and Sound level meter muffler 1,
load 90%, 1500 rpm.
Comparison-charge 50% , 1800 rpm
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Fig. 7. Third octave comparison - load 50%, 1800 rpm

Fig. 5. Cycle load simulation diagram

1

315

PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2015”
28th – 30th May, Oradea, Romania
Comparison- charge 50% , 1800rpm
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Fig. 8. Sound level comparison - load 50%, 1800 rpm
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Fig. 9. Third octave comparison - load 90%, 1800 rpm
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Fig. 10. Sound level comparison - load 90%, 1800 rpm.

The comparative analysis of the experimental results
related to the noise level for the three manufacturing
mufflers solutions can be easily performed on the basis
of the following graphs, presented in Fig. 7, Fig. 8, Fig. 9
and Fig. 10.
To carry out a more complete analysis of the thermal
behavior of the mufflers, the temperature distribution and
also the high temperature areas on the entire exterior
surface have been emphasized by thermographic images,
presented in Fig. 11.

(e)

(f)

(a)
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be seen that the noise level for all the three
manufacturing solutions silencers are at almost the same
level. In all cases the noise level was lower for silencers
1 and 2 with 1.52% at 0% load to 7.61% at 90% load.
Load 0%

n = 1500 rpm
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(b)
Fig. 12. Synthetic results - Load 0 %
Load 50%

(i)
Fig. 11. Thermographic images with temperature distribution
and high temperature areas on the exterior muffler surface

140
120
100

The experimental final results are synthetically
presented as graphs in figure Fig. 12, Fig. 13, and Fig. 14
ordered based on the load of the engine (0 %, 50 %, 90
%), where:
1) -∆p is the pressure – drop in (mmHg);
2) -tmax is the maximum temperature measured on
the external surface in (°C);
3) -Leq is the equivalent sound pressure level.
Concerning the temperature, for mufflers 1 and 2 the
maximum temperature measured on the external surface
is relatively close to the reference silencer 0, for engine
load 50% and 90%.
When the engine load raises, the temperature
differences decrease to a maximum of 17% for silencer 1
and to 6.25% for silencer 2 (90% load at 1500 (rpm)).
For an engine load of 90% at 1800 (rpm), the external
temperature for silencer 1 and silencer 2 are lower than
silencer 0.
As a consequence, of temperatures measurement, the
silencers 1 and 2 demonstrate the phenomenon of a
bigger thermal inertia compared to silencer 0. This
phenomenon is present in the process of heating also in
the process of cooling the silencers. In the graphs it can

1
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Fig.13. Synthetic results - Load 50 %
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Load 90%

increase in the difference between the pressure
drops of the three variants. This suggests that, if
major structural changes are made for the mufflers,
there is a risk that for the same level of noise, the
energy and the economic performance of the engine
can be damaged.

n = 1500 rpm
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Fig. 14. Synthetic results - Load 90 %

The effect of noise attenuation for silencers 1 and 2 is
accompanied by an increase in drop-pressure between in
and out of the silencers.
VI. CONCLUSIONS
1) An algorithm and a dedicated method have been
proposed in order to emphasize more direct the
mufflers influence on the engines performances.
2) The procedure includes particular cycles of the
engine and the relation between the engine
operating conditions and the functional parameters
of the automotive mufflers are highlighted.
3) The measuring cycle which has been proposed and
described in this paper could provide the noise,
temperature and pressure determinations, within
the particular imposed functioning conditions.
4) At the same time, the noise measurements were in
accordance with a methodology established by the
international standards in order to compare the
results obtained for different mufflers.
5) The conducting of experimental protocol by
measuring chain proved to be easy and friendly,
being a good basis for continuing these kinds of
experiments.
6) As a final conclusion, the performance of three
solutions mufflers is very close in terms of noise
levels and maximum temperatures on the outer
surface. In charging regimes reveals a slight
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