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Aims & Scope
General Aims:

ACTA TECHNICA CORVINIENSIS - BULLETIN OF ENGINEERING is an international and interdisciplinary journal which

reports on scientific and technical contributions.

Every year, in four online issues (fascicules 1 - 4), ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering [e-ISSN: 2067-

3809] publishes a series of reviews covering the most exciting and developing areas of engineering. Each issue contains

papers reviewed by international researchers who are experts in their fields. The result is a journal that gives the

scientists and engineers the opportunity to keep informed of all the current developments in their own, and related,

areas of research, ensuring the new ideas across an increasingly the interdisciplinary field.

ACTA TECHNICA CORVINIENSIS - BULLETIN OF ENGINEERING publishes invited review papers covering the full spectrum of

engineering. The reviews, both experimental and theoretical, provide general background information as well as a

critical assessment on topics in a state of flux. We are primarily interested in those contributions which bring new

insights, and papers will be selected on the basis of the importance of the new knowledge they provide.

Topical reviews in materials science and engineering, each including:

O  surveys of work accomplished to date

O  current trends in research and applications

0  future prospects.

As an open-access journal ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering will serve the whole engineering

research community, offering a stimulating combination of the following:

0  Research Papers - concise, high impact original research articles,

O  Scientific Papers - concise, high impact original theoretical articles,

0  Perspectives - commissioned commentaries highlighting the impact and wider implications of research appearing in
the journal.

ACTA TECHNICA CORVINIENSIS - BULLETIN OF ENGINEERING encourages the submission of comments on papers published

particularly in our journal. The journal publishes articles focused on topics of current interest within the scope of the

journal and coordinated by invited guest editors. Interested authors are invited to contact one of the Editors for further

details.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering has been published since 2008, as an online supplement of the

ANNALS OF FACULTY ENGINEERING HUNEDOARA - INTERNATIONAL JOURNAL OF ENGINEERING.

Now, the ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is a free-access, online, international and

multidisciplinary publication of the Faculty of Engineering Hunedoara.

ACTA TECHNICA CORVINIENSIS - BULLETIN OF ENGINEERING exchange similar publications with similar institutions of our

country and from abroad.

Audience & Coverage:

Scientists and engineers with an interest in the respective interfaces of engineering fields, technology and materials,

information processes, research in various industrial applications. It publishes articles of interest to researchers and

engineers and to other scientists involved with materials phenomena and computational modeling.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is a good opportunity for the researchers to exchange

information and to present the results of their research activity. Scientists and engineers with an interest in the

respective interfaces of engineering fields, technology and materials, information processes, research in various

industrial applications are the target and audience of ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering. It

publishes articles of interest to researchers and engineers and to other scientists involved with materials phenomena

and computational modeling.

The journal's coverage will reflect the increasingly interdisciplinary nature of engineering, recognizing wide-ranging

contributions to the development of methods, tools and evaluation strategies relevant to the field. Numerical modeling

or simulation, as well as theoretical and experimental approaches to engineering will form the core of ACTA TECHNICA

CORVINIENSIS - Bulletin of Engineering's content, however approaches from a range of environmental science and

economics are strongly encouraged.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering appear in four issues per year and is open to the reviews,

papers, short communications and breakings news inserted as Scientific Events, in the field of engineering.

Mission:

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is an international and interdisciplinary journal which reports on

scientific and technical contributions. The ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering advances the

understanding of both the fundamentals of engineering science and its application to the solution of challenges and

problems in engineering and management, dedicated to the publication of high quality papers on all aspects of the

engineering sciences and the management.

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA 3
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You are invited to contribute review or research papers as well as opinion in the fields of science and technology
including engineering. We accept contributions (full papers) in the fields of applied sciences and technology including
all branches of engineering and management.

Submission of a paper implies that the work described has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis) that it is not under consideration for publication
elsewhere. It is not accepted to submit materials which in any way violate copyrights of third persons or law rights. An
author is fully responsible ethically and legally for breaking given conditions or misleading the Editor or the Publisher.
The Editor reserves the right to return papers that do not conform to the instructions for paper preparation and
template as well as papers that do not fit the scope of the journal, prior to refereeing. The Editor reserves the right
not to accept the paper for print in the case of a negative review made by reviewers and also in the case of not paying
the required fees if such will be fixed and in the case time of waiting for the publication of the paper would extend the
period fixed by the Editor as a result of too big number of papers waiting for print. The decision of the Editor in that
matter is irrevocable and their aim is care about the high content-related level of that journal.

The mission of the ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is to disseminate academic knowledge across
the scientific realms and to provide applied research knowledge to the appropriate stakeholders. We are keen to
receive original contributions from researchers representing any Science related field.

We strongly believe that the open access model will spur research across the world especially as researchers gain
unrestricted access to high quality research articles. Being an Open Access Publisher, Academic Journals does not
receive payment for subscription as the journals are freely accessible over the internet.

General Topics:

ENGINEERING ECONOMICS EARTH SCIENCES

[0 MECHANICAL ENGINEERING [0 AGRICULTURAL ECONOMICS [0 GEODESY
[0  METALLURGICAL ENGINEERING [0 DEVELOPMENT ECONOMICS O GEoLoGgY
[0 AGRICULTURAL ENGINEERING [0 ENVIRONMENTAL ECONOMICS [0  HYDROLOGY
[0 CONTROL ENGINEERING [0 INDUSTRIAL ORGANIZATION [0 SEISMOLOGY
[0  ELECTRICAL ENGINEERING [0 MATHEMATICAL ECONOMICS [0 SoIL SCIENCE
[0 CIviL ENGINEERING [0 MONETARY ECONOMICS ENVIRONMENTAL
[0  BIOMEDICAL ENGINEERING [0 RESOURCE ECONOMICS [0  ENVIRONMENTAL CHEMISTRY
[0  TRANSPORT ENGINEERING [0 TRANSPORT ECONOMICS [0 ENVIRONMENTAL SCIENCE & EcoLoGY
[0 NANOENGINEERING [0 GENERAL MANAGEMENT [0 ENVIRONMENTAL SOIL SCIENCE
CHEMISTRY [0 MANAGERIAL ECONOMICS [0 ENVIRONMENTAL HEALTH
[0  GENERAL CHEMISTRY O LoaGiIsTICS BIOMECHANICS & BIOTECHNOLOGY
0 ANALYTICAL CHEMISTRY AGRICULTURE [0 BIOMECHANICS
[0 INORGANIC CHEMISTRY [0 AGRICULTURAL & BIOLOGICAL ENGINEERING [0  BIOTECHNOLOGY
[0 MATERIALS SCIENCE & METALLOGRAPHY [ FOOD SCIENCE & ENGINEERING [0 BIOMATERIALS
[0  POLYMER CHEMISTRY [0 HORTICULTURE MATHEMATICS
[0 SPECTROSCOPY COMPUTER & INFORMATION SCIENCES [0 APPLIED MATHEMATICS
[0  THERMO-CHEMISTRY [0 COMPUTER SCIENCE [0 MODELING & OPTIMIZATION
1 INFORMATION SCIENCE 1 FOUNDATIONS & METHODS

Invitation:

We are looking forward to a fruitful collaboration and we welcome you to publish in our ACTA TECHNICA CORVINIENSIS -
Bulletin of Engineering. You are invited to contribute review or research papers as well as opinion in the fields of
science and technology including engineering. We accept contributions (full papers) in the fields of applied sciences and
technology including all branches of engineering and management.

Submission of a paper implies that the work described has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis) that it is not under consideration for publication
elsewhere. It is not accepted to submit materials which in any way violate copyrights of third persons or law rights. An
author is fully responsible ethically and legally for breaking given conditions or misleading the Editor or the Publisher.
5th Anniversary Celebration:

We are very pleased to inform that our journal ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering completed its
five years of publication successfully [2008-2012, Tome I-V]. In a very short period it has acquired global presence and
scholars from all over the world have taken it with great enthusiasm.

We are extremely grateful and heartily acknowledge the kind of support and encouragement from all contributors and
all collaborators!

ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING
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Review process & Editorial Policy

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is dedicated to publishing material of the highest engineering

interest, and to this end we have assembled a distinguished Editorial Board and Scientific Committee of academics,

professors and researchers.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering publishes invited review papers covering the full spectrum of

engineering. The reviews, both experimental and theoretical, provide general background information as well as a critical

assessment on topics in a state of flux. We are primarily interested in those contributions which bring new insights, and

papers will be selected on the basis of the importance of the new knowledge they provide.

The editorial policy of ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering is to serve its readership in two ways.

Firstly, it provides a critical overview of the current issues in a well-defined area of immediate interest to materials

scientists. Secondly, each review contains an extensive list of references thus providing an invaluable pointer to the

primary research literature available on the topic. This policy is implemented by the Editorial Board which consists of

outstanding scientists in their respective disciplines. The Board identifies the topics of interest and subsequently invites

qualified authors. In order to ensure speedy publication, each material will be report to authors, separately, thought

Report of the Scientific Committee. For an overview of recent dispatched issues, see the ACTA TECHNICA CORVINIENSIS -

Bulletin of Engineering issues.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering encourages the submission of comments on papers published

particularly in our journal. The journal publishes articles focused on topics of current interest within the scope of the

journal and coordinated by invited guest editors. Interested authors are invited to contact one of the Editors for further

details.

The members of the Editorial Board may serve as reviewers. The reports of the referees and the Decision of the Editors

regarding the publication will be sent to the corresponding authors.

The evaluated paper may be recommended for:

O Acceptance without any changes - in that case the authors will be asked to send the paper electronically in the
required .doc format according to authors' instructions;

O Acceptance with minor changes - if the authors follow the conditions imposed by referees the paper will be sent in the
required .doc format;

O Acceptance with major changes - if the authors follow completely the conditions imposed by referees the paper will
be sent in the required .doc format;

0 Rejection - in that case the reasons for rejection will be transmitted to authors along with some suggestions for future
improvements (if that will be considered necessary).

The manuscript accepted for publication will be published in the next issue of ACTA TECHNICA CORVINIENSIS - Bulletin of

Engineering after the acceptance date.

All rights are reserved by ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering. The publication, reproduction or

dissemination of the published paper is permitted only be written consent of one of the Managing Editors.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering accept for publication unpublished manuscripts on the

understanding that the same manuscript is not under simultaneous consideration of other journals. Publication of a part of

the data as the abstract of conference proceedings is exempted.

All the authors and the corresponding author in particular take the responsibility to ensure that the text of the article

does not contain portions copied from any other published material which amounts to plagiarism. We also request the

authors to familiarize themselves with the good publication ethics principles before finalizing their manuscripts.

Manuscripts submitted (original articles, technical notes, brief communications and case studies) will be subject to peer

review by the members of the Editorial Board or by qualified outside reviewers. Only papers of high scientific quality will

be accepted for publication. Manuscripts are accepted for review only when they report unpublished work that is not

being considered for publication elsewhere.

ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING
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Regional Associate Editors
& Collaborators

Editors from ROMANIA
Vasile ALEXA
University Politehnica TIMISOARA, Faculty of Engineering - HUNEDOARA
Sorin Aurel RATIU
University Politehnica TIMISOARA, Faculty of Engineering - HUNEDOARA
Vasile George CIOATA
University Politehnica TIMISOARA, Faculty of Engineering - HUNEDOARA
Dan Ludovic LEMLE
University Politehnica TIMISOARA, Faculty of Engineering - HUNEDOARA
Simona DZITAC
University of ORADEA, Faculty of Energy Engineering - ORADEA
Valentin VLADUT
National Institute of Research - Development for Machines and Installations (INMA) - BUCURESTI
Sorin Tiberiu BUNGESCU
Banat’s University TIMISOARA - Department of Agricultural Machines - TIMISOARA
Mirela SOHACIU
University Politehnica BUCURESTI, Faculty of Materials Science and Engineering - BUCURESTI
Endre IANOSI
University Politehnica TIMISOARA, Faculty of Mechanical Engineering - TIMISOARA
Regional Editors from HUNGARY
Tamads HARTVANYI ) B
Széchenyi Istvdn University in GYOR, Department of Logistics & Forwarding - GYOR
Gyorgy KOVACS
University of MISKOLC, Faculty of Mechanical Engineering and Information Science - MISKOLC
Zsolt Csaba JOHANYAK ]
College of KECSKEMET, Faculty of Mechanical Engineering and Automation - KECSKEMET
Péter TELEK
University of MISKOLC, Faculty of Mechanical Engineering and Information Science - MISKOLC
Jozsef SAROSI
University of SZEGED, Faculty of Engineering - SZEGED
Gergely DEZSO ’ ] ’
College of NYIREGYHAZA, Engineering and Agriculture Faculty - NYIREGYHAZA
Sandor BESZEDES
University of SZEGED, Faculty of Engineering - SZEGED
Krisztian LAMAR
Obuda University BUDAPEST, Kalmdn Kandé Faculty of Electrical Engineering - BUDAPEST
Péter FOLDESI B B
Széchenyi Istvdn University in GYOR, Department of Logistics & Forwarding - GYOR
Regional Editors from CROATIA
Gordana BARIC
University of ZAGREB, Faculty of Mechanical Engineering and Naval Architecture - ZAGREB
Goran DUKIC
University of ZAGREB, Faculty of Mechanical Engineering and Naval Architecture - ZAGREB
Regional Editor from BOSNIA & HERZEGOVINA
Sabahudin JASAREVIC
University of ZENICA, Faculty of Mechanical Engineering - ZENICA
Sefket GOLETIC
University of Zenica, Faculty of Mechanical Engineering - ZENICA
Regional Editors from MALAYSIA
Abdelnaser OMRAN
School of Housing, Building and Planning, Universiti Sains Malaysia - PULAU PINANG
Regional Editor from TUNISIA
Mohamed Najeh LAKHOUA
Institute of Applied Science and Technology of Mateur - MATEUR

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA 7
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Regional Editors from SERBIA
Zoran ANISIC
University of NOVI SAD, Faculty of Technical Sciences - NOVI SAD
Milan RACKOV
University of NOVI SAD, Faculty of Technical Sciences - NOVI SAD
Masa BUKUROV
University of NOVI SAD, Faculty of Technical Sciences - NOVI SAD
Sinisa BIKIC
University of NOVI SAD, Faculty of Technical Sciences - NOVI SAD
Slobodan TASIN
University of NOVI SAD, Faculty of Technical Sciences - NOVI SAD
Milan BANIC ;
University of NIS, Mechanical Engineering Faculty - NIS
Maja TURK-SEKULIC
University of NOVI SAD, Faculty of Technical Sciences - NOVI SAD
Ana LANGOVIC MILICEVIC
Graduate School of Business Studies, Megatrend University - BELGRAD
Igor FURSTNER
SUBOTICA Tech, College of Applied Sciences - SUBOTICA
Imre NEMEDI
SUBOTICA Tech, College of Applied Sciences - SUBOTICA
Eleonora DESNICA
University of Novi Sad, Technical Faculty “M. Pupin” - Zrenjanin
Regional Editors from BULGARIA
Krasimir Ivanov TUJAROV
"Angel Kanchev " University of ROUSSE, Faculty of Agricultural Mechanization - ROUSSE
Vania GARBEVA
Technical University SOFIA - branch PLOVDIV, Department of Control Systems - PLOVDIV
Angel ZUMBILEV

Technical University of SOFIA, Department of Material Science and Technology - PLOVDIV
Peter KOSTAL
Slovak University of Technology - BRATISLAVA, Faculty Materials Science & Technology - TRNAVA
Tibor KRENICKY . 5
Technical University of KOSICE, Faculty of Manufacturing Technologies - PRESOV
Marian FLIMEL
Technical University of KOSICE, Faculty of Manufacturing Technologies - PRESOV
Jozef DOBRANSKY
Technical University of KOSICE, Faculty of Manufacturing Technologies - PRESOV
Beata HRICOVA . B
Technical University of KOSICE, Faculty of Mechanical Engineering - KOSICE
Jan KMEC
Technical University of KOSICE, Faculty of Mechanical Engineering - KOSICE
Pavol RAFAJDUS
University of ZILINA, Faculty of Electrical Engineering - ZILINA
Peter KRIZAN
Slovak University of Technology in BRATISLAVA, Faculty of Mechanical Engineering - BRATISLAVA
Regional Editor from CYPRUS
Louca CHARALAMBOS
Americanos College - NICOSIA

The Editor and editorial board members do not receive any remuneration. These positions are voluntary.

We are very pleased to inform that our journal ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING is going to
complete its five years of publication successfully. In a very short period it has acquired global presence and scholars from
all over the world have taken it with great enthusiasm. We are extremely grateful and heartily acknowledge the kind of
support and encouragement from you.

ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING is seeking qualified researchers as members of the editorial
team. Like our other journals, ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING will serve as a great resource for
researchers and students across the globe. We ask you to support this initiative by joining our editorial team. If you are
interested in serving as a member of the editorial team, kindly send us your resume to redactie@fih.upt.ro.
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Members from SLOVAKIA

Scientific Committee Members

& Reviewers

Stefan NIZNIK

Technical University of KOSICE, Faculty of Metallurgy, Department of Materials Science - KOSICE
Karol VELISEK

Slovak University of Technology BRATISLAVA, Faculty Materials Science & Technology - TRNAVA
Peter KOSTAL

Slovak University of Technology - BRATISLAVA, Faculty Materials Science & Technology - TRNAVA
Juraj SPALEK

University of ZILINA, Faculty of Electrical Engineering - ZILINA

Vladimir MODRAK

Technical University of KOSICE, Faculty of Manufacturing Technologies - PRESOV

Michal HAVRILA

Technical University of KOSICE, Faculty of Manufacturing Technologies - PRESOV

Jozef NOVAK-MARCINCIN

Technical University of KOSICE, Faculty of Manufacturing Technologies - PRESOV

Lubomir SOOS

Slovak University of Technology in BRATISLAVA, Faculty of Mechanical Engineering - BRATISLAVA
Miroslav BADIDA

Technical University of KOSICE, Faculty of Mechanical Engineering - KOSICE

Ervin LUMNITZER

Technical University of KOSICE, Faculty of Mechanical Engineering - KOSICE

Tibor KVACKAJ

Technical University KOSICE, Faculty of Metallurgy - KOSICE

Ludovit KOLLATH

Slovak University of Technology in BRATISLAVA, Manufacturing Systems Institute - BRATISLAVA
Ladislav GULAN

Slovak University of Technology, Institute of Transport Technology & Designing - BRATISLAVA
Dusan HUSKA

Slovak Agricultural University, Faculty of European studies & Regional Development - NITRA
Miroslav VERES

Slovak University of Technology in BRATISLAVA, Faculty of Mechanical Engineering - BRATISLAVA
Milan SAGA .

University of ZILINA, Faculty of Mechanical Engineering - ZILINA

Imrich KISS

Institute of Economic & Environmental Security, University of Security Management - KOSICE
Otakav BOKUVKA

University of ZILINA, Faculty of Mechanical Engineering - ZILINA

Michal CEHLAR

Technical University KOSICE, Faculty of Mining, Ecology, Process Control & Geotechnologies - KOSICE
Pavel NECAS .

Armed Forces Academy of General Milan Rastislav Stefanik - LIPTOVSKY MIKULAS

Milan DADO

University of ZILINA, Faculty of Electrical Engineering - ZILINA

Jozef PILC .

University of ZILINA, Faculty of Mechanical Engineering - ZILINA

Members from ITALY

Alessandro GASPARETTO

University of UDINE, Faculty of Engineering - UDINE

Alessandro RUGGIERO

University of SALERNO, Department of Mechanical Engineering - SALERNO

Adolfo SENATORE

University of SALERNO, Department of Mechanical Engineering - SALERNO
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Members from HUNGARY

Imre DEKANY

University of SZEGED, Department of Colloid Chemistry - SZEGED

Béla ILLES

University of MISKOLC, Faculty of Mechanical Engineering and Information Science - MISKOLC
Imre J. RUDAS

Obuda University of BUDAPEST, Department of Structural Engineering - BUDAPEST

Tamas KISS

University of SZEGED, Department of Inorganic and Analytical Chemistry - SZEGED

Cecilia HODUR

University of SZEGED, College Faculty of Food Engineering - SZEGED

Arpad FERENCZ ]
College of KECSKEMET, Faculty of Horticulture, Department of Economics - KECSKEMET
Imre TIMAR .
University of Pannonia, Department of Silicate and Materials Engineering - VESZPREM

Gyula MESTER

University of SZEGED, Department of Informatics - SZEGED

Addam DOBROCZONI
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A. LANGOVIC MILICEVIC, Z. LANGOVIC, T. CVETKOVSKI, B. PAZUN -

NECESSITY OF RESPECT THE RELATIONSHIP BETWEEN CULTURE AND INFORMATION

TECHNOLOGY IN MANAGEMENT BUSINESS SYSTEMS 21
Abstract: The same application software and information systems used today on all continents, in spite of
the fact that users of such systems from different national and organizational cultures. In this paper we
argue that with respect and encouraging cultural diversity in the business environment can positively
influence both the way of understanding, acceptance and use, and the information technology. Also it is
shown the cultural heritage of a country's contemporary business culture and its impact on the development
of information technology. The paper will draw attention to virtual teams and how cultural differences
among them can influence the activities and the final results, as well as the possibilities of business
development at the global level.
2. Jozsef SOLTICZKY, Istvan BIRO -

MOTOR-CAR INDUSTRY AS THE MAIN MOTIVATION OF PLASTIC-INNOVATION
Abstract: New technologies and high quality materials are developed by manufacturers and molders of
plastic to comply the emerging requirements. Applying developed technologies complex shaped plastic
elements can be produced easily. The production of similar elements from steel needs more steps and more
time as well. Besides these possibilities the new technologies increased the freedom of designers in the
motor-car industry. This is the other important aspect of application of different type of plastics. This
paper gives a brief summary about the development of application of plastic mountings in motor-cars
moreover about its motivation and expectable trends. It shows the effect of international environment
protection standards on design of motor-cars and construction of cars besides the plastic-industrial
developments motivated by emerging demands and requirements.

L. NADASAN, T. ONET, I. PETEAN, M. SABAU -

DECORATIVE FERROCEMENT ELEMENTS
Abstract: Ferrocement has the versatility that can be 'sculptured’ or shaped into numerous fascinating
structures and objects for very wide applications. The exposure of this technology to engineers in general is
rather minimal in Romania and many are skeptical about it. The potential is not exploited for it being
unconventional in nature. Its ability to compete or use as a cheaper alternative and yet a promising
technology in ensuring improved living standard and environmental quality must not be neglected. The
paper discusses about the applicability of ferrocement in the Romanian scene with respect to recreation
and home use. The ferrocement elements can be used for outside or inside exposure, thanks to
ferrocement’s durability, resistence to impact and resistence to fire.
4. Kouros NEKOUFAR, Hafez KOUHPARI -

CONTROL AND DECREASE THE SCOURING OF BRIDGE PIER BY METHOD OF NON-SUBMERGED

PLATES USING SSIIM SOF TWARE 35
Abstract: Bridges are the vital components of each country’s roads. Economic studies of the road
construction show that the road bridges allocate much cost to it and due to the delicate structures of their
system; they have great vulnerability as well. Therefore the detailed design of the various components of
the bridge should be considered further. Erosion and transport of bed material is separated from it by a
process called scouring. Occurrence of scouring around the bridge piers is one of the main reasons for the
defeat and destruction of bridges and their instability. So it is important to provide methods to control and
reduce this phenomenon. In the present study, the modeling of non-submerged plate’s perpendicular to the
water flow has been expressed in upstream of the cylindrical pier using software SSIIM. Reducing the depth
of the scouring hole was observed in these pages, and has a great influence around the bridge pier.
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5. Stoyan SLAVOYV -

OPPORTUNITIES FOR IMPLEMENTATION THE VIBRATORY SUPERFICIALLY PLASTIC

DEFORMATION PROCESS FOR CYLINDRICAL SURFACES USING CNC TURN/MILL CENTERS 41
Abstract: This article discusses some typical disadvantages of the traditional kinematical scheme for
implementing the vibratory superficially plastic deformation process, realized on manually controlled lathe
machine tools and the possibilities and some difficulties in implementing that process by using 2 - axis CNC
lathes and the more advanced multi-axis CNC Turn/Mill centres. Kinematical parameters of the process
having an impact of the toolpath, for forming of regular reliefs from different types through the process
are described, and math functions for its calculating are proposed in accordance with the diameter and
length of the cylindrical surface, that will be processed. The necessity of using 4-axis turn/mill centres
(with rotary C-axis) is examined. The sequence of steps for automated programming of the attributes of the
operation, using FeatureCAM software system, for output the required NC code is proposed.

6. Liany Amelia HENDRATTA, Terunori OHMOTO -

RESISTANCE AND FLOW CHARACTERISTICS OF HIGH-CONCENTRATION SEDIMENT LADEN FLOW

OVER DUNE TYPE BED IN AN OPEN CHANNEL 49
Abstract: The need to understand and predict flows that carry large loads of suspended sediments and wash
loads has become acute in the Yellow River Basin, where significant erosion and siltation associated with
high-concentrated floods produce significant erosion, siltation, and associated river problems. Mud flows,
debris flows and slurries, which contain large concentrations of clay and/or silt particles suspended in
water, often show non-Newtonian hydrodynamic properties. Non-Newtonian flows are poorly understood
regarding the impact of their rheological properties on fully developed turbulent flows. In this paper, we
experimentally investigated resistance and flow structure of high-concentrated sediment laden flow in an
open channel using particle image velocimetry. The results showed that, compared with clear water flow,
the rheological properties of sediment-laden flow significantly dissipated the turbulent flow fluctuations
over the dune type bed and increased the flow resistance.

7. Adolfo SENATORE, Alessandro RUGGIERO, Mario PISATURO -

MODELS FOR PRESSURE CONTROL OF AUTOMATED DRY CLUTCHES: TEMPERATURE

INFLUENCE ON FRICTIONAL AND ELASTIC BEHAVIOUR 55
Abstract: Nowadays, the development of the Automated Manual Transmission (AMTs) has led to remarkable
increment of their performance respect the manual ones. In fact, AMTs allow strong improvement in terms
of safety, comfort, reliability, shifting quality, and driving performance, together with reduction of fuel
consumption and pollutant emissions. Automated Manual Transmissions (AMTs) systems are generally
constituted by a dry or wet clutch assembly and a multi-speed gearbox, both equipped with electro-
mechanical or electro-hydraulic actuators, which are driven by a control unit, the transmission control unit
(TCU). In this transmission type the quality of the vehicle propulsion as perceived by the driver is largely
dependent on the quality of the control strategies. This paper aims at investigating the influence of the
temperature on the engagement performance of an actively closed dry clutch.

Tomasz FIGLUS, Andrzej WILK, Mateusz KALAFARSKI -

Stefan LISCAK -

THE INFLUENCE OF MUFFLER TYPE OF THE EXHAUST SYSTEM IN THE SPORTS MOTORCYCLE

ON THE LEVEL OF THE EMITTED NOISE 59
Abstract: The traffic noise is one of the most important factors influencing the reduction of comfort life and
also it can cause the increase the possibility to loss health by people. The motorcycle sports are the types
of vehicles which exploitation is connected with generating noise of a higher level. In the work, the tests of
influence of using different solutions of the muffler type of the exhaust system construction on the level of
noise emission by the sports motorcycle are presented. One of the categories of the motorcycles on the
public ways are the sports motorcycles equipped in engines with the power over 100kM and max. rotational
speed more over 10000 rpm. The motorcycles use by young people are often individually modified which
may cause the level increase of generated noise. In the work, the test results are presented, their aim was
to estimate the emitted noise influence by sports motorcycle equipped in 4 different exhaust systems.
There were conducted tests of the noise according to the norm, additionally in the place of the
motorcyclists head and in the position of the pedestrian near the road.

Alma-Gabriela VARGA -

THE NEW DIRECTIVE 2012/27/EU AND AMENDMENTS IMPOSED BY IT ON ENERGY EFFICIENCY 63
Abstract: In accordance with the EU Energy Policy, developed in 2007, energy is an essential element for the
development of the Union, but equally is a challenge regarding the impact of the energy sector on climate
change, increasing dependence on energy imports and increasing the energy price. The paper focuses on the
latest European Directive of the European Parliament and of the Council from October 25, 2012 on energy
efficiency. The Directive establishes a common framework for promoting energy efficiency measures in the
Member States of the Union, in order to achieve, by 2020, the main objective of 20% energy efficiency and
to open up the way for further energy efficiency increase. In the paper is written a synthesis of the
European Directives issued by the European Parliament on energy efficiency, specifying some of the energy-
saving targets set by them.
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10. Madrta NOTARI, Arpad FERENCZ -

ASSESSMENT OF THE IMPORTANCE OF TRADITIONAL PRODUCTS IN HUNGARY 69
Abstract: Questionnaires were done for research of the local consumer evaluation aiming the topic of
traditional horticultural products in the sphere of products in horticulture and food industry. We have
three hypotheses: 1.The consumers are able to associate with messages bound up with characteristic,
regional products. 2. In the decision-making process, in connection with the purchase and consumption of
the consumer, the knowledge of the source of supply is an influential factor. 3. The product character of
traditional horticultural products gives the chance to the consumer to acknowledge the excellent and
individual feature of the product in a higher price, consequently, the higher price will be less influential
factor in their decision-making process of the purchase. In the years 2010-2011 primary research has been
conducted on agricultural and food manufacturers of traditional horticultural products. To analyse the
survey data, we have used SPSS 14.0 for Windows and LISREL 8.30. Methods: Confidence-interval
calculation, a variable structure test wit factor analysis, a variable structure test with cluster analysis,
multi dimensional scaling and correspondence analysis. It can easily be brought to light that the consumers
select product not even on the basis of its price, appearance but rather on the basis of its particular taste
and the excellent quality. The consumers regard - beside the perceptible attributes - the Hungarian
provenance, place of origin and the traditional feature as an important aspect. In the analysis of traditional
horticultural products we can divide two independent factors can be distinguished: quality and economic
factors.

11. Dejan JANKOVIC, Radmila MILIDRAGOVIC -
INTEGRATION OPENSOURCE GIS SOFTWARE FOR IMPROVING DECISION-MAKING IN LOCAL

COMMUNITY 73
Abstract: With applying of GIS information technology in decision-making processes, decision-makers were
given powerful tools that enable the collection and processing of large amounts of spatial data and creating
quality information in a very short time. The Geographic Information Systems (GIS) are complex five-
component information systems that comprising the following components: procedures, people, data,
hardware and software. This paper describes the integration of several open source GIS software for various
purposes in the process of decision-making in local government. The paper presents an example of
integration of various functionalities opensource GIS software to improve decision-making in local
governments. It shows the synergistic possibilities of integrating various opensource GIS software to support
decision-making (DSS). Special attention is paid to geoprocessing capability. Further, it is analyzed the
significance of building spatial data infrastructure at the local level as basis of DSS. The research was done
on the example of choosing the best options for the reconstruction of public lighting. The results of this
study contribute for promote the growing trend of integration the compatibility of various GIS open source
software solutions.

USING FREE PLATE SOLUTION
Abstract: The use of surface waves of the Rayleigh type enables the properties of the component materials
of a layered structure, such as a pavement, to be determined. The method has the advantage that the
measurements are performed dynamically, thus making an allowance for the inertial and frequency
dependent response of the pavement. The velocity of the waves is not a constant, but exhibits dispersion.
The manner of the variation of the wave velocity is used to determine the properties of the surface and
subsurface materials of the structure. Inverse problems are involved in interpreting the results. Wave
propagation in elastic plates is analogous to propagation in layered spaces and therefore the free plate
system can be used to model the surface layer of a single layered pavement structure. A direct algebraic
inverse technique has been developed and used to calculate the thickness of the surface layer of a
pavement system employing free plate analysis. To assess the effectiveness and reliability of the proposed
technique, the application of the method to a published set of experimental data obtained in the field is
presented and discussed. It is shown that the experimental results and the algebraic solutions are in good
agreement, indicating that the proposed method can be used to determine the thickness of the pavement
surface layer without resorting to excavation and in a very quick and economic manner.
13. Jozef PETRIK, Pavol PALFY, Vojtech MIKLOS, Milan HAVLIK -

THE REMOTE LABORATORY AND MICROHARDNESS MEASUREMENT
Abstract: The measurement of micro-hardness with loads between 0.09807 N and 0.9807 N has been carried
out in direct mode (appraiser measured the dimensions of indentations with a measuring device fitted to
the micro-hardness tester, a part of microscope) and in modified remote modes. The reference block -
certified reference material with defined specified hardness and its uncertainty was used as a specimen,
particular measurement involved indirect calibration of tester. The influence of applied load on the
measured value of micro-hardness was evaluated by Meyer’s index n and PSR method. The difference
between values obtained by particular modes is statistically significant. The purpose of this paper is to
evaluate the influence of load on the values of micro-hardness using Meyer’s and PSR methods, to evaluate
the influence of load on the uncertainty of measured micro-hardness and to compare the results obtained in
direct and remote modes.

12. Tohid AKHLAGHI, Ali NIKKAR -
APPLICATION OF ALGEBRAIC INVERSE METHOD TO SURFACE WAVE TESTING OF PAVEMENTS
77
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14. Mirela C. GHITA, Constantin A. MICU, Mihai D.L. TALU, Stefan D.L. TALU -

3D MODELLING OF A SHRINK FITTED CONCAVE ENDED CYLINDRICAL TANK FOR AUTOMOTIVE

INDUSTRY 87
Abstract: Over the past few decades, important efforts have been made to develop and implement
engineering design guidelines, construction and maintenance standards, and specifications for gas tanks
used in the automotive industry, including standardized test methods. In order to provide a better
understanding of the gas tank design, optimization, reliability and manufacturing feasibility, the research
efforts have been focused towards new, convergent, stable and robust CAD algorithms for obtaining the
optimal solution. The aim of this work is to present a method that allows the optimal design of a shrink
fitted concave ended cylindrical tank for the storage of methane gas, based on the application of the Finite
Element Method (FEM). This paper presents a methodology for the optimal shape design of a shrink fitted
concave ended cylindrical tank for the automotive industry using the FEM and which is based on a
specialized database of 3D parameterized shapes. The mechanical simulation, numerical calculations and
geometrical modeling were applied for the three-dimensional complex models
15. Péter SZUCHY -

DELINEATION OF ABRASIVE WEAR TESTING EQUIPMENTS 93
Abstract: When we are testing the wear we have to measure the loss of the tested material with the same
testing circumstances that cannot be easily ensured. Therefore a relative abrasion resistance is usually
measured (wear of an etalon material / wear of the tested material). When somebody searches abrasive
wearing properties, it is always a significant question, how to select appropriate wear testing equipment. If
the chosen method is the model testing of simple specimens, lots of obtainable tribotesters will be found
on the market, and there is a good chance for developing one, too. Many well-designed testing machines
exist and are available. For classification my chosen main aggregate is the movement of the specimen. Here
is a short summary of the advantages and disadvantages of the different kind of abrasive wear testers
where the contact surfaces of the worn and the abrasive materials have relative speed difference.

16. J. MASSAH, K. Asefpour VAKILIAN -

STATISTICAL MODELLING OF ERROR MEASUREMENT FOR DIAPHRAGM GAS METERS AT

DIFFERENT AMBIENT TEMPERATURES 97
Abstract: In this research, a statistical modeling is introduced in order to evaluate measuring error of
diaphragm gas meters considering the effects of different ambient temperatures on the usual (0.2Qm.) and
maximum (Qn.x) consumption flow rate. In this study, a G4 diaphragm gas meter was used because of its
prevalence in Iran. By considering the climate of Iran, average range of experiment's temperature was
chosen between 30°C to 60°C and 0°C to -30°C. For conducting the experiments on these gas meters, a
heater-cooler device and a master chamber were utilized. Proposed statistical modeling was able to
evaluate the amount of using gas in the form of 0.2Qm. and Q.. The obtained results may be used as a
correction factor for diaphragm meter operation on different temperature conditions. In other words, the
advantages of this research can be used for estimating the proper amount of using gas and calculating the
proper fee for the user. According to results, in the countries that the gas consumption is done by
diaphragm gas meters, national gas company will be lost for cold cities and will be profited for warm cities
and the amount of fee estimation error is significant. As an example, national gas company of Iran lost
about 40.7 million dollars for gas consumption measurement error for Tehran city in 2008.

17. Mihaela FLORI, Daniela MILOSTEAN -

HEAT TRANSFER SIMULATION IN MOLD DURING DIE CASTING OF STEEL 101
Abstract: The heat transfer in the melt-mold system during die casting process is made through conduction,
convection and radiation. So, during pouring of melt into the mold, interface heat transfer is through
forced convection and radiation. After the melt filled the mold, the interface heat transfer depends on the
contact between melt and mold. Temperature evolution in mold wall during die casting of steel was
analyzed by a finite element simulation and the results were compared with experimental data. The
simulation consists in solving a conduction heat transfer problem with appropriate initial and boundary
conditions. In this study, the Comsol Multiphysics 4.2 software is used to simulate the conduction heat
transfer in the mold wall during die casting processing. The simulation results are compared with
experimental data obtained by K-type thermocouples measurements taken.
18. Aleksandar KOSARAC, Sasa PRODANOVIC -

Milan ZELJKOVIC -

POSSIBILITIES FOR INTERACTIVE CONTROL OF MACHINE TOOLS IN THE VIRTUAL REALITY

ENVIRONMENT 105
Abstract: The virtual product development is a modern approach in the product development process. Apart
from the visualization itself, the virtual product development encompasses the whole range of testing in
the virtual reality (VR) environment. Different testing performed in the virtual reality environment before
prototype production can increase productivity and decrease development time. As an illustration of
possibilities of performing different kind of testing in VR environment, this paper shows simulation in the
VR environment of the process controlled by programmable logical controller (PLC) and MATLAB/SIMULINK.
As an interface between VR and MATLAB/SIMULINK environment VR Toolbox library is used, and between
MATLAB/SIMULINK and PLC controller that is OPC standard.
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SOLAR POTENTIAL AT AN OPTIMUM ANGLE OF PLANE INCLINATION FOR THE CITY OF VARNA
Abstract: The ever growing interest in the utilization of solar energy as an accessible, renewable,
environmentally-friendly and easily-manageable type of energy makes it a prospective branch of power
engineering. The utilization of the maximum possible amount of total solar radiation reaching a certain
surface depends on the azimuth angle and its inclination in relation to a horizontal plane. The empirical
data about the solar radiation intensity reaching the horizontal surface under discussion within the year
2011 makes it possible to determine the solar potential at an optimum angle of an inclined surface. The
paper presents data about the potential solar energy which the city of Varna receives at an optimum angle
of plane inclination. The results are obtained on the basis of a methodology developed for the purposes of
calculating the solar energy received. The experimental values of the total solar radiation on a horizontal
plane observed within a year at a certain geographic location, namely the Technical University of Varna,
serve as an output.

20. Tanja KEREZOVIC -

Gabor SZIEBIG, Bjorn SOLVANG -

Tihomir LATINOVIC -

HUMAN SAFETY IN ROBOT APPLICATIONS - REVIEW OF SAFETY TRENDS
Abstract: Interaction between humans and robots was always having great attention, as robots should never
hurt human beings. With technological development the totally separated operation of robots is being
changed to closer cooperation. Industrial robots now can detect humans in their work-envelope and reduce
their speed according to the motion of the human. This is a radical change to the previously in-fenced and
no human in work-envelope concept. This paper is investigating today’s policy and standards in human -
robot interaction along with solutions for security of production cells. An example demo setup will also be
shown, where the utilization of the newest technologies is emphasized. The paper also deals with
introduction of high level control of security through simulation software.

21. Petar CISAR, Sanja MARAVIC CISAR -

IMPROVEMENT OF EXPONENTIAL SMOOTHING USING SIMULATED NETWORK ENVIRONMENT 119
Abstract: This paper gives a general overview of the EWMA statistics. In addition to already known concepts,
the paper presents a comparative analysis of different smoothing schemes. The optimization possibilities of
this statistics are also discussed. With intention to improve the process of exponential smoothing, the
behavior of the moving trimmed mean and moving median in computer network environment was examined
in relation to the most commonly used moving average. For this purpose, several different types of
distribution are used to model network traffic. Using the software package “Matlab”, sequences of random
numbers are generated for each type of distribution, as the way to simulate network traffic. It is shown
that the moving average and moving trimmed mean better follow the curve of original traffic. At the same
time, comparing the situation with and without outliers, the smallest relative jump of MSE was determined
for moving average and moving median. This conclusion justifies their use for the elimination of the
negative impact of outliers and positively affects the general level of traffic control in computer networks.
22. Krisztian LAMAR, Andrds Gergé KOCSIS -

IMPLEMENTATION OF SPEED MEASUREMENT FOR ELECTRICAL DRIVES EQUIPPED WITH

QUADRATURE ENCODER IN LabVIEW FPGA 123
Abstract: Controlling the speed of a motor is a basic functionality of modern electric drives. In order to
precisely control the speed of an electric motor, it is necessary to measure the actual speed of the motor.
This measurement can be done with various tools and methods. The paper introduces the basics of speed
measurement with quadrature encoders. It explains the theory of the basic sensor types, and the signals of
the quadrature encoder. It introduces the theory of the two main methods for speed measurement with
quadrature encoders: the time based, and the frequency based method. It describes the quantization and
relative errors of these two methods, and the considerations of their implementation. Finally it gives a
short example of the practical implementation in LabVIEW FPGA, for the frequency based speed
measurement method.

23. F.A. AISIEN, N.A. AMENAGHAWON, R. ADEBOYEJO -

POTENTIAL APPLICATION OF RECYCLED RUBBER FROM SCRAP TYRE IN THE REMOVAL OF

PHENOL FROM AQUEOUS SOLUTION 127
Abstract: The adsorption of phenol from aqueous solution using waste tyre rubber granules (WTRG) was
investigated in a batch system. The effect of various factors such as initial concentration of phenol, amount
of adsorbent, size of adsorbent particles, pH and temperature of solution on the adsorption capacity of
WTRG and percentage removal of phenol was studied. The equilibrium time for a phenol concentration of
700mg/l was obtained to be 60 minutes indicating fast adsorption. The percentage removal of phenol and
adsorption capacity of WTRG increased from 20.5 to 40% and 5 to 10.6 mg/g respectively with decrease in
particle size from 2.36 to 0.30mm. The adsorption capacity of WTRG was observed to decrease from 13.4 to
9.9 mg/g with increase in solution temperature from 5 to 45°C indicating that low temperatures favoured
the adsorption of phenol. Maximum adsorption was recorded at a pH of 8.5 and an adsorbent dosage of 4g.
Isotherm data were analysed using Langmuir and Freundlich isotherm models. The equilibrium data for
phenol adsorption on WTRG was observed to fit Langmuir isotherm best with an R? value of 0.995.
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24. Sorin PARPUCEA -

THE BAROQUE HISTORICAL LOAD-BEARING STRUCTURE - A CASE STUDY: THE GREEK

CATHOLIC CATHEDRAL “SCHIMBAREA LA FATA” FROM THE CITY OF CLUJ-NAPOCA,

TRANSYLVANIA 133
Abstract: In the city of Cluj-Napoca, the Greek-Catholic Cathedral, it is a well-known historical monument.
The architecture it is baroque and it is one of the most well preserved historical buildings of its kind. As far
as the plane geometry, the cathedral has a rectangular shape, with a basillical structural system in the coir
section. It is a brick masonry structure, with arches, suspended domes, pilasters and a load-bearing wall
with direct foundation. The Greek-Catholic Cathedral “Schimbarea la Fatd” it is one of the most important
and well-known baroque historical monuments from the city of Cluj-Napoca, in Transylvania. From the
beginning of the construction, until the end of the 90’s this church had a tumultuous history and it survived
in very good conditions. What the author presents are the structure with its three main historic load-
bearing sub-units, the historic structural elements, where there are positioned and how they work. All this
is made with an analysis based on photos, measurements and other information collected from the site. The
author presents during this article, the structure with its main historic load-bearing structure subunits.
25. Naqib DANESHJO, Cristian Dan STRATYINSKI,

Baryalai TAHZIB, Christian DIETRICH -

PROPOSED CONSTRUCTION OF AN UNMANNED RESEARCH VEHICLE
Abstract: The main scope of this article is to describe the structural design unmanned reconnaissance
vehicle to 80kg. Apart from the design and technical and visual documentation of the work is also a detailed
description of each component. This work proposes a suitable design for a simplified UAV system which
promotes the autonomous movement of an UAV and includes the optimal selection of its components
(avionics), such as a (Javelin Stamp) processor, GPS module, motors, gyroscopes and maneuvering
equipment for an optically remote controlled drone. In the proposal, the most important part is the
selection of the profile’s wings, because it imparts its aerodynamic characteristics and as a result, its lift.
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ABSTRACT: The same app

ication software and information systems used toda

on a
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continents, in spite of the fact that users of such systems from different national and
organizational cultures. In this paper we argue that with respect and encouraging
cultural diversity in the business environment can positively influence both the way of

understandin% acceptance and use, and the information technology. Also it is shown
e

the cultural
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INTRODUCTION

Information technology nowadays is developing
rapidly.  Global communications network is
transformed almost every aspect of our lives. This
includes the way we work, rest, entertainment,

energy, education, political involvement, family
experience, social structure, and communication in
general.

So far, published numerous papers study the success
of the project software development or information
systems affect not only professional competence
closely involved in the project, but by engaging
experts from different cultures gives the final
product that is logically acceptable for the global
market. Companies who understand how the concept
of multiculturalism affects business and those that
have adopted this concept have the opportunity to
improve their competitiveness in the market. The
rapid development of information technology and its
use in everyday life certainly had an impact on
improving the quality of education. Both, in business
and in education and the present trend is the
globalization. Regardless of the choice areas of
expertise in the study, it is practically inconceivable
that the student does not have some kind of basis by
management during the study needs to process. Since
the majority of literature based on American theories
that emphasize diversity as an asset, it certainly had
an impact on the ability of young professionals in
coping with cultural differences in everyday life. This
phenomenon has certainly had an impact on the
ability of experts from many countries to be the most
easily cope with the difficulties that carry the
cultural differences, which makes them ideal for
working in a multicultural environment.

Companies today face greater challenges than ever
before. A large percentage of cooperation is achieved

ritage of a country's contemporary business culture and its impact on
the development of information technology.

business systems, management

with the countries that are remote and which are not
known much. For successful cooperation besides
knowing the language, it is necessary to know the
culture and the national office staff. Language is no
longer a barrier, as it is now mostly used English as
the universal language. Today we have two extremes,
globalization and the spread of mass culture on the
one hand, the individual cultures of each country to
the other. Despite the cancellation of today tends
differences still remain remnants of national culture
whose traces can not be deleted. Cultural diversity is
inherent in global development. This is because team
members have different national, organizational and
professional culture. The very cultural diversity has a
positive impact on the development of information
technology It can have a positive impact on the
promotion of creativity but can be barriers to
communication and knowledge sharing. No matter
what condition the different cultures different ways
of business communication, while the use of new
technologies in everyday business and personal life
leads to the formation of a universal pattern of
behavior. This evolutionary process allows individuals
in  different  locations, different  cultures,
expectations and objectives that are part of the same
virtual team. The paper will draw attention to
virtual teams and how cultural differences among
them can influence the activities and the final
results, as well as the possibilities of business
development at the global level.

With increasing levels of multiculturalism in today's
business and the necessity of information systems
development and management of information
systems should be considered in light of the cultural
factors that affect their usefulness. Hofstede's
observations, [14] and analysis provide scholars and
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practitioners valuable insight into the dynamics of
cross-cultural relations. However, like any scientific
work can not avoid criticism. There are many more
scientists who support Hofstede than those who do
not. Most cites the fact Hofstede. Many people fully
include their findings. Great interest has been placed
on the culture of the business in the last two
decades. With increased national diversity in today's
business culture still gives an important dimension.
Culture is important for many aspects of business
life, especially in terms of design, development and
management of information systems, protocols and
infrastructure. Design and management choices in
information systems are the result of individual
values, and these values are the product of socio-
cultural background. The values are the product of
professional designers, social and organizational
context that includes education and experience of an
individual. The choice of design is strongly influenced
by the socio-cultural environment. Despite the
universally recognized importance, the impact of
cultural factors on IT results received limited
attention by researchers of information systems.
When people are faced with information technology
in information systems, human cultural values must
be taken into consideration. Many cross-cultural
researchers, including Hofstede, [14] were criticized
for not providing clear guidelines. Hofstede's
research has had a major impact on academics and
practitioners. Hofstede's = model has  been
instrumental in the realization of many operating
systems, including: entrepreneurial  behavior,
conflicts, dynamics and success of the working group,
innovation, leadership styles, management control
systems and many other cross-cultural issues. It is
necessary that the researcher overcome the many
factors that are not common in typical research
tasks. [14]
O Problems of definition
O Methodological simplicity
O Equivalence - There are four dimensions:
functional, conceptual equivalence of
measurement instruments and
As a result of Hof-multinational study are four
dimensions of cross-cultural differences that
influence the development of information systems,
[14, 19]
O power distance - Impact of power distance in
information systems has been studied by many
researchers. Power distance also has an influence
on web design and user interface. For example,
the website of the universities in Malaysia are
highlighted symbols of power, and on the
website of the University in the Netherlands
focuses on the students and shows how they are
able to improve themselves (there is the
possibility of virtual college tour through the
camera).
Using information technology to interpersonal
communication can be interrupted in different ways,
caused by cultural differences. As the communication
by electronic mail is considered the least intrusive
use of information technology can promote

communication between employees at different
hierarchical ladder / positions in companies.
The negative social effects of using email despite
individual efforts of individuals, training and other
types of training and looms, can mitigate the
importance of this communication "tools”. Also the
communication through information technology can
be considered too "remote”, which might be less
popular.

O individualism / collectivism - This scale measures
whether people prefer to work in groups or
individually. It indicates the degree of social /
communication integration. The U.S. has the
lowest values of the scale, ie., they prefer
individual results. It stems from a cultural
upbringing that people are expected to be
independent at a very early age. On the other
hand, in Guatemala people means the most to
work in groups and performance are attributed
to a cooperative achievement. Lifestyles in
Guatemala would likely be based on close family
ties, with strong community support.

Promoting cooperation is one of the main goals of
information systems. Tools such as the Internet and
forums, shared drives and Group Support Systems are
just a few of the tools that support collaboration.
They provide new ways for knowledge sharing, reuse,
and expansion of cooperation. These tools support
the group discussion, decision making and assist in
networking. Within the framework Hofstede's
culture, it is possible that an individualist culture to
be more resistant to these collaborative efforts
support while the collectivist culture much easier to
adopt. It is possible that the development of such
common information systems pronounced in
individualistic societies, whereas collectivist societies
do not require additional support.

O masculinity / femininity - This scale is not
related to the dominance of sex. This shows the
extent to which male traits such as power,
assertiveness, performance, success and more
preferred over female characteristics, such as
personal relationships, quality of life, service
and prosperity. Japan ranks lowest on the scale
Hofstede and shows that they are very fatherly
oriented. The other extreme of Hofstede’s
research as Sweden and Norway. The people in
these two countries are likely to show more
empathy for their colleagues.

Interpretation of ‘paternal’ approach to IT

management could be interpreted as a controlled,

centralized approach. With regard to standards,
architecture, settings and processes, centralization
involves top-down approach. Developers who work in
the "masculinity” and the target are process-oriented,
and developers who work in the "feminine” are more
oriented towards long-term relationships. Some
researchers suggest training as a solution to help
developers with the distinctive ‘"effeminate”
characteristics, approaching developers with strong
traits of "manhood.” It has been proven that the good
relations between people, and promote the exchange
of knowledge relating to trust, which contributes to
better organizational performance. Therefore, it
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appears that
"femininity”
organization.
O Uncertainty avoidance - Cultural dimension of
uncertainty avoidance is the degree to which
people feel threatened by the lack of structure
or uncertainty of events. It Refers to the way in
Which people deal with it in the future to have
full control over when events or events beyond
their control. People with low levels of
uncertainty avoidance will require a structure
with clear rules and guidelines. Hofstede found
that Greece had the lowest level of uncertainty
avoidance. Therefore, the people of Greece will
be willing to make decisions and they will
require a very structured work routine. The
Swedes on the other hand can work well without
structure and have high tolerance for ambiguity.
The researchers found that uncertainty
avoidance plays a major role in small companies
form alliances technology. Small companies face
two types of uncertainty: relational uncertainty
is derived from the risk of partnership and
technological uncertainty is derived from the
risks of new technology itself. The researchers
found that the company's medium level of
uncertainty is likely to access technological
alliances, in order to avoid uncertainty. In a
study of technology acceptance model across
cultures, it was found that uncertainty avoidance
is different in different cultures adopt new
information technologies. This study explains
how to embrace the new technological models in
different cultures such as Sweden and the United
States, not Japan.
Dependence on information systems brings another
dimension of uncertainty and risk. Possible threats
are thieves, loss, misuse of data, destruction, and
denial of service. Consequences may include
unavailability, legal liability and financial losses.
They can be detrimental to the survival of the
organization. All of these risks can be minimized /
mitigated, but also costs related to such a reduction.
It is expected that companies with low tolerance of
the risk to invest in mitigation of these processes.
Further research on how different cultures influence
these threats can provide additional research .
The mere application of a technique depends on logic
and social needs. For example, today's computer
technology is not based solely on the technical logic
but also in many aspects related to the social logic
and social needs. It all starts with the interaction of
certain technical understanding of the social logic. It
is a process of exchange and feedback between
certain techniques or resources and man. It is the
logic of interaction between technical and social
aspects of call technology.
Information technology has a social dimension. There
is a twofold process. The first is the introduction of
technology in the social sphere of logic. The second is
the introduction of the social logic of the technical
sphere, which is at the heart of technological
dynamics and its correlation with culture.

employees
contribute

with strong feature
significantly to the

Techniques and created within a particular culture
and it represents the product of the same culture as
the result of some social needs. The relationship
between any technique or technology and its social
context is never deterministic and it is never possible
to determine a single cause for any cultural or social
situation. What you can look for the elements and
processes that determine the joint influence of
technology. Therefore, none of the techniques and
the technology itself is not positive or negative, and
even neutral. The impact of technology has opened
up new possibilities, but does not specify the
selection and implementation of specific options.
There is not only the impact of technology on
culture. There are multiple relationships between
people who invented, created, or use a variety of
techniques in a variety of ways.

Rapid and large changes in technology influenced our
daily lives, including the concept of culture. It all
began the twentieth century, when the scientific
process speeded up. The elements of today's culture
are: the availability of information, freedom, social
heritage and environment, and new pressures, the
appointment of working conditions in companies,
adverse impact "of new technology.” Application of
new technology has provided more time for training,
and improve the conditions for the work. Technology
can be considered as a means of culture absolve a
man of some forms of oppression in their daily lives.
Again, some individuals believe that today is one
more "subdue” technology. Thanks to technology, man
is able to encounter different cultures.

A man is placed in an appropriate social environment
of a particular culture. In this important role of
religion. The impact of religion on education. This is
especially true for religious minorities. Language,
habits, customs, traditions, climate in a specific
geographical area affected both the mentality of the
people, and their culture. The use and development
of technology today, communication between people
is facilitated. Nowadays, spatial distance is no longer
a problem in the business. That's why we have more
widespread distribution business outside the home
country. Culture is one of the factors that has a
special meaning and that today's management should
pay special attention.

Development of new information technology network
follows the logic that looks at the different
categories of time and place. Customers around the
world who use the internet do share some common
values and customs. This allows them to
communicate with each other and create a simpler
form of "social organization”. This common set of
values and practices can be called technological
culture. See the development of cultural forms that
are not based on a particular geographic or
historical-based culture has crossed over them. A
potential problem may arise if the new film is not
only a technological culture that is new, additional
level of culture, but replaces other cultural forms
and thus reduce the existing cultural diversity.
Information Technology today is determined very fast
development. It may increase the effects of cultural
differences between those who have access to
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information technology, ie. belong to an online
community, and those who do not have such access.
Such a division may result in the exclusion of certain
social groups. The groups remain excluded from
access to information technologies remain excluded
from contemporary culture. This can reduce the
contemporary cultural diversity. Due to the rapid
development of information technology and the
strong impact it has important spot emerging
problems and tries to solve them.

Increased intensity and scope of communication has
resulted in two different trends. The first trend is
towards unification, through two mechanisms - the
domination of one culture over another. This may
result in the disappearance of the weak or the
emergence of new cultural mix where diversity is
reduced to common elements as the original layers of
culture lost. Another trend is the acceptance of
cultural diversity because it allows for dialogue
between members of different groups, which may
again result in the emergence of several new cultural
forms. How could any cultural form to survive it must
continue to live and change it. Culture is alive only
when it is adapted to their environment and
continues to produce new cultural forms. Information
technologies are mixed in the human environment
and thus alter the conditions of existence of
different cultures. It is logical that today's living
culture to find new ways of expression and
organization using information technology. Culture is
necessary to try to understand as a means to
integrate existing technologies into its own dynamics.
As a rule, when people get used to the technology, to
accept both her face, positive and negative. It is
supposed to be how technology improved, and its
negative consequences better managed. Many of our
daily activities depend on the smooth functioning of
the communication technologies.

Of particular importance is its tendency Internet
time, not space. Distance does not lose importance,
but we are all connected in cyberspace. A sense of
community that is created on the Internet largely
depends on the activity that occurs under its own
terms. Internet brings us a sense of connection, but it
is a random connection.

High technology has the greatest impact on the
changes in communication and in general to changes
in lifestyle, understanding of culture and ways of
doing business. Deleted the boundaries of the area as
well as the traditional boundaries between people.
Now people are faster and easier to connect, but the
connection at the moment can be found in different
parts of the globe.

Even if the mass and virtual culture tends deleting
old, traditional boundaries, people who meet at
business meetings carry the characteristics of the
cultures they come from. Sometimes these meetings
can be very unpleasant, if encountered by people
who come from very different cultures are pre-
assembled. This may have an negative impact on a
potential or current job. Therefore, the cultural
impact can not be underestimated.

Thanks to a revolutionary improvement of
computerized technology, powerful and cost-

effective components, the computer has entered
almost all the "pores” of human life. In many
industrialized countries, more than half of all
households has a personal computer. Mobile devices
are also massive and fast.

The use of technology has accelerated
communication, and people made more accessible to
one another. It is also changed, and communication.
Communication via PCs and is usually done in writing.
Even if you take into account that they can use
cameras with high quality, it is not the same as when
communicating in person. The fact that the missing
effect of non-verbal communication. It is very
important to our forming an impression of the caller
to recipient better understand what we want to tell
him.

Besides the Internet erases the barriers of space
between people, it also changes the way of life.
Some believe that such people somehow makes the
isolation, because people on the Internet are a
variety of information, do not communicate so much
with other people, because they have no need for it.
Communication through an intermediary, in this

case, machine / computer has become more and
more prominent, ie. common. That's what happens
when you communicate with other people. Very
often, the communication ends with a computer, and
he somehow becomes so. window to the world, which
can be reviewed simultaneously isolate the person
from direct communication with other people.

GLOBALIZATION AND APPRECIATION OF CULTURAL
DIFFERENCES IN IT TEAMS

Software development is constantly pushing the
boundaries that are set by the company, or State.
Available media become more sophisticated.
Advanced technology costs less. Trends in software
development go more towards "virtual nature”.

In this section we will focus on the development
teams and how cultural differences among their
members can influence the activities of the various
stages of the cycle.

It will provide the evidence for the need for
computerized support through effective conflict
resolution, team building, dynamic role assignment,
managing IT projects in a culturally diverse
environment.

Demanding needs of the IT industry have led to the
development of complex applications and modern
virtual nature. Lack of skills, the fact that the
redevelopment process costs a lot, the time of
development and special requirements of the local
market are some of the challenges that multinational
companies are trying to overcome engaging virtual
teams. Of course, there are obstacles that arise in
the implementation and maintenance of virtual
teams, the most common barriers are related to the
characteristics of the team members. The main
common factor that affects the effectiveness of
virtual teams are different national cultures of their
members. Individuals from different cultural
backgrounds may have different beliefs, values,
competencies and understanding of priorities. There
are different models of national culture.
Practitioners seek to understand the cultural
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differences among the teams who work together or
within a team.
In the majority of the members of virtual teams is
often lying close to the geographically diverse
locations and in different time zones. Virtual teams
can involve more than one organization, which means
that members of the team may belong to different
organizations / companies, but to work together on a
project.
Virtual teams have a network structure. They need
frequent and structured communication. To work in
virtual teams to be effective and to avoid delays and
conflicts, the level of trust must be quite high,
higher than that of traditional teams. Many
companies have access to a large number of experts,
in order to reduce the cost of software development
project to be open 24 hours a day. This is done by
engaging teams in different time zones and sourcing
operations to countries with lower standards of living
and lower wages. In addition to reducing costs and
benefits have called. internationalization of
software, creation of localized centers, construction
of knowledge base and knowledge sharing. Ten most
representative factors affecting the performance and
sustainability of virtual teams are [19]:
cultural differences among the team members of
different teams, distance between teams, 3 duration
/ life cycle team, 4 frequency of communication
between team members and between teams,
meetings held within the team, allocation of roles
within the team, dependency between tasks, location
of team members, technological requirements, the
time differences within the team.
Also IT professionals have different views on the
importance of cultural differences. Culture is a
sensitive topic for discussion because it has to do
with archetypes. The most effective way to deal with
cultural differences is to use any of the archetype as
a starting point and is constantly supplemented with
new information. It should be noted that all the time
dominated by individual differences in cultural
differences. There are several types of cultures that
exist and are responsible for the patterns of behavior
of team members. Some types of cultures are
stronger than others and dominate the work of all
the team members and influence the quality of their
interpersonal communication. These types of cultures
[19]:
O National
culture;
O professional culture the operational culture
within which there are several types of virtual IT
team: network teams, parallel teams, project
development teams, production teams, service
teams, management teams;
O culture team
Every man is a member of multiple culture. This can
be one or more national / ethnic cultures, one or
more professional cultures, functional culture,
organizational culture and culture teams. For
example, the Russian programmer on their
characteristics more similar to the American
counterpart, the developer, but the Russian
marketing manager. This example provides sufficient

Culture organizational / corporate

reason for further debate about whether you cultural
differences emerged to the surface in virtual IT
teams despite strong professional IT culture.
Managers and team leaders of IT teams need to be
aware of the impact of national cultural differences
and explore what cultural impact on the formation
and management of the teams. This has an impact on
strategic planning and human resource management.
Under the direct influence of different national
cultures, team members are [19]: Team structure,
Management team, Communication team members,
Conflict resolution

By now it is clear that national culture influences the
behavior of virtual teams. Cultural differences
among team members may have an impact on
conflicts within the team and end results.

The global development of business information
systems are facing various challenges. Conducted
numerous studies illustrating the impact of cross-
cultural factors in the development of global
information systems. The biggest causes faced by
virtual teams effective communication and
coordination. Virtual, global teams can be explained
as teams consisting of members from different
cultures and who are globally distributed. In cross-
cultural management has become a common practice
of introducing cross-cultural training. This is done to
help employees prepare for effective relationships
with colleagues who come from different cultures.
Characteristic of today's society as globalization and
intercultural and use of information technology. It
now increasingly characterize our society. One of the
most important characteristics of today's successful
business leaders in the international arena is
intercultural competence. On the other hand the
same applications and systems used by people of
different national and organizational cultures. The
development of information technology faces a
number of challenges, including cultural diversity and
intercultural management. Cultural diversity is
inherent in the global development since the team
members have different national, organizational,
professional culture. Cultural diversity has a positive
impact on the development of information
technology. Cultural differences are one of the most
important factors that influence both the way of
understanding, acceptance and use, and the actual
development of information technology.

The globalization of business means that today's
modern management is faced with the need to
overcome the geographical, political, cultural and
other barriers. Particular attention is drawn to the
differences in national cultures. Involvement in
globalization trends of today '. Globalization enables
modern companies many opportunities in the form of
market expansion, accessibility of material resources
and cheaper labor force, availability of technological
and managerial know-how. The advantages that
globalization brings, it transcends geographical,
political ~and  cultural borders. Information
technologies have led to changes that people and
companies that are in remote locations make it easy
to communicate and do business. This large number
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of people provided ample opportunity to become part
of the global economy, regardless of which location
they live. From the survey results it follows that the
potentials of information society indicate the
dependence of the spread of globalization of
information technology.

In today's modern society, minority groups are
common. Multiculturalism is the coexistence of many
cultures in a territory. The concept of
multiculturalism is characteristic of the English-
speaking world. This paper explains how
multiculturalism affects business in the IT business.
Multicultural orientation of the company and its
managers is a feature of modern business.
Multiculturalism is not an obstacle that can be
overcome, but it is one of the major sources and
maintain competitive advantage. It is concluded that
the stimulation of cultural differences in business a
company can improve its competitiveness in the
market.
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ABSTRACT:

quality materials are

olog g p v
manufacturers and molders of plastic to comply the emerging requirements. Applying
developed technologies complex shaped plastic elements can be produced easily. The
production of similar elements from steel needs more steps and more time as well.
Besides these possibilities the new technologies increased the freedom of desdigners in

i

the motor-car industry. This is the other important aspect of application of

fferent

type of plastics. This paper gives a brief summary about the development of
application of plastic mountings in motor-cars moreover about its motivation and
expectable trends. It shows the effect of international environment protection
standards on design of motor-cars and construction of cars besides the plastic-
industrial developments motivated by emerging demands and requirements.

Keyworps: CO, emissions, composites, fuel economy, lightweight design, organic

sheets, plastics, recycling

INTRODUCTION

The ratio of plastic built in motor-cars is higher and
higher year by year. The main goal is the reduction of
mass of motor-cars in order to reduce the fuel
consumption and CO, emission. There are two fields
of motivation for manufacturers: thinking and habit

of customers and international environment-
protection  standards. Steel as traditional
constructional material has to be replaced by

different types of plastic having the demanded
mechanical properties. By application of plastics
special possibilities of design and manufacturing can
be utilized.

New technologies and high quality materials are
developed by manufacturers and molders of plastic to
comply the emerging requirements. Applying
developed technologies complex shaped plastic
elements can be produced easily. The production of
similar elements from steel needs more steps and
more time as well.

Besides these possibilities the new technologies
increased the freedom of designers in the motor-car
industry. This is the other important aspect of
application of different type of plastics.

Nowadays the plastic-innovation is motivated by
motor-car industry because the main part of plastic
element needs high quality materials and
manufacturing technologies. For this reason newer
and newer technologies have to be carried out [1].

In the frame of this paper a short overview will be
presented about the environment protection aspects
of application of plastic moreover the motivation of
developments and results and possibilities of
different engineering developments in this field.

CONSUMPTION AND ENVIRONMENT PROTECTION
ASPECTS

There is an important part in environmental
protection strategy of European Union to reduce the
CO, emission of motor-cars. The CO, emission of
motor-cars is significantly responsible for the climate
change, especially in industrialized countries.
Because the CO, emission is proportional to the fuel
consumption, the CO, emission and the cost can be
reduced by reduction of the fuel consumption of
motor-cars.

According to the EU regulation for motor-car industry
the CO, emission has to be reached 130 g/km until
2015 and 95 g/km until 2020 what correspond to 4,5
(/100 km fuel oil consumption and 5 (/100 km petrol
consumption. The average value of the CO, emission
of motor-cars was in 2010 approximately 140 g/km
[2,3,4] (Figure 1).
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Figure 1 [5]. Evolution and EC targets CO, emissions
from new passenger car by fuel
(AFV: Alternative fuel vehicles)
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The association of European, Japanese and Korean
car manufacturers produced 98 percents of sold
motor-cars undertook the fulfillment of emission
target numbers concerning the new motor-cars. They
want to reach the target numbers by different
technical innovations.

TRENDS OF TECHNICAL INNOVATIONS TO MASS
REDUCTION

The most important technical innovations to reduce

the fuel consumption of motor-cars [6]:

- Engine Downsizing With Power-
Technologies;

- Hybrid & Electric Power trains;

- Downsize Vehicles;

- Lightweight Structural Materials;

- Fuel Cells.

The subject of our investigation is at present the

application of underweight constructional elements.

The most of manufacturers have been changing the

compound of material of car body to reduce the mass

and the fuel consumption (Figure 2).

Boosting

61%

Engine Hybrid and Downsizing  Lightweight Fuel cells
downsizingwith  electric vehicles structural
power-boost  powertrains materials
technology

Figure 2 [6]. How will automakers meet
emerging regulations
The mass reduction can be achieved by application of
high-strength steel, light metal and plastic
composites. The compound of materials used to
motor-cars has changed considerably and this process
will go on in the future (Figure 3).

W Conventional Steel ® Hi/Med-Strenth Steel

i Polymer/Composite Aluminium
N Magnesium = Other
100%
_— %@ﬁi_
70% - —
60% |
50% -
40%
30%
20%
10%
0% -

1977

Today 2035

Figure 3 [7]. Typical composition of past and present
cars versus a future light weight vehicle

Nowadays a medium size car contains averagely 100
kg elements made of plastic. Application of many
kinds can be seen in Figure 4.

The application of thermoplastics in the motor-car
industry is traditional. In spite of this fact until the
last time it seemed to be suitable purely for low-load
constructional elements. Due to the requirements to
mass reduction the light metal alloys and reinforced-
fiber plastic composites became real alternatives of
steel.

Increased fuel economy
through lightweighting
and higher temperature
resistant automotive
parts

Foamed Transparent
plasticin the headlights and
car seats rear lights
Plastics in the car
Heat-resistant Summerand
plastics close to winter tyres
the engine
Strong safety
belts

Figure 4. [13]. The use of plastics in cars

The plastic industrial innovations enable the
application of plastic not only for decorating
elements but also for loaded car-body elements and
high heat and mechanical loaded elements in the
engine space. The technical innovation will be
demonstrated by several especial applications
[6,8,9].
O Body structure and Components; specific

polymers: PP, ABS, PA, PC, ,,organic sheets”
For manufacturers mass reduction can be reached by
application of high-strength steel and light metal
elements moreover complex base material including
plastic as well.

- The low beam of front part of Audi A8 is
made of hybrid base material
(metal/plastic). The bracing of metal can be
reached by plastic plates made of thermo
matrix containing reinforced-fiber plastic
polymers (organic sheets).

- Elements having big surfaces can be produced
successfully from reinforced-fiber plastic. For
example the voluminous hybrid (plastic/
aluminum) plate of spare-wheel
compartment of Audi A8 made from
reinforced-fiber at a length of 6 mm plastic
PA 6 (Durethan DP BKV60 H2.0 EF) [14, 16].

- The mechanical features of bumper bar can
be ensured by application of ordinary kenaf
hybrid KLFRT, twisted kenaf hybrid TKLFRT
base material [17].

O Under the hood
Oil pans are exposed to many kind of loading:
lubricants, high temperature, continuous and

28
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dynamical load. The temperature of motor-oil can be

reached from -40 °C until +150 °C.

- DuPont Automotive Company decided for the
base material of oil pans of Mercedes C-class in
2009 the PA66 (Zytel 70G35 HSLR) reinforced-
fiber plastic polymer.

- The solution of BASF Corp. was PA composite
containing 35 percents reinforced-fiber plastic.

- According to Ticona Company two own products
are suitable for similar application: Vectra LCP
polymers and Fortron linear PPS [10].

Applied polymers in engine blocks: PPS, PBT, Long

Fiber Reinforced Polymers (LFT). Mass reduction

results reached by du Pont Company for 2011

applying high quality technical plastics are the

followmgs [11, 12]:

Rear camshaft retainer - 0.2 kg

- Manifold- 1 kg

- Charge air cooler - 1 kg

- Turbo charger duct, hose- 0.5 kg

- Oilpan - 1kg

- Engine cooling system - 0.8 kg

- Rocker cover - 0.5 kg

- Engine cover - 1 kg

- Cylinder head - 4.5 kg
Pumps, throttle body, small components - 0.5 kg

Other fields of application: [6, 8]

Interior trim; specific polymers: PP, ABS, PET,
POM, PVC

- Seats; specific polymers: PUR, PP, PVC, ABS, PA

- Hood; specific polymers: Nylon/PPE blend

- Door liners; specific polymers: PP, ABS, PET,
POM, PVC

- Load floors; specific polymers: composites

- Fuel tanks; specific polymers: HDPE, PVDF

- Consoles; specific polymers: ABS

- Instrument panel; specific polymers: ABS, ABS/PC
alloys, PC, PP, modified PPE, SMA.

- Automobile glazing: PC
The fuel consumption and CO, emission depend on
not only the efficient utilization of fuel but also the
driving style and other no technical aspects. But yet
the greatest effect on the fuel consumption is the
own mass of the motor-car. For example the result of
100 kg mass reduction on a motor-car (self-mass 1500
kg) is ~0,3-0,4 l/ 100km reduction of fuel consumption
[15].
In spite of continuous increasing of ratio of built in
plastics in motor-cars there are still possibilities to
reduce the self-mass of the cars in the future. At
present the ratio of plastic in self-mass of small- and
medium-size is ~ 15 - 17 %. According to experts
there are further possibilities to replace metals in
case of systematic application of light structural
design.

For this purpose the most suitable material are the

reinforced-fiber plastic polymers and composites but

the recycling of these materials seem to be difficult.

At present there is no effective technology for

recycling or destruction of reinforced-fiber plastic

composites. This is a quite important aspect because
the manufacturers have to comply with the EU
directive (End of Life Vehicle - ELV) about used cars.

The aim of this directive is to reduce the waste
material coming out from used cars and to enhance
the recycling of the elements of them. In order to
achieve this coupled aims the EU directive prescribe
new requirements for manufacturers. According to
this regulation they should apply recycling or at the
end of its life degradable materials [18, 19].

These coupled requirements give the motivation for
manufacturers of plastic base materials to replace
the generally applied artificially created reinforced-
fiber by natural materials (flax, kenaf).
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DECORATIVE FERROCEMENT ELEMENTS

"4 DEPARTMENT OF STRUCTURES, FACULTY OF CIVIL ENGINEERING, TECHNICAL UNIVERSITY OF CLUJ-NAPOCA, ROMANIA

ABSTRACT: Ferrocement

as the versatility

p ' p
numerous fascinating structures and objects for very wide applications. The exposure
of this technology to engineers in general is rather minimal in Romania and many are
skeptical about it. The potential is not exploited for it being unconventional in nature.
Its ability to compete or use as a cheaper alternative and yet a promising technolog
in ensuring improved living standard and environmental quality must not be neglected.

The paper discusses about the applicability of ferrocement in the Romanian scene with
respect to recreation and home use. The ferrocement elements can be used for outside
or inside exposure, thanks to ferrocement’s durability, resistence to impact and
resistence to fire.
KEYWL?RDS: outdoor ferrocement furniture, silos, water tank, indoor ferrocement
urniture

INTRODUCTION TO FERROCEMENT

Ferro-cement composite is a rich cement mortar
matrix of 10 to 100 mm thickness with reinforcement
volume of five to eight per cent in the form of one or
more layers of very thin wire mesh and a skeleton
reinforcement consisting of either welded mesh or
mild steel thin bars. (Figure1) The proportions in
terms of sand-cement ratio are normally 1:1,5 or 1:2.
The water cement ratio may vary between 0.4 and
0.5. Admixtures can be added for achieving improved
workability, reduced permeability and increased
durability. The presence of small diameter steel
wires closely and uniformly spaced in the volume of
cement mortar improves many properties like
ductility, toughness and crack resistance as compared
to conventional reinforced concrete.
p— X :

Figure 1. Ferrocement ele
Joseph Monier, a gardener in Boulogne, is considered
to be the first to introduce steel into concrete in
1849 to build sturdy flowerpots and garden furniture,
and his version was patented in France in 1867.

However two vyears earlier in 1847 another
Frenchman, Joseph-Louis Lambot had already
introduced reinforcement in cement to build boats at
his estate near Brignoles. Lambot called his invention
ferciment’ and described the technique as
‘construction formed of metal mesh plastered and

joined together with cement'. Lambot made his
invention public only in 1855 when he showed one of
the boats at an International Exhibition in Paris.
According to Romauldi, “the technology of that
period could not accommodate the time and effort
needed to make mesh of thousands of wires. Instead,
large rods were used to make what is now called
standard reinforced concrete, and the concept of
ferrocement was almost forgotten for a hundred
years. [1] For civil buildings Pier Luigi Nervi was the
first one to use the ferrocement for structural
elements. Even though ferrocement has recently
found a wide range of applications particularly in
developing countries, unfortunately ferrocement
remains generally underutilized in mainstream
architecture.

FERROCEMENT NON STRUCTURAL ELEMENTS FOR
EXTERNAL USE

During the opening of the second day of the
International Symposium on Ferrocement FERRO 10
held between 12-17 October 2012 in Cuba, the
president of the organizing committee, engineer
Hugo Wainshtok Rivas presented dozens of examples
of the durability of this technology after decades of
application. In 1982 Baconao Park in Santiago de Cuba
was opened with more than 100 large pieces (Figure
2) by sculptor Dagoberto Moreno.

AR

cements sculptures in Bacanao Park
Santiago de Cuba

Figure 2. Fe.r
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At present all are kept in good condition. When we
are talking about elements for external use we are
talking about elements exposed to weather
conditions, marine environments or different kind of
chemicals.

Ferrocemenet’s durability is the reason to be chosen
for different kind of sculptures, facade elements,
decorations, street furniture, drains, gutters, food
and water storage. To prove it’s applicability in
Romania few examples are presented in this article
with the hope that production of ferrocement
elements will begin.

The flexibility of meshes gives so much versatility for
this material and can be molded almost in any shape.
Amusement parks use it when big dimensions statues
are built. Figure 3 shows the steel meshes fixed on
rods taking the shape of a tree. The micro concrete is
applied on the meshes having different admixtures to

obtain a white concrete that can be easily painted.
() [

Figure 5. Menil Collection, Houston, Texas, ferro-
cement leaves
Urban sculptures

Wood and steel are materials most used to build
benches, bus stations, tables in cities but
ferrocement is more reliable because of its resistance
to impact, to fire [3] and damage can be fixed locally
very easy. Figure 6-10 show this examples.

-— —_—

A a7 t&."" kl-.': "f -
Figure 6. Ferrocement

Figure 3. Statue of a tree in a park
Non-structural elements of a building are not part of
the main load-resisting system and the design does
not follow the design standards. They are considered
decorative elements and the durability in time is one
of the concerns. Ferrocement elements are used for
balconies (Figure 4) being light weight and easy to
construct and install. They need zero maintenance
and are easy reparable. Meticulous building precision
is crucial to the successful completion of ferrocement
projects especially with respect to the cementitious
composition and the way in which it is applied in and
on the framework, and how or if the framework has
been treated to resist corrosion. An example of
facade elements is presented in Figure 5 an
architectural artwork created by architect Renzo
Piano for the museum Menil Collection in Houston,
USA, where the ferrocement “leaves” concentrate
the light only the sculptures inside.

Figure 8. Ferrocement Bus Shelter
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Figure 10. Ferrocement Table
Ferrocement water tanks for rainwater collection in
rural communities as a user-built can be an
alternative to store-bought plastic tanks that can be
difficult to transport for some areas or too
expensive. At the moment there are many websites
with all the information how to build a ferrocement
water tanl;. (Figure 11)

s E - L]

Figure 11. Ferrocement Rain Water Tank

The problem of food storage in the developing
countries is emerging as a major subject of attention
from technical assistance organizations. Increasing
supplies of food grains, such as rice, wheat, and
maize, resulting from the intensive production have
caused an unprecedented need for grain storage in
developing countries, yet most production areas are
still unprepared to store this new abundance
adequately. The production is lost to inadequate
harvest and inadequate storage facilities and
practices. In addition to grain storage, facilities are
urgently needed to protect all products sensitive to
temperature, humidity, rain, wind, pest animals,
bacteria, or fungi. Other typical products requiring
storage are peas, beans, oil crops such as soybeans,
salt and other nonfood items such as fertilizers,
pesticides, and cement. Major needs are small scale
silos, particularly for on farm storage. [2] Figure 12.

A particular advantage of ferrocement in building
food storage facilities in developing countries is its
adaptability to an almost unlimited range of curved
shapes and local conditions. Ferrocement silos
require little maintenance, and they offer protection
against rodents, birds, insects, water, and weather.
[2] Ferrocement silos could be built in a factory, but
they are particularly adaptable to on-site

2013. Fascicule 4 [October-December]

construction, an important consideration in remote
areas without vehicle access. As with other
applications, silos require only simple artisan skills,
performed by local labor with minimal supervision.

[2]

Figure 12. Ferrocement Silo
Ferrocement applications are free-form and can be
limited only by one’s imagination. It provides easy
mould ability and can take any form. To produce rain
gutter a half pipe is used as a mold. (Figure 13)

Figure 13. Ferrocemenf thtihg
FERROCEMENT NON STRUCTURAL ELEMENTS FOR
INTERNAL USE

The versatility of ferrocement has led to its
appearance in numerous non-traditional formats such
as furniture, sculpture and art. Due to improved
setting and molding techniques, it is now possible to
create more sophisticated shaped furniture using
concrete. The added durability of concrete means
they can be placed indoor or outdoor, in local parks
and community areas. Concrete furniture design is
evolving rapidly and cement furniture is making an
appearance inside the contemporary home. Cast
concrete counters in the kitchen are one thing but
furniture designers are bringing the material into the
home in a very modern way.

NN
Ferrocement Furniture
Concrete furniture has a bad reputation
because most people have never seat in a well
designed concrete chair. With new technologies it is
possible to design pieces that conform to the body
and add an amazing solution to the furniture needs.

33



Figure 15. Ferrocement Chair
Ferrocement applications are free-form and can be
limited only by one’s imagination. It provides easy
mould ability and can take any form. It can be used
for manufacturing precast building components that
can be easily transported. Some popular uses are for
making tables (Figure 16) doors, tubs (Figure 17),
flower pots etc.

FERROCEMENT’S ADVANTAGES

O Easy to construct and install, little new training
is required.

O Ferrocement may be fabricated into almost any

conceivable form to meet the particular

requirements of the user.

Labor intensive technology creates more jobs for

the rural community.

Earth quake resistant design.

The basic raw materials for the construction of

ferrocement-sand, cement, and reinforcing

mesh-are readily available in most countries.

Durability.

Zero maintenance and very easy reparability.

Good resistance to fire [3]

Low cost applications are lighter on the pocket.

FERROCEMENT’S DISADVANTAGES

O Labor intensive nature of it, which makes it
expensive for industrial application in the
western world.

O Degradation (rust) of the steel components is a
possibility if air voids are left in the original
construction, due to too dry a mixture of the
concrete being applied.

oo

oood

34

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering

CONCLUSIONS

In this paper were presented objectes made by
ferrocement thin sections. Any person that worked
with concrete before can use ferrocement with little
training and by combining the fine meshes with the
micro concrete any shape can be achived. This
independence by comercial products can lower the
prices and the use of local work and materials
recomands ferrocement for a sustainable economy.
Objects for the house (chairs, benches, tubs, gutting
or water tanks) with a long working life can be made
and all the disadvantages of steel or wood can be
avoided.

This paper was supported by the project
“Improvement of the doctoral studies quality in
engineering science for development of the
knowledge based society-QDOC” contract no.
POSDRU/107/1.5/5/78534, project co-funded by the
European Social Fund through the Sectorial
Operational Program Human Resources 2007-2013.
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CONTROL AND DECREASE THE SCOURING OF BRIDGE PIER
BY METHOD OF NON-SUBMERGED PLATES USING SSIIM
SOFTWARE
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ABSTRACT: Bridges are the vital components of each country’s roads.
of the road construction show that the road bridges allocate much cost to it and due
to the delicate structures of their system; they have great vulnerability as well.
Therefore the detailed design of the various components of the bridge should be
considered further. Erosion and transport of bed material is separated from it by a
ed scouring. Occurrence o)P scouring around the bridge piers is one of the
main reasons for the defeat and destruction of bridges and their instability. So it ig
resen

important to provide methods to control and reduce this phenomenon. In the
study, the modeling of non-submerged plate’s perpendicular to the water flow has
been expressed in upstream of the cylindrical pier using software SSIIM. Reducing the
depth of the scouring hole was observed in these pages, and has a great influence

around the bridge pier.

KEYWORDS: scouring,

INTRODUCTION

Bridges are the most important and widely structures
in which used in long period. In most cases the bridge
structure is established on the river, in which its pier
is will be in contact with the water flow. Long-term
experience in establishing the bridge on river has led
the engineers in the past few decades to issues to
consider in the design of bridges in structural geology
and the location of potential traffic is not enough,
but the effect of water flow should be noted too.
Destroyed or damaged hundreds of large and small
bridges in different parts of Iran in recent years due
to frequent flooding demonstrate along with the
proper technical knowledge of Iran’s engineering
society in designing the structures of bridge, the
hydraulic aspects did not attention in this case. Thus
due to scouring it is stressed that in most cases for
lack of attention to the phenomenon, the bridge’s
structure has lost its efficiency and destroyed many
years before overdue its useful life and this problem
becomes critical when we are destroying bridges just
in time (For example, in the event of flooding) that
we most need to have access roads to aid victims of
natural disasters. The severe flooding that comes
with a lot of human and financial losses, in the last
century the river engineering and flood control is
particularly important in the world and in Iran.

The scouring is a phenomenon that occurs due to the
bed erosion through water flow and moving the bed
materials by a force that the flow exerts on the bed
materials. This happens in the occurrence of flood
when the use of bridge felt more. Therefore the

bridge pier, non-submerged plates, software SSIIM

study of scouring the bridge pier and applying

methods and equipments to reduce the scouring

around the piers is very important.

To the economical and reliable design for the bridge

pier, it is necessary to estimate the maximum depth

of scouring around the piers. At present the scientific
basis for the structural design of piers is well known;
although there is no specific and unique theory that
estimates the scouring depth at the bridge piers with
high confidence. To design the bridges, their piers
should be deep enough to resist against the scouring.
On the other hand, it pier should not be deep enough
that cause the cost to increase. The use of methods
to reduce the scouring depth around the pier, we can
put foundations in higher levels that it will reduce
the costs. Given the above issues, understanding the
phenomenon of scouring and more importantly
applying the methods to reduce the scouring around
bridge piers seem necessary. Various forms of
scouring may threat the stability of hydraulic
structures and every year a lot of bridges around the
world seriously damaged or destroyed by scouring
phenomenon. In general, various types of scouring
around the piers can be divided into three main

categories: [1]

A. General scour: while the amount of sediment
arrived to the river or a part of it, is less than
the exit sediment, the erosion occurs in the floor
or walls of the river. In this effect, the floor of
river is dished gradually that it called Kafkani.
Kafkani can enumerate as the effective factors to
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reduce the bed level around the bridge piers in
long time period.

B. Scouring in effect of narrowing section : This type
of scouring mainly occurs in the vicinity of the
piers with near distances. In the scouring in the
effect of narrowing flow section, the bed level
and flow rate will increased and thus the
potential for sediment transport will also
increased from the river bed and near the bridge
piers.

C. Local scouring: in general, the hydraulic
structures and bridge piers may change the flow
pattern and create the turbulence flows near the
relevant structures and finally create a hole in
the place of structures. This kind of erosion is
severely in the flooding conditions and is one of
main factors to occur the damaged hydraulic
structures and bridges.

Numerous studies and experiments have been made

by researchers to reduce scouring. To deal with this

phenomenon around the bridge piers, there are three

common strategies as follows: [2]

1. Put the foundation in lower levels than the depth
of erosion pit.

2. Reduce the vortex pier formed around the pier

3. Creating the secure protection of revetment and
or using the crack or collar or submerged plates
around the pier.

This study examines and compares the performance
of non-submerged plates to reduce scouring around
the bridge pier. One of the most useful software in
modeling and analysis of scouring phenomena is
software SSIIM; the modeling and analysis of scouring
phenomenon and also its reduction using the non-
submerged plates will be discussed on the results
obtained using the software and laboratory data.

The bridges at their construction site may cause to

scouring in the rivers for several reasons. First to

shorten the length of the bridge, the cross of the
bridge is considered too narrow than the river level
that it causes to increase the flow rate and cut-off
tension in the bed and finally the scouring occurs
(the scouring due to narrowing). Second because of
pier and abutment, a three-dimensional eddy of
vortex flow produces around that separates the
grains from the bed and local scouring. This scouring
is very important due to the complexity of formed
flows. If there is a scouring in the river flow, it also
added to the scouring of bridge. The bridge pier acts
as a barrier against the flow of the river and affects
its hydraulic properties. The geometry shape and
location of pier for the flow length and also the
number and distance of piers and amount of
narrowing are the effective factors to change the

flow location of river and its results. [2]

Many researchers due to the laboratory or field data

and wide studies on the mechanism of scouring have

provided many relationships to estimate and predict
scouring depth. Each of these relationships is based
on a number of parameters affecting the scouring.

Some of the researchers consider the effect of one or

two parameters in their relations and others use

more parameters in their relations.

Inglis (1938) and Laursen. EM (1958) and Issard &
Bradley (1959) and Hassounizadeh (1990) [3] and
Dietz (1972) and Melville (1974) [4], have done
numerous studies and tests to estimate the scouring.
Garde & Raju (1977) [2] and Lauchlan (1999) and
Chabert & Engeldinger (1956) [5] and Thomas (1967)
and Ettema (1980) and Dargahi (1987) and Zaraty and
Azizi (1997) [6] and Thomas (1967), Tanaka and Yanno
(1967), Neill (1973) and Ettema (2001) [7] have
conducted researches and experiments to control and
reduce scouring. Asghar Azizian et al (2010)
evaluated the scouring of bridge pier using the
experimental results and using the numerical model
HEC-RAS4.0 [8] and Masoumeh Rostam Abadi and
Seyed Ali Akbar Neishabouri (2006) began a
simulation of flow pattern around a plate over the
bed of a rectangular channel using software FLUENT
[9].

An extensive study has been carried to calculate the
scouring using the numerical models of the actual
flows on the river adjacent the channel by Lanca
motta et al (2007) [11] and Tanana and also 524
bridge piers on Tanana river with respect to the
proposed process HEC-18 (Richardson and Davis, 1994)
in discharge condition of 100 and 500 years and the
bridge of Tanana river in Parkers highway in Nenana
region by Langley (2006) [13].

Using the flow field and sediment transport
equations around the bridge piers, Sayadi (1996)
calculated the depth of local scouring to use the
finite element method. The study uses the Navier-
Stokes equation as the equation that models the
velocity field. Firstly the equation of Navier-Stokes
to solve and the velocity field is achieved. Then the
velocity in the horizontal plane uses ad the input
data in the sediment transport equation [4].

Almasi (1999) using a physical model studied the
scouring of rectangular piers in various modes and
compared the obtained results with the results of
theoretical relations. He tested the square and
rectangular shaped piers and different angles to the
prevailing rate in the channel [4].

Mohammad Pour and Rakhshanddeh Ru (2002) have
studied the scouring around the cylindrical and non-
cylindrical shaped uniform piers in the river
structures. The scouring experiments have done in a
flume on the basis of the surface area of a circle,
square, triangle, rhombus and then the relationship
between the measured data has been proposed to
determine the changes of scouring depth [4].

Tayeb Zadeh et al (1384) used the SSIIM numerical
model to measure the equilibrium scouring depth
around bridge piers with circular cross.Their research
results indicated the high accuracy of the SSIIM
numerical model by calculating the scouring depth
[10].

Taimaz Esmaeili (2009) with regard to the time
factor was calculated the maximum scouring depth
corresponding flood hydrograph using software SSIIM.
The effect of changes for the geometry parameter of
pier diameter as well as the change of pier shape
were simulated by creating a gap in the cylindrical
pier using software SSIIM. As expected, the diameter
of cylindrical was correlated with the equilibrium
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scouring depth but with a 2-fold increase, the pier
diameter of equilibrium scouring depth around the
pier increased by less than 60% [10].

NUMERICAL MODEL [14,15]

The SSIM model is three-dimensional software for
simulation of water and sediment movements and it
was developed by Nilz Oulsen in the Hydraulic
Engineering department and Environment of Norway
Science and Technology University. The three-
dimensional CFD model is based on the finite volume
method and solves Navier - Stokes turbulence model
based on the standard turbulence model K — ¢ .

SSIIM - model is the numerical software with
applications in the field of river engineering,
environmental hydraulics and sediment that the
primary purpose of this software structure is to
simulate the movement of sediment in the river and
channel geometry. Then the application of this
software was developed in other hydraulic issues such
as spillovers modeling, drop in tunnels, relation
between depth and discharge in rivers. The main
advantage of SSIIM model comparing CFD software is
an ability to analyze complex geometries to model
sediment transport in live bed. During the years,
SSIIM software has been used to model the crossing
Salmon and algae as the calculation of water quality.
However, most attention has been focused on
sediment transport calculations.

SSIIM software solves Navier-Stokes equations with
the standard model K —&on a non- orthogonal
three-dimensional grid. For detached
implementation, a control volume method can be
used with Power-Law scheme or Second Order Upwind
algorithm. SIMPLE method also uses as a default to
correct pressure. This method is invoked by the set of
information K 9 in the Control File. SIMPLE method is
used to relate pressure and velocity terms.Using an
implicit solution, the velocity field is calculated in
geometry and the velocities use when Convection-
diffusion equations have been solved for various sizes
of sediment. SSIIM software uses to facilitate Input
file from the dialog boxes.

O Turbulence Model K — ¢

Model K — ¢ is calculated vortex viscosity as follows:

k
Vi = CM — (1)
€
K is the kinetic energy of turbulence and defined as
follows:

1_
K=—u,u, (2
> )

Differential equation for k is expressed as follows:
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In the above relationship, p,
following form:
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& represents the rate of dissipation of k and is
specified as follows:
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In equation (1) to (5), C is constant coefficients that
cannot be changed by the user. As described,
k — ¢ turbulence model is the default turbulence
model in SSIIM.

We can summarize the equations governing the flow
field in turbulent mode as the continuity equation
and momentum equation. If it is assumed that the

(3)

flow is constant (6220 ) and the special density
t

fluctuations are zero ( p' =0 ), then continuity and
Momentum equations are expressed as follows:

0
— (pu.)=0
8XJKPHJ) (6)
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J J J J
In relations (6) and (7), U is velocity component, p

—_—

the fluid density and P the total pressure. — pu, u ;

Term is the Reynolds stress term. According to the
equations (6) and (7) , we can write three momentum
equations and one continuity equations in which
there are 10 unknowns (velocity in three directions of
w, Vv, u and p pressure and six components of
Reynolds stress) that means the field of equations
governing the flow is not closed and Reynolds stresses
are modeled by using mathematical methods. Thus,
the turbulence equations will use to close the
governing equation field.
O Equations Governing the Sediment Flow
The process of calculations for SSIIM numerical model
is that at first - sediment concentration is calculated
by solving the Convection-diffusion equation of
sediment in distance between the water level and
the base level (a). The base level is considered in
order to the equivalent roughness height. Sediment
transport is traditionally divided into the bed load
and suspended load. Suspended load can be
determined using Convection-diffusion equations by
calculating the sediment concentration.

oc oc oc 0 oc

—tu,—+w—="T;—

ot ' ox, oz 0x, Ox |
In above relation, the fall velocity of particle was
determined by W and I',is distribution coefficient

which is derived from standard equationk — ¢ .

) (8)

u
I, = S—T (9)

S is the Schmidt number which by default is equal to
1.
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Van Rijn has offered a formula for determining
sediment concentration near the bed in 1978, which
d0,3

is as follows:
|:T_TC :|1.5
TC
Cieq =0.015—

a {(ps —pw)gTl

p,u’
In the above relation, d is the sediment particle
diameter, a is reference level of the roughness
height, 7 is bed shear stress, . is critical shear
stress of bed for replacing the sediment particles
according to the Shields diagram, p_,p, are the

sediment and water density, u is the viscosity of
water, g is the acceleration of gravity. In SSIIM
model, a reduction coefficient of critical shear stress
use for sedimentation in sloping bed by Brooks
(1963).

(10)

K- _ SingSina
tan @
SingSina tan ¢ (1
mn 241 2
+\/( tan & )= Cos ¢[l (tanﬁ) }

In this relation, « is an angle between the flow and
a line perpendicular to the bed, @ is the slope angle

and @ is the slope parameter. K factor is calculated
by multiplying the horizontal plane at critical shear
stress. The SSIIM numerical model is used the
following equation to calculate the bed load in
distance from the bed load to baseline level.

15
b =0.053 i o (12)
D' w D3 (P, —P.)8
50 sofl . y2
Py p.U

Experimental value of 53 0/0 is changeable in F 83
data set in the control file.

CHARACTERISTICS OF LABORATORY CHANNEL [16]
A set of long experiments using the cylindrical piers
in channel have done with uniform bed under the
limpid water in the hydraulic libratory of Okayama
University. The tests have done in channel with
1600cm length, 60cm width and 40cm depth.

Water from a reservoir by a pipe is transmitted into
the channel from a channel opening when discharge is
measured by a sharp edged overflow. The flow rate
in channel is set using a valve (tap water). The water
depth was adjusted by a valve in downstream. Head
on the sharp edged overflow and water levels were
measured with a point gauge having 0.1mm
sensitivity. A region with the moving bed with 100cm
length and 60cm width and 57cm depth is embedded
in 800cm distance in downstream of the beginning of
channel and was filled with sediments having medium

diameter of particles d., =1.28mm and standard
geometric deviation o, =129. A vertical circular base

with diameter D = 6cmis inserted in the center of
the moving bed that is created before the
experiment. The water tap is smoothly adjusted

without any turbulence in the bed materials until the
expected discharge created. Steady stream is fully
created under the limpid water for the required
discharge. The whole process to complete the steady
stream was stabilized under the limpid water in less
than three minutes for each case. Experiments were
stopped in a period when the scouring is created less
than 1mm area or no scouring. The depths of scouring
at different times were connected by a connected
index. In this experiment, the water level is 200mm,
cylindrical pier diameter is 6cm, average diameter of

particles is d,, =1.28mm , discharge is Q = 0.4m’/s,

time of scouring is 140min and scouring depth is
78mm.

In the present study, SSIIM numerical model (2007
Olsen) was used for the purpose of networking and
solution of flow and scouring around the bridge pier.
As part of the field networking is seen in figure (1),
the smaller network near the pier but the larger
network in longer distance.

the structure of mesh used in the numerical
simulation and schematic view for smaller cells by
approaching the pier

In order to verify the feasibility of the numerical
model results from the lab results, discharge and
water level of flume downstream are given to the
numerical model as boundary conditions, then the
numerical model or time steps 4s were calibrated
with the roughness coefficient equal to 0.012.
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=5 D 0.031
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Figure 2 - Changes in bed level around
the cylindrical pier
In the present study suggested that non-submerged
plates which are designed as shear edged overflows
to be used. These plates are modeled with different
configurations and finally using the results obtained
from the numerical model, they are selected the
most optimum mode among different configurations.
Then the plates are used in front of the bridge pier
and the obtained results shows the reduced amount
of scouring can be calculated using the plates.
In addition to create more sediments, the plates
should be designed as reduce the scouring. To study
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different configurations and determining the most
optimum mode, various forms are modeled by the
layout of plates as follows. According to the test
specifications, since the diameter of the cylindrical
pier is 6cm, the length of the plates' coverage in
front of the pier is considered 12cm.

Figure 3 - Different configurations of plates
Now the results obtained from the above models are
shown in various forms respectively.
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Figure 4 - Changes in bed level
for a single plate model
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Figure 5 - Changes in bed level
for the five plates model
Due to the sediment rate and scouring depth, we
should consider a state that more sediment appears
due to low scouring depth. According to the results

obtained from the above figures, in five plates
model, the scoruing depth is equal to 100.2mm and
sediment rate is equal to 36mm, which is better than
the other modes. As a result, the second model will
use to examine the effect of sub-merged plates for
reduction of scouring of cylindrical pier.

According to figure (6) observed that the area of
deposited sediment is considered in range of 9m to
11.4m in channel and can determine that the range
of maximum sediment is in 11m.
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Figure 6 - Area of deposited sediment

on the bed in Model 3
According to figure (6), the best points of the plates
have been detected at 2.5m intervals in center of
cylindrical pier and in upstream. The results of
modeling, while the plates are embedded in the
mentioned distances and cylindrical pier of upstream,
are shown in figures (7), (8) and (9).

width of the channel (m)

lemgth of the channel (m)

Figure 7 - Changes in the bed level if plates settled
at 2.5m distance from the center of cylindrical pier
and in its upstream
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Figure 8 - Changes in the bed level around the cylindrical
pier if plates settled at 2.5m distance from the center of
pier and in its upstream
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Figure 9 - changes in bed level around plates if they settled
at 2.5m distance from the center of pier and in its
upstream
As observed in figure (8) the maximum scouring
around the cylindrical pier at 2.5m distance from the
downstream of plates is equal to 0.051Tm and
according to (9) we see that the scouring depth
around the plates is equal to 0.068m. Finally the
scoruing of cylindrical pier is reduced about 35%

compared to the initial state.

1.In this research, using a laboratory model and SSIM
models, it was attempted to offer the proper
procedure to confront the scouring phenomenon.
According to the represented results, the use of
non-submerged plates with different spatial
arrangements is a proper procedure to control the
scouring phenomena.

2.The dimensions and the place of plates on the piers
are considered as the important parameters in
reducing scouring, in a way that between the two
conditions that were analyzed the second modle
(five-plates non-submerged plates) was shown
better function in regards to scouring and its
sediment area.

3.The scouring depth reduces considerably by
changing the place of cylinderical pier in the
sediment area of non-submerged plates.

4.5SIM software is a three-dimensioanl software and
can model the expand of hole depth of scouring in
a mode dependent to time. The software can be a
good option for calculation of sediment and
scouring depth around the bridge pier.

K: kinetic energy of turbulence

& : loss of kinetic energy of turbulence

U: Velocity components

p: Fluid density

P: Total pressure

- PZLT, : Reynolds stress term
W: Fall velocity of particle

I'; : Distribution Coefficient
S : Schmitt Number

d: diameter of sediment particles
a: Reference level due to the roughness height
T : Shear stress of bed

T, : Critical shear stress of bed for replacing the sediment
particles due to the Shields diagram

p,, : Water density

P, : Sediment density

u: Viscosity of water

g: Acceleration of gravity

a : Angle between the flow direction and a
perpendicular to bed

@ : Angle of bed slope

0 : Slope Parameter
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kinematical scheme for implementin

the vibrator

superficially plastic deformation

process, realized on manually controlled lathe machine tools and the possibilities and
some difficulties in implementing that process by using 2 - axis CNC lathes and the
more advanced multi-axis CNC Turn/Mill centres. Kinematical parameters of the
process having an impact of the toolpath, for forming of regular reliefs from different
types through the process are described, and math functions for its calculating are

proposed in accordance with the diameter and length of the cylindrical surface, that
will be processed. The necessity of using 4-axis turn/mill centres (with rotary C-axis)

rogramming of the attributes of

is examined. The sequence o([ steps for automated € )
AM software system, for output the required NC code is

the operation, using Feature
proposed.
KEYwoRbDs: vibratory superficially plastic deformation process; CNC turn/mill centres;

FeatureCAM, Delcam

INTRODUCTION

Some examples from the technological practice
confirms that the nature of the roughness of contact
surfaces of various parts, obtained by the most
common finish machining methods (e.g. grinding,
lapping, polishing, etc.), do not always meet
operational requirements for working conditions in
the friction pairs, contact with fluids and/or
different electromagnetic radiations.

Among finishing methods, the method of processing,
known  as “Vibratory  Superficially  Plastic
Deformation” (VSPD) is characterized by the best
better combination of complex parameters of the
quality of treated surfaces [6]. This method is based
on plastic deformation (without heating) of the
surface layer of the workpiece by pressing the steel
ball with high hardness (e.g. from ball roller bearing)
with certain force, which moves along complex
trajectory regarding it. The VSPD process usually
performed on lathes (outfitted with special vibratory
rigs) and for cylindrical surfaces of the rotating parts
(e.g. plain or drive shafts).

As a result, specific overlays of traces and valleys
from the ball-tool are formed onto contact surfaces
of parts, which due to its high degree of
repeatability are called "regular” micro-reliefs (RMR).
On the Fig. 1 (a+f) are shown the five possible types
of the RMRs which can be obtained using the VSPD
process. The parameters of their profile of roughness

asperities and operational characteristics, which
radically differ from those, obtained after
implementation of other traditional finishing

methods. Depending on the type of the workpiece’s
material (hardness) and process parameters of the
VSPD operation (speed, feed, force of pressure and
diameter of the ball-tool) roughness asperities with
large radii of curvature, ranging from 800 to 8000 um
(at maximum height of roughness asperities from 10
to 35 pm), small angles of inclination of the
roughness asperity profile from 0° 30" to 3°, and large
horizontal distance between the peaks (from 500 to
3500 um), the conditions of contact interaction are
significantly improved [3,6]. Moreover, this finishing
method increases the hardness of the surface layer,
which improves resistance to wear of the parts.
Among the known kinematical schemes for processing
regular reliefs around cylindrical surfaces by VSPD of
the types from Fig. 1 (a + f) with the most wide
application has the kinematical scheme, shown in Fig.
2,a. There are some examples for successfully
implementation of this scheme for VSPD (by manually
operated lathes) and obtained RMRs wrapped around
it. These results show, that all types of RMRs from
Fig.1, a+f can be achieved by appropriate
combination of values for the regime parameters of
the process (depending on the size d x L of the
cylindrical part), which are follows:

— d, mm - diameter of the cylindrical surface;

— L, mm - length of the cylindrical surface;

— vf, mm/rev - feed rate;

— 2.e, mm - amplitude of the oscillations (which is
influenced of the width b, mm of RMR cells);

— no, [min']- speed of lathe spindle;
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— j, [osc./rev]- it is so-called "Drive Ratio” in VSPD
and determines the number of oscillations of the tool
per revolution of the cylindrical workpiece. This
parameter basically influences of the size a,mm (see
Fig. 2,b) and the type (from | to V) of the obtained
valleys or cells of RMRs.

Type Il | Type Ill
a) b) c) d) e)

e

Motif profiles
St N T | e e e
Figure 1. Types and typical motif profiles after
implementation the VSPD process: a) system of not
tangent ditches b) system of tangent ditches c)
system of intersecting ditches d) regular relief with
hexagonal cells e) regular relief with rectangular
cells; f) regular relief superimposable on each
other’s ditches.

Type V
f)

L,mm
) €
rShaﬂ =
|
Mo, min’ RMR — ~ Deforming
- tool (ball)
v, mm/rev F, [kN]
a j, [oscirev]

d, [mm]
Figure 2. a) Kinematical scheme for VSPD using
manually controlled lathes; (b) Toolpath and the way
for obtaining the RMR cells from IV-th type, around
the cylindrical surface, using VSPD process.

Using these parameters, it is possible to create
appropriate mathematical model, based on periodic
trigonometric functions for modelling the formation
of the valleys (or cells) of RMRs wrapped around to
cylindrical surface, as follows:

x(t)=0.5-d -cos(n, - 1)

y()=0.5-d -sin(n, -t)

z2(t)=v,-t+e-cos2m-j-1), (1)
where: t ,[sec] is the time needed to processing
whole length L, [mm] of the cylindrical surface.
The above system of equations (1) defines the tool
path, shown graphically on Figure 2,b.

Equations (1) allows to obtaining preliminary

information of the shape and size of valleys or cells

of the RMR that will be formed at given combination
of regime parameters.

Along with above mentioned operational advantages

of RMRs, there are some technological limitations

and disadvantages when the process VSPD is
performed using manually operated lathes, like
follows:

a) Constructive embedded kinematics of manually
controlled lathes are usually insufficient for
realization of the complex trajectory of
movement of the spherical indenter in VSPD,
making it necessary to design and construct
additional equipment devices to provide the
necessary oscillations of the tool. This leads to
increase the time for preparation and raises the
cost of the technological equipment for
implementation of this method;

b) Spindle rotation speeds and feedrate of manually
controlled metalworking machines cannot be
changed uninterruptedly, leading to restrictions
in the form and dimensions of the achieved cells
of RMR;

¢) The lack of synchronization between spindle
rotating and linear feed movements of manually
controlled lathe machines often lead to
distortion of the shape and no uniformity of the
cells of the relief;

d) Relatively low speed feeding movements of
manually operated lathe machines in comparison
with CNC lathes, substantially increases cycle
time and thus this method obtains low efficiency
for processing of parts with large dimensions.

e) The necessity of using lathe machines outfitted
with special equipment for implementation the
VSPD operations, complicates overall processing
of the cylindrical workpieces, due to the need to
refixturing from one machine to another the
parts, after the execution of the others turning
operations. Accordingly, the duration of the cycle
increases for the overall processing of the
workpiece.

Due to above reasons, the implementation of the
regular reliefs, obtained by using VSPD and manually
operated lathes still rarely take place in
contemporary production technologies, as well as
their advantages for improving performances of the
contact surfaces of rotary parts are little known in
the mechanical engineering industries. So their
implementation most often limited to machining a
specific machine parts in terms of repair (or
restoration) production or in laboratory conditions.
PRECONDITIONS FOR IMPLEMENTING THE VSPD
PROCESS USING CNC MACHINE TOOLS
The VSPD process productivity and accuracy can be
significantly optimized by using opportunities of
contemporary CNC machines, instead manually
operated lathes, whereby the existing disadvantages
and limitations of the method can be minimized or
avoided.

Basically this is due to high accuracy, stability,

cutting speeds and feeds of modern CNC machines
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and ability to perform complex trajectories of
movement of tools.

For example, the ability to control from simple 2 Axis
(X,Z) turning to highly advanced Mill-Turn and Multi-
Tasking centres, eliminates the necessity of using
special and expensive additional devices to provide
the necessary kinematics for VSPD process. Therefore
the use of these machine tools would be particularly
suitable for the implementation of the VSPD process
in today industrial conditions.

The most basic combination turning or turn/mill
machine uses a driven rotary cutter that is mounted
in one or more tool pockets on the turning center
turret. Linear axis movement of the rotary tool
imitates that of the turning tool. Different
attachments such as right angle heads allow
longitudinal cutting along the X-axis while straight
heads do the face work following the Z-axis travel.
These tools generally run perpendicular to the
workpiece surface being cut. On these machines, any
milling off the machine's center curve is not possible
because of the 2-axis limit of the CNC turning center.
Analysing the kinematical scheme from Fig. 2a is seen
that it is entirely possible to implement it on CNC
lathes, because the main movements (rotating of the
cylindrical workpiece and linear feed movement of
the tool) can be performed by all types of CNC
lathes.

The main task in this case is the provision of
additional reciprocating movement of the tool with
an amplitude 2.e. To avoid the necessity to use
additional devices to reciprocating movement of the
tool it should be combined with the linear feed
movement, provided by the turret of lathe machine.
Therefore, the resultant movement of the tool to the
linear axis (usually Z-axis for lathes) must be a
combination of these two movements. Adding the
rotational motion of the cylindrical workpiece
(provided by rotary axis C of the spindle of the
machine) the necessary tool path for VSPD operation
can be obtained (i.e. the spatial sinusoidal curve
from Fig. 2.b).

Entire toolpath, however, should be split into a
sufficient number of elementary sections, which can
be executed by CNC lathe machines (by linear
interpolation in appropriate coordinate plan).

Therefore it is necessary to calculate in advance the
corresponding coordinates of start and end points of
all elementary sections (which can be reach several
tens of thousands points) of the toolpath to provide
the necessary geometric accuracy of the toolpath and
hence uniformity of the obtained RMR cells.
EXPLORING THE OPPORTUNITIES FOR USING CNC

LATHES WHITHOUT MULTI-AXIS POSSITIONING -
Defining the toolpath for 2-axis limit CNC lathes
Because considered workpiece have a cylindrical
shape, the diameter d of the processed surface will
be constant for the entire length L (see Fig. 2b).
Therefore X-axis coordinates X; of the points from
toolpath is the same for the entire length of
treatment L, i.e. X;=d/2=const. (whereic0...p—1).
The coordinates of the points Z; along the Z-axis are
calculated as summation of both feed and
reciprocating movement of the tool. The Y-axis is

excluded in the system of equations (2) because the
tool doesn’t need to interpolate in XY or YZ
coordinate plans, i.e. Y; = 0 (whereie0...p—1).

For calculation of the toolpath for traditional CNC
lathes is used a system of two equations derived from
the model equations (1), as follows:

x,=4
2
z :l-LM_CO{MJ, 2)
p p

where:
- p - is the total number of points from the curve of
the toolpath (5000< p <10 000),

-i(i€0...p—1) the index of the coordinates of the

current point from the curve.

Figure 3 presents the type of resultant trajectory of
movement of the tool, obtained by connecting the
points whose coordinates X;, Y; are calculated from
the system of equations (2), where curve 1 (in red)
shows the evolution of the toolpath in function of
time t, sec., and curve 2 (in blue) shows the
arrangement of the points along the axes X and Z in
the coordinate system of the CNC lathe.

From Figure 3 can be seen that as much as a larger
the number of points that define the curve 2, the
more precise description of toolpath will be
achieved. On the other hand, the number of points p
will also depend on the full (unfolded) length of the
trajectory of the instrument, which itself depends on
the dimensions d and L of the cylindrical surface of
the workpiece. The unfolded length of the toolpath
Ly (see formula 6) itself depends on the dimension L,
amplitude and the frequency of the reciprocating
movement of the tool per one revolution of the
spindle, i.e. from the parameters j and 2.e, from
equations (2).

| 2.e
A X;mm 1— _(.:' A tisec
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= !vf,mmfrev! ! Z,n;m
? T L]
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Figure 3. Graphical interpretation of the toolpath,
obtained by equations (2)

Determining of the parameters participating in
equations (2)

In order to obtain RMR cells with the necessary shape
and size, the regime parameters must be
determined. Some important dependencies that must
be taken into consideration when determining the
values of the regime parameters in equations (2) are
described below.
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The frequency j and amplitude of oscillations 2.e
determines the shape and overall dimensions of RMR
cells [3]. The frequency (or as also called “Drive
Ratio”) by its integer value ji,; specifies the number
of full reciprocating movements of the tool per
revolution of the cylindrical workpiece, and it sets
the value of the step a,[mm] of cells (see Fig. 2b).
This parameter can also be determined based on the
diameter d, [mm] and the step a, [mnm] of the RMR
cells using the following formula:
7-d

j ~ E = jint + jfract (3)

Typically the parameter j;,; assumes values in the
range from 50 to 150 and more.
The fractional part jq: from j, determines the phase
shift of the sinusoidal trajectory after each
revolution of the workpiece. By setting values in the
range from 0 to 0.5 for j.: the shape of RMR cells
can be amended to achieving fourth and fifth types
of reliefs, shown in Fig. 1, d,e.
The length of the cells - b, [mm] (see Fig. 2,b) in the
axial direction can be determined from the
displacement As, [mm] of the tool per revolution of
the workpiece due to the feed -v¢, [mm/rev] and the
amplitude - 2.e, [mm] using the following formula:
b=As+2-e,[mm] (4)
The necessary number of complete rotations- n’, for
processing the entire length L, [mm] of the
cylindrical surface of the workpiece can be defined
as:

n'=— (5)
As

where As, [mm] is the linear displacement of the
tool, along the Z-axis per revolution of the
workpiece.
The unfolded length of the toolpath L, (i.e. the
unfolded length of the curve 2 from Figure 3) can be
calculated by summing the lengths of all elementary
segments, by the following formula:

P
L= Z|Zz‘ ~Zi
=1

where Z; are calculated values of the coordinates of
the points in Z-axis from equations (2).

Assuming that the tool feeding speed is constant
throughout the unfolded length of the trajectory L,
the feed rate vy in [mm / rev] can be calculated by
the formula:

[mm], (6)

L
v, =i,[mm/rev] (7)
nV

The tool has to travel the entire length - L for the
same time that the cylindrical workpiece will be
rotated of the required - n' rotations to completely
process the cylindrical surface with length L.
The actual feed - viy in [mm/min] of the turret will
be depending proportionally on the actual speed of
the spindle and can be determined by known
formula:

_ _Lyong /mi 8
Vim =Vy Ty = pr ,[mm/min] (8)

where ny, [min'] is the actual (the lowest possible)
speed of the lathe spindle.

Analysing the results for the regime parameters of
the VSPD process

Because the tool actually passes the distance, equal
to the length of the unfolded curve - Ly, [mm] (see
the curve - position 2 in Figure 3) for the same time
that the spindle will make -n' turns (see equation 5),
the actual feed rate must be greater than the
feedrate of the traditional turning operation for the
cylindrical workpiece with the same diameter d and
length L. Feedrate vy, [mm/min], however, should
be limited to the maximum possible feeds of the
lathe turret along the Z-axis. For most of CNC lathes,
the rapid feed in Z-axis cannot exceeds the upper
limit of 25 + 35 m/min.

Under certain combinations of values of the
parameters L and As it is possible to be obtained
lower values for n' (for example 3 + 25 rpm) which
spindles on two-axis limit CNC lathes cannot execute
actually, due to limitations entered by
manufacturers in the machine settings that protect
them from overheating of driving motors at very low
speeds of the spindle [4]. Therefore obtained by
formula (5) values for the required numbers of turns
of the workpiece -n’ will not always match with
lowest possible executable speed of the lathe
spindle.

Using equations (5) and (6), the resultant feedrates,
determined by a formula (8) for six different
combinations of sizes d and L of cylindrical surfaces,
and medium values for the other regime parameters,
are shown in the Table 1.

Table 1. Feedrates vy, obtained from equation (8)

Ne jfract jint d, L, e | 4s, n’ Mo, me’~

mm|mm|mm|mm rpm|m/min
110.15/50 | 30 | 30 | 1 | 2 | 15| 25 | 5.015
210.15 50 | 30 |100| 4 | 5 | 20 | 30 | 24.07
310.15(150| 100|100 4 | 2 | 50 | 25 | 59.92
410.45| 50 (100|100 1 | 5 | 20 | 25 | 5.045
510.45/150| 30 |30 | 4 | 5 | 6 | 25| 60.18
6 10.45/150| 30 |100| 1 | 2 | 50 | 30 | 18.01

As seen from Table 1, even for relatively non large
sizes for the cylindrical surface, and medium regime
parameters of VSPD, some of the resultant feedrates
Vim in [m/min] exceeds from 1.5 to 1.9x the limits of
the rapid feedrates (25 + 35 m/min), even for the
most highly advanced CNC lathe machines.

Moreover, for large values for the drive ratio j, and
even at low frequencies of rotation of the spindle ny,
the lathe turret should perform a large number of
reciprocating movements, with amplitude e = 1 + 4
mm. For example, if we have j= jint + jfrace = 150.45,
[osc./rev] (see Table1) and ny=25 rpm, for the
required number of reciprocating movements, which
the lathe turret has to be carried out for 1 second
along the Z-axis, we get:

ny-Jj  25-15045
60 60

~63,[0sc./ sec]~ 63,[Hz] (9)
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The results, from Table1 and formula (9) clearly
show that processing cylindrical parts by using VSPD
on only 2-axis limited CNC lathes is practically
inapplicable.
USING MULTI-AXIS TURNING CENTERS FOR
IMLEMENTATION THE VSPD OPERATIONS - Benefits
of the multi-axis machining
Multiaxis machining is a manufacturing process,
where computer numerically controlled tools that
move in 4 or more axis is used to manufacture parts
out. Typical CNC tools support translation in 3 axes,
but multiaxis machines also support rotation around
one or multiple axes.

Multiaxis CNC lathe machines offer several

improvements over other CNC lathes at the cost of

increased complexity and price of the machine:

O Amount of work is reduced, if the piece would
otherwise have to be refixturing manually during
the machining.

Better surface finish can be obtained by moving
the tool tangentially about the surface.

O More complex parts can be manufactured,
particularly parts with curved grooves, pockets
etc.

Number of axes for multiaxis machines usually varies
from 4 to 9 [2,4]. Each axis of movement is
implemented either by moving the spindle (into
which the workpiece is attached), or by moving the
tool. The actual configuration of axes varies
therefore machines with the same number of axes
can differ in the movements that can be performed.
As for the rotary C-axis or spindle, it is generally an
orientation-only axis on basic CNC lathe/turn
machines. A coupling or other device inhibits rotation
while milling, drilling or tapping operations are
performed.
The next level of sophistication is to add servo-
controlled actuation of the rotary C-axis. This is a
common feature available on many turn/mill
machine tools. Often a secondary motor is used to
drive the spindle for contouring cuts. The main
spindle motor would be disconnected in this case. In
combination with the live tooling on the turning
center turret, the C-axis adds the ability to make
spiral-milling cuts, contours or other relatively
complex interpolated geometries. The C-axis is
widely used for the processing that more than two
axis move at the same time, and the speed of
rotation around Z-axis may range from 0.06 °/min to
45 rpm. Because of the lower speeds of spindles and
possibility for synchronization both linear and
rotational movements, would be more appropriate
this type of machine tools to be used for the
implementation of the process VPPD than the
traditional CNC lathes (with only two-axis).

Defining the VSPD operations using CAM software
systems

There are many CAM (computer aided manufacturing)
software systems available to support multiaxis
machining including software that can automatically
convert turning or milling operations into 4-axes
toolpaths.

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering

FeatureCAM is a CAD/CAM software suite that
automates machining and minimizes programming
times for parts on mills, lathes, and wire EDM [1,5].
FeatureCAM generates toolpaths based on the
features of the part, and automatically selects
appropriate tools, determines roughing and finishing
passes, and calculates feeds and speeds, based on the
software’s built-in machining knowledge.

The module FeatureTURN/MILL as part of
FeatureCAM enables both turning and milling
features to be created on a single machine in one set-
up. It incorporates all the options within
FeatureTURN and FeatureMILL2.5D stand-alone
modules for traditional turning and 2.5D milling
operations, and can be used to program CNC lathes
with C-axis milling capabilities. Integrated 3D
machine simulation, together with a library of over
350 fully customisable post-processors, enables
visualization of exactly how to parts will be
machined. During the simulation of the modelled
turning and milling operations, FeatureCAM
automatically output the corresponding NC code for
various CNC turn/mill centers.

The main advantages of FeatureCAM, in the context
of the present work, are the abilities to easily import
(or define) the shape, material parameters and
dimensions of the stock and part, quickly
programming of turning and milling features on the

outside  diameter of a part with the
FeatureTURN/MILL  feature wizard, which in
combination with the included “Curve Creation

dialog” wizards, greatly facilitates the creation of
the required toolpaths and the corresponding
operations for processing by VSPD.
The sequence of the steps, required for defining
operation for vibratory superficially plastic
deformation of the cylindrical surface (using the
module FeatureTURN/MIL, v.18 from FeatureCAM
2012, Delcam,UK) of the shaft with length- L=80,
[mm] and diameter - d=50, [mm], will be discussed
below. The required step by step sequence is shown
in the flowchart in Figure 4.
O Step 1: Defining the Stock
The Stock wizard of FeatureCAM provides step-by-
step dialog boxes for specifying or modifying the
general stock shape, specific stock dimensions, part
program zero, and the origin of the modelling
coordinate system. The stock shape is selected as
Round and in the fields Length= 80, mm and OD
(outside diameter) = 50, mm are filed in.
O Step 2: Defining the curve of the toolpath
To create the curve that describes the toolpath using
the Curve wizard dialog box that provides step-by-
step instructions for creating curves using a variety
of methods.
Because we already have the mathematical model
(see Eq. 1 and Fig. 1), which describes the spatial
curve of the toolpath wraped around the cylindrical
surface, using the method Functions from the Other
Methods section of the Curve wizard, as follow:
x=F(t),y=G(t), z=H(t), (10)
where F, G, and H are fields where the functions
F(t), G(t), and H(t) must be entered separately. The

2013. Fascicule 4 [October-December] 45



ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering

argument in all three functions - t is the same and
varies from Start to End values with step given by the
Increment value. When filling the functions in these
fields, the other parameters (d, e, Vs, no and j)
participating in the model (see eq. 1) should be
replaced with their numerical values. The three
functions are shown below as their parameters are
replaced with the appropriate indicative numerical
values, for example:

F: 25%cos(t*3), G: 25™sin(t*3),

H: -t+2.5%cos(2*pi*150.5%t) (11)
Functions (11) are filled in the fields F, G, and H of
the dialog box "Functions” (see Fig.4-Step 2).

Result

Step 1 Jl.uam

Dimensions | Indexing

Block N-Sided
@ Round User defined

ALUMINUM
Hardniess (Br): 111
Ke: 0.82kN/mm"2

[ Stook Curve.. [ Matedal..

Step2 &

Functions

Funchion: [y Fi y = Glil2=HIY_~

ok |
F 25rens3)
[ cancel [}
G o5sind) b
Hi 462 5cos(1505%)
Start: End: Increment: Help
] 00 0,005
4
Step 3 Cylindrical
d workpiece
Speed [New Feature - Toolpath feature ] |—
] Use SMM { ﬂ\ Ball tool
(Recommended: 600 RPM) [ Data AP
600 RPM [ 24.004, 6.985, -3.397
A 24.203,6.262.0.033
Food ) 24294, 5,898, 0.474
o> 24.380,.-5.533,-0.363
{Recommended: 200.0 MMPM)
2000 MMPM

w

t'ep 4 ‘w
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( FEATURECAM MILL/TURN )
( MORI SEIKITURNING CENTER )
N2 ( OPERATION: TOOLPATH TOOLPATHI )
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G97 S600M13
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X48.76 C-5.533 20183

X49.07 C-482-36

X49.336 C-4.062 Z-4.085

( TOOL:03 Ball tool 0400:2-ROTARY Z)

Figure 4. Sequence of steps for modelling the VSPD
operation using FeatureCAM software
The Start field sets the starting point for the range
over which the functions are evaluated. In this box is
entered 0, which indicates that the curve of the
toolpath will start from a point with coordinate Z=0.
The End field sets the ending point for the range over

which the functions are evaluated. In this box is
entered the value 40, which indicates that the curve
of the toolpath will end in a point with coordinate
Z=40, mm. The Increment field sets the value added
to or subtracted from the previous point evaluated
for the functions to determine the next value to be
run through the functions. Because the curve in our
case is complex for its accurate drawing the
increment value should be a smaller (for example
0.005). FeatureCAM generates the curve and apply
the generated function to the drawing as geometry
(see Step 2 on Fig. 4).
O Step 3: Defining the toolpath feature and
setting up the VSPD operation.
In  FeatureCAM, toolpaths are generated from
features, not curves; so that the part model is create
using features. Features are common shop terms for
describing characteristics of a part, for example,
holes, pockets, slots, or step bores. These are the
objects from which are create and customize
toolpaths. Features provide additional information
for automating the generation of toolpaths for part.
FeatureCAM generates the related operations
automatically. The New Feature wizard of
FeatureCAM walks through the process of creation of
features. This wizard guides the user through
following stages:
= Selecting the type and positioning the feature.
= Specifying the manufacturing strategy.
= Reviewing the automatically selected tools,
calculated feeds and speeds.
= Overriding the tooling and feed/speed values and
changing manufacturing attributes.
Toolpath feature explicitly represents a single
toolpath, which create the moves of a toolpath by
the curve defined in Step 2. This allows using the
created curve to control the path of the tool
precisely. Each Toolpath feature creates a single
toolpath operation. Each toolpath operation has a
Tools, Feed/Speed, and Toolpaths tabs, where filled
out (or selected) the data for the type and the
dimensions of the selected tool, feed and speed, and
the calculated coordinates of the points of the
toolpath.
Basically VPPD process doesn’t require the ball-tool
to perform rotations during operation, because
smooth steel balls without cutting teeth are used
instead of cutting tool. Because FeatureCAM not
foreseen for modelling the operations such VSPD, the
Toolpath operation is actually simulated as a contour
milling operation with ball end endmill, that is
modified such as hemisphere with a certain
diameter. For that reason FeatureCAM calculates and
displays in the F/S tab recommended speed of
rotation for the tool. The calculated speed can be
overridden to the minimum (or recommended) values
specified by the manufacturer of the CNC lathe/mill
center.
O Step 4: Simulating the VSPD operation and
automatically generating the NC code
FeatureCAM can provide several types of simulation.
Step 4 on Fig. 4 shows the 3D Solid Simulation of the
part (sometimes called Visicut) and VSPD operation.
This style shows a three-dimensional shaded

>
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rendering of the initial stock and simulates material
removal in 3D. With that simulation method, video-
style controls are used to pause, stop, and step
through the toolpath, giving a fine control over the
process. The Toolpath simulation is an important step
in FeatureCAM in order to produce the NC (Numerical
Control) code for the part. Prior to start simulation,
it is important a suitable postprocessor to be
selected, corresponding to the 4-axis CNC Turn/Mill
center that will be used to perform the VSPD
operation. The selected postprocessor (CNC file)
could be either one that comes as standard with
FeatureCAM or one that is created/modified with the
XBUILD program. Using the different types of
simulations that provides FeatureCAM it is possible to
trace the toolpath as well as see the characteristics
(shape and dimensions) of the cells from regular
relief, obtained as a result of the execution of VSPD
operation (see Step 4 in Fig. 4). After the simulation
of VSPD operation complete the NC Code tab from
Results section becomes active.

O Step 5: Reviewing and storing the NC code.
Once the toolpath is simulated, the VSPD operation
parameters are translated using a selected

postprocessor into machine G-code. The NC Code
dialog box of FeatureCAM in which is generated
numeric control code is shown in Fig. 4 - Step 5. By
clicking the Save NC button in the NC Code dialog
generated NC code can be saved as a file.

CONCLUSIONS

Considered in this work possibilities for implementing
the vibratory superficially plastic deformation
process for making the regular reliefs on cylindrical
surfaces, using traditional 2-axis lathes and 4-axis
turn/mill centers (with rotary C-axis), leads to the
following conclusions:

O Despite the fact that 2-axis CNC lathes have the
requisite kinematics and seemingly be able to
provide the necessary movements both of the
workpiece and tool to execute the VSPD
operation, in practice the process cannot be
implemented to them due to the lack of
synchronization between the rotary motion of
the workpiece and reciprocation feed movement
of the tool. Even at the lowest speed of rotation
of the spindle the frequency of reciprocating
movement of the lathe turret would be too high
(50 to 65 Hz, see eq.9) to actually execute at the
lathe machine;

O For practical execution of the VPPD operations,
however, can be wused appropriate 4-axis
turn/mill centers, due to their ability to perform
interpolations between the rotation speed of the
workpiece (around rotary axes) and linear
movements of the ball-tool as well as carrying
out the contour milling operations.

O Using the capabilities of FeatureCAM for
programming live tooling operations for multi-
axis machines, enables the programming of
toolpaths and other parameters of the VPPD
operations as well as automated generation of
the NC code, required for driving the CNC
machine tool.
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RESISTANCE AND FLOW CHARACTERISTICS OF HIGH-
CONCENTRATION SEDIMENT LADEN FLOW OVER DUNE
TYPE BED IN AN OPEN CHANNEL

" DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING, KUMAMOTO UNIVERSITY, JAPAN

: eed un [3) carry large loa
suspended sediments and wash loads has become acute in the Yellow River Basin,
where significant erosion and siltation associated with high-concentrated floods
produce significant erosion, siltation, and associated river problems. Mud flows, debris
flows and slurries, which contain large concentrations of clay and/or silt particles
suspended in water, often show non-Newtonian hydrodynamic properties. Non-
Newtonian flows are poorly understood reFardin$ the impact of their rheological

ows. In this paper, we experimentally

properties on fully developed turbulent fi
investigated resistance and flow structure of high-concentrated sediment laden flow in
an open channel using particle image velocimetry. The results showed that, compared
with clear water flow, the rheological properties of sediment-laden flow significantly
dissipated the turbulent flow fluctuations over the dune type bed and increased the

flow resistance. : :
KEYwoRrDs: non-Newtonian fluid, mudflows, dune t

INTRODUCTION

Waves in rivers and artificial channels are commonly
caused by sand and pebbles from the base. Changes
in beds and river channels occur as a result of
sediment transport and that morphology influences
the flow structures such as resistance law. Sand
waves, which change with the characteristics of the
riverbed material and water utilization conditions,
have a close relationship with the flow-resistance,
suspended sediment, and river bed fluctuation.
Therefore, the studies of sand waves are one of the
basic issues of sediment hydraulics. Various
phenomena, concerning eddy of structure and
sediment transport, seen in actual rivers have a
strong relationship with riverbed forms. Thus, the
investigation of how sand waves influence flow
distribution has been the focus of strong interest
among numerous researchers and engineers for years.
Observing the riverbed material reach the surface of
the river, Matthes (1947) predicted that a strong
water spout-like rising eddy exists. From the
observation of the Brahmautra river in the East
Pakistan, where long term flooding occurs, Coleman
(1969) pointed out that a cork boiling eddy is
generated from the trough of the dune. It is difficult
to grasp the organizational structure of the turbulent
underwater flow in the real river. Therefore,
experiments that imitate the real phenomena in the
laboratory have been prevalent. Utami and Ueno
(1977) conducted a visualization experiment under
bed conditions that are likely to create a buoyantly
rising eddy and explained the large scale
characteristics of an eddy motion in an observation

with a horseshoe-shaped eddy model. Ilkeda and
Aseada (1983) measured suspended sediment
concentration of riverbed waves in the flow of the
moving bed and suggested a strong relationship
between suspended sediment concentration and
riverbed configuration associated with the rising
eddy. Yazu (1997) argued that it is possible to
conduct an observation with a laser velocimeter and
the hydrogen bubble method and use spatiotemporal
correlational analysis to explain the eddy of
structure that are formed behind the continuous sand
waves with a horseshoe-shaped eddy model from the
standpoint of cross sectional characteristics and
three dimensionality.

Hayashi et al. (2002) conducted numerical
experiment that applied the Direct Numerical
Simulation (DNS) on open-channel flow with sand
bank waves and demonstrated that the detection and
visualization of the tubular swirling eddy can lead to
the generation of reverse horseshoe-shaped eddy, a
horseshoe-shaped eddy with the top and bottom of
the "horseshoe” turned upside down. However, these
studies used either clear water flow or low density
flow. The study that focused on the relationship
between high density flow such as the one observed
in the Yellow River and sand waves is scarce. One of
the biggest obstacles when conducting an
experimental study under the high density flow
conditions  involves the difficulty of the
measurement. It is impossible to clarify the flow
structure by means of a Pitot tube current meter
used in the past or the measurement of the
concentration distribution.
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Regarding the resistance of hyperconcentrated
sediment-laden flows, it has been reported that in an
experiment conducted by using silt specimens with a
median grain size (dsp) of 0.026 mm, resistance
tended to decrease as sediment concentration
increased. (Yang,C.T. and X.Kong,1991), It has also
been reported, however, that in an experiment
conducted by Wang (1993) by using clay, resistance
increased slightly at a volume concentration of about
9%.

Paying attention to non-Newtonian fluid properties of
high-concentrated sediment flows, Ohmoto T. and
Cui Z. (2005), conducted an experiment in which
high-concentrated sediment flow was artificially
generated in pipe flow by using bed material samples
taken in Jinan City, China, in a lower reach of the
Yellow River and commercially available clay (kaolin)
and investigated their resistance properties. Both in
the Yellow River sediment case and in the kaolin
case, the friction loss coefficient increased as
sediment concentration increased. At the volume
concentration of 10%, the friction loss coefficients of
the Yellow River sediment and kaolin were greater
than the friction loss coefficient of clear water flow
by factors of 1.30 and 1.28, respectively, indicating a
slightly greater value for the Yellow River sediment
In the present study we took advantage of the sodium
polyacrylate (PSA) solution that resembles high-
concentration sediment in viscosity characteristics to
thoroughly consider the impact of sediment
concentration on resistance characteristics of the
dune-type beds and flow structures in the drug-
reducing flow. Particle image velocimetry (PIV) was
applied to current meters to compare clear water
flow with the flow field over a fixed wavy bed that
mimicked a dune-type bed. This study deals only with
wash loads when considering high-concentrated
sediment-laden flows and assumes that fine-grained
sediment is not deposited on the channel bed, and
spatial changes in concentration distribution are
small. To investigate resistance characteristics,
artificial flow was created with the PSA solution
through fixed wavy bed in open channels that
mimicked dune. We examined flow mechanism of the
high-concentrated sediment laden flow over dune-
type beds of open channels with the PSA solution as
stimulant fluid.

For the measurement of viscosity, Brookfield's DV-II
+PRO digital viscometer was used. The DV-II
viscometer is a coaxial cylinder type rotational
viscometer that excels in low-viscosity and low-shear-
rate measurement. Temperature control can be
adjusted by connecting a well-insulated tube from
the circulation-type temperature-controlled water
tank capable of controlling water temperature at
accuracy of £0.3°C to the viscometer.

The materials used for viscosity measurement are
suspensions of the Yellow River sediment,
suspensions of kaolin and sodium polyacrylate (PSA)
solutions used as polymer solutions. The Yellow River
sediment used is bed material sampled at the Kuokou
hydrometric station (278 km upstream from the river
mouth) in Jinan City located in a lower reach of the

Yellow River. The Yellow River sediment had a
median grain size of dsp = 16.4 um and a density of p;
= 2.68 g/cm’, while the kaolin had a median grain
size of dso = 5.3 ym and a density of ps = 2.7 g/cm’.
The kaolin suspensions and PSA solutions used in the
viscosity experiment were made to flow in a
circulating variable-slope flume made of acrylic resin
measuring 10 m in length, 0.4 m in width and 0.2 m
in height. The experiment conditions are shown in
Table 1. Resistance was calculated by measuring
water depth of a uniform flow field with gauges
point. In order to simulate a continuous dune bed, we
installed 80 waves in the direction of downward flow
between the space of 6.4m from the upper reach of
the channel. Although each wave length and each
wave-height of the dune may seem varied, on
average both wave length and wave-height
demonstrate strong correlations with depth. The
wave length is about five times the value of the
depth while wave-height ranges between 1/4 to 1/3
of the depth. In this experiment the wave length and
wave height were established at A = 8 cm and hs = 1
cm, respectively. The dimensionless wave height h
/H and dimensionless wave length A/H relative to the
water depth H are about 1/3 and 3, respectively.
Thus, wave length is somewhat short. The dune is
more or less two dimensional in planar form and has
transversely uniform ridges and valleys.
Table 1. Experimental conditions

Clear PSA solution

water (800mg/1)

Flow rate Q(l/s) 1.7 1.7
Flow depth H(cm) 2.5 3.5
Mean flow velocity

U,(cm/s) 17.0 12.1

Maximum velocity

U(cm/s) 20.8 18.0
Gradient of channel i0 1/2000 1/2000
Froude number Fr 0.34 0.21
Reynolds number Re 4250

40 cm

(1) Double-pulsed LASER Illumination System
(2) Laser sheet
(3) YAG - Laser Main unit
(4) CCD- Camera Kodak Megaplus ES1.0
(5) P.C.with Visi flow-software (Timing control and analyze)
Figure 1. Particle image velocimetry (PIV)
measurement system
Figure 1 illustrates the measuring system used in the
present study. The origin of the coordinate system
was located at the midpoint of a dune ridge 2 m
downstream from the upstream end of the flume.
The x, v and z axes were defined as the streamwise
direction, the transverse direction and the vertical
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direction, respectively, and their velocity fluctuation
components were defined as u, v and w. We used air-
cooled double pulsed YAG laser as a light source for
PIV. The sheet light was adjusted to 1mm in
thickness, 10cm in width, and 1000usec in pulse
interval. We transmitted the light vertically
downward from the upper channel to the bottom. We
captured the two visualized images of the particle
passing through the laser sheet with the CCD camera

( Kodak Megaplus ES1.0 : 1008x1008 pixel ) installed

at the side of the channel. The particle image
velocimetry (PIV) was measured between the interval
of one wavelength at the point 2m from the upper
reach of the channel. Sampling frequency for flow
velocity was 15Hz. Statistical analysis was conducted
with the 1000 samples of image data per one
measurement  site. The present experiment
investigated the effects of changes in PSA
concentration on resistance characteristics and the
resistance laws of the flow at fixed concentration.
Nylon particles 5 ym in diameter and having a
specific gravity of 1.02 were used as tracers.

Figures 2 and 3 show the shear rate dependence of
shear stress and the apparent viscosity of high-
concentrated sediment suspensions and PSA solutions.
Shear stress and the apparent viscosity of a PSA
solution is linearly related to the shear rate on log-
log paper. This indicates that a PSA solution and a
hyper-concentrated sediment suspension have similar
viscous properties.
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Figure 2. Relation between shear stress
and shear rate
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Figure 4 shows the shear rate dependence of the
kinematic viscosity of kaolin suspensions and the
kinematic viscosity of PSA solutions. As shown, the
kinematic viscosities of the PSA solutions at
concentrations of 300 mg/l, 400 mg/l, 500 mg/l and
800 mg/l are close to the kinematic viscosities of the
kaolin suspensions at volumetric concentrations (C,)
of 6%, 7%, 8% and 10%, respectively. This indicates
that the PSA solutions have non-Newtonian fluid

properties affects the apparent viscosity.
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Figure 4. Relation between kinematic viscosity
and shear rate

Resistance properties
Figure 5 shows the relationship between the total
resistance coefficient and PSA solution concentration.
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Figure 5. Relationship between the total resistance
coefficient and PSA solution
The total resistance coefficient, which is defined as
the ratio between the inertia force of a fluid and the
total resistance calculated as the sum of friction
resistance and form resistance, can be expressed as

C, =2z (1)

where U, =(gh i) ; g, gravitational acceleration;

io, the slope of the flume; U,,, section-averaged flow
velocity. The total resistance coefficient C; decreases
to PSA400mg/l (7% sediment concentration) with the
thickness in the PSA concentration, up to 27%
compared to that of the clear water and tends to
increase again from that point. In the PSA800mg/!
solution case (10% sediment concentration) the
resistance can increase about 146% of that of the
clear water. This tendency for resistance to decrease
with the increase in the thickness of the
concentration to a certain point until it starts to
increase has been observed in a smooth open channel
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by Ohmoto et al. (2012). In contrast to the simplicity
of the flow over the smooth open channels, this is
one of the characteristics of the high density flow
that exists under the complicated boundary
condition.

Figure 6 shows isolines of a stream function W
defined by Eq. (2).

wix2)= LU (a

where U represents a time-averaged flow velocity. As
demonstrated in the Figure reattachment point in
the in the clear water case was at x/hs=3.5.
Furthermore, circulating flow was detected near the
substratum of the separation line. However, in the
PSA800mg/! case the circulating zone with W smaller
than 0 was identified in the vicinity of the base
behind the ridge. The location of the reattachment
point was not clearly acknowledged due to the
extremely small size of the region.
Stream Line{P'S A 00 mo1))
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Figure 6. Isolines of a stream function
Figure 7 shows the vertical distribution of main flow
velocity changes in the flow direction over a dune-
type bed in the clear water case and the PSA solution
case. The vertical and horizontal axes were made
dimensionless by dune wave height h,. The flow
velocity scale was made dimensionless by the
maximum over-ridge flow velocity Uy. The vertical
axis is shown at intervals of x/hs = 0.5 in the flow
direction. In the PSA 800mg/l solution case, the
range in which the rate of change for main flow
velocity in the vertical direction is high, has been
approximated with a straight line. The vertical
distribution of main flow velocity shows
characteristics of a free mixing layer behind a ridge,
suggesting the growth of an internal boundary layer
along the bed surface further downstream and the
influence of flow acceleration due to the forward
pressure gradient. Compared to the clear water case,
flow separation and the resultant development of
circulation flows are not pronounced in the PSA
solution case. It is interesting to note that in the PSA

solution case, unlike in the clear water case, there
are two clearly-discernible high-shear-rate areas.
The solid line in the clear water case indicates the
flow separation line.
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Figure 7. Vertical distribution of main flow velocity

Figure 8 demonstrates how downward flow and
vertical flow directions influence the vertical
distribution of turbulence intensity and changes in
the streamwise direction.
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Figure 8. Vertical distribution of turbulence intensity
The solid lines in the figures were drawn to connect
the maximum values of turbulence intensity at
different flow distances. In the PSA solution case, the
maximum values of turbulence intensity are
identified at two height levels, namely, z/hs = 1 and
z/hs = 0.2 to 0.3, both in the streamwise direction
and in the vertical direction. In the clear water case,
turbulence intensity tended to increase in the
deceleration region from the upstream ridge to the
reattachment point and decreased considerably near
the bed surface in the acceleration region from z/ h;
= 4 to the downstream ridge. Compared to the clear
water case, in the PSA 800mg/l solution case,
turbulence intensity decreased to about 50% in the
streamwise direction and about 30% in the vertical
direction relative to the clear water case. In the
vertical distribution of turbulence intensity in the
PSA solution case, the maximum values occurred at
two locations under the influence of flow separation
and shear deformation of the internal boundary layer
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of the bed. This greatly differs from what was
observed in the clear water case.
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Figure 9. Vertical distribution of Reynolds stress

Figure 9 shows spatial changes in Reynolds shear
stress. Overall, the maximum value for Reynolds in
the PSA800mg/l case it is approximately less than
10% of that of the clear water. This corresponds to
the decrease in turbulence intensity. In the clear
water case, large values were shown near the point
of inflection of main flow velocity and in the region
downstream of the reattachment point, near the bed
surface. PSA solution in both viscosity levels
demonstrated close to 0 value near the reattachment
point at x/hs=3.5~4.5. In the deceleration region
between the ridge to the point of x/hs=3.5, the
positive maximum value was attained. In the
acceleration region from x/hs=5 to the downstream
ridge, the negative maximum value was reported.
This suggest that turbulence caused by flow
separation from the crest was reduced in the flow
direction, and momentum transport and energy losses
due to turbulence decreased as the viscosity of the
PSA solution increased. In particular, turbulence
intensity and energy losses due to turbulence were
very small in the PSA 800 mg/! solution case in which
the resistance coefficient reached the maximum
value.
Shear rate and shear stress |
Figure 10 illustrates the rate of change for the
vertical distribution of the main flow velocity in the
vertical direction.
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Figure 10. Vertical distribution of shear rate

The rate of change for main flow velocity in the
vertical direction was in the range of: 0-20(1/s) in
the PSA 800mg/l case and 0-100(1/s) in the clear
water case. Compared to the clear water case, the
rate of change for main flow velocity was lower in
the PSA solution cases due to the effects of viscosity.
In the PSA800mg/( solution case, the maximum value
for turbulence intensity was identified at two points:
z/ h=1 and z/h=0.200.3, respectively.

Figure 11 shows the spatial distribution of viscous
stress in PSA solutions (C,=800 mg/l). Based on the
power-law model, viscous stress is determined by

Egs. (3) and (4):
o afaT
Ty 3)

b

H=T D(E:'n :
4)
The apparent viscosity coefficient is represented by
U, and the experimental values of no and the
exponent n were determined by least-squares
approximation of the experimental data. Viscous
stress demonstrated similar trends as those for
spatial distribution of turbulence intensity and shear

rate.
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Figure 12. Streamwise distribution
of maximum shear stress
Figure 12 describes the distribution of shear stress.
Shear stress can be calculated from Eq.(5):

T=—pu 'w‘+y(ﬂ)
dz (5)
Change in vertical distribution of the shear stress in
the flow direction demonstrated the intermittency
similar to the one observed in spatial distribution of
the turbulence intensity in the vertical direction. In
the PSA 800mg/l solution case, the maximum value
occurring near z/hs = 0.2 to 0.3 is referred to as the
first maximum value, and the maximum value
occurring near z/hs=1 is referred to as the second
maximum value.
In the PSA800mg/! solution case, the first maximum
value of shear stress becomes small near the
reattachment point, and the second maximum value
does show notable change throughout the wave
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length section. In addition, the values are about 2.2
to 7 times as large in the PSA 800mg/!( solution case
than in the clear water case. Resistance to fluid
constitutes: (1) viscosity shear stress caused by
viscosity and (2) Reynolds shear stress caused by
turbulence. The reasons why the total resistance
coefficient decreased up to 27% compared to the
clear water case in the PSA 400 mg/l case (7%
sediment concentration) with the increase in the
concentration of the PSA solution, a non-Newtonian
fluid, might be attributed to: (1) the increase in the
concentration associated with the viscosity was
reduced in the flow direction by the turbulence
caused by flow separation from the crest and (2) the
decrease in momentum transport and energy losses
due to turbulence. The total resistance coefficient
tended to increase again in the solution with the
concentration level higher than the PSA 400mg/l.
Another reason for why the total resistance
coefficient increased about 146% of the clear water
case in the PSA 800mg/l (10% sediment
concentration) case might be that despite the
decrease in momentum transport, energy losses
caused by viscosity became prominent.
CONCLUSIONS
In this study, sodium polyacrylate (PSA) solution that
is similar in viscosity characteristics to high-
concentrated sediment flows was used to clarify the
resistance characteristics and flow mechanism of
high-concentrated sediment flows over a dune type
bed. Specifically, we applied the Particle Image
Velocimetry measurement system to compare the
high-concentrated sediment flows to the clear water
flows. The results are summarized in the following
six points.
1.The kinematic viscosities of PSA solutions having
concentrations of 300 mg/l, 400 mg/l, 500 mg/l and
800 mg/l show non-Newtonian fluid properties
similar to the kinematic viscosities of kaolin
suspensions having volumetric concentrations (C,)
of 6%, 7%, 8% and 10%, respectively.
2.The total resistance coefficient Cf decreased to
PSA400mg/l (7% sediment concentration) with the
increase in the PSA solution concentration, up to
27% compared to that of clear water and tended to
increase again from that point. In the PSA800mg/l
case (10% sediment concentration) the resistance
increased about 146% of that of the clear water.
3.Unlike in the clear water flow, flow separation and
the circulating flow formed by flow separation
were not noteworthy in the high viscosity PSA
solution case, and the two regions with high levels
of shear rate were identified at z/hs=1and

z/h=0.2 ~0.3.
4.Compared to the clear water case, in the PSA
800mg/l solution case, turbulence intensity

decreased to about 50% in the streamwise direction
and about 30% in the vertical direction. The
location of the maximum value of turbulence
intensity in the PSA solution showed close
agreement with the location of the maximum value
of the shear rate, but the spatial distribution
differed considerably from that in the clear water.
The maximum value for Reynolds stress corresponds

to the decrease in the maximum value for
turbulence intensity. In the PSA800mg/! case, it is
approximately less than 10% of that in the clear
water.
5.The spatial distribution of viscous stress in the PSA
solution showed a tendency similar to the
tendencies of the spatial distributions of
turbulence intensity and the shear rate. In the
PSA800mg/ solution case, the first maximum value
of shear stress became small near the
reattachment point, and the second maximum
value did not show notable change throughout the
wave length section. In addition, the values of
shear stress were about 2.2 to 7 times as large in
the PSA 800mg/l solution case as in the clear water
case.
6.0ne of the reasons for why the total resistance
coefficient increased about 146% of the clear water
case in the PSA 800mg/l (10% sediment
concentration) case might be attributed to the fact
that: despite the decrease in momentum transport,
energy losses caused by viscosity was prominent.
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ABSTRACT:
bY a dry or wet clutch assembl
ele

Automated Manual Transmissions (AM
: and a multi-speed
ctro-mechanical or electro-hydraulic actuators, whic

(AMTs) systems are generally constitutea
earbox, both equipped with
are driven by a control unit,

the transmission control unit (TCU). In this transmission type the quality of the vehicle
propulsion as perceived by the driver is largely dependent on the quality of the control

strategies. This
engagement performance of an actively closed dry clutch.

KEYWORDs: Automated manual transmissions, Dry clutch transmissibility, Frictional
coefficient map, Temperature effect.

INTRODUCTION

Nowadays, the development of the Automated
Manual Transmission (AMTs) has led to remarkable
increment of their performance respect the manual
ones. In fact, AMTs allow strong improvement in
terms of safety, comfort, reliability, shifting quality,
and driving performance, together with reduction of
fuel consumption and pollutant emissions [1-6]. In
automotive drivelines, the goal of the clutch is to
smoothly connect two rotating masses, the flywheel
and the transmission shaft, which rotate at different
speeds, to allow the torque transfer generated by
the engine to the driveline [7]. In the Figure 1, an
actively closed dry clutch system suitable for
pressure-controlled engagement is shown.

S - N T - ¥
Figure 1: Actively closed dry clutch system (open
position) [3]: 48, throwout bearing; 42, lever spring;
40, pressure plate; 60, clutch disc; 26, flywheel.

aper aims at investigating the influence of the temperature on the

In AMTs the clutch engagement during gearshift is
managed by an actuator which is driven by a control
unit, the transmission control unit (TCU).
Consequently, high importance is assumed by the
control scheme implemented in the TCU. In fact, to
reach high performances is fundamental implement a
dependable control scheme in order to obtain
reduction of fuel consumption, short gearshift time,
reduction of facing wear and comfort.
In order to achieve these objectives on clutch
engagement, several models of control strategies for
dry clutches in AMTs have been recently proposed in
the literature, e.g., classical controller [1], optimal
control [8, 9], predictive control [10, 11], decoupling
control [7], and robust control [12, 13]. However,
effective AMTs controllers are difficult to be
designed without having a physical model of the
clutch-torque transmissibility characteristic [6].
A model of dry clutch torque transmissibility is given
by equation (1). It explains the relationship between
the torque transmitted by the clutch T; and the
pressure plate clamping load Fp,.
Tﬁ(ﬁg)::nﬂdleiw(FL) (”
In (1): nis the number of clutch disc frictional sides;
Mg is the dynamic coefficient of friction, R, the mean
radius, F, the force applied by the actuator to the
throwout bearing.
It is well known the importance to evaluate how both
the friction coefficient and the cushion spring
characteristic affect the performance of the dry
clutch assembly during operation, along with their
sensitivity to the clutch working temperature [11-
15].
For this purpose, this paper aims at investigating the
engagement performance of an actuated dry clutch
by taking into account the inference of the contact
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pressure and the sliding speed on the friction
coefficient.
Firstly, the inference of the temperature, of the
contact pressure and of the sliding speed on the
friction coefficient have been analyzed in order to
obtain useful information on the behavior of the
clutch facing material during the working conditions.
Secondly, the inference of the temperature on the
cushion spring characteristic has been analyzed in
order to obtain information on the pressure values
which operate on the clutch facing material during
the engagement phases. Thirdly, it has been analyzed
the relationship between F,,(Fy,) at various
temperature, by assigning a bilinear relationship
between x,,(Xt,).
Temperature plays an important role on the
engagement phase in a dry clutch system. In fact,
repeated gear shifting induce a rise of the
temperature due to the friction between the
flywheel and a clutch facing on one side and between
the push plate and the second clutch facing on the
other side. This thermal effect has a strong influence
on the behavior of the main components of the dry
clutch assembly. Therefore, if they have not taken
into account accurately, they could lead to a poor
engagement. For example, after repeated clutch
engagement the temperature on the clutch facing
could attain very high values, around 300-350 °C and,
above 350-400 °C the friction system starts to suffer
permanent damage [15].

400 T

clutch facings
cushion spring

110 ) IR W ey

200

Temperature [°C]

150

100

50 i i
0

1500
Time [s]
Figure 2: Clutch facings and paddles temperature
after repeated starts
A simplified heat transfer model has been assumed in
order to calculate the average temperature of the
cushion spring. The two clutch facings on flywheel
side and pressure plate side have been assumed at
the same temperature levels. Say the thermal
capacity of the cushion spring, the heat transfer
mechanism through the facing materials is mainly
given by conductive flux; the heat transfer can be
modeled as the conductance times the temperature
difference. A more detailed model should take into
account the actual heat patterns through the rivets
or other metal joints between the facings and the
cushion spring. Furthermore, a convective radial heat
flux toward an ambient at room temperature is
modeled by way of the transfer coefficients. On the
base of these hypotheses a simplified thermal

dynamics of the cushion spring is provided by a 1st
order differential equation [4]. The temperature of
the facing material has been simulated through this
differential model aiming at reproducing literature
results [15, 16], by considering repeated clutch
engagements with 60 seconds period (Fig. 2).

The friction coefficient has a strong effect on the
clutch torque characteristic as shown in the equation
(1). For this reason a deep analysis on its variation
during the engagement phase is fundamental to
improve the performance of an actuated dry clutch.
In fact, effective controllers are difficult to be
designed without having a dependable frictional map
of the clutch-torque transmissibility characteristic
[5].

The modeling of friction variation during the clutch
engagement process has been studied by numerous
authors. The relationship between the static and/or
dynamic friction coefficient and the sliding speed has
been extensively studied in [17-19]. Raghavan and
Jayachandran [20] considered that the coefficient of
friction varies with the sliding speed as well as with
the generated contact pressure and the number of
clutch engagements due to the thermal effect. The
thermal effect was also approached through FE
analysis for ceramic clutch in [16]. In [14], instead,
tests on automotive clutch facings have been carried
out in order to analyze the temperature effect. Poser
et al. [21] investigated the dependence of friction
coefficient of clutch conventional and innovative
facings on the sliding speed. In order to ascertain the
rise up of the judder phenomenon during the
engagement process, Centea et al. [22] and Maucher
[23] investigated the gradients of the friction
coefficient with slip speed.

In this section it has been analyzed the thermal
impact on the frictional behavior of the clutch disc
facings. In fact, during the engagement phase the
friction between the clutch facings and the flywheel
on one side and the push plate on the other side
brings about a rise of the temperature, especially
after repeated engagements, see Figure 2. In [14]
tests on automotive clutch facings have been carried
out in order to analyze the temperature effect. In
these tests the friction coefficient exhibits a smooth
variation within the temperature range from 25 °C to
250°C, whereas it begins to decline at 250 °C, more
sharply after 340 °C [14].

This effect is due to the decomposition of the phenol
resin of the clutch facings at high temperature. In
fact, when the temperature is higher than 330 °C, a
severe thermal decomposition produces fluids and gas
emissions. This effect induces not expected
phenomena transition from dry friction to lubricated
friction. For this reason the friction coefficient drops
[14].

In this section the influence of the sliding speed, at
different contact pressure, on the friction coefficient
has been analyzed. In [5] tests on commercial clutch
facings have been carried out in order to investigate
how these parameters affect the friction coefficient.

56 2013. Fascicule 4 [October-December]



ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering

The results as function of the sliding speed and for
two contact pressure levels are shown in Figure 4. It
is evident that for both contact pressure level the
friction coefficient tends to an asymptotic value at
higher sliding speeds. The friction coefficient
asymptotic value is higher for higher contact
pressure. Moreover, the contact pressure has a nearly
linear influence on the friction coefficient [5]. The
relationship between the friction coefficient u,, the
temperature 6., and the contact pressure p is given
by the equation:

/Ud(p’etm)za(p_po)—l—ﬂo(poiecm) (2)
a has been identified and the corresponding value is:
a=0.333 MPa’’, Po=0.50 MPa and Ly (po,6.m) is derived
[14].
Based on the experimental results in Fig. 3, the
function that better fits the experimental data, for
strictly positive slip speed, is given by the equation:

p#(v) =, +Atanh(yv) (3)
A=, -, (4)
1, (p.6,,) =, (p.0,,)—A (5)

where v is the local sliding speed, A and y have been
identified and the corresponding value are 0.09 and 2
sm’', respectively.
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Figure 3: Friction coefficient vs. sliding speed at
different contact pressures [5]

INFERENCE ON ELASTIC CHARACTERISTICS

Cushion Spring. The cushion spring is a thin steel disc
placed between the clutch friction pads and is
designed with different radial stiffness in order to
ensure the desired smoothness of engagement [2].
When the cushion spring is completely compressed by
the pressure plate we say that the clutch is closed,
whereas when the pressure plate position is such that
the cushion spring is not compressed we say that the
clutch is open. We say that the clutch is in the
engagement phase when is going form open to
locked-up. The temperature influences the local
stiffness in the cushion spring load-deflection
characteristic [4]: it results in a modification of the
function Fp,(Fy,) in the equation (1). Thus, the
frictional torque transmissibility curve is influenced.
In order to evaluate the influence of the temperature
on the cushion spring characteristic a finite element
analysis has been carried out by using commercial
software. The temperature yields also the axial

thermal expansion of the cushion spring leading to a
variation of the first contact point (“kiss point”)
between pressure plate and clutch disc.

Lever Spring. The lever spring is the component
driven by the electro-hydraulic actuated throwout
bearing in order to engage/disengage the clutch
(element No. 42 in the Fig. 1). The FEA model
allowed exploring the temperature influence on the
relationship between the throwout bearing force Fi,
and the pressure plate force Fp,. In Figure 4, the
results of this analysis are shown.
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Figure 4: Pressure plate clamping load F,, Vvs.
throwout bearing force Fy, at different temperatures
CONCLUSIONS

In this paper the multi-variable frictional map and
the thermal effect on the cushion spring load-
deflection curve have been analyzed in order to find
out how they influence the relationship between the
pressure plate clamping load and the friction torque
uncertainty in a actively closed dry clutch for
automated manual transmission (AMT).

After repeated engagements the temperature of the
facings rises and this influences the friction
coefficient behaviour. In fact, the friction coefficient
exhibits a smooth variation within the temperature
range from 25°C to 250°C, whereas it begins to
decline at 250°C, more sharply after 340°C. This
effect is due to the decomposition of the phenol
resin of the clutch facings at high temperature. In
fact, when the temperature is higher than 330°C and
this mechanism leads to friction coefficient drop.

The sliding speed and the contact pressure also
influence the friction coefficient. In particular the
friction coefficient tends to an asymptotic value at
higher sliding speed, and this value is higher for
higher contact pressure level. This means that the
contact pressure has a nearly linear influence on the
friction coefficient.

The temperature affects in two ways the cushion
spring load deflection curve. In fact, by increasing
the temperature level, the material stiffness changes
and this results in point-to-point modification of the
load-deflection characteristic slope. Conversely, the
thermal load induces a thermal expansion with axial
size increasing. These effects result in a modification
of the relationship between the pressure plate force
and the throwout bearing force.
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INTRODUCTION

The traffic noise has a significant effect on reducing
the life comfort in the habitats [1]. The
communication development [2], the number of
vehicles increase on 1000 of inhabitants and the
density in the communication infrastructure cause
that the traffic noise increases [3-9]. This
phenomenon has a great importance in this parts of
the world which develop quickly and experience
system and political changes. One of the
development aspects of the communication market is
the increase of the sale of single-track vehicle
especially motorcycles.

The motorcycles belong to a group of vehicles which
characterizes with significant indicator power on unit
displacement volume of engine. It causes that their
producers have to face important requirements in
the construction of exhaust system but the noise
decrease generated by the motorcycles is a more
difficult task than in case of cars [10-11]. The crucial
cause is the smaller size of the vehicle. The norm
compliance of the noise level emission can require
reduction of the engine power and the loss of some
individual acoustic features required by their users
[11-16].

One of the categories of the motorcycles on the
public ways are the sports motorcycles equipped in
engines with the power over 100kM and max.
rotational speed more over 10000 rpm. The
motorcycles use by young people are often
individually modified which may cause the level
increase of generated noise.

In the work, the test results are presented, their aim
was to estimate the emitted noise influence by sports
motorcycle equipped in 4 different exhaust systems.

There were conducted tests of the noise according to
the norm, additionally in the place of the
motorcyclists head and in the position of the
pedestrian near the road.
For conducting the tests, used sports motorcycle was
applied, which was equipped in four-cylinder engine
with cylinders in the V configuration set laterally,
with engine displacement 781 cm?, which power is
110KM reached by the rotating speed 10500 rpm and
the torque 82 Nm reached when the speed is 8500
rpom. The exhaust system of the engine is
manufactured equipped in catalyst and the repressive
muffler.

In figure 1 there is engine view used in the tests.

-

r

Figure 1. The engine f the tested motorcycle Honda
VFR 800 - left side [17]
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For the tests, 4 different solutions of the exhaust
sytem are used they represent different technical
solutions which can be bought on the market of the
motor parts as original and accessory models:

O solution 1 (marked R1) - mass exhaust
system possessing homologation, which
fulfills  Polish noise norm for the
motorcycles at stopping-place, equipped in
muffler of the repressive type,

O solution 2 (marked R2) - accessory exhaust
system inside which there is a perforated
tube and the suppressive cotton wool, the
muffler does not have road homologation,

O solution 3 (marked R3) - similar to muffler 2
but in a short variation the muffler does not
have road homologation,

O solution 4 (marked R4) - accessory exhaust
system, this solution is used in extreme
sports and instead of classic muffler of the
exhaust system a short exhaust system was
used which directs the exhaust gases from
the engine, the system does not have road
homologation.

The noise measure was carried out with digital sound
analyser | class Sonopan DSA-50, according to
corrective filter A and the time constant F. The
analyser view is presented in figure 2.

The measures were carried out in the open air
without any acoustic obstacles nearby. In the initial
tests the measures of the acoustic background
pressure level were carried out. The recorded values
of the level equaled about 55 dB(A) so they did not
have a significant influence on the level of values
recorded in the fundamental measures.

According to the Polish Norm PN-925-04051 the
general measure conditions were maintained in the
atmospheric conditions. During the measures the
protection against the wind for the microphone was
used owing to the fact that the recorded wind speed
was between 3 and 5 m/s.

Figure 2. Sonopan DSA-50
In the tests it was assumed that the measures would
be carried out according to the following schedule:
Trial 1. The measure of the equivalent sound level in
the distance of 0,5m from the end of the exhaust
train:
O at the constant rotating engine speed
amounting 5250 rpm (according to the PN-
925-04051),

O at the moment of acceleration by the engine
in the scope of rotating speed from 1500 to
12500 rpm.
Trial 2. The measure of the equivalent sound level in
the place of position the motorcyclist’s head, at the
rotating speed like in trial 1.
Trial 3. The measure of the equivalent sound level of
the motorcycle moving at the constant speed in
relation to the microphone which was set at the
height of 167cm and in the distance from the moving
motorcycle about 200cm. The trial was conducted at
the speed 50, 70 and 90 km/h, respectively Il and IV
gear.
The tests conducted in trials number 1 were to
compare the level of the sound emitted with the
values given in the Norm and the estimation of
change of the level at accelerating the speed by the
engine, the measures in the 2" trial were to
estimate the influence of the sound level on the
motorcyclist and the measures in 3™ trial were to
check the influence of the moving motorcycle on the
noise received by the pedestrian near the road.
The measure position used in the 1° and 2™ trial
presented in the fi

, Ib)
Figure 3. The measure position during 1° trial (a) and
2" trial (b)
In figure 4 there are the results of the measures of
the equivalent sound level at 1°* trial. The recorded
values of the sound level prove that only solution 1
and 2 of the exhaust system fulfill the requirements
of PN-925-04051. The other two solutions do not
fulfill the requirements of the acceptable level 96
dB(A) given in the Norm. The values of sound level
Lseq present during accelerating the speed by the
engine exceed 100 dB which at a longer time of being
present near such a motorcycle can be harmful for
our health. The tests results confirm that there are
significant differences in the sound level recorded
during the measure compatible with the Norm (at the
constant rotating speed) and measuring the engine
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working in the full scope of rotating speed. From the
measures it is seen that the difference of these
values can amount even 16 dB(A) and even for the
solution of the exhaust system having homologation
it exceeds the acceptable values.

1300

1237

il

Figure 4. Values of the sound level - trial 1
The carried out measures of the sound level at the
position of the motorcyclist’s head (trial 2) showed
similar dependences but the sound level was lower
(figure 5). It can be noticed that the level at the
constant rotating speed of the engine exceeds the
values 80 dB(A) and at accelerating the speed - the
level 98 dB(A). The measure results show that
despite isolating the motorcyclist from the
surrounding with the helmet the recorded values of
the sound level can be still too high and harmful for

their health.
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Figure 5. Values of the sound level - trial 2

The tests of influencing the emitted noise by the
passing motorcycle on the pedestrian standing near
the road were carried in case of solution of the
exhaust system 1 and 4. The results at the speed of
50, 70 and 90 km/h with Il and IV gear of the
motorcycle are present in figures 6 and 7.

As it is seen from the measures even the exhaust
system having the homologation causes noise
reaching to the pedestrian with the equivalent level
above 69 dB(A). The values can be onerous for the
people present in the closest neighbourhood of the
road and may cause general irritation and
deterioration of mood. In case of using professional
exhaust system (4) the recorded values of the sound
level are higher for above 14 dB(A) and may cause
deterioration of mood and health of the pedestrians.

In the cases the received values of the sound level
exceed also the established values acceptable in the
build-up area.
The measures were conducted at different gears (Il
and V) so at different rotating speed of engine they
show the beneficial influence of using the same
speed of the gear with lower transmission so at lower
rotating speed of engine. The difference of level of
emitted sound by moving motorcycle at Il and IV gear
at the same speed was about 4 dB(A).
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Figure 6. Values of sound level - 3" trial - exhaust
system solution 1

950

90,0

oo
o
=

 Laeq dB{A)
Il gear

oo
=
=

~
o
=

LAeq [dB (A)]

 Laeq dB{a)
I gear

~
=
=

=
o
=

60,0

50km/h 70km/h 90 km/h

Figure 7. Values of sound level - 3" trial - exhaust
system solution 4

In the work, the measure of level of emitted noise by
sports motorcycle equipped in different technical
solutions of exhaust system were carried out. The
results showed that noise generated by the engine of
motorcycle is significant problem of road traffic. The
possible solutions of the exhaust system only in two
cases fulfilled the requirements of Polish Norm
dealing with acceptable noise level generated by
motorcycle. The conducted measures of all exhaust
system according to experiments more similar to the
real use of motorcycles allow to draw a conclusion
that the generated sound level is high and can
influence the health both of the motorcyclist and of
the people who are close to them.
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ABSTRACT: In accordance with the nerg 7c[vj, veloped 1n 200/, energy 1s an
essential element for the development of the Union, but equally is a challenge
regarding the impact of the energy sector on climate change, increasing dependence
on energy imports and increasing the energy price. The paper focuses on the latest
European Directive of the European Parliament and of the Council from October 25,
2012 on energy efficiency. The Directive establishes a common framework for

o ing energy efficiency measures in the Member States of the Union, in order to
achieve,

v 2020, the main objective of 20% energy efficiency and to open up the way
for further energy efficiency increase. In the paper is written a synthesis of the
European Directives issued by the European Parliament on energy efficiency, specifying
some of the energy-saving targets set by them. i _ ;
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European Directive

INTRODUCTION

The context of current orientation on European and
global energy saving in buildings requires the
development and implementation of energy efficient
and comfortable buildings. For this purpose it is
important to consider the whole lifetime of a
building, when assessing ”sustainability”, who aims
to create living conditions that are ecologically
compatible, economically supported and have the
user’s needs as a priority.

At REGIONS20 Conference/Vienna, President of the
European Commission Jose Manuel Barroso said in his
speech entitled: “Sustainable energy: The European
Union and the global agenda” the following phrases:
“A global consensus is essential among governments
on all levels, but also, and above all, among peoples.
I firmly believe that it is possible to achieve
sustainability without shutting people out of
development. Energy plays an essential role in this
and must be the heart of all our policies in the years
to come.”’[1]

Given the large share of total energy consumption of
buildings and especially the large share in heat
consumption, it was considered necessary that the
related legislation to be supplemented by a series of
laws that concern directly the construction sector.
The first normative acts took into account the
regulations regarding the design and execution of
new construction, in order not to increase building
fund with poor thermophysical characteristics.
Subsequently, in accordance with EU requirements of
aligment with the standards in the field, there has
been developed a package of legislations to support
the work of thermal rehabilitaton of the buildings.

The main documents aiming energy consumption in

buildings can be classified into framework regulations

that establish the course of action and specific
regulations that allow achieving the objectives.[2]

In accordance with the EU Energy Policy, developed

in 2007, energy is an essential element for the

development of the Union, but equally is a challenge
regarding the impact of the energy sector on climate
change, increasing dependence on energy imports and
increasing the energy price. To overcome these
challenges, the European Commission (EC) considers

absolutely necessary for the EU to promote a

common energy policy based on energy security,

sustainable development and competitiveness.[3]

The European Commission proposes in the set of

documents that are the new EU Energy Policy the

following objectives:

O reducing emissions of greenhouse gases by 20%
until 2020 compared to 1990;

O increasing the share of renewables in the total
energy mix from less than 7% in 2006, to 20% of
total EU energy consumption by 2020;

O reduction of global primary energy consumption
by 20% until 2020.[3]

Romania is considered to be a country in transition to

a market economy, so after the Kyoto Conference,

from December 11, 1997 and the Protocol signed at

this conference the quantitative limitation
percentage reduction in the period between

2008+2012 (percentage compared to 1990) is 92%.

The accession of Romania to the European Union on

January 1, 2007 determined the adoption of solutions

for solving a long list of problems in various areas of

social life, political, economic etc.[4]
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STATE OF ART REGARDING EUROPEAN DIRECTIVES
ON ENERGY EFFICIENCY

The first energy efficiency requirements for buildings
were related to inadequate insulation which could
lead to health problems due to moisture and it’s
infiltration into structural elements of buildings.[5]
Specific requirements for thermal characteristics of
building’s elements occur in the period between the
two World Wars, when some countries have regulated
the introduction of a simple insulation as an air layer
in the walls or slabs of wooden beams arranged in
double layer.[5]

Although most energy efficiency requirements in
building codes have followed the tradition to be
national, in the last decade there has been a trend in
cooperation  between  countries to develop
international energy efficiency requirements or
standards. Examples are based on US standards for
energy efficiency (IECC 2004 and ASHRAE 2004) that
is used in the USA and Canada and the EU Energy
Performance in Buildings Directive (EPBD), which
requires Member States to establish requirements for
energy efficiency in new buildings, starting from
January 2006.

To complete the EPBD, the European Union aims to
establish a model building code for the European
region and to develop CEN standards for calculating
energy performance. These CEN standards are about
to be modified and adopted as ISO standards. Most
countries have started with a common standard for
energy efficiency, but along the way they developed
separate standards for small and simple residential
buildings and large buildings, complex or non-
residential.[5]

Buildings account for 40% of total energy
consumption in the Union. Therefore, the reduction
of energy consumption and the use of energy from
renewable sources in the buildings sector constitute
important measures needed to reduce the Union’s
energy dependency and greenhouse gas emissions.
The EU has taken several actions to honour both its
long term commitment to maintain the global
temperature rise below 2°C, and its commitment to
reduce, by 2020, overall greenhouse gas emissions by
at least 20% below 1990 levels, and by 30% in the
event of an international agreement being reached.
One of the most important is the Energy Performance
Buildings Directive (EPBD), which was developed and
will be implemented with the following milestones:
O Dec 2002: EU adopts Energy Performance
Buildings Directive EPBD 2002;

Jan 2006: Deadline for transposing directive into
national law;

Nov 2008: Commission proposes revision of EPBD
(EurActiv 14/11/08);

Apr 2009: Parliament adopts
position (EurActiv 24/04/09);

Nov 2009: EU reaches political agreement on
directive (EurActiv 18/11/09);

May 2010: Parliament approves the EPBD
Directive 2010/31/EU on the energy performance
of buildings;

first-reading
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O October 2012: EU adopts a new EPBD Directive
2012/27/EU;

O End 2018: Public buildings to have to be nearly
zero energy standards;

O End 2020: All new buildings to be nearly zero
energy.[6]

The Energy Performance of Buildings Directive
adopted in 2002 (2002/91/CE) includes a
methodology for calculating the energy performance
of buildings, minimum standards for the energy
performance of new buildings and those undergoing
renovation, building energy certification systems and
requirements for regular inspection of boilers and air
conditioning system.[7]

In early 2006, the European Commission adopted the

Directive of Final Energy Consumption and Energetic

Services 2006/32/CE. The Directive incorporates an

objective for energy saving for the member states of

1% per year and a requirement for member states to

draw up a plan for how they will achieve this goal.[8,

9]

Directive 2006/32/EC on energy efficiency to end

users, which is mandatory for Romania since 2008,

provides that EU Member States commit to reducing

final energy consumption by at least 9% in a period of

9 (nine) years between 2008-2016 compared to the

average consumption of the last five years for which

data is available (2001-2005). In this regard, there
has been adopted the following energy efficiency
measures:

a) using financial instruments for energy savings,
including energy performance contracts that
stipulate the delivery of measurable energy
savings;

b) purchasing equipment and technology
specifications taking into account the priority on
energy efficiency;

c) acceleration of rigorous energy audits execution
at industrial consumers, public and residential
buildings, certified audits, followed by measures
to reduce energy consumption.[3, 8]

Later in 2006, the EU adopted the Energy Efficiency

Action Plan (2007-2012)-COM(2006)545. A mid-term

review of the Action Plan was held in 2009. The

Commission presented an Action Plan for Energy

Efficiency in 2011. The action plan includes

improvements in the application of energy efficiency

standards, of labeling requirements and expands the
scope of the Directive on energy performance of
buildings. It also calls for the banking sector to offer
funding to help increase energy efficiency, invites
the European public investment institutions to

facilitate public-private partnerships and sets a

target for the European Commission to remove

national legal obstacles of the common economies.

Finally, the Action Plan includes a number of

measures to strengthen education and awareness

regarding energy efficiency. [9]

In its current from, Directive 2009/28/EC on

renewable energy is designed to ensure the

achievement of the targets on energy from
renewable sources by 2020. The Directive provides
the adoption in 2018 of a roadmap for the period

after 2020. [10, 11]
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Directive 2010/31/UE is concerned with promoting
energy efficiency in buildings across Europe using
cost effective measures, while at the same time
harmonising standards across Europe to those of the
more ambitious Member States.

The directive centres around four key strands:

O Providing a methodology framework for
calculating the energy performance of buildings,
taking into account local climatic conditions.

O Applying energy performance requirements to
both new buildings and existing building stock.
Providing a certification scheme for all buildings.

O Regular assessments of any heating and cooling
equipment installed.[12, 13]

All new buildings must comply with high energy
performance standards as well as generating a
significant proportion of their own energy through
renewables after 2020. The intention is that the
public sector will lead the way through using
buildings with “nearly zero” energy standards two
yvears earlier, from January 2018. However the
definition of “nearly zero” was left vague, and this
will allow member states to define their own
standards.

Buildings with a useful floor area > 500 m* that are

occupied by public authorities and frequently visited

by the public will be required to display the energy
performance certificate in a proeminent place,
where one has been issued.

Directive 2010/30/EU is a recast of the original

Energy Labelling Directive (92/75/EEC-applicable to

household appliances). The Directive 2010/30/UE

aims to improve the overall environmental
performance of products and to help consumers buy
more eco-friendly products, through its application
to “energy related products”, including construction
products, that have a significant direct or indirect

impact on the consumption of energy.[12, 13]

Many EU Member States have failed to implement the

EPBD in time, therefore the European Commission

proposed a recast of the Directive in 2008. The

restatement was approved by the European

Parliament in May 2010 (2010/31/EU). This Directive

reduces EU total energy consumption by 5-6% and

creates from 280000 to 450000 new jobs through
cost-effective measures by 2020. The governmental
buildings of the member countries are obliged to
consume ”nearly zero” energy by the end of 2018 and
the same is required for new buildings from the
private sector after 2020. Energy performance
certificates will also become mandatory for all rental
and sale properties. The proposed standards not
beeing mandatory to increase the energy

performance of existing buildings have determined
the Member States to develop national plans and
programs to encourage owners to improve the energy
efficiency of existing buildings.[9, 14]

EU Proposals on Reducing Consumption through
Energy Efficiency

The European Union tried to explain to the citizen
the EU proposals for cutting energy consumption
through greater efficiency, through answering some
frequently asked questions:

1. What’s the issue?

O Current estimates show the EU is not on track to
achieve its target of reducing its estimated
energy consumption for 2020 by 20%.

O As a result, new measures on energy efficiency
are now being proposed for implementation
throughout the economy to bring the EU back on
track to achieve its objective by 2020.

2. What exactly would change?

O Public bodies would need to buy energy-efficient
buildings, products and services, and refurbish 3%
of their buildings each year to drastically reduce
their energy consumption.

O Energy utilities would have to encourage end
users to cut their energy consumption through
efficiency improvements such as the replacement
of old boilers or insulation of their homes.

O Industry would be expected to become more
aware of energy-saving possibilities, with large
companies required to undertake energy audits
every 3 years.

O Consumers would be better able to manage their
energy consumption thanks to better information
provided on their meters and bills.

O Energy transformation would be monitored for
efficiency, with the EU proposing measures to
improve performance if necessary, and promoting
cogeneration of heat and electricity.

O National energy regulatory authorities would
have to take energy efficiency into account when
deciding how and at what costs energy is
distributed to end users.

O Certification schemes would be introduced for
providers of energy services to ensure a high
level of technical competence.

3. Who would benefit and how?

O Consumers would benefit from having better
information available to control their energy
consumption and influence their energy bills.

The environment would benefit from reduced
greenhouse gas emissions.

Public bodies could reduce their spending for
energy consumption by using more efficient
buildings, products and services.

O The EU economy would benefit from a more
secure energy supply and economic growth
through the creation of new jobs, particularly in
building renovation.

4. What happens next?

[0 Once the proposal is adopted by the European
Parliament and the Council, EU countries will
have to transpose the rules into national law
within one year.

O Progress made in achieving EU's 20% energy saving

target in 2020 will be reviewed in 2014. If it is

insufficient, mandatory  national  energy
efficiency targets will be proposed.[15]

Directive 2012/27/EU amends Directive 2009/ 125/EC

on ecodesign requirements for energy-related

products and Directive 2010/30/EU on energy
efficiency labelling of energy-related products, and
repeals Directive 2004/8/EC on the promotion of
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cogeneration and Directive 2006/32/EC on energy

end-use efficiency and energy services.

The Directive 2012/27/EU entered into force on 5

December 2012 and Member States have until 5 June

2014 to transpose the Directive into national

legislation. Each Member State shall set an indicative

national energy efficiency target based on the

parameters set in the Directive and shall notify those

targets to the Commission. From 30 April 2013

onwards, Member States shall report each year on

the progress achieved towards their national 2020

energy efficiency targets. By 30 April 2014, and every

three vyears thereafter, Member States shall submit

National Energy Efficiency Action Plans.[16, 17]

The Directive lays down rules designed to remove

barriers in the energy market and overcome market

failures that impede efficiency in the supply and use

of energy and provides national indicative targets for

energy efficiency in 2020. [16, 18]

The requirements laid down in the Directive are

minimum requirements and do not prevent any

Member State from maintaining or introducing more

stringent measures.

Among the Directive's provisions included in specific

articles are:

1. Regarding EFFICIENCY IN ENERGY USE

Energy efficiency targets

Building renovation

The exemplary role of public buildings

Energy efficiency obligation schemes

Energy audits and energy management systems

Metering and Billing information and access to

these

Consumer information and empowerment

. Regarding EFFICIENCY IN ENERGY SUPPLY

Promotion of efficiency in heating and cooling

Energy transformation, transmission and

distribution

3. Regarding HORIZONTAL PROVISIONS

O  Availability of qualification, accreditation and
certification schemes

O Information and training

O

O

ood>dO OOoOoood

Energy services

Other measures to promote energy efficiency
O Energy Efficiency National Fund, Financing and

Technical Support
Implementation foresees that by 30 April each year
as from 2013, Member States shall report on the
progress achieved towards national energy efficiency
targets. By 30 April 2014, and every three years
thereafter, Member States shall submit National
Energy Efficiency Action Plans, covering significant
energy efficiency improvement measures and
expected and/or achieved energy savings, including
those in the supply, transmission and distribution of
energy as well as energy end-use, in view of
achieving the national energy efficiency targets. The
National Energy Efficiency Action Plans shall be
complemented with updated estimates of expected
overall primary energy consumption in 2020, as well
as estimated levels of primary energy consumption in
specific sectors. [16, 19]
Directive 2012/27/EU proposes measures targeting
energy saving, including renovation of public

buildings, saving programs for public services sector
and energy audits for companies in order to decrease
energy consumption by 20% in the European Union by
2020.
The Directive requires Member States to establish a
long-term strategy for mobilizing investments in
renovating residential and commercial building stock,
both public and private, available nationwide. Given
the high cost of heating for houses, thermal
rehabilitation or improving the energy performance
of buildings has a positive impact on consumer’s
utility bills and contributes in improving their quality
of life. Investments to improve energy efficiency will
lead, in the short and medium term, to reduce
energy bills.[16, 20]
CONCLUSIONS
In conclusion regarding the Directive 2012/27/EU
member states shall set up measures in order to use
energy more efficiently at all stages of energy chain,
from the transformation of energy and its
distribution to its final consumption. These measures
include energy efficiency obligations schemes, the
exemplary role to be played by the public sector and
consumers’ right to have exact information on their
energy consumption. Some of these measures are
listed as follows:

O Setting up of an energy efficiency obligation
scheme ensuring that energy distributors and/or
retail energy sales companies that are designated
as obligated parties achieve a cumulative end-use
energy savings

O Renovation of the national stock of residential
and commercial buildings, both public and
private

O Purchasing by public bodies of products, services,
buildings with high energy-efficiency
performance

O Obligation for energy distributors and retail
energy sales companies to reduce annual energy
sales to final customers

O Promotion of availability of cost-effective energy
audits for final customers

O Provision of individual meters reflecting the final
customer’s actual total energy consumption

O Give consumers access to clear and precise
information on metering and billing

O Promotion of efficiency in heating and cooling

O Guarantee highly efficient energy
transformation, transmission and

distribution.[16, 17]

Until June 5 2014, Romania, along with other EU
Member States will have to transpose the European
Directive on energy efficiency in national
legislation.[20]

Building only eco-efficient or green buildings will be
the next step for the European Union. These
buildings besides being energy efficient will fit into
the landscape, will have forms inspired from nature,
will be built from environmentally friendly materials
and will use renewable energy sources (solar energy,
geothermal energy and wind power). Therefore they
will be built to reduce pollution, minimize the
amount of waste and reduce the negative impact on
human health.
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ABSTRACT: Questionnaires were

ocal consumer evaluation

of the
aiming the topic of traditional horticultural products in the sphere of products in
horticulture and food industry. We have three hypotheses: 1.The consumers are able
to associate with messages bound up with characteristic, regional products. 2. In the
decision-making process, in connection with the purchase and consumption of the
consumer, the knowledge of the source of squly is an influential factor. 3. The
product character of traditional horticultural products gives the chance to the
consumer to acknowledge the excellent and individual feature of the product in a
higher price, consequently, the higher price will be less influential factor in their
decision-making process of the purchase. In the years 2010-2011 primary research has
been conducted on agricultural and food manufacturers of traditional horticultural

products. To analyse the survey data, we have used SPSS 14.0 for Windows and LISREL
8.30. Methods: Confidence-interval calculation, a variable structure test wit factor
analysis, a variable structure test with cluster analysis, multi dimensional scaling and
correspondence analysis. It can easily be brought to light that the consumers select

)

particular taste and the excellent quality. The consumers regard -

perceptible attributes - the Hun]garian provenance, place of origin and the traditional
feature as an important aspect. In the analysis of traditional horticultural products we
can divide two independent factors can be distinguished: quality and economic factors.
KEYWORDS: Hungari griculture, production, prise, quality, country image

INTRODUCTION

A new tendency of consumer attitude has been
emerging with a shift from the simplistic perception
of foodstuff as mere agricultural products towards a
more complex perception where foodstuff also has a
cultural dimension. According to Sini (2000), the
associability of a product with a special purpose,
tradition or place of origin gives rise to the adoption
of this attitude. Products that can be easily
associated with a particular culture or place of origin
have the potential to create market gaps, thus a
reverse tendency to consumer standardization
emerges (Szakdly et al, 2008, 2010).

In the case of foodstuff, the country image is of
utmost importance due to the fact that consumers,
besides building a specific mental image of a
particular product, also tend to assign products
positive or negative images of the country of origin.
The favorable geographical location of Hungary
allows the production of foodstuff of high added-
value and outstanding quality.

Hungarian agricultural production areas generally
enjoy wide international recognition; however,
building a strong international image of Hungarian
agricultural  production areas needs product
restructuring and technological innovation as well as
a variety of other factors, such as the atmosphere of
a particular agricultural production area, production
related know-how or the history and traditions of the

given region, can benevolently contribute to this
image building.

MATERIAL AND METHOD - Market research

The opinion survey refers to information collection,
whereby a small section of a group of numerous
individuals or institutions is selected via professional
sampling and this selected section is then
interviewed (Baglyas et al, 2013).

The primary market research consists of the
gathering of original, previously uncollected
information and data, whereby the collection is
undertaken with a specific purpose. | sought the
answer to various questions during recording;
therefore each answer can be registered as a variable
as they can take varying values within a certain
number interval. These are the dependent variables
because, depending on the respondents, the result
will be different, too. The questions (variables)
remain the same throughout the questionnaire and
the interviewees (respondents) are referred to as
cases (K6szegi et al, 2013).

For paired t-tests, the same respondents are tested
repeatedly, thus test series are conducted on the
same respondents and the paired t-test is used to
examine the differences.

A variable for the differences observable in the pair
is created (marked as D) and then the average and
variance of this variable is calculated.
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Subsequently, the t-statistics is established. The
degree of freedom is “n-1”, where “n” stands for the
even number of the examinations (Palléné, 2007).

The exact significance test is based on two
hypotheses; one is referred to as null hypothesis and
the other is as alternative hypothesis, respectively
(Dedk et al, 2010, 2011). The Chi-squared test uses
the following formula:

2 2 ( 7 _e“)z

XZ — y u
During the evaluation of questionnaires, representing
the results simply in percentages is often insufficient
or even misleading, given that the resulting
differences do not reflect reliably whether the
variation is significant or not.
The answers to the particular questions in the
examined population helped me identify both the
percentage of the positive answers and their
confidence-intervals, the latter values revealing the
real differences. The calculation of the confidence-
intervals is inevitable for the establishment of a
reliable conclusion on our hypotheses, especially in
cases where the number of sample elements
significantly differs.
Quality has various components which can be
communicated in a variety of messages. Taste,
ingredients, high quality and traditional production
methods are all related to the attitudes associated
with Hungarian foodstuff. Our research examines the
importance of taste for making decisions on the
purchase of traditional products.
The respondents have been segmented on the basis of
their sex, age and educational attainment in order to
examine whether these factors influence the
outcome of the purchase decision making process. No
significant difference can be identified; the
respondents obviously find taste either important or
very important.

Olale

EFemale

Figure 1: Assessment of the importance
of taste by gender

0 Not important
0 Slightly important

0 Somewhat important

O mportant

B Very mportant

Figure 2: Assessment of the importance of taste by
educational attainment
The added value of unique, high quality, region-
specific foodstuff is partly owing to their traditional

nature.
Tradition
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Figure 3: Assessment of the importance of tradition
by gender
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As the specificity of a product does never originate
only from a single component, the traditional nature
also gains its significance in a specific component
context.

All respondent segments evaluated this quality
dimension as important or somewhat important. In a
broader context, the traditional nature is a cultural
asset and a certain consumer segment expects
purchasables to have this added value.

The European Commission sets two criteria to
differentiate regional products from other products.
One such criterion is quality or fame attributable to
the place of origin, the other is the identifiability of
the product name with the place of origin.

The importance of the place of origin incorporates
traditions and region-specific production technology.
As shown above, the place of origin is a more

important decision making factor for female
consumers (59 percent) than for their male
counterparts.
Place of Origin of Hungarian Product

i #
g | HFemale
& Dale
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| |
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Figure 5: Assessment of the importance
of the place of origin by gender
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Figure 5: Assessment of the importance
of the place of origin by age group

The assessment by age group points out that the

place of origin plays an important role for seniors

(over 60) in their purchase decisions. Figure 9 reveals

that 60 percent of the respondents with low

educational attainment do not take the place of
origin into consideration for their purchase decisions.

CONCLUSION AND RECOMMENDATION

O The significant changes in the attitude towards
food consumption in the developed industrialized
countries over the past decades have resulted in
the modification of consumer habits as well; the
purpose of foodstuff is no more primarily to
cover our material needs but it is equally a
source of pleasure (Dedk et al, 2011). Succeeding
on the overbought globalised market becomes
more challenging, survival on the market
requires novel methods, thus searching for new
market gaps where products of special qualities
can target special groups can be an alternative
way of this succeeding.

O Beyond the  perceivable  characteristics,
consumers also find the place of origin (the
source region) and the traditional character of
products important. “Traditional” means that
the product looks back to least a ten-year-old
history, which emphasises the importance of the
time aspect. Analytical methods help little to
assess the special characteristics of traditional
and region-specific products but the consumer
survey reveals that these factors play a
significant role in the consumers’ judgement on
value. The communication of these special values
towards the consumers for the purpose of
enhancing the profile and competitiveness of the
products is of utmost importance. Special,
traditional foodstuff has a lot to offer to the
ever growing consumer segment which craves for
products with embedded emotional messages.
These emotional messages are to be conceived
region-specifically and communicated in plain
language.
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e pc;per presents an example o

integration of various

opensource GIS software to improve decision-making in local governments. It shows the
synergistic possibilities of integrating various opensource GIS software to support decision-
making (DSS). Special attention is paid to geoprocessing capability. Further, it is analyzed
the significance of building spatial data infrastructure at the local level as basis of DSS.
The research was done on the example of choosing the best options for the reconstruction
of public lighting. The results of this study contribute for promote the growing trend of
integration the compatibility of various GIS open [source software solutions.
D

KEYWORDS: GIS, geop A

| government, DSS, SDI

INTRODUCTION

Collection and processing of spatial information is a
fundamental process of decision making. If we do
not have high-quality and forehand information, and
we do not have the necessary tools for their high
quality and fast processing treatment, we will get
the results that neither forehand nor appropriate to
make prompt and quality decisions. About this
would be paid attentions in decision-making in local
governments. Decisions have made at this level
significantly affect the development or stagnation
of local communities, such as rational or irrational
use its limited resources.

With applying of GIS information technology in
decision-making processes, decision-makers were
given powerful tools that enable the collection and
processing of large amounts of spatial data and
creating quality information in a very short time.
The Geographic Information Systems (GIS) are
complex five-component information systems that
comprising the following components: procedures,
people, data, hardware and software. This paper
describes the integration of several open source GIS
software for various purposes in the process of
decision-making in local government.

The first part of papers namely the first three
chapters present basic information about opensource
GIS software and spatial data infrastructure. The
second part describes underlying problem and
research methodology. At the end of the study
presents the results and conclusions.

Open source software (0SS) is computer software
with its source code made available and licensed
with an open source license in which the copyright
holder provides the rights to study, change and
distribute the software to anyone and for any
purpose. Open source software is very often
developed in a public, collaborative manner. [1]

GIS software encompasses a broad range of
applications which involve the use of a combination
of digital maps and georeferenced data. GIS software
can be sorted into different categories [2]:

O Desktop GIS usually serve all GIS tasks and are
sometimes classified into three functionality
categories: GIS Viewer, GIS Editor, and GIS
Analyst.

O Spatial Database Management Systems (DBMS)
are mainly used to store the data, but often also
provide (limited) analysis and data manipulation
functionality.

O Web Map Servers (WMS), Web Feature Servers
(WFS) are used to distribute maps and data over
the internet.

O WebGlIS Clients are used for data display and to
access analysis and query functionality from
Server GIS over the internet or intranet.

O Libraries and Extensions provide additional
(analysis) functionality that is not part of the
basic GIS software, for instance functions for
network and terrain analysis, or functions to
read specific data formats.

O Mobile GIS are often used for field data
collection.

Large number of open source projects is active
today. A significant number of them have reached a
remarkable level of maturity. That is one of reason
why increase number of government institutions
which use open source GIS software. However, there
are still a significant number of customers are
choosing a commercial GIS software. Causes for this
are numerous, but it is undoubtedly one of the most
important is that the open source GIS projects are
specialized.

While commercial vendors usually offer products for

all of software categories (e.g. ESRI Inc), open

software projects often concentrate on a single
category, e.g. desktop GIS or WebMap server.
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In this paper are explored possibilities of integrating
various opensource GIS software in order to create
unique integrated Decision Support System (DSS).
The survey was conducted on example of solving
problems in local governance. Solution has been
showed is integrated functionality: Desktop GIS
software (gvSIG), spatial DBMS (PostGlS), server
applications (GeoServer) and  geoprocessing
framework spatial data analysis library (Sextante).
The term “Spatial Data Infrastructure” (SDI) is often
used to denote the relevant base collection of
technologies, policies and institutional
arrangements that facilitate the availability of and
access to spatial data. The SDI provides a basis for
spatial data discovery, evaluation, and application
for users and providers within all levels of
government, the commercial sector, the non-profit
sector, academia and by citizens in general [3].
Establishing SDI creates the preconditions for
rational spatial data collection, their
standardization and marketing and its put to
develop of any local community. All stakeholders
who interesting for development specific community
(investors, researchers, entrepreneurs and others.)
will be able data which necessary for conduct
complex searches and analysis as the basis of them
decision-making processes [3], [4].

In this example was shown applied three-tier
architecture of information system. (Figure.1). [5]
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Figure 1. Tree- layer arhitecure of infomation system
Resource management layer is a base layer of the
architecture, and includes data sources, most often
databases (e.g. PostGIS DBMS).

Presentation layer provides communication between
information system and external users who may be a
person or another computer for example web
browser (e.g. gvSIG, Sextant).
Application-logic layer namely middleware, includes
a collection of programs that accept data from
multiple data sources and transform it into a form
that corresponds to the presentation layer (Web
mapping service (WMS), Web Feature Service (WFS),
Web Processing Service (WPS)).
Applying service-oriented SDIs compared to the
traditional approach are achieved by the following
advantages [4], [6]:
reduce costs,
2. reduce development costs by not developing all
the components,
3. services allow avoiding
software,

incompatibility of

4. the cost of applying of services is less than the

cost of construction.

Specifications of these services are defined by the
standards of the Open Geospatial Consortium (OGC).
OGC Web Services standards are defined frames
which are provided by the dealer an independent,
interoperable framework for web-based discovery,
access, integration, analysis, exploitation and
visualization of multiple online sources of spatial
data and their processing capacity [8], [9].
During of this research it is executed simulation using
of spatial data that was obtained through
Geoserver’s web services. In this way it is possible to
analyze data which are stored in different locations.
For example, spatial plans by the database of local
government, water supply infrastructure by the
database companies for management of water supply
system or electrical network plans by the database of
power supply company. Thus, we always have
available update spatial data that is very important
in decision making.
Integration differently oriented opensource GIS
software, in order to develop GIS-based decision
support system of local government, was made on
the example of solving the problem of energy
efficiency in poor lighting system. For instance, in
Trebinje (Bosnia and Herzegovina) almost 4% of the
city budget goes to the cost of electricity lighting.
The main causes of this inefficiency are defined:
inefficient lighting modules, a large number of
lamps and the lack of an effective system of
managing public lighting. Therefore, it was decided
to choose the best variant of reconstruction of
public lighting.
If we want to choose the best solution, we will
define amount of saving electrical energy by
existing lighting modules with mercury bulbs are
being replaced with new energy efficient lighting
modules with LEDs diodes or high pressure sodium
lamps.
In addition, it was necessary to take into account
assessment of fulfill the standards that define the
nominal brightness of certain public areas.
Furthermore, it is necessary to change deployment of
available light module to illuminate so far darkened
public space. The results of the analysis it was
necessary to show in the form of maps that would
clearly be identified which public space are
satisfactory illuminated and which not, such as are
presented that in numerical form.

To create a DSS for selecting the best options for

increasing the energy efficiency of lighting were

used the following opensource GIS software:

OgvSIG was developed by the European GIS
community offering multiple language user
interfaces. gvSIG has nice vector data editing
functions. gvSIG is well known for its flexible GIS
data input format. You can use various GIS data
formats (both vector and raster) and online
resources (such as WMS, WCS and WFS). Some GIS
professionals believe that gvSIG is becoming close
to replacing ESRI ArcMap software. [10]
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OSexstante is a spatial data analysis library written
in Java and a powerful geoprocessing framework.
It currently contains more than three hundred
algorithms for raster and vector data processing,
as well as tabular data analysis tools. Sextante
integrates seamlessly with open source Java GIS
(such as gvSIG) , proprietary GIS (such as ArcGlIS)
and non-GlIS tools (such as the 52N WPS server ).
The SEXTANTE for gvSIG extension makes it
possible to use Sextante tools directly in gvSIG,
using module Model Builder. [11]

OGeoserver is an open source software server
written in Java that allows users to share and edit
geospatial data. Designed for interoperability, it
publishes data from any major spatial data source
using open standards. GeoServer is the reference
implementation of the Open  Geospatial
Consortium (OGC) Web Feature Service (WFS) and
Web Coverage Service (WCS) standards, as well as
a high performance certified compliant Web Map
Service (WMS). GeoServer forms a core component
of the Geospatial Web. [12]

OPostGIS is a spatial database extension for
PostgreSQL object-relational database. It adds
support for geographic objects allowing location
queries to be run in SQL. The database can then be
used to store and query spatial data (points, lines
and polygons). [13]

The first is upgraded a software gvSIG with Sextant

data analysis library. After that, spatial data are

prepared by gvSIG software. On the base of aerial
photographs have been made vector maps of streets
of Trebinje, currently deployment of lamps lighting
and currently deployment of lamps lighting with
isolux diagrams. For each of the analyzed variants of
public lighting reconstruction it has been prepared
vector map that included isolux diagrams of new
lamps with appropriate new spatial deployment.

These vectors files and related raster file have been

loaded in the spatial database and WMS and WFS

Geoserver services. On this way, the data necessary

to perform the analysis were provided.

The next step is being made algorithm of analysis.

Namely, the steps of spatial and attribute analysis

that needs to be done on the available spatial and

attribute data would be defined in order to obtain
the desired result.

For comparison of the current state of illumination

of public areas with expected brightness is being

used with the new energy efficient light bulbs is
defined by the following algorithm:

Oload vector maps backgrounds (the streets - line,
the isolux of lights modules diagrams - polygon,
the boundaries of analyzed area - polygon);

Ooverlapping vector map - streets and vectors map
- isolux diagram over vector file in which borders
are defined in the study area and is being copped
(algorithm-Clip);

Odepending on the width of streets, which is listed
as attributive data the buffer function is executed.
Results would be vector maps of polygon street
view, depending on their width;

[Oto define public surfaces that are illuminated it
would be done algorithm - intersection of vector

layer street - polygon and vector layer of isolux
light diagram on specific the analyzed surface;

Ofinally, it would be got a vector polygon layer that
display illuminated public areas and presented
their statistics, the most important figure is the
total amount is illuminated public surface in the
analyzed area.

In addition is done algorithm that computes

expected energy consumption of public lighting in

the analyzed area. This algorithm had the following
steps:

Oload vector files (position lights - point, analyzed
area - polygon) and attribute data (average daily
working hours of public lighting - hours, time
analysis - days);

Ooverlay vector files to define the area to be
analyzed;

Clusing an algorithm that summarizes all the power
lights that are located in the project area in one
layer with the polygon will have this information
as an attribute;

Odo calculations under certain defined formula;

Opresent the expected total energy consumption for
the whole period of time and analyzed area in
KWh.

The above algorithms are implemented by combining

and linking Sextant algorithms within their GUI

Modeler (Figure 2).

\\\\\\\\\\\\\\\\\\\\\\
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Figure 2. Workplace of Sextant library builder for
geoproccessing

The graphical modeler allows to create complex
models using a simple and easy-to-use interface.
Using the graphical modeler, that chain of processes
can be wrapped into a single process, so it is easier
and more convenient to execute than a single
process later on a different set on inputs. No matter
how many steps and different algorithms it
involves, a model is executed as a single algorithm,
thus saving time and effort, specially for larger
models.
In this example, the Sextant GUI modeler is started
within an integrated environment with gvSIG
software. GUI modeler interface are consist of a
desktop where is dragged and associated algorithms
from the list that is on the left side. Besides there
is the possibility that offered to the user to
combine all of algorithms have been offered by
vendor or user-making. This allows to user creating
algorithms which are performed really complex
analysis.Algorithms are listed previously, can be
activated in two ways:
O directly employed through gvSIG environment

(Figure 3)
O executive through batch file (Figure 4)
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Figure 5. Windows of gvSIG software with result of spatial
analysis with Sextante library

Input parameters can be loaded from the local disk,
database or through WMS, WFS service. The following
figure (Figure 5.) shows the result of the processing
algorithm created for representing illumination of
public areas by applying the appropriate model
lamps.

The main results of this research can point out the
successful integration of more functionality
opensource GIS software into a single decision
support system for the local government.

Applying service of Geoservers is highlighted the
importance of establishing a spatial data
infrastructure at the local level. The SDI at the local
level should provide the necessary spatial data for
the analysis as support of decision-making processes.
In beforehand examples are defined algorithms
through which are successfully integrated spatial
data from different locations. Moreover, using
Sextant GUI modeler for development of algorithms
for data processing with aim to solve complex
problems, it is shown that for implementation of
complex spatial analysis is not necessary to have a
complex programming knowledge. The examples of
complex geoprocessing algorithms it is showed
possibilities that beginners GIS users with a basic
introduction of geoprocessing might have done
complex spatial analysis. The end result shows
capability and benefits of applying geoprocessing to
solve everyday problems faced up not the only in
local government but also in any other organizations.
Looking separately, currently opensouce GIS software
can be concluded that none of them offers a
complete solution for use in solving complex spatial
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problems. The only if we integrate their functionality
and with increasing their compatibility it will be
possible to create one that system.

The paper research and its results clearly are showed
that is achievable. The current trends of integration
of existing opensource geoproccessing tools with
desktop or web applications by are being taking
advantage of service-oriented SDIs lead on there. In
the future, with improvement of the existing
capabilities of the opensource GIS software will be
able to increase accessibility these technology to
ordinary GIS users. Given methodology can be
successfully are applied to a wide range of problems
they encounter every day. In this way it will increase
using these integrated systems by local authorities,
state institutions, and other organizations.
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ABSTRACT: The use of surface waves of the Rayleigh type enables the properties of the
component materials of a layered structure, such as a pavement, to be determined.
The method has the advantage that the measurements are performed dynamicallﬁ/,
thus making an allowance for the inertial and frequency dependent response of the
pavement. The velocity of the waves is not a constant, but exhibits dispersion. The
manner of the variation of the wave velocity is used to determine the properties of
the surface and subsurface materials of the structure. Inverse problems are involved in
interpreting the results. Wave propagation in elastic plates is analogous to

ation in layered spaces and therefore the free plate system can be used to

the surface layer of a single l?/ered pavement structure. A direct algebraic
inverse technique has been developed and used to calculate the thickness of the
surface layer of a pavement s ploying free plate analysis. To assess the
effectiveness and reliability of the proposed technique, the application of the method
to a published set of experimental data obtained in the field is presented and
discussed. It is shown that the experimental results and the algebraic solutions are in
good agreement, indicating that the proposed method can be used to determine the
thickness of the pavement surface layer without resorting to excavation and in a very

quick and economic manner.

KEYwoORDS: Algebraic inverse, Free plate, Pavement, Surface wave testing

INTRODUCTION

The determination of in-situ elastic properties of
pavement materials along with layers thicknesses is
of great importance in pavement management
system. The information is needed in order to (1)
design the constructed layers in such a manner that
the imported materials are strained only to within
acceptable limits, and (2) locate and to characterize
zones of weakness. The use of surface waves of the

Rayleigh type enables this information to be
determined, with the advantage that the
measurements are conducted dynamically, thus

making an allowance for the inertial and frequency
dependent response of the pavement. The use of
Rayleigh wave enables an estimate to be formed of
the thickness of the surface layer of a pavement. The
precision of the estimate depends upon the contrast
between the elastic properties of the materials in
the surface and the underlying layers. The greater
the contrast, the more precise is the estimate. The
measurement of the deflections at the surface of a
pavement, in the neighborhood of a known load, can
also be used to estimate the elastic moduli of the
subsurface materials. It is preferable, although not
essential, to make separate measurements of the
thicknesses, and to supply the thicknesses of the
component media as data. The measurement of
surface deflections is widely used as a means of
pavement investigation. The interpretation of the
results yields information on the elastic moduli of
the component materials.

WAVE METHODS

Waves of the Rayleigh type are generated by applying
an impulsive load, a hammer blow, at right angles to
the surface of the pavement. SH-waves are generated
by applying an oscillatory torque to the free surface:
the axis of the torque is normal to the free surface.
Sensors are placed at suitable distances from the
source of the vibration. It is sufficient to perform
measurements at two sensors. The velocity of the
generated wave is determined as a function of the
frequency, enabling a frequency-dispersion curve to
be plotted. This curve shows the phase velocity of a
wave at the surface of the structure. The frequency-
dispersion data can be used to determine the
properties of the media of which the structure is
composed. Graphical methods sometimes suffice for
approximate results, although most systems must be
analyzed with the aid of relevant solutions of the
wave equation of the particular system studied.

The simplest assumption is that the structure consists
of a free plate. Free plate solutions for the
propagation of plane stress waves can be used to
determine the engineering properties of the surface
layer of a layered medium from the frequency-
dispersion data of the system obtained in the field. A
number of different types of vibrations can exist in a
solid plate (or layer) with free boundaries. In a free
isotropic elastic plate of thickness 2H, three types of
particle motions can occur. These types of particle
motions are often called wave modes and depend on
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the characteristics and stiffness of the transmission
medium, existing boundary conditions and the
frequency of the wave. Figure 1 shows these
different wave modes in a free isotropic plate.

Direction of wave propagation
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Figure 1. Wave modes in free isotropic elastic plate

Plane waves in plates can be described as
symmetrical (longitudinal) and antisymmetrical
(flexural) waves depending upon the symmetry with
respect to the median plane of the plate. The
antisymmetrical wave corresponds approximately
with the Rayleigh waves [4]. For symmetrical and
antisymmetrical modes, the wavelength (or phase
velocity) and frequency of the wave are related by
the corresponding characteristic equations. The
characteristic equation for the antisymmetrical mode
is as follows [2]:
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INVERSE PROBLEM

The problem is to determine the unknown
parameters of the component materials of the
surface layer of a pavement structure, based on the
wave propagation theory in the free plate. The
unknown parameters are the elastic modulus

(whether Young's or shear modulus) and thickness of
the uppermost layer in a given pavement system.
Most of the inverse techniques developed thus far are
based on the numerical methods, which have been
used as a criterion for back calculation of the shear
wave velocities or shear moduli and thicknesses of
the pavement layers. With the numerical inverse
method, an initial layered model is assumed for the
system, and the theoretical dispersion curve is
obtained by employing the theory of wave
propagation in elastic layered media. Then the
necessary structural changes are iteratively made
until the experimental and theoretical dispersion
curves are matched adequately. Thus the user must
be familiar with surface wave dispersion theory in
order to know what structural parameters to adjust,
whether to decrease or increase the magnitudes and
if so by how much. Therefore this process is time
consuming and considerably dependent on the
experience of the user. Also it requires engineering
judgment and finally the solution is not a unique one.
Other possible solutions must be sought and
developed.

Graphical methods of interpretation can be applied
to the results of measurements obtained from field
measurements conducted on a layered structure [1].
The reciprocal of the wavelength is plotted against
the frequency, from which the elastic parameters of
the surface layer can be derived. The plot of
reciprocal of wavelength against the frequency
consists of data points which fall on a straight line
and the reciprocal of the slope of line gives the shear
wave velocity. By employing the graphical inverse
method for determining the elastic shear modulus of
the surface layer, the thickness of the layer is the
only unknown parameter which can be calculated
directly from the characteristic equation of the
system.

With algebraic inverse method, the characteristic
equation of the system is expanded as a polynomial
and is solved for the unknown parameters of the
system. The characteristic  equation  which
corresponds with Rayleigh waves can be represented
by power series. By making power series, the
equation is expanded symbolically in terms of the
layer thickness parameter. Thickness of the layer, as
illustrated in Fig. 1, is 2H.

The following file shows the necessary input to
Mathematica [5]:

(* Expansion of the free plate equation, Mathematica
file #)

k=w/c; kP=w/VP,;
g=Sqrt[k~2-kP"2]
s=Sqrt[k~2-kS" 2]
Do[fH[i]:=Series[ Tanh[qH ]/ Tanh[sH], {H
,0,13],{1,2,1,1}]
Do[gH[’]:=fH[’]_q/S){,:2)I) 1}]
h:=4k”~2qs/ (s 2+k”2)"2-q/s

Do [aH[i]:= Normal [ InverseSeries [gH[i],H]]
) {’ ’ 2 ) l ’ 1}]
Do[bH[i]:=aH[i]/.H->h,{i,2,1,1}]
Do[H[i]:=bH[i]/.{VP->Vp,VS->Vs,Cc->C,
W->w}’{i)2)I: 1}]

kS=w/VS
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This input yields a series of the power series
expansion for the left hand side of the characteristic
equation about the point H = 0 to the order H ',
where the variable | successively takes on the values
2 through 15 in steps of 1. The value of | equating to
15 is found by trial and error. The value of | is
increased at each step by one and the calculation is
repeated until the difference between the two
successive results become negligible. Inverse Series
performs reversion of the series, which gives a series
for the inverse of the function represented by gH [i].
The inverse can only be calculated when the first
term in the gH [i] is of order H. The normal
expression aH [i] now is a polynomial representing H
in terms of the velocities of longitudinal and shear
waves in the surface layer and of measured values of
the frequency and the corresponding surface phase
velocity. The frequency and the surface phase
velocity are obtained from the results of the
measurements made in the field on the ground
surface of the system, and are data pairs » and c.
The limiting velocity of waves of the Rayleigh type in
the component material of the surface layer can be
read directly from the results of the field
measurements. If a value of Poisson's ratio is
assumed, the parameters Vp and Vs can be estimated.
The resulting explicit function representing the
thickness of the layer can be directly used to
calculate the layer thickness 2H.

As an application, the data shown below on Fig. 2 are
based on the experimental results given by Jones [3].
His investigation was on a pavement section and the
results were obtained from experiments on a
concrete slab with v = 0.25 for Poisson's ratio and 9.5
inches in thickness, laid on a thick ground base.
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Figure 2. Results from concrete slab laid on well-
compacted hoggin [3]

This example shows the results of the measurements
of the phase velocities of waves of the Rayleigh type
as a function of the wavelength on a practical
construction of the single layered surface. The value
of Rayleigh wave velocity was 8350 feet per second,
from which the shear and longitudinal wave

velocities are calculated to be 9100 ft/sec and 15760
ft/sec, respectively.
Table 1. Experimental results

Phase

Freqza;)ency Velocity | , _@ ky= L kg = @

(rad/sec) (ft /Csec ) ¢ Vp Vs
37196 7400 5.03 2.36 4.09
23650 6700 3.53 1.50 2.60
15315 5850 2.62 0.97 1.68
9860 5100 1.93 0.63 1.08
8203 4700 1.75 0.52 0.90
6225 4260 1.46 0.39 0.68
4261 3650 1.20 0.27 0.47
3759 3350 1.21 0.24 0.41

Numerical values of the phase velocity and the
frequency are supplied as data. These data have been
summarized and shown in Tab. I. The calculated
surface layer thickness for different values of
expansion order, applied to the characteristic
equation of the free plate for making power series in
terms of H, are plotted in Fig. 3.
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Figure 3. Variation of free plate thickness at
different expansion powers
Figure 3 shows the calculated depth as a function of
the frequency. It can be seen that as the expansion
order increases, the calculated thickness becomes
convergent towards the measured value. The average
layer thickness obtained from the thicknesses
calculated for each pair of dispersion data is also
shown in Fig. 4. This figure shows that the average
thickness increasingly becomes convergent as
expansion order increases. In other words, if the
average thickness approaches the real existing value,
it does not change with increase in the expansion
order. It is evident from Fig. 4 that the average H
remains constant at expansion order equal to and/or
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greater than 13. According to the calculated results
shown in Fig. 4, the solution of the thickness at | = 13
is equal to 0.79 ft which is comparable to measured
depth of 0.80 ft. It can be concluded that the
experimental results and the algebraic inverse
solutions are in best agreement.
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Figure 4. Variation of free plate average thickness
against expansion power
Surface waves can be used to determine the
mechanical and physical properties of the materials
of a layered structure such as soil sites, highway
pavements and airport runways. The elastic
properties and thicknesses of the component
materials are derived from measurements of the
wavelength and the phase velocity of vibrations
generated along the surface of the ground. The
dispersion curve of Rayleigh waves can be determined
in the field with the aid of measurements of ground
motions induced by a hand hammer using transducers
placed on the ground surface. The surface wave
method has been successfully used to construct the
dispersion curve of the waves of the Rayleigh type.
The phase velocity is not constant, but varies with
the frequency. The manner of the variation is used to
determine the required parameters of the system
(the velocity of wave propagation in each medium).
For many years, the numerical inverse procedure has
been extensively employed for the determination of
the layers moduli and thicknesses of a layered
structure. However, this technique is complex time
consuming and requires experienced person and
engineering judgment. Ideally, the inverse should be
obtained by means of a true mathematical inverse.
The frequency equation for the system is expanded as
a polynomial, and is solved for the unknown
parameters of the system. A direct symbolic solution
for the determination of the thickness of the free
plate model, using mathematical software, has been
developed. It is used to calculate the thickness of the
uniform free plate corresponding with pairs of the
values of phase velocity and frequency as data. The
wave propagation in elastic plates is analogous to
propagation in layered spaces and therefore this
system can be used to model the surface layer of a

8o

single layered pavement structure. To assess the
effectiveness and reliability of the proposed
technique, the application of the method to a

published set of data obtained in the field is
presented and discussed. The comparison between
the experimental results and the developed algebraic
solutions show very good agreement, indicating that
the proposed method can be used as an economic and
effective technique to determine the thickness of the
pavement surface layer.
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ABSTRACT:

e measurement of micro-hardness wit

ads 0 0
0.9807 N has been carried out in direct mode (appraiser measured the dimensions of
indentations with a measuring device fitted to the micro-hardness tester, a part of
microscope) and in modified remote modes. The reference block - certified reference
material with defined specified hardness and its uncertainty was used as a specimen,

particular measurement involved indirect calibration of tester.

The influence of

applied load on the measured value of micro-hardness was evaluated by Meyer’s index
n and PSR method. The difference between values obtained by particular modes is

statistically significant.

KEYWwWORDS: Hardness test, micro-indentation, metal, CRM, remote laborator:

INTRODUCTION

Measurement of micro-hardness is frequently used
for determination of hardness of small items or thin
layers, and identification of individual phases in
metallography. It can be carried out in a similar
manner to the Vickers macro-indentation tests with
diamond pyramid, except for considerably smaller
loads. However, the most important and intractable
problem associated with low loads (the deep of
indentation is less than 10 um deep as a rule [1]), is
that concerned with change in indentation size [2].
The micro-hardness of solids depends on the applied
load. The study of relationship between micro-
hardness and load has been carried out not only for
metallic materials, but also for semiconductors,
glass, slag, ceramics and organic crystals [3-5].

When a very low load is used, the measured hardness
is usually high; with an increase in test load, the
measured hardness decreases. Such a phenomenon is
referred to as “normal” indentation size effect (ISE).
Using aload dependent hardness in material
characterization may result in some unreliable
conclusions [6]. The ISE may be caused by the testing
equipment. The experimental errors resulting from
the measurement of indentation diagonals as a result
of the limitations of the resolution of the objective
lens and determination of the applied load belongs in
this group [6-8]. Another source of ISE is intrinsic
properties of the tested material (work hardening
during indentation, load to initiate plastic
deformation, indentation elastic recovery, elastic
resistance of the materials) [7-9]. The effect of
machining-induced  residually  stressed  surface
(grinding, polishing) of specimen and indenter/
specimen friction are also explanations of the ISE [6,
8-10]. In contrast to “normal” ISE, a reverse type of
ISE (inverse ISE, RISE), where the apparent micro-
hardness increases with increasing test load, is also

known. It essentially takes place in materials in
which plastic deformation is predominant. Reverse
ISE can be explained in terms of the existence of a
distorted zone near the crystal-medium interface,
effects of vibration and bluntness of indenter, the
applied energy loss as a result of specimen chipping
around the indentation and the generation of the
cracks [9].In the literature, there are many
examples, which reveal that, the “normal” ISE occurs
in brittle materials while the reverse ISE has been
reported mainly for materials undergoing plastic
deformation [7].

A perfect measurement would obtain the true value
of a quantity. True values are, by nature,
indeterminable because a perfect measurement
cannot be performed. Difference between the true
value and the value obtained by a measurement is
the error of measurement. The final result is an
estimate of the true value. The measurement
uncertainty is a parameter that characterizes the
dispersion of the values that could reasonably be
attributed to the result of measurement. The
uncertainty is inversely proportional to the quality of
measurement [11, 12].

The purpose of this paper is to evaluate the influence
of load on the values of micro-hardness using Meyer’s
and PSR methods, to evaluate the influence of load
on the uncertainty of measured micro-hardness and
to compare the results obtained in direct and remote
modes.

In engineering education, a key-activity to improve
the learning process is hands-on experimentation,
carried out by simulation tools or laboratory
facilities [13].

Laboratory studies provide experience, try-and-error
type of learning, building connections among other
concepts and previously learned subjects. However,
for many educational organizations it is not always
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possible to provide such an experience for their
learners, since the establishment and maintenance
cost especially for the fields that need high level
equipment in such laboratories. In such cases, several
educational  organizations are  using  some
technologies for supporting their students remotely
or virtually [14].

In a traditional proximal laboratory, the user
interacts directly with the equipment by performing

physical actions (e.g. manipulating manually,
pressing buttons, turning knobs) and receiving
sensory feedback [15].

Online laboratories (Labs) became a very useful
support for practical aspects of teaching methods
since the time their technical basis got available
world wide. A lot of online Labs are available via the
internet. They support for example live experiments
during lectures, distance learning courses (students
work at home) or ed-to-ed scenarios (students work
at an institute and access an online Lab at another
institute to save costs for expensive equipment). As
mentioned in many papers, online Labs can open
possibilities for an experimental approach to a wide
audience and are independent of opening hours. We
can distinguish them by location and experimental
equipment, as can be seen in tab. 1 [16].

Virtual Lab allows students around the world to log
into a computer equipped with the suitable interface
circuits, such as data acquisition systems connected
to various sensors or communication modules, and
perform real-time experiments [17].

Table 1. Concepts of Labs [16]

Access to Laboratory
Local Remote

. . . Virtual
Virtual | Local simulation
Bislneial Traditional taboratory
equipment Real (proximal) Remote
laboratory laboratory

Remote Lab (remote mode) can be defined as a
laboratory (apparatus, rigs) that can be accessed and
controlled via the internet (actual laboratory
experiments that are run remotely via a web
interface) [15]. Most of such Labs require
complicated hardware and software for
communication with human and specially to create a
feeling of remote presence [18]. Users of remote Lab
are able to interact with the apparatus, from any
computer connected to the internet through
interface applications that allow them to manipulate
the equipment, monitor the process and receive the
results of the experiment for analysis. In many cases,
remote Labs can be made available 24/7 with
minimal requirements for maintenance or staff
intervention [19]. Remote Labs are intended to
complement the hands-on laboratory experience by
providing access to a greater number of laboratories,
and more opportunity to run and re-run experiments
at a time and from a location that is convenient for
the student. Remote Lab conception requires
technical, pedagogical and computer science
competencies. Due to these requirements, it appears
to be more complex than other e-learning contexts
such as on-line courses, virtual classrooms, e-
projects, role-playing, etc. however, this kind of

training is essential for scientific and technical

disciplines and fits a real need [13]. Motivations for

remote laboratories development are:

Osharing heavy, highly specialized and expensive
instruments and equipments between institutions,
Oanytime and anywhere Lab access, the students can
login and carry out experiments from any place of

the world,

Oputting students in front of real situations and
allowing them: to discover system behavior, to
train by using instruments, to verify scientific
theories, etc.,

Oremote Labs give students the opportunity to work
in the remote mode,which will eventually become
important in engineering jobs,

Ounlike simulations remote Labs provide real
experience,

Oremote Labs improve safety and security,

Ocomplex experimental systems, including specific
media addition such as cooling, inert gas
maintained by specialist staff at a specific location,
can be directly controlled,

Oteam members, working at different locations can
take advantage of the same test-run results
without extra travelling,

Olong-term trials (reliability, failure performance)
can be comfortably supervised from home, e.g. on
weekends [13, 20].

In  broader sense, the process of remote
measurement contains also objective explanation of
remote measurement - conceptual solution to wider
understanding of measurement. Conceptual solutions
depend on measurement possibilities, monitoring and
control in a real Lab (the equipment side), on
knowledge, informational, technical, personal,
organization but also financial situation of individual
joined participants. Following situations may be
counted in:

OConcept A: Measurement systems and processes can
be monitored and/or controlled locally - requires a
physical presence in the laboratory.

OConcept B: Measurement systems and processes can

be monitored and/or controlled remotely
(virtually) - based on thin www client with
connection to selected www server. In some

situations, there will be a possibility of live stream

from Lab - by webcams or virtual simulation [18].
In accordance with aforementioned definition
presented model of remote Lab is not a full-value
(more or less corresponds with concept A) model of a
remote Lab. The equipment (micro-hardness tester)
is not operated from the user’s side and the
appraiser operating the tester is required on the
equipment side.
The remote Lab allows dividing an appraiser hand-
operating tester from evaluating process in the
described experiment. The evaluation can be carried
out by students during the lessons. The direct contact
between the tester and the student (unless is
required by his/her field of study) without a required
competence and experience is excluded (the risk of
the defect of expensive and sensitive equipment).
The appraiser carries out the indentations according
to operating instructions (number of trials, load,
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identification of indentations) in remote mode.
He/she controls the place of indentation, the
distance between them, the load duration time and
the loading rate. He/she is not distracted by
measuring of the dimensions of indentations and by
recording of measured values.

The indentations are photographed one at a time or
in groups (cluster or its part according to size, the
indentations could be scanned on-line and
transferred into PC in a remote Lab, if appropriate.
The appraiser scans the gauge (calibration line
standard) for calculation of actual magnification,
calibration of the dimensions measuring part of
software and for calculation of the uncertainty of the
gauge calibration.

The wuser (appraiser or student) measures the
dimensions of diagonals of indentations comfortably
in a remote Lab and calculates the values of micro-
hardness. The quality of the user can be evaluated by
type of error (bias, random) using Youden plot, Z-
score, Mandela’s statistics, analysis of uncertainty or
measurement systems analysis (MSA) [21].

The tester Hanemann (Mod D32) fitted to microscope
Neophot-32 and reference block - certified reference
material (CRM) for indirect calibration with specified
hardness H. = 242 HV0.05 and standard uncertainty
Ucrm = 5.4 HVO0.05 were used. The applying loads P
were between 0.09807 N (10 g) and 0.9807 N (100 g)
with a 0.09807 N step size. An appraiser performed
five indentations at each load in a row.

The result was a cluster of 50 indentations in 10
rows. The load duration time was 15 seconds, the
loading rate was 0.042 N.s' and the ambient
temperature was 19.2°C.

Table 2. The normality (p - value), average micro-hardness
value of all 50 indentation HV, micro-hardness HV0.05, “true

hardness” Hpspc; and relative expanded uncertainty of
calibration U, (%) for direct and remote mode

Normality ‘ ‘ Uprel ‘
Mode (p) HV HV0.05 HPSRcZ V0.05
Direct 0.2788 258 258 184 13.0
Remote 1 0.4875 248 272 150 7.3
Remote 2 0.3407 242 266 151 19.4
Remote 3 0.0626 292 306 96 36.2
400
350 A
// \ —e—direct

300 /
250 %
200

150

—=— remote 1

—a— remote 2

—<—remote 3

014 016 018 l1
load F (N)
Figure 1. The values of micro-hardness

The length of two diagonals of the square-shaped
Vickers indentation is measured by the appraiser
immediately after each indentation with a calibrated
micrometer attached to the eyepiece of microscope
(magnification 480x% ) in direct mode. The cluster of
indentations was thereafter photographed (scanned)
for remote Lab (remote mode).

Computerized methods used software ImageJ in mode
“remote 1” for measuring the indentation area and

0 0,2
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software TechDig. 1.1.b in mode “remote 2” for
measuring of the diagonals. The diagonals on the
hard copy of indentations were measured by slide
caliper (scale division 0.01 mm) in mode “remote 3”.
The normality (p - value), average micro-hardness
value of all 50 indentation HV, micro-hardness
HV0.05 and relative expanded uncertainty of
calibration U, (in %, k = 2) for direct and remote
mode are in tab. 1. The values of micro-hardness,
measured at particular loads are in Fig 1 and the box-
plots in Fig. 2. The results of calibration were used
for calculation of relative expanded (k = 2)
uncertainty U of the hardness values (in %), Fig. 3.
The maximum value of U, is 10 % according to
standard [22], only the mode “remote 1” match this
requirement. The uncertainty depends on the mode
and dencreases with increasing load. The ambiguity
in the measurement of small indentation areas,
particularly with pile-up or sink-in effects, results in
over- or underestimation of the indentation area
[23]. The remote mode simplifies the measurement
of such indentations. The value of uncertainty
obtained in remote mode is nevertheless higher in
comparison with direct mode (except for “remote
1”).

— Lower whisker
— Upperwhisksr

@ Mean

< Suspected outlier:
> Min

Observed data
NooR N
25 0B
g 2 B2

I |

remote 2
N=50

Figure 2. The box plot

It is necessary to remember that indirect calibration
of micro-hardness testers is not routinely practiced
process, unlike the (macro)hardness testers. Small
dimensions  of indentations  diagonals  and
indentations with irregular shape are measured with
difficulty. Small difference in reading of diagonals
has a significant effect on the obtained (measured)
value of micro-hardness and is a source of possible
influence of appraiser’s individuality and skill [24]. It
is possible that high value of uncertainty of
calibration is a result of low capability (high value of
index %GRR, obtained by MSA analysis) [25].

Grubbs’ test (significance level a = 0.05) was used for
detection of statistical outliers. Their presence
would indicate measurement process suffering from
special disturbances and out of statistical control.
The normality was determined by Freeware Process
Capability Calculator software (Anderson - Darling
test). The normality and the outliers were
determined for particular clusters (50 indentations
obtained in particular modes). As it can be seen in
tab. 2, the normality was confirmed for all files.
Absence of outliers suggests that the measurement
process has avoided the gross errors.

According to the two factor ANOVA (Analysis of
Variance) without replication the mode (p = 2.79.10°
) and the load (p = 1.06.10°) have statistically

mote
N=50
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significant effect on the value of measured micro-
hardness.
The values of p of unpaired t-test, comparing the
means of two groups (a = 95%) are in tab. 3. By
conventional criteria, this difference is considered
statistically  significant  between all modes.
According to one sample t test the difference
between the mean micro-hardness measured in
particular modes (HV in tab. 1) and an expected
value - standard hardness of CRM (H. = 242 HV0.05)
is statistically significant for all modes except for
“remote 1”.

Table 3. The values p of unpaired t-test.

I Cirect remote 1 remote 2

remote 3 0.0001
remote 2 0.0009 0.0001
remote 1 0.0222 -

THE MICRO- HARDNESS - Meyer’s Power Law
The simplest way to describe the ISE is Meyer’s Law:
P=Ad" (1)
The parameters n and A,, are determined from a
straight line graph of n d (mm) versus (n P (N).
Meyer’s index n (work hardening coefficient) is the
slope and A, is the y-intercept of the straight line,
tab. 3.
When n=2, the micro-hardness is independent of the
applied load and is given by Kick’s Law. However, n<2
indicated “normal” ISE behavior, the measured
micro-hardness decreases with applied load. When
n>2, there is the reverse ISE behavior, measured
micro-hardness increases with increasing of the load.
60 -

50 +

40 4 —e—direct
X —s—remote 1
3 30 A—a—a
} —a— remote 2
20 4 —»—remote 3
10 +
0 T T T T "
0 0,2 0,4 0,6 0,8 1
load P (N)

Figure 3. The values of expanded uncertainty u for
particular loads and measurements
Table 3. The values of Meyer’s index n and indices A,, o,
¢4, C; for direct and remote mode.

mode n An | @ ‘ C Cy ci/c; ‘

direct | 2.0209| 7.3000| -0.9220| 12.859 | 974.08| 0.013
remote 1| 2.1151| 7.6304| -0.1620| 19.435| 792.50| 0.025
remote 2| 1.9846| 7.2053 | -0.1354| 19.996 | 796.83| 0.025
remote 3| 1.8589| 6.7591| -0.1645| 28.576 | 506.83| 0.056

The curves load vs. micro-hardness shows that the
micro-hardness increases with load nonlinearly up tol
about 0.5 N for the all modes and then remains
practically constant (Fig. 1). The values of n,

calculated in direct mode (n = 2.0209) and “remote
2” (n = 1.9846) practically confirm independence of
the micro-hardness on load.

PSR (Proportional Specimen Resistance model) and
modified PSR

Several authors [6, 8, 13] have proposed that ISE
behavior may be described by the Eq. (2):

P =c,d + c,d? (2)

Gong et al. [2, 6] used an energy balance approach to
examine the ISE and rearanged Eq. (2) into modified

form of the PSR:
P=cy+cid+ c,d? (3)

The values of constants ¢, (N), ¢; (N mm’") and ¢, (N
mm?) of Eq. (3), obtained from the quadratic
polynomial regressions of P/d (N mm’) against d
(mm) are given in tab. 3. The parameter c;
characterises the load dependence of micro-hardness
(elastic properties). It consists of  the elastic
resistance of the test specimen and the friction
resistance developed at the indenter facet/specimen
interface [12, 13, 26].
The parameter c; may be a measure of the load-
independent micro-hardness (plastic properties)
sometimes referred to as “true hardness“ Hpsr =
0.1891c,. As can be seen in tab. 2, the “true
hardness* is signifficantly less the measured hardness
(HV 0.05 and HV) for all modes. The ratio c;/c, may
be treated approximately as a measure of the
residual stresses due to machining and polishing [6,
27].
The differencies between direct and remote mode
are statistically significant as far as measured values
of micro-hardness but also uncertainty and indices,
obtained by Meyer’s and PSR methods. However, the
differences are also beween particular remote
modes. The influence of the load expressed by value
of Meyer’s index n was different for individual modes
despite the identical specimen and equipment.
The relationship between differencies would be
optimal, of course. It is possible, that observed
difference is the result of raising uncertainty of
measured values of the micro-hardness at low loads
which partly obscures the occurrence and type of
ISE.
Further research will be focused on preparation of
factual and generalized knowledge about creative
laboratory teaching at Higher Education Institution
technical faculties especially in the field of
Production Quality, especially: design, realization
and work methods in Creative Laboratory Tuition at
Technical Faculties (CRELABTE).
It is necessary to analyze the influence of
repeatability, reproducibility, individual appraisers,
methods of indentations diagonals measuring and
other factors on the differences between modes at
the same time. The results will be used for the
improvement of analyzed system of Lab.
This work was supported by the Slovak Grant Agency
for Science KEGA 009TnUAD-4/2011.
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1s to present a methoa
of a shrink fitted concave ended cylindrical tank for the storage of methane gas, based
on the application of the Finite Element Method (FEM). This paper presents a
methodolof?y for the optimal shape design of a shrink fitted concave ended cylindrical

tank for t

e automotive industry using the FEM and which is based on a specialized
database of 3D parameterized shapes.

The mechanical simulation, numerical

calculations and geometrical modeling were applied for the three-dimensional

complex models :
KEYWORDs: engineering desi

INTRODUCTION

Over the past few decades, important efforts have
been made to develop and implement engineering
design guidelines, construction and maintenance
standards, and specifications for gas tanks used in
the automotive industry, including standardized test
methods [1-6].

In order to provide a better understanding of the gas
tank  design, optimization, reliability  and
manufacturing feasibility, the research efforts have
been focused towards new, convergent, stable and
robust CAD algorithms for obtaining the optimal
solution [1-6].

This paper presents a methodology for the optimal
shape design of a shrink fitted concave ended
cylindrical tank for the automotive industry using the
FEM and which is based on a specialized database of
3D parameterized shapes. The mechanical simulation,
numerical calculations and geometrical modeling
were applied for the three-dimensional complex
models [7-21].

Ve

Figure 1. Constructive shape of a shrink fitted
concave ended cylindrical tank

n, methane gas tank, optimization, Finite Element Method

A gas tank for the automotive industry is made of
three elements: a lateral one, an end up and a
bottom one (Fig. 1). The elements are assembled
afterwards to get the final form of the gas tank
cover. A new analysis of the efforts and deformation
states is done afterwards and the surety coefficient
value is calculated and compared to the admissible
value.

Further to consecutive optimizations, a shrink fitted
cylinder with 3 rings (at the ends and around the
middle of the tank) was chosen (Fig. 1). The volume
of the gas tank is about 20 (.

THE FINITE ELEMENT ANALYSIS OF A SHRINK
FITTED CONCAVE ENDED CYLINDRICAL TANK

The Finite Element Analysis is a practical application
of the finite element method (FEM), and can be used
by engineers to mathematically model and
numerically solve the complex structural problems of
the gas tank [22].

A

.
e

Figure 2. The finite element discretization of the
model
The Finite element discretization of the 3D model is
shown in Fig. 2. The pressure (distributed on all inner
surfaces of the tank) and constraints (symmetry and
roller slider) used in the finite element analysis are
shown in Fig. 3.
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For mathematical calculations, we use the following The distribution of the efforts along the A - B curves

input data: is given in Figs. 6-7.

- maximum test pressure: p, = 30 N/ mm?;

- nogmal range of working temperature: T= -40 °C,..., 1 T —— :
+60 °C; 3 :

- type of gas tank cover material: AlSI 4340; 1000.004-

- value of gas tank cover diameter: ¢ = 200 mm. _9:!
%
i
=
g
=
§
VE
. : ;
000D 0200 D400 0600 OB 1000
Parametnic Distance
5; A

Figure 3. Loads and constraints used in the finite
element analysis

Applying the finite element analysis to the 3D model,
with the SolidWorks 2011 software [23], the results
which are shown in Figs. 4-23 were obtained.
120000+ AR A A :
For the unpenetrated lid, the curves are symbolized : : :
by A - Band B - C. “e” index is used to define the
curve on the exterior of the body, while “i” index is
used to define the curve on the interior of the body.
Effort variation on the inner and outer surfaces of
the unpenetrated lid is shown in Figs 4-5.

5 R

Figure 6. Graphical representation of efforts along
the A; - B; curve for the unpenetrated lid

g
g

g
g

o Wises [Nimm*2 (MPall

C

g g
2 B

F00.00 -
0000 0200 0400 00D D.EQD 1.0
Parametnc Detance
Bf‘ AE

Figure 7. Graphical representation of efforts along
the A. - Be curve for the unpenetrated lid
Based on the distribution of efforts on the external
side (Fig. 7), a maximum value of effort is obtained
at about 3.5 mm distance from the unpenetrated lid.
Let us note this curve with D - E, keeping the same
indexes “e” and “i” (Fig. 8) and let us trace the

graphical variation of efforts (Figs. 9-10).

Figure 4. Effort variation on the inner surface of the
unpenetrated lid i

vvvvv

Figure 8. D - E curve, used to analyze the effort
variation for the unpenetrated lid

- S

Figure 5. Effort variation on outer surface of the
unpenetrated lid
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Figure 9. Graphical representation of the efforts
along the D; - E; curve for the unpenetrated lid

- [vae:
.5: 1100.00
& Figure 12. Effort variation on the outer surface of
E —— the penetrated lid
z : The effort distribution along the A - B curves is
é shown in Figs. 13-14.
1200.00
800,00 +—— i
0000 0200 0400 0600  0B00  1.000 1000001
De Parametic Distance Ee 4

Figure 10. Graphical representation of the efforts
along the D, - E, curve for the unpenetrated lid

Analysis of the penetrated lid end tank

For the penetrated lid, the curves are symbolized

von Mises (N/mm™*2 [MPall
g8 8
2 B

Al et ennaiirn i katead ol

with A - B and B - C. “e” index is used to define a ]
curve on the exterior of the body, while “i” index is : : . ;
. . . 200.00
used to define a curve on the interior of the body. 0000 0200 0400 0600 0800
Effort variation on the inner and outer surfaces of A Pacamebic: Distance g
i i

the penetrated lid is shown in Figs. 11-12.
Figure 13. Graphical representation of efforts along
the A; - B; curve for the penetrated lid

= 110000
o
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=
=
g 0000
=
§ E00.00
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Figure 14. Graphical representation of efforts along
Figure 11. Effort variation on the inner surface of the the A. - B, curve for the penetrated lid
penetrated lid The effort distribution along the B - C curves is

shown in Figs. 15-16.
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Figure 15. Graphical representation of efforts along Figure 19. Graphical representation of the efforts
the B; - C; curve for the penetrated lid along the D, - E. curve for the penetrated lid
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Figure 16. Graphical representation of efforts along Figure 20. The spatial distribution for the resultant
the B, - C. curve for the penetrated lid efforts on the shrink end ring

o E
Figure 17. D - E curve, used to analyze the effort Figure 21. Constructive shape
variation for the penetrated lid for the unpenetrated lid
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Figure 18. Graphical representation of efforts along Figure 22. Constructive shape
the D; - E; curve for the penetrated lid for the penetrated lid
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Figure 23. The spatial distribution for T = 65 °C and
pr = 35.2 N/mm?: a) the resultant efforts state von

Mises; b) the linear resultant deformations
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CONCLUSIONS

The resultant efforts state von Mises and the linear

resultant deformations agree well with those derived
from the experimental measurements. To validate
the theoretical results, a reduced scale gas tank was
built and tested with full pressure on a special test
stand.
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ABSTRACT: When we are testing the wear we have to measure the loss of t a

material with the same testing circumstances that cannot be easily ensured. Therefore

a relative abrasion resistance is usually measured (wear of an etalon material / wear

of the tested material). When somebody searches abrasive wearing properties, it is

always a significant question, how to select appropriate wear testing e?uipment. If
o)

the chosen method is the model testing of simple specimens, lots obtainable
tribotesters will be found on the market, and there is a good chance for developing
one, too. Many well-designed testing machines exist and are available. For
classification my chosen main aggregate is the movement of the specimen. Here is a
short summary of the advantages and disadvantages of the different kind of abrasive
wear testers where the contact surfaces of the worn and the abrasive materials have

relative speed difference.
KEYWORDS: Wear, wearing test

INTRODUCTION - ABRASIVE WEAR

What is wear? Material particles are separating step
by step from the interacting, frictioning surfaces as a
result of the mechanical, thermal and chemical
stresses. Several wearing types are named: abrasive
wear, fatigue wear, tribochemical wear, cavitation
wear, etc., but abrasive wear is the most common
wearing type in the technical practice. In the course
of abrasive wear between the surfaces moving on
each other the peaks of the harder material gouges
grooves into the softer material, peeling some
material, so it is a groove-proceeding process
(appearances:  craters, scores, scratches, scrape
traces). Typical occurring area: active tools of
agricultural machines (e.g. plough). [1]

When we are testing the wear we have to measure
the loss of the tested material with the same testing
circumstances that cannot be easily ensured.
Therefore a relative abrasion resistance is usually
measured (wear of an etalon material / wear of the
tested material).

The abrasion resistance (AR) hangs on many factors
and circumstances but two material-features have to
be highlighted [3.]:

— AR is related linearly to the hardness of the
material. AR can be increased significantly
better by alloying softened metals than
hardening by heat treatment.

— AR is influenced by the modulus of elasticity
(Young-modul). The tougher material the
more resistant.

Influence of the wearing material [2]

— Hardness: If the hardness of the abrasion
grain is at least twice of the worn material’s
than occurs mainly abrasion wear. As it
decreases, the abrasion wearing effect

tribotester

decreases too. From experience: the rate of
the wear is not influenced if the hardness of
the grain is more than 50% harder than the
worn material.

— Brittle grain: when the grain breaks easily
that decreases the wear on one hand because
of the smaller grain size, on the other hand
increases the wear due to the sharp ledges of
the fresh break of grain.

— Grain size: the smaller then 10um grains’
abrasion effect is minor, as the size grows,
the wear increases, degressive heading to a
limited value.

— Shape: the influence of the shape is hardly
traceable.

Many well-designed testing machines exist and are
available. For classification my chosen main
aggregate is the movement of the specimen.

These are rather real-life than scale models and
these rigs are mostly self-designed constructions. It
gives opportunity to test the real abrasive material
(e.g. agricultural use). Successful tests rely on close
control of the abrasive material’s features (particle
size, shape, toughness and their fracture) and the
contact temperature.[5]

The main difference is the driven path of the
specimen:

1. Rotating movement: barrel / drum design.
Simple, space-saving construction, where the
specimen is rotated around a fixed, vertical
shaft, in a standing cylinder-shaped vessel filled
with abrasive material.
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2. Rectilinear movement: trough design. The
specimen is driven straight in a long trough filled
with abrasive material. It needs more place and
cost than the previous design but the movement
resembles more to the real circumstances (e.g.
plough). It is not introduced through an example
below.

These machines are widely used because they are

cost-effective. In each case the specimen geometry is

simple and relatively easy and cheap to manufacture.

Their principal advantage is that it is easy to cover

wide load and speed ranges. Former there were

rather three-body abrasion testers, where the
stationary specimen was loaded against a rotating
body with non- or recirculated abrasive particles
introduced into the contact. Nowadays the two-body
testers come to the front, where the abrasive
particles are mounted on a carrying surface (e.qg.
abrasive paper). Here the main problem is how to
ensure the stationary conditions of the abrasion

(contact temperature, abrasive particles).[5]

The classification is driven by the principle of the

contact:

1. Ball-plane contact:

a. fixed-ball,
b. rolling ball,
c. rambling ball tribotesters

2. Cylinder-plane contact

3. Plane-plane contact: Pin-on-disk equipment

4. Cylinder-cylinder contact

The advantages and disadvantages are introduced by

the following samples.

Modified sand-slurry tribotester

The following equipment was developed by SZIE

Gépipari Technolégia Intézet for testing hot-dip

galvanized elements. [2]

Figure 1. Modified san-slurry tribotester [2]
Advantages:
— Fast comparing tests for simple specimens.

— Testing by different speed and pressure
circumstances.

— In this model there is a double wall drum
filled with cooling liquid, so the heat
circumstances can be influenced.

Problems:

— Heat cumulating due to friction - cooling of
the system is tough. Only low speed can be
used or only a few specimens can be tested
side by side.

— The abrasive medium is susceptible to
stratification that leads higher drag in the
lower stratum.

— The system is sensible to the applied abrasive
medium (mould can burn on the worn
surface, grain size influence the heat).

— The steady conditions are hard to be ensured
during the test (grain break, making even the
former way’s trace, pressure conditions).

The abrasive ball is fixed in a holder and loaded onto
the rotating disk’s surface. An increasingly deeper
and wider crater comes into existence on the surface
of the disk. By a steady load as the crater becomes
deeper, the contact pressure increases, so the
surface pressure decreases. During the wearing

process the shape and roughness of the ball changes
significantly. The fixed-ball tribotester is used rather
for short time experiment and needs practice to
evaluate right the wear picture. [4]

I have not found an example for adding plus abrasive
medium to the system.

o iy B R
Figure 2. Fixed ball tribotester [6]
The specimen is fixed and loaded to the rotating ball.
The ball is fixed on a driving shaft, and abrasive
medium is poured between the contacting surfaces. If
the abrasive medium is non-recirculated that ensures
steadier conditions in the contact.
As the wear progresses it causes higher touching
surfaces that decreases the force per unit of surface.
[1, 6]
We have to count with the change of the ball’s shape
too, since the contact is localized on a narrow strip
of the ball, so the contact line becomes wider as
time passes.
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Lhrasive
raterial

Rolling-ball

<

Load

specimen

Figure 3. Rolling ball tribotester
The rambling ball is driven by a shaft by friction, so
the speed of the ball is not steady. The normal power
of the surface comes only from the weight of the
ball, so this equipment is not able to test heavy
loads. Even this smaller load is also not steady, since
the ball can jump off from the surface. [6]
The ball moves on a rambling way, it touches the
specimen with its whole surface, so it doesn’t
changes its shape significantly.

Ahrazive medium S

i --"‘x\

Rambling ball

Specimen

Driving shaft

“Figure 4. Rambling ball tribotester [6]
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Cylinder-plane tribometer

Several arrangements of cylinder-specimen
(horizontal, vertical) of this tribotester type are
available on the market.

As the wearing process progresses and the trace
increases the force per unit of surface decreases as
well, but there is no significant change in the shape
of the cylinder that would influence the wearing
picture on the specimen.

There is an ASTM Standard G65-04 (2010) is for using
the dry sand / rubber wheel apparatus. [7]

Abrasive
material

Rolling cylinder

Load

| Specimen

Figure 5. Cylinder-plane tribotester
The specimen is a pin pushed by load on an abrasive
disk. The linear loss of the pin shows directly the
wear and the wear-resistance of the tested material.
As the test progresses the abrasive paper degrades
and becomes clogged so the loss of the worn material
per time-unit reduces too.

Load

Pin

Disc covered by abrasive

particles

u

Figure 6. Pin-on-disk tribotester
There are some recommendations of standards for
this type: ASTM G99 and DIN 50324. [5]
There is a wear scar occurring by using this type of
wearing test. The vertical dimension and the depth
of scar can be measured.
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Specimen

"

Figure 7. Cylinder-cylinder type

CONCLUSIONS

In technical practice it is more and more important

to develop and use abrasive resistance materials.

Therefore the modeling of wear is inevitable.

Ensuring the adequate method and circumstances is

the key for the success of testing.
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ABSTRACT: In this research, eling is introduced in order to evaluate
measuring error of diaphragm gas meters considering the effects of different ambient
temperatures on the usual (0.2Q,q.) and maximum (Qn.) consumption flow rate. In this
study, a G4 diaphragm gas meter was used because of its prevalence in Iran. By
considering the climate of Iran, averaoge range of experiment's temperature was chosen
between 30°C to 60°C and 0°C to -30°C. For conducting the experiments on these gas
meters, a heater-cooler device and a master chamber were utilized. Proposed statistical
modeling was able to evaluate the amount of using gas in the form of 0.2Qm.x and Qmax.
The obtained results may be used as a correction factor for diaphragm meter operation on
different temperature conditions. In other words, the advantages of this research can be
used for estimating the proper amount of using gas and calculating the proper fee for the
user. According to results, in the countries that the Igas consumption is done by diaphragm
gas meters, national gas company will be lost for cold cities and will be profited for warm
cities and the amount of fee estimation error is significant. As an example, national gas
company of Iran lost about 40.7 million dollars for gas consumption measurement error for

Tehran city in 2008.
KEYWORDS: Error o

INTRODUCTION

Iran, locating between latitudes 24° and 40° N and
longitudes 44° and 64° E has various climates in
different regions. Most of these climates have a hot
summer and cold winter. It is obvious that the
warmth and coldness of the weather have some
undesirable influences on working elements of gas
meters during the year. Thus, the gas consumption
measuring would not be the same in different
temperatures. In Iran, depending on the amount of
needed flow rate, diaphragm gas meters are used in
one of G2.5, G4, G10, G25, G40, G65, and G100
categories.

Some of the parameters that can have effects on the
measuring devices are already studied. Nath and
Dietrich (1997) analysed the effect of temperature on
the measuring accuracy of turbine gas meters.
Nilsson (1998) invested the accuracy of gas meters in
the weather conditions on Lound city. Kolpatzik et al.
(1998) considered the effects of temperature sensor
positions in the pipe flows for determining the mean
gas temperature.

Petunin (2008) presented an algorithm for indirect
measurement of difficult-to-measure GTE parameters
on the basis of its mathematical model. In his
research, different principles of constructing GTE gas
temperature meters based on indirect measurements
were considered and simulation results were
presented. Douglas (1977) invented a gas meter
temperature compensating tangents. The tangent

gas meter

device was able to provide improved accurate
deflection due to temperature changes as a result of
built-in radial rigidity of the tangent wrist relative to
the tangent arm. Cardelius and Skoglund (2004)
invented an acoustic gas meter with a temperature
probe having an elongated sensor region. In this
manner, a temperature measurement can be made
which more accurately reflects the temperature of
the actual gas through which the emitted acoustic
energy propagates. Vanderkamp (1988) studied high
pressure test facilities for industrial gas meters in
the Netherlands. The calibration procedures and
systems were presented in his article. He showed
that the gas compressibility effects on calibration
and test facility accuracy.

Based on International Organization of Legal
Metrology (OIML), for a mechanical gas meter with
built-in mechanical temperature conversion device,
maximum permissible error is 0.5% in a temperature
range of 30°C extending symmetrically around the
temperature specified by the manufacturer. The
equation that converts the measured volume to a
corresponding volume at the base gas temperature is
presented as below (MID, 2004).

T,

Vy = FV (1)
where V is the volume at metering conditions, V, is
the volume at base gas temperature, T is the
absolute gas temperature at metering conditions and
T, is the base gas temperature specified by the
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manufacturer. Equation 1 discussed ambient
temperature affects on gas and not on the gas meter.
Both of Iranian Gas Standard (IGS) and the Gas
Meters-Diaphragm Gas Meters-DIN EN 1359 have not
considered the effects of temperature on gas flow
measuring accuracy in diaphragm gas meters (IGS,
1998; DIN EN 1359, 1993). Massah et al. (2010)
studied the effects of ambient temperature on flow
rate meters on the medium (0.2Q;,.x) and maximum
(Qmax) flow rate consumption.

The objective of this research was to present
statistical models for determining the error of flow
rate measurement for diaphragm gas meters
considering the effect of ambient temperature at the
maximum (Qnq) and the medium (0.2Q,.,) flow rate.

To determine the effects of different ambient
temperatures on the accuracy of diaphragm gas
meters, the influences of warmth and coldness of the
weather on the 0.2Qu. and Q.. Wwere studied.
0.2Q.ax is an index to measure the accuracy of a gas
meter in 0.2 of maximum working flow rate (medium
flow rate). Qmex is an index to measure the accuracy
of a gas meter in maximum working flow rate. These
two indexes are important parameters in measuring
the accuracy of gas meters (IGS, 1998; DIN EN 1359,
1993).

In Iran, temperature of most cities rises up to 45°C in
summer and for some colder cities does fall to -25°C
in winter. When a gas meter is located directly in the
sunlight, its temperature may increase up to 60°C.
Thus, the temperature range of experiments was
considered 30° to 60°C and 0° to -30°C to determine
the accuracy of flow rate measuring for a diaphragm
gas meter (IGS, 1998).

The experiments were conducted using a G4
diaphragm gas meter. A heater-cooler and a master
chamber (CA12-2232, Camos, Iran) were used to
change the temperature of gas meters from -30°C
+0.1°C to 70°C +0.1°C. Gas meters were located in
these chambers. The master chamber had the ability
of controlling the temperature at a standard range
(19-23°C +0.1°C) (IGS, 1998). A gas meter was placed
in the master chamber as a master gas meter and
another gas meter in heater-cooler chamber that its
temperature changed at each stage of the
experiment. Both chambers were kept next to each
other in a way that the outlet gate of master meter
was connected to the inlet gate of experimental gas
meter, so the amount of passage air from both gas
meters would be equal. A blower was used to
produce the inlet air with 18 m-bar pressure (Figure
1). To avoid the influence of inlet air temperature on
the experiments, both chambers were kept at room
temperature (19-23°C +0.1°C). Therefore, the inlet
air to the chambers had standard temperature.

It was necessary to measure the rate of pressure
drop, which was caused by the passage of air through
the master chamber, concerning that the air first
passed through the master chamber and then entered
the heater-cooler chamber. Hence, the master
chamber was connected to the gas meter in the
heater-cooler chamber in series. Then, a volume of
100 Lit of air was passed (IRM3, instrument,

Netherlands) through the master and experimental
gas meters, which the difference of the value
indicated by mechanical counter in the master
chamber and experimental gas meters showed the
rate of the pressure drop in the master gas meter
(Figure 2).

Control
Computer

Thermometer _pf

H Outlet Air

Figure 2. Measuring the pressure drop caused by the
air passage from master gas meter

For measuring the effect of warmth and coldness in

the form of 0.2Qmax, @ 1200 l/h rate of air and in the

form of Qmax, a 6000 l/h rate of air were passed from

master and experimental gas meters. Then, the
temperature of passing air from gas meter, which
was placed in the heater-cooler chamber, was
changed from -30°C to 20°C and from 25°C to 60°C
and recorded every 5°C to investigate the effects of
warmth and coldness, respectively. The experiment
was done with five iterations. Considering obtained
results, the linear regression method was used to
present the best fit to the data. Then, the
percentage of measurement error (E) was calculated
as The percentage of measurement error is expressed
by equation (2).

E%:%.IOO (2)

On

where Q is the measured flow rate of meters in each
temperature, and Q,, is the measured flow rate of
master meter.
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RESULTS AND DISCUSSION

As is illustrated in Figure 3, based on the results of
the experiments in form of normal working flow rate
(0.2Qmax) the reduction of temperature from 20°C to
-25°C caused the reduction of approximately linear in
the measurement error of the gas meter.
Nevertheless, the measurement error of meters
remained constant between -25°C to -30°C. At
temperatures above 25°C to 55°C, the measurement
error of gas meters were remained approximately
constant, but between 55°C to 60°C this error was
risen. As shown in Figure 3, a part of the diagram had
more slope and a part of this diagram had less slope.
The value of Qo 2qmaex Was the same for 20°C to 25°C.
Therefore, two equations were determined to
measure the gas consumption to determine Qo ;qmax at
different temperatures appropriately by statistical
models:

Oprp. =1089 +4.95r  -30<r<20 (3)
Oprp. =1168.5+1.181 2551560  (4)

Where t is the ambient temperature (°C), Qp.2qmax Was
estimated value of the flow rate in the form of
0.2Qmax (1/h). Equations 3 and 4 were able to
evaluate the gas consumption measurement in the
form of 0.2Qmex between -30°C to 20°C and 25°C to
60°C with a coefficient of determination 0.98 (R=0.
99) and 0.69 (R=0.83), respectively.

Statistical models for estimating the measurement
error of gas meters in the form of 0.2Q.., are
presented as below.

Eqag,.. = (1200 — (1089 +4.95)) /1200

(5)
—30<£<20

Egg,. =(1200—(1168.5+1.181))/1200 ©)
2551 <60

where Ep gmax represents the measurement error in
the form of 0.2Quax in [/h. As shown in Figure 3, the
stretch line belongs to the obtained data during the
experiments and slash line belongs to the fitted line
with equations (3) and (4).

Measured —— - Predicted ‘

1300
1250

= 1200 =

< 1150 _

1100

< 1050 | =

S 1000 g
950 4—
900

-30-25-20-15-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 6C

Temperature(C)
Figure 3. Effect of warm and cold temperature in the
form of 0.2Qax
As is illustrated in Figure 4, based on the results of
the experiments in form of maximum working flow
rate (Qmex) linear reduction of temperature caused
the linear reduction of measurement error in gas
meter. Thus, it is possible to present the
measurement error by a fitted linear equation to
determine Q. at temperatures between -30°C to
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20°C and 25°C to 60°C. The temperature that used to
determine the equations was considered above 25°C
and under 20°C because the measured values with
the master and experimental gas meters were the
same between 20°C to 25°C.

Op. =5844.3+9.9¢

(7)
-30<¢<20and -25<t<60

Where t is the ambient temperature (°C), Qqmax Was
estimated value of the flow rate in the form of Qmax
(l/h). Equation 6 was able to evaluate the amount of
using gas in the form of Q. between -30°C to 20°C
and 25°C to 60°C with a coefficient of determination
0.98 (R=0. 99). A statistical model for estimating the
measurement error of gas meters in the form of Qmax,
is presented as below.

Ey  =(6000 — (5844 .3+ 9.91)) /6000

(8)
-30<¢t<20 and 25<t=<60

where Egme represents the measurement error in the
form of Qnaxin l/h. As shown in Figure 4, the stretch
line belongs to the obtained data during the
experiments and slash line belongs to the fitted line
with equation 7.
In this research, the effects of ambient temperature
on the measured flow rate of meters in 0.2Q. and
Qmax forms and also measurement errors between
them have been considered, but Nath and Dietrich
(1997) considered the temperature behavior of
diaphragm gas meters.
Errors below and above room temperature condition
are named positive and negative errors,
respectively. Cold temperature caused the meter's
measurement show less amount (positive errors),
and warm temperature caused the meter’s
measurement show more amount (negative errors).

Measured ————-~- Predicted ‘
6600
6450 <
6300 =
= 6150 - —p”
< 6000 o
5 5850 e
5700
5550 =1
5400 —— ‘ —
-30-25-20-15-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 6C
Temperature(C)
Figure 4. Effect of warm and cold temperature in the
form of Qmax

To clarify the importance of results that are obtained
above, the consumed gas amount of Tehran (The
largest city of Iran with a population over 9,000,000
people) is analyzed. This amount in 2008 is presented
in table 1. In this table, the average temperature for
each month is also shown. The value of Egqmax fOr
each month was calculated using equations (5) and
(6) (shown in Figure b5). Considering the gas
consumption and the gas measurement error of
diaphragm gas meters in each month and considering
that each m® of gas costs about 0.05S in Iran, fee
estimation error (done by national gas company) was
calculated and shown in Figure 6. As it is seen in this
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figure, national gas company of Iran had a large error
and lost about 40.7 million dollars in gas consumption
of Tehran in 2008.
Table 1. Consumed gas amount of Tehran
during the year 2008

Gas consumption Average
Month (x1000, 000 m’) | temperature (°C) ‘
January 2877 -
February 1821 6
March 1543 10
April 997 15
May 886 21
June 896 31
July 835 27
August 874 22
September 837 16
October 1067 13
November 1294 7
December 1921 2
Total 15848 -

E0.20max (%)
o "] -y =2 oo

|
Y X " 5 A A
L FF TSNS
I > & & &
W@ O & &
& * Q9
Month

Figure 5. The value of E; ;omax (%) for each month
16

Cost measurement eroor
(million dollars)
[
N o N B v 0 O =]
T S S S S T
74 E

A
3, |
%,

Month

Figure 6. Cost measurement error (done by National
Gas Company) for each month

CONCLUSIONS

The following conclusions can be drawn from this

study:

1. Presented statistical models were able to
evaluate the amount of using gas in the form of
0.2Qax between -30°C to 20°C and 25°C to 60°C
with a coefficient of determination 0.98 (R=0. 99)
and 0.69 (R=0.83), respectively.

2. This model was able to evaluate the amount of
using gas in the form of Qu. between -30°C to
20°C and 25°C to 60°C with a coefficient of
determination 0.98 (R=0. 99).

3. Increasing and  decreasing the ambient
temperature cause to increase the positive and
negative measure error of gas meters,
respectively.

100

4. In the countries that the gas consumption is done
by diaphragm gas meters, National Gas Company

will be lost for cold cities and will be profited for

warm cities and the amount of fee estimation

error is significant.
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ABSTRACT: |he t d system during die casting process 1s
made through conduction, convection and radiation. So, during pouring of melt into
the mold, interface heat transfer is through forced convection and radiation. After the
melt filled the mold, the interface heat transfer depends on the contact between melt
and mold. Temperature evolution in mold wall during die casting of steel was analyzed

o] S A TR

I%% a finite element simulation and the results were compared with experimental dg
e simulation consists in solving a conduction heat transfer problem with appropriate

initial and boundary conditions.
KEYWORDS: die tool steel, die casting, K-t

INTRODUCTION

The die casting process consists in pouring a molten
material (metal or alloy) into the mold cavity and
pressing it under high pressure. The cavity mold is
filled in a few seconds. After the melt has solidified,
the casting is removed [1].

The heat transfer in the melt-mold system during die
casting process is made through conduction,
convection and radiation [1-5]. So, during pouring of
melt into the mold, interface heat transfer is
through forced convection and radiation. After the
melt filled the mold, the interface heat transfer
depends on the contact between melt and mold.

mold melt air gap

apve b B
= - - -
- . =
. . gy
| 2 L

a) b) ¢)
Figure 1. Possible contacts at the melt-mold
interface:
full (a), partial (b) and no (c) contact [1]

The melt-mold contact is expected to be formed
during three stages, which are summarized in figure
1[1]:
O In stage I, at the beginning of solidification, the
contact between molten metal and mold can be
assumed good (figure 1a). Heat transfer is made
through conduction from molten metal to mold
wall;

As a solid layer forms, the metal will shrink away
from the mold and a discontinuous air gap will
result (stage Il). So, the mold and solid metal will
have partial contact (figure 1b). Heat transfer is
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pe thermocouple,

ata.

inite element analysis

made now through solid metal/mold conduction
at the contact surface and through radiation at
the air gap.

In stage lll the solidified metal will pull away
completely from the mold wall and the heat
transfer will be made only through the gap
(figure 1c).

Also, heat transfer by free convection and radiation
at the mold exterior surface in contact with the
environmental air, have a profound influence on
temperature gradient inside the mold [4]. Figure 2
shows the expected temperature distribution during
die casting process [1].

olid Ligquid

Temperature

=y = = ipter{ace

AT At mold-air
----- ¢ — “interface

Distance
Figure 2. Temperature gradient during die casting
process in the melt-mold system [1]
The temperature subscripts used in figure 2 are: L -
liquidus, S - solidus,
i - interface, d - die, 0 - ambient.
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Both analytical and numerical models were developed
to treat the heat transfer during solidification
process, mainly based on the finite difference
method [2, 4, 6, 7] and Beck’s nonlinear estimation
method [8, 9].

Also, several commercial software packages, based
on finite element analysis, were used to simulate this
process, such as: ProCAST [5], Ansys [10] or Abaqus
[11].

In this study, the Comsol Multiphysics 4.2 software is
used to simulate the conduction heat transfer in the
mold wall during die casting processing. The
simulation results are compared with experimental
data obtained by K-type thermocouples
measurements taken from [12].

The experimental details were described widely
elsewhere [12].

The mold material is 55MoCrNi16 die tool steel grade
(corresponding to AFNOR 55NCDV7 or EN 1.2714),
with the following chemical composition: 0.5-0.6 %C,
0.1-0.4 %Si, 0.5-0.8 %Mn, 1.4-1.8 %Ni, 0.5-0.8 %Cr,
0.15-0.3 %Mo, max. 0.03 I%S, max. 0.03 %P.
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Figure 3. Mold assembly (a) and T1-T3 thermocouples
position (b): 1-upper die, 2-mold, 3-melt, 4-lower die
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In order to evaluate the temperature changes in the
mold wall, three K-type thermocouples were inserted
in holes drilled to different depths around the mold
diameter. The whole assembly is 162 mm height and
150 mm diameter. The mold has a glass shape with a
height of 112 mm and wall thickness of 39 mm at the
bottom and 33 mm at top.
Figure 3 shows the geometric shape of mold assembly
(a) and the thermocouple position in the mold wall
(b).
The thermocouples position coordinates are given in
table 1.

Table 1. Thermocouple position coordinates

Radius, r Height, z
Thermocouple (mm) (mm)
41 45
T2 43 55
T3 46 75
Experimental measurements with the three

temperature sensors were recorded simultaneous
with a computer aided data acquisition system [12].
To simulate the temperature evolution in mold wall
during die casting of steel, the Comsol Multiphysics
4.2 software is used. In the Heat transfer module of
the program, the space dimension was selected as 2D
axisymmetric and the study was selected as time
dependent. The time step was fixed at 10 seconds,
for a total period of 90 seconds. This period coincides
with the total experimental processing time (purring
the melt into de mold and die casting [12]).
Heat conduction in mold wall
The program determines the temperature changes in
the mold wall, in function of processing time, as a
conventional heat conduction problem governed by
the Fourfer law.
170]
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Figure 4. Mesh of the mold assembly consisting
of 265 elements
The upper die, mold and lower die were modeled
together as one piece because they are made of the
same steel grade. The complete assembly mesh
consists of 265 elements and is presented in figure 4.
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The input parameters for the heat conduction
problem were the thermo-physical properties of the
die tool steel (thermal conductivity A =50W /m-K ;

density p=7833 kg/m’; heat capacity at constant
pressure c,=465J/kg-K [3]) and mold initial

temperature experimentally determined
(T1, =125°C, T2, =117°C and T3, =126°C ).

By the simulation were obtained values of the
temperature in the same points in the mold wall
where thermocouples were mounted (see table 1).
The heat flux coming from the melt through the mold
wall area is calculated with the following formula:

g0 =T, ~T,) |7 /m?| (1)

The program input parameters are: the heat transfer

coefficient alW/mz-KJ and the melt temperature,
which was experimentally measured by an infrared
thermometer after purring the melt in the mold
T,,=1541°C [12].

The most important factor affecting the rate of heat
transfer at melt/mold interface is the heat transfer

coefficient a|_W/m2~KJ. Its value depends on the
thickness of the air gap at the interface. Once the air
gap forms, the heat transfer across the interface
decrease rapidly and a relatively constant value of
o is attended [2].

In the simulation the value of o was changed until
the temperature values were overlapping the
experimental ones.

The input parameters are: mold surface emissivity
& =0.9 and the ambient temperature T,,, =20°C .

Also, the following major assumptions were

considered in the simulation:

O the heat flow is unidirectional;

O the thermo-physical properties of the mould
material are uniform (throughout the bulk) and
remain constant over the processing time;

O the melt is in complete contact with the mould
surface (no air gap is formed);

O the melt/mould interface temperature remains
constant from the start to

O end of die casting processing.

The temperature values of the heat conduction

simulation were verified by comparison with the

experimental measurements. The results are given in
figure 5a-c).
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values

For matching the experimental and simulated
temperature values, the following values of the heat
transfer coefficients were used:
a,and oy =130 W/m* - K, a, =60 W/m* K .

The Comsol Multiphisycs 4.2 software package was
used to simulate the heat transfer through the mold
wall during die casting of steel.

The simulation by the finite element method was
done to solve the conduction heat transfer problem
inside the mold body. Boundary conditions and initial
values were set before starting.

Among initial temperatures of the melt and mold,
the heat flux at melt/mold interface and the
radiation heat transfer at the external mold surface,
were taken into account. The most important
parameter was the heat transfer coefficient

a [W/m?-K] used to find the match between the
simulation results and the experimental ones.
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ABSTRACT: The virtual p
development process. Apart from the visualization itself,
development encompasses the whole range oﬁ testing in the virtual realit% (VR)
environment. Different testing performed in the virtual reality environment before
prototype production can increase productivity and decrease development time. As an
illustration of possibilities of performing different kind of testing in VR environment,
this paper shows simulation in the VR environment of the process controlled by
programmable logical controller (PLC) and MATLAB/SIMULINK. As an interface between

aevelopment is a modern approach in the p
the virtual product

VR and MATLAB/SIMULINK environment VR Toolbox library is used, and between
MATLAB/SIMULINK and PLC controller that is OPC standard.
Keyworbps: Virtual Reality, PLC controller, OPC standard, MATLAB/SIMULINK

INTRODUCTION

Simultaneously with development of information
technology, advanced approach to product
development is also being improved. All of this is in
order to shorten the product development process
and minimize the number of physical prototypes. One
of these approaches is the development of virtual
products which, except for visualization, provides a
wide range of testing of the product in the virtual
reality environment [2].

The main idea of this paper is the simulation of
process control that are realized on the machine
tools in the 3D virtual environment. In this case, the
virtual model of the machine tool (partially
automated pillar drilling machine) is connected with
a real PLC (programmable logic controller) using OPC
server. This model does not include dynamic
simulation. State of the system is changed by the
appearance of discrete events. The result of the
simulation are movements, which tools perform in 3D
virtual environment depending on values of input
variables. In this case, the input variable are logical
(Boolean) variable representing the state of sensors,
buttons, switches that are activated by user in the VR
environment.

The simulation can be used in a demonstration of the
machine tool functioning and for testing the control
algorithm on interactive realistic models of machine
tools in the VR environment, where the process is
controlled by the real programmable logic controller.
The example that is discussed in this paper is pillar
drill, shown in Figure 1. We need to create a virtual
model of a scene that includes drilling machines,
sensors, buttons, switches and other elements of the
information lap, so that users can manage the main,

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA

auxiliary and additional movements. Also, it is useful
to provide possible solution for, partly automatized,
drilling proces on this machine, which means defining
the required number of inputs, actuator, and a
program written for the PLC controller. It is
necessary to develop a model in Matlab / Simulink
environment, that manage with virtual models, in
accordance with the defined initial conditions,
together with PLC controller.

Figure 1. Pillar drill
A brief description of the drilling cycle on the
considered machine tools is given below [8].
Workpiece is placed in clamping device, when the
sensor LSPP (Limit Switch Part in Place) is activated.
After the operator presses two buttons at the same
time, the tool begins the main movement (rotation
of drills) and simultaneously support motion (linear
movement of drill, i.e. drilling machines spindle
along the z axis downward). Drive of support
movement is automated by kinematic pair of gear -
rack. Rack is connected to the double-acting cylinder,
that is controlled by the electrically activating
monostable directional control valve 5/2. When the
tool reaches its lower finite position, which
corresponds to the completion of drilling, the sensor,
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i.e. limit switch is being activated. LSDD (Limit
Switch Drill Down). At that point, we have stop
power electromagnet that activates monostable
piston direction control valve 5/2, so that the spring
returns direction control valve in its start position.
Then begins the return movement, i.e. tool moves
upward. After tool reach its upper limit position,
appropriate limit switch is activated and entire
system is being turned off. If the workpiece isn't in
the clamping device, i.e. appropriate sensor doesn’t
detect its presence, process can't start. In order to
increase operator safety, security doors close
automatically after workpiece was placed and before
movement of the tool. Safety door opens when
drilling process is completed. Pressing the stop
button, rotation of the tool is stopped and linear
moving upward is started. After that the door is
being open.
Here we wuse programmable logic controller
manufacturers OMRON, Series CJ1, which belongs to
the class of microcontrollers [5]. This type of PLC are
used in many industries, on the CNC machine tools
for the control of individual modules, machines for
different purposes, the packaging, the operations
with various materials, in automated plants, etc.
Product Group CJ series is intended for the use from
simple sequential control to the powerful and fast
models that can manage the system with a large
number of input / output units. Complete modularity
in composing this PLC provides the ability to apply a
wide range of central processor units (CPU), which
are fully compatible and can be quickly and easily
combined with any other module of PLC. Central
processor unit CPU11, which is used in this device, is
designed for smaller systems, such as automatic
machines, control devices, etc. The controller has a
digital input unit with 16 points of connection, and a

digital relay output unit with 16 points of
connect:on
i
e 2
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Figure 3. Wiring the input and output modules
in case of physical model
Standard interface RS 232 is used for its connection
with computer. Programming of PLC is performed
using a graphical programming language called
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Ladder Diagram (LD) CX Programmer, figure 2, as a
common platform for programming CS/CJ/C/CV serie
OMRON controllers [4]. Figure 3 shows the wiring of |
/ O modules for the example under consideration.
APPLICATION OF OPC STANDARD FOR THE DATA
EXCHANGE BETWEEN MATLAB SOFTWARE AND PLC
In order to exchange data between programmable
logic controllers and virtual reality environments a
suitable interface is required. As a solution, it is
possible to apply the OPC standard, (abbreviation
OLE for Process Control), which means Microsoft
technology OLE Object Linking and Embedding [1],
[7]. In this case, we use the CX OPC server that
provides the ability to connect and exchange data
between OMRON's PLC series CS/CJ/C/CV and CP, and
applications operating in the Microsoft environment
and have the support for the OPC standard. CX-
Server OPC supports all Omron communication
protocols. It should be noted that it is possible to use
other software, such as MATRIKON OPC, which
supports communications with OMRON PLCs. On the
other hand, Matlab / Simulink has library of OPC
Toolbox, which enables access to the OPC server in
real time. In other words, utilization of this library
enables reading of data in real time, that OPC server
takes from controller or sending of data from Matlab
to the PLC. Figure 4 shows the way of data exchange
between the PLC and Matlab.
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Figure 4. Data exchange between the PLC & Matlab[3]
CREATING MODELS OF DRILLS IN CATIA SOFTWARE
AND VIRTUAL SCENE USING VRML LANGUAGE

Having in mind the complexity of virtual scenes,
CATIA software for general purposes had been used
to create 3D models, figure 5, recognizing that the

same could be done by using any other CAD software
system, which allows recording files in .wrl format.

=== g ¢

Figure 5. Model of pillar drill in the CATIA software
In developing the model it is necessary to plan in
advance all movements that are performed by
individual components or sub-assemblies in the VR
environment, in order to properly set up a parent-
child relationship, as well as take into account the
orientation of the coordinate system in Matlab.

To create a virtual scene, VRML (Virtual Reality
Modeling Language) is used , which is suitable for
easy conversion with other 3D formats [6]. VRML is an
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ISO standard for interactive, three-dimensional web
graphics, or create virtual worlds on the Web. Virtual
scene does not imply only objects that are visible in
the scene, there are still lighting, background,
camera position, the command to define the paths
between nodes, the script nodes, which are easy to
define the behavior of nodes, and many more, all to
enable different interaction for user, as well as
object control in the VR environment. Previous
considerations [2], [3] have explained the application
of different nodes to define geometric shapes,
description of properties, as well as the nodes for
grouping and their fields.

Without repeating of the foregoing, the paper
contains a brief explanation of the specific
mechanisms for communicating between nodes,
important for this paper.

Since VRML has a specific purpose - to describe three-
dimensional scenes and objects, it requires many
features of generalized programming languages. The
language itself is not object-oriented, but using Prototype
mechanisms it can be derived object-oriented model, i.e.
encapsulation and "reusability”. This means, using prototype
(PROTO node), allowing the definition of new nodes by the
user. Using the prototype enables defining the objects in the
scene that are ‘repetitive”, such as sensors of object’s
presence, security door, buttons and switches for handling
machinery, etc. Some nodes generate events in relation
to the changing environment or user actions. These

nodes are called sensors (Anchor, Collision,
CylinderSensor, PlaneSensor, ProximitySensor,
SphereSensor, TimeSensor, TouchSensor,

VisibilitySensor) and represented essential elements
that provide interaction with user. This approach
uses a Touch Sensor that detects the mouse
interaction with geometry. Event management is
carried out using the ROUTE command, i.e. by writing
a special script. Once the user completes an event (a
mouse click in this case) to a geometric shape, ROUTE
command defines paths between nodes, which
generate events and those who receive them. At that
time, the given geometric shape, sensor and ROUTE
command are in the same node for grouping.

VRML files are displayed in a VRML browsers that can
be a standalone application or VRML plugin html
browser. The most popular VRML browsers are:
Cortona VRML Client, Blaxxun Contact, Cosmo Player
and others. For the purposes of this paper, the
virtual scene is displayed in the application called
Simulink 3D Animation Viewer, which is part of the
library of Simulink 3D Animation.

Movement of kinematics modules as the basic
kinematic entity, is being controlled from Simulink
environment, figure 6. In that way, the VR Sink and
VR Source blocks of libraries Simulink 3D Animation
are used for the connection between Simulink and
virtual scene (Figure 8). The blocks: OPC
Configuration, OPC Read and OPC Write from the OPC
Toolbox library are used for connecting with PLC.

VR Sink block "enters” the value of its ports into
virtual world through the fields defined in the dialog
box called Block Parameters, figure 9.

VR Sink block is responsible for the display of virtual

scene in the application Simulink 3D Animation
Viewer. The application is run after the user double-
clicks the left mouse button on the VR Sink block.
Inputs of VR Sink block directly change the
characteristics of objects in the virtual scene.
Defining characteristics of virtual objects, which are
changing, enables selection of the option "Simulation
> Block Parameters ..." from the menu into
application Simulink 3D Animation Viewer. On the
right side of the window is a tree for a given virtual
scene that is defined in the VRML file, whose name is
shown in the left side of the window. This tree shows
the structure of the VRML file. Blocks with names are
marked with red arrow and available from the Matlab
environment. Blocks without name, but whose
children have the names are also marked with a red
arrow. Fields of blocks that can be changed, have a
square next to the name. Selecting a square enables
changing of field values from  Simulink
(simultaneously, input with corresponding name is
generated on the VR Sink s-block). If it is need to
make changes in the VRML file, the option "File>
Open in Editor" from application Simulink 3D
Animation Viewer should be chosen. Then the .wrl
file is opened in V-Realm Builder VRML editor, which
is distributed with MATLAB, figure 7.
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Figure 8. Virtual scene
Particular changes to VRML files can be manually
performed, due to .wrl is text file, but it is necessary
to know the syntax of VRML. Application of VRML
editor is definitely more comfortable and easier way,
but not always sufficient.

It has already been said that the Simulink model does
not involve dynamic simulation, and system state is
being changes with the occurrence of discrete events.
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But simulation is changing in time, which is called a
continuous simulation. The reason for this is in the
fact that the position of the tool is determined by
the output of the block Integrator, whose values is
changed continuously in time, figure 10.
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Figure 9. Defining the parameters of VR Sink block
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Figure 10. Determining the position of tools
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Figure 11. VR Source block
VR Source block is very similar to the VR Sink block.
Using this block, we can run applications Simulink 3D
Animation Viewer, and edit .wrl files. Also, the
defining characteristics of virtual objects can be
performed as previously described. The difference is
that this block reads different values from the
virtual world and forwards them to the Simulink
model. Figure 11 shows VR Source block, where the
outputs contain values of logical variables, that

represent the state of sensors, switches and buttons
in the virtual scene. Blocks OPC Read and OPC Write
communicate with OPC server and OPC server with
PLC. Figure 12 displays the address (called tags) input
and output terminals on the PLC that are defined on
the OPC server.
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Figure 12. Addresses of input and output terminals

OPC Write block sets the (forced) state of bits at the
input terminals, depending on the initial conditions

13 itemis)
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(sensor state), while the OPC Read block takes the
value of the output terminals of the controller, that
represent a control signals for kinematic modules of

machine tools in a virtual environment.

The paper presents the possibilities of using
connection between Matlab and PLC, where OPC
server has utilized as interface for data exchange. In
the virtual reality environment, in addition to the
visualization, various tests of products can be
performed. One of the approaches involves the
management with 3D virtual models using real
programmable logic controllers. This concept can be
used for different purposes like testing of the
developed control algorithm, shortening product
development time and increasing productivity, as
well as for educational purposes.

Realization requires a standard PC platform, which is
an advantage because of the low cost.

The disadvantage is quite a complex process of
creating such a scene since it is required the
knowledge of a CAD tool (which can export geometry
into .wrl file format), VRML language, JavaScript i.e.
Java programming language, Matlab, and the
knowledge of working with PLC, i.e. programming of
PLC.
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ABSTRACT: e ever growin

interest in the utilization of solar energy as an accessib

renewable, environmentally-friendly and easily-manageable type o energ% makes it a

prospective branch of power engineering. The paper presents data about t

e potential

solar energy which the city of Varna receives at an optimum angle of plane inclination.
The results are obtained on the basis of a methodology developed for the purposes of!

calculating the solar energy received. The experimental values of the total solar
radiation on a horizontal plane observed within a year at a certain geographic
location, namely the Technical University of Varna, serve as an output.

KEYWORDS: solar radiation, solar panel optimum inclination

INTRODUCTION

The ever growing interest in the utilization of solar
energy as an accessible, renewable, environmentally-
friendly and easily-manageable type of energy makes
it a prospective branch of power engineering.
The utilization of the maximum possible amount of
total solar radiation reaching a certain surface
depends on the azimuth angle and its inclination in
relation to a horizontal plane. The empirical data
about the solar radiation intensity reaching the
horizontal surface under discussion within the year
2011 makes it possible to determine the solar
potential at an optimum angle of an inclined surface.
The empirical data concern the region of the
Technical University of Varna with geographical
coordinates 43°13.3858N, 27°56.3065FE registered
with a LI-COR 200 pyranometer mounted on an NRG
Now System 34 m meteorological mast.
The maximum solar energy utilized at the inclined
surface in the region under discussion is determined
by the constituents obtained by means of the
methodology developed in [1] in the following steps:
O Calculation of direct solar radiation on a

horizontal and an inclined surface;

Iy =1-1g, (1)
Ib,s= Rp*lp. (2)

O Calculation of the solar radiation emitted on a

horizontal and an inclined surface;
The diffuse solar radiation on a horizontal surface (I3)
is defined through the method of Reindl et al - 2 [2].

Id = kt*l, (3)
Id,ﬁ= Rd*ld. (4)

O Calculation of the reflecting solar radiation;
lres= I*R;. (5)

O Determination of the total solar radiation on an
inclined surface.

I,=1,,+1,,+1I, (6)

where:

| - the intensity of global radiation on a horizontal
surface, W/m?;

I, - the intensity of direct solar radiation on a
horizontal surface, W/m?;

l4 - the intensity of diffuse radiation on a horizontal
surface, W/m?;

k: - clearness index,

l.w - extraterrestrial radiation on a horizontal
surface, W/m?;

Is - the intensity of the beam radiation on an
inclined surface, W/m?;

R, - ratio of the beam radiation on an inclined
surface and the beam radiation on a horizontal

surface,
cos(0)

R, = cos(@z )’

6 - the incidence angle of the sun rays on the
horisontal surface, deg;

0, - the zenith angle, deg;

la s - the intensity of diffuse radiation on an inclined
surface, W/m?;

I. - the intensity of reflected radiation on a
horizontal surface, W/m?;

R, - ratio of reflected radiation on an inclined surface
and the reflected radiation on a horizontal surface,
R, = 0.5*(1-cos(B))*p,

S - the inclination angle, deg;

p - the ground surface (albedo).

The calculations of the total solar radiation are
carried out at a different angle of the surface varying
from 10° to 90° within the period from 1°* January to
31°t December, 2011.
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RESULTS - MONTHLY OPTIMUM ANGLE OF AN 200 .
INCLINED SURFACE rap L Wh/m

Figure 1, as well as Table 1, illustrates the results of | 1c e May 2011
the monthly optimum angle on an inclined surface 140 T~
obtained in the city of Varna. The graphs are based 120 \
on the total monthly value of the solar potential 100 T~
received. The table also shows the average daily 80 o~
value of the solar energy per month. 60
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Figure 1.a-d. A general model of the optimum Figure 1.e-i. A general model of the optimum
monthly angle on an inclined surface monthly angle on an inclined surface
on the basis of the total monthly value of the solar on the basis of the total monthly value of the solar
radiation for 2011 radiation for 2011
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Figure 2. Variation of the optimum angle on an
20 owh/m? November 2011 inclined surface by month
80
70 Table 2. Total monthly solar radiation on an inclined
o _— surface, kWh/m?
Angle/ ) 0 0 0
50 Month 0 10 20 30
0 ] 38.05 44.34 49.77 54.14
30 1] 58.79 68.66 77.00 83.58
20 1] 96.38 104.59 110.63 114.31
10 v 104.62 108.19 109.58 108.77
o ‘ ‘ , , , ‘ R ‘ vV 178.29 181.08 180.08 175.45
0 10 20 30 40 so  so 7o @D deR Vi 190.70 191.60 188.70 182.14
Vil 200.67 203.03 201.27 195.46
60 . Vil 171.01 176.78 178.78 177.09
Wh/m December 2011 X 138.35 | 148.76 | 155.97 | 159.76
50 X 65.52 74.65 80.79 85.19
Xl 50.39 59.91 66.98 72.62
0 XIl 32.04 32.13 41.91 45.62
0 1-Xll 1324.8 1393.7 | 1441.5 1454.1
IV-IX 983.7 1009.4 1014.4 998.7
20 X-1ll 341.2 384.3 427.1 455.5
Angle/ o) 0 ) 0
10 ‘Month 33 40 50 60
0 , , ‘ ‘ ‘ ‘ o / 55.22 57.31 59.18 59.70
o 10 20 3 4 so eo 70 " g0 Ik 1] 85.17 88.19 90.70 91.02
Figure 1.j-1 A general model of the optimum monthly m ; é; %’ ; (1)2 %’ ; ég ;g 19130 7562
angle on an inclined surface on the basis of the total V 173'36 167 31 155.99 147.86
monthly value Of the solar radiation fOr 2011 Vi 179‘ 50 172: 19 159. 14 143.42
Table 1. Monthly optimum angle of the inclined Vil 192.91 185.82 172.61 156.31
surface of Varna VIl 175.82 171.75 162.90 150.84
b Opiarde i aanTaR AR AR
Mont pt. angle maxs P .
kWh/(m".da XI 74.00 | 76.67 | 79.00 | 79.54
I 60° 5970 79 Xl 46.55 48.35 50.03 50.58
i 60° 91'02 3 '25 1-X11 1451.9 1436.6 1389.5 1314.3
0° 115 54 3 ‘73 IV-IX 989.9 962.9 908. 1 836.2
1 43° 115. 41 3 72 X-1l1 462.0 473.8 481.4 478.2
v 20° 109 .581 3.78 Angle/ 70" ‘ 80° 90"
% 10° 181. 08 5. 84 Month
%] 10° 191. 60 6. 39 / 58.85 56.65 53.18
Vil 10° 203. 03 6 .55 ] 89.16 85.16 79.15
Vill 20° 178.78 5.77 1l 104.43 96.17 86.01
IX 33° 160. 20 5. 34 v 85.10 75.03 63.88
X 50° 88 .23 2.85 % 125.36 107.10 87.82
Xl 60° 79. 54 2. 65 Vi 125.58 106.31 86.49
Xl 60° 50 .58 1. 63 Vil 137.48 116.79 95.16
Fi . . VIIl 135.95 118.73 99.77
igure 2 shows the changes in the optimum angle on X 14001 17709 111.65
an inclined surface by month. As can be seen, during X 83..40 78..19 71"29
winter months (January, February, November and X] 78.29 75.25 70.55
December) the optimum angle is 60° and during the XIl 50.02 48.34 45.60
summer months (May, June, July) it is 10°. I-Xll 1213.6 1090.8 950.6
All results obtained for the total solar radiation on 1V-1X 749.5 651.0 544.8
an inclined surface for 2011 are shown in Table 2. X-ll 464.1 439.8 405.8
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OPTIMUM AMOUNT OF SOLAR ENERGY ON AN
INCLINED SURFACE

The optimum amount of solar energy for the one-
year period of study, as Figure 3 shows, is obtained
at an optimum angle of an inclined surface of 30°
having a value of 1454.12 kWh/m?2.

Table 2 shows that the values of the solar energy at
20° and 33° are similar - 1441.5 kWh/m?2 and 1451.9
kWh/m?2 respectively.

1600 KWh/m?
1400
— \
1200 \
1000 ~
800
600
400
200
0 ! ! ! ! ' " Tile ar‘lg\e, deg
0 10 20 30 40 50 60 70 g 0

Figure 3. Optimum annual angle
on an inclined surface
Figure 4 presents the line graph of the solar energy
which the region under study receives during the
summer and the winter months.

kwh/m? —#—sommer mothes =—winter monthes

1200

1000 -—g—rmat

&
800 N\

600 \
. M

200

0 T T T T T T T T rTilt angle, deg
0 10 20 30 33 40 43 50 60 70 80 90

Figure 4. Solar energy on inclined surface
in summer and winter

The results obtained are intended to be preliminary

data for the purposes of a solar system design. The

selection of the type of a certain solar system in
advance will reduce the time necessary for its design
and construction in the region studied.

The following conclusions can be made from the

obtained results:

1. The optimal annual angle of an inclined surface
for the city of Varna as per experimental data
(2011) is 30°.

2. The obtained data for the solar radiation of an
inclined surface show that the city of Varna has a
sufficient solar potential (1454.12 kWh/m?),
which can be used for heating and energy
production.

3. The results obtained serve as preliminary
information and can be used by technologists,
designers and architects when designing a solar
system.
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The preliminary selection of the type of the

respective solar system (heating or energy

transformation/power conversioning), will decrease
the time for its design and construction in the
respective studied region.
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ABSTRACT: Interaction L
as robots should never hurt human bein

d ro ways
. With technological development the totally

aving great attention,

separated operation of robots is being changed to closer cooperation. Industrial robots
now can detect humans in their work-envelope and reduce their speed according to the
motion of the human. This is a radical change to the previously in-fenced and no

human in work-envelope concept. This paper is investigating today’s polic

standards in human - robot interaction alon

and
with solutions for security of production

cells. An example demo setup will also be shown, where the utilization of the newest
technologies is emphasized. The paper also deals with introduction of high level
control of security through simulation software.

KEYwWORDS: Robot Safet

INTRODUCTION

It has been said that the only constant in life is
change. The ever changing field of robotic
engineering and robot application is gaining new
followers each day. In accordance to this, the safety
standards and trends must be continuously updated
and revised.

From the first robot idea to modern robot systems,
two fundamental robot attributes are: the power to
handle super-human payloads and the flexibility
enabled by full range of motion. And exactly these
main attributes pose a danger to people working with
them. At first, robots were caged up, distancing the
robot from the operator to prevent injuries. If the
operator needed to interface with the robot - to load
or unload parts within the machine’s work area- the
safety control system would need to help to confirm
that the robot was in a safe state. This often meant
full stop for the robot and cutting its power source,
resulting in reduced productivity.

New software-based safety systems slow down a
robot to a safe speed or direct robot’s motion to a
safe position, allowing people to share the same
workspace with far less risk of injury. New
technologies require, so called “collaborative
robots”, allowing the robot and the people to share
the same workspace and work side-by-side. In
accordance to this, safety solutions and standards
must follow these upturns.

The organization of the paper is as follows: section
2provides a brief overview of the main characteristics
of the most commonly used protective devices in
robotic cells. Section 3presents most important
standards relevant to designing the safety solution
for robotic cell. Section 4 shows the practical use of
previous two sections while designing flexible robotic

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA

, VALIP, Flexible Robotic Cell, Safe

uards

cell at Narvik University College. Section 5 explains
the integration of safety with VALIP system while
section 6 concludes the paper.

Depending on the purpose of the robot system, there
is a broad range of safety solutions. Within this paper
we will retain focus on safety requirements for small
robotic cells, as well as using robots in educational
purposes.

The choice of selecting the best safety solution
depends on the specific job that the robot is
performing, the working area and the possibility of
injuries for the people. The best choice for
protective measure is a device or a system that
provides maximum protection with the minimum
impact on normal machine operation.

Safety-rated programmable logic controllers (PLCs)
play a crucial role in a robotic work cells. They
collect input data from sensors about a status of a
person within the robot work space, as well as inputs
from safety devices such as e-stops, pendants,
sensors and interlock switches. PLC outputs help
control the robot power circuit, robot servos, as well
as any other devices within the cell.

If the robot is performing a task that does not need
human interference, the best solution is to use this
form of protection. The good aspect of using physical
protection is distancing the operator from the hazard
and protection from flying objects.

The guards often have a door with interlock switch
fitted to the guard door. While the door is open, the
robot is not moving. The operating process starts
once the doors are closed and locked. If the doors are
opened during the operating process of the robot,
robot stops, and to have it started again, it is needed
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to press the reset button. This button is located
outside the protected area to prevent trapping the
personnel inside the robot working area.

Figure 1 shows robotic cell safeguarded by guards,
safety mats and light curtains.

Fig. 1. Example of the robotic cell [9]
Optical protection
This form of protection is suitable when objects are
to be passed in and out of the risk area, without
stopping the industrial process. The main advantage
of optical protection is the overall visibility of the
robot and the working process.
O Laser scanners
Safety laser scanners use pulses of light
complemented with rotation mirror that deflects
light pulses over an arc, thus creating a plane of
detection. These scanners are based on the principle
of “time-of-flight” measurement. The scanner emits
very short pulses of light and at the same time an
electronic stopwatch is started. If the light strikes an
object, it is reflected and received by the safety
laser scanner. The safety laser scanner calculates the
distance to the object based on the time between
sending and reception of the pulse.
Laser scanners create two zones: 1) a warning zone
and 2) a safety zone (fig. 2). The warning zone
provides a signal that does not shut down the hazard
but informs personnel that they are approaching the
safety zone, by optical or soundalarm. Objects
entering or detected inside the safety zone cause the
laser scanner to initiate a machine stop signal.
The main advantage of the laser scanners over
horizontal light curtains or mats is the ability to
reconfigure the scanning area. The shape and the size
of the protected area is configured by corresponding
software and downloaded to the scanner. They can
also be programmed to accept specific intrusions that
meet a certain shape profile, using additional
sensors.  Laser  scanners  support  multi-zone
safeguarding, where the overall scanning range of
one device is divided in max 4 zones, with each zone
supporting a warning and safety zone. They can be
mounted either horizontally or vertically.
Disadvantage of the laser scanners is slower response
time and lower level of resolution compared to light
curtains.
O Camera systems
Safety camera systems are electro-sensitive
protective devices that use image processing
technology to detect intrusion into hazardous area.
These cameras can be used to monitor rectangular
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horizontal or vertical planes of nearly any size. When
the camera detects intrusion, it sends a signal to the
safety controller. They can be used for hand or body
detection.
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Fig. 2. Laser scanner [9]
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Fig. 3. Safety camera [13]
O Light curtains
Light curtains are most simply described as
photoelectric presence sensors. They must be placed
at such distance to prevent the user from reaching
the hazardous area before the danger is eliminated.
Safety light curtains consist of emitter and receiver
pair that creates a multi-beam barrier of infrared
light in front of, or around, a robotic cell (fig. 4). To
eliminate susceptibility to interference from other
opto-electronic devices, the LEDs in the emitter are
pulsed at a specific rate, with each LED pulsed
sequentially so that an emitter can only affect the
specific receiver associated with it.
The working process is compound of scans, where
every beam is checked. When any of the beams get
blocked, the light curtain control circuit turns its
output signal off. The output signal is used to control
the hazard, whether to reduce robot speed or to stop
it completely. In case of the failure of one of the
components of the light curtain, the output signal is
sent to stop the robot movement and to the control
unit.
Light curtains are often integrated into the safety
system by connecting them to the safety PLC. In that
case the PLC handles switching the loads, the
start/restart interlock and external device
monitoring.
One of the important criteria when selecting a light
curtain is the resolution. Resolution is the
theoretical maximum size that an object must have
to always trigger the light curtain. Most frequently
used resolutions are:
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O 14mm - commonly used for finger detection

O 30mm - used for hand detection

O 50mm to 70mm - commonly used for limb
detection

O >70mm - larger values are used for full body
detection.

Important advantage of the light curtains is function
for blanking and muting of the beams. Blanking
function allows few of the beams to be disabled to
accommodate objects typically associated with the
process. These objects must be ignored by the light
curtain, while the light curtain still provides
detection of the operator. There are two types of
blanking:

[0 Fixed blanking-used for blanking the portion of
the light curtain because of the machine fixture,
work piece or the conveyor. This function
requires for the object to be in the specific area
at all times. If any of the beams programmed as
“blanked” are not blocked, a stop signal is sent
to the machine;

O Floated blanking - this option allows an object to
penetrate the sensing field at any point without
stopping the machine. This is accomplished by
disabling up to two beams anywhere within the
sensing field of the curtain. The number of
blanked beams depends on the resolution of the
light curtain.

Muting function allows for the beams to be blocked
for a programmed period of time. This is often used
for loading/unloading the cells. To use this function
the curtains must be equipped with horizontally
positioned sensors to detect the object entering the
robotic cell. After receiving signal from the sensors,
the beams are blocked for a programmed period of
time. After this time has passed the protection is
turned on again.

Fig. 4. Light curtain [9]

o
I ‘

Fig. 5. Light beam [9]

“w ol N S

Light curtains can be mounted horizontally or
vertically, depending on the type of the protection
needed. Also, the important advantage of the light
curtains is the use of mirrors. Mirrors are used to
deflect the beams, guarding two sides of a robotic
cell with one pair of the light curtains. It has to be
emphasized that the use of two or more mirrors is
not recommendable because of signal loss and
difficulties in the alignment of the beams.

O Light beams

Light beams are photoelectric presence sensors, used
for long scanning range. Theycan be designed with a
single beam or with multiple beams barrier. Light
beams are mainly used to detect personnel or objects
entering the robotic cell. If the beam is blocked, the
stop signal is sent to the robot.

The main difference between multiple light beams
and light curtains is the resolution. Multiple light
beams have a minimum resolution of 150mm and are
used for long scanning range, up to 70m.

Mirrors can also be used to deflect the beams, thus
simplifying the overall layout of the cell.

Safety mats

Presence sensing mats and controls are used where
perimeter access guarding of a smaller area is
required. Less downtime occurs because it is not
necessary to set up or remove mechanical safety
barriers during operation and maintenance. Multiple
safety mats can be wired in series to form a complete
floor-level guarding system. A signal is transmitted
through the upper and lower plates separately via
two wires connected to each plate. The signals
through the safety mats are monitored by a
controller. When the sufficient pressure is applied to
the active mat area, the conductive plates touch
causing the output relays in the controllers to de-
energize and a stop signal is issued to the machine. If
the wire should brake, or be at any way disconnected
from the controller, or should the safety mat be
punctured, the stop signal will be sent. The
controller will not restart until the malfunction is
removed.

Safety mats are completely sealed thus liquids
presents no danger to the safeguarding of the cell.

In order for a machine to be made safe it is necessary
to assess the risk that can result from its use. Risk
assessment and risk reduction are described in EN ISO
12100:2010 and ISO/TR 14121. Note that the
significance of a hazard depends upon both damage
and probability of occurence.

When a risk assessment shows that a machine or
process carries a risk of injury, the hazard must be
eliminated or contained. In basic terms this means
preventing any access to the relevant parts while
they are in a dangerous condition. To achieve this,
we can choose either: preventing access during
dangerous motion or preventing dangerous motion
during access.

Two main standards that deal with this question are
EN ISO 13855:2010 and EN I1SO 13857:2008.

EN ISO 13855:2010 deals with positioning of
safeguards with respect to the approach speeds of
parts of the human body. The position of the
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safeguard depends on calculated minimum distance.
Minimum distance is defined as calculated distance
between the safeguard and the hazard zone
necessary to prevent a person or part of a person
reaching the hazard zone before the termination of
the hazardous machine function [2]. One of the main
aspects for calculating the minimum distance
between robot and safeguard is the overall system
stopping time. This time consists of two components:
O Maximum time between the occurrence of the
actuation of the safeguard and the output signal
achieving the OFF-state
O Maximum time required to terminate the
hazardous machine function after the signal from
the safeguard achieves the OFF-state. The
response time of the control system of the
machine shall be included in this component.
General equation for calculating minimum distance
to the hazard:
S=(K-T)+C
where:
S is the minimum distance, in millimetres (mm);
K is a parameter, in millimetres per second (mm/s),
derived from data on approach speeds of the body or
parts of the body whose value depends on the
resolution of the safeguard;
T is the overall system stopping performance, in
seconds (s);
C is the intrusion distance, in millimetres (mm), and
depends on the resolution of the safeguard.
There are also specific requirements for the
orthogonal approach to the detection zone, parallel
approach, and also arrangements for angled approach
or for the approach where the path from the
detection zone to the hazard zone is restricted by the
obstacles.
The minimum distance value obtained this way
should be measured from the robots most extended
position, maximum arm reach.
This standard also addresses the calculation of the
minimum distance requirement for preventing
circumventing of the protective equipment by
reaching over the safeguard.
S= (K . T) + CRO
where:
CRO is additional distance which a part of the body
can be moving towards the hazard zone prior to the
actuation of the safeguard (values are listed in the
standard).
EN ISO 13857:2008 standard defines the safety
distances to prevent hazard zones being reaches by
upper and lower limb. The calculation of the distance
depends on the risk assessment by I1SO 12100 and ISO
14121, whether the risk is low or high, on the height
of the hazard zone and height of the protective
structure. After collecting this information, standard
offers values of different safety distances in the
table.
The important question that has to be answered is if
the person can be between the safeguard and the
hazard. If this is possible the reset switches should
be positioned outside the hazard zone. In this case
the operator has to be outside of the hazard zone to
reset the protection.
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ROBOTIC CELL AT NARVIK UNIVERSITY COLLEGE

Utilization of these standards and above mentioned

safety technologies will be reflected in the design of

flexible robotic cell in the laboratory at Narvik

University College.

Laboratory at NUC consists of three robots:

O KUKA K30-3

O ABB FlexPicker IRB340

O ABBIRB 1500

For designing the robotic cell, primary task was to

define work assignment for the robots which will

include synchronized operation for all three robots.

The assignment consists of the following (fig. 6):

O KUKA robot will be placing plates on one of the
conveyors

O ABB IRB 1500 robot will be placing small part on
the other conveyor

[0 ABB FlexPicker will place the parts on the plate
in a specified pattern.

ABB FlexPicker

Fig. 7. Robotic cell
After a few versions of the robotic cell, the final

decision about safeguards involves using partly
physical and partly optical fence. The reason why the
fully physical fence was not used primary lies in the
function of these robots. Robots will be used for
educational purposes, so the programming of the
robot and the robot movement and task execution
should be easily seen. The reason why the full optical
fence is not used is simply the cost of these devices.
With this solution, robot movement can be monitored
with the operator standing at the safety distance.
Figure 7 shows the final layout of the cell.

The robotic cell is surrounded by physical fence, with
a door containing a lock to prevent unauthorized
access. ABB FlexPicker has its own housing due to its
construction. The ABB IRB 1500 robot is protected by
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one pair of the light curtains with hand detection
resolution. KUKA robot is protected by one pair of
light curtains with a deflecting mirror on the corner.
Emergency stops are placed at the entrance of the
cell and at the main points near the robots.

In the process of designing this robotic cell, the
distances between the robot and the guards are
calculated according to the standard 1SO 13855:2010.

The robotic cell will be monitored and controlled by
safety PLC. It will be possible to give command to the
PLC through specially designed user interface. This
interface will be installed on one of the computers in
the laboratory. Next section explains the operating
principles of this interface.

VALIP is an acronym which stands for Virtual Joint
Laboratory for Advanced ICT (Information and
Communication Technology) in Production. It
represents a virtual copy of the real environment,
e.g. laboratory or production environment with
machines, robots and industrial equipment, allowing
the collaborators to remotely access the resources
that would otherwise be unavailable to them [1].

The important part of this virtual reality is the
safety of the robots, equipment and personnel. If the
operator from e.g. Banja Luka is using VALIP to
remotely access robots in Narvik, he will see the
robotic cell in virtual reality, but cannot be aware of
every angle and every danger that can happen as he
is using virtual reality and cameras have blind spots.
For that reason, integration of safety is important
part of VALIP. This is a new born idea, and will first
be integrated with robotic cell in Narvik.

The primary idea is to have a program that will
communicate with safety PLC on one side, and virtual
reality generator on other side. This program will
represent one of the main components in VALIP
system.

K-
K-

rexicker [ |

converor1 |

] ]

Emergency stop

PROTECTION i
prOGRAM 1 [ |

Fig. 8. Example of GUI for VALIP system
When the safety light beams are blocked, PLC will
stop the robot and send a signal to designated
component in VALIP system which will further inform
the whole system about the new state of the cell.
Virtual reality generator will reflect this information
to visual presentation of the cell.

convevor2 |

]

STOP
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The reverse communication will also be possible.
Person who is remotely operating the cell will be
able to send commands to the PLC to power the
robots or the conveyors, through user interface
rendered in virtual reality.

This way the operator has a complete understanding
of the robotic cell, movement of the robot and its
safety. The Vvisualization of this program is
represented in the next figure.

Human safety in robotic cells is one of the most
important aspects when it comes to designing the
robotic cell. The market today offers a broad range
of security equipment and solutions. The final choice
depends on the specific robot task, the robot
surroundings and the level of human interference.
Above mentioned standards should be consulted when
designing the robotic cell and choosing the safeguard
for the maximum protection.

Integration of security in VALIP system represents
new concept of visualization of the robotic cell. As
security is important part of robotic cell it also
represent important part of virtual reality, to
safeguard the robot, equipment and persons who
might find themselves in the surroundings. It is also
important for the remote operator to be aware of
these facts and this is where this VALIP component
has a primary role.

This work has been supported by BANOROB project,
funded by the Royal Norwegian Ministry of Foreign
Affairs.
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ABSTRACT: This paper gives a general overview of the EWMA statistics. In addition to
already known concepts, the paper presents a comparative analysis of different
smoothing schemes. The optimization possibilities of this statistics are also discussed.
With intention to improve the process of exponential smoothing, the behavior of the
moving trimmed mean and moving median in computer network environment was
examined in relation to the most commonly used moving average. For this purpose,
several different types of distribution are used to model network traffic. Using the
s?‘tware package “Matlab”, sequences of random numbers are generated for each type
of distribution, as the way to simulate network traffic. It is shown that the moving
average and moving trimmed mean better follow the curve of oriﬁinal traffic. At the
same time, comparing the situation with and without outliers, the smallest relative
] ] ing average and moving median. This conclusion
justifies their use [or the elimination of the negative impact of outliers and positively
affects the general level of traffic control in computer networks.

KEYWORDS: computer networks, mean square methods,

optimization, smoothing

methods, statistical distributions

INTRODUCTION

Inherent in the collection of data taken over specific
time is some form of random value variation. There
exist various methods for reducing the unwanted
effect due to random variation. An usual statistical
technique is smoothing. This technique, when
properly applied, detects more clearly the underlying
trend, seasonal and cyclic components. There are two
different categories of smoothing methods: averaging
and exponential smoothing. Taking averages is the
simplest way to smooth data. Given a series of
numbers and a fixed subset size, the moving average
can be obtained by taking the average of the first
subset. The fixed subset size is then shifted forward,
forming a new subset of numbers, which is averaged.
This process is repeated over the entire data series.
The line connecting all the calculated partial
averages is the graphical representation of moving
average. A moving average is a set of numbers, each
of which is the average of the corresponding subset
of a larger set of data points.

The exponentially weighted moving average (EWMA)
is a statistic for monitoring the process that averages
the data in a way that gives adjustable weight to
data as they are further removed in time. For the
EWMA control technique, the decision regarding the
state of control of the process depends on the EWMA
statistic, which is an exponentially weighted average
of all prior data, including the most recent
measurements.

By the choice of weighting factor A, the EWMA
control procedure can be made sensitive to a small or
gradual drift in the process.

The statistic that is calculated is the following:
EWMA =AY, +(1-1)-EWMA ,_, (1)

fort=1,2, .., n
where
= EWMAO is the mean of historical data
= Yt is the observation at time t
= n is the number of observations to be monitored
including EWMAQ
= 0 < A< 1isaconstant that determines the depth of
memory,.
This equation has been established by Roberts as
described in [1]. The parameter A determines the
rate at which “older” data enter into the calculation
of the EWMA statistic. A value of A = 1 implies that
only the most recent measurement influences the
EWMA. Thus, a large value of A = 1 gives more weight
to recent data and less weight to older data - a small
value of A gives more weight to older data. The value
of A is usually set between 0.2 and 0.3 [2], although
this choice is somewhat arbitrary. Lucas and Saccucci
[3] have shown that although the smoothing factor A
used in an EWMA chart is usually recommended to be
in the interval between 0.05 to 0.25, in practice the
optimally designed smoothing factor depends not
only on the given size of the mean shift d, but also on
a given in-control Average Run Length (ARL). ARL
represents the average number of determined
process points before the first point indices the
appearance of out-of-control state (exceeding one of
the control limits).
The estimated variance of the EWMA statistic is
approximately [4]:
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where o is the standard deviation calculated from
the historical data.

The center line for the control chart is the target
value or EWMA,. The upper and lower control limits
are:

UCL = EWMA, + ko 1, (3)

LCL = EWMA, —ko 1, )

where the factor k is either set equal 3 (the 3-sigma
control limits) or chosen using the Lucas and
Saccucci tables (ARL = 370).
In addition to the aforementioned authors, the
publications [5]-[12] have also dealt with the topic of
EWMA statistics and the application of statistical
anomaly detection in computer networks.
Control charts are specialized time series plots,
which assist in determining whether a process is in
statistical control. Some of the most widely used
forms of control charts are X-R charts and Individuals
charts. These are frequently referred to as
“Shewhart” charts after the control charting pioneer
Walter Shewhart who introduced such techniques.
These charts are sensitive to detecting relatively
large shifts in the process (i.e. of the order of 1.50
or above). In computer network practice, shifts can
be caused by intrusion or attack, for example. Two
types of charts are usually used to detect smaller
shifts (less than 1.50), namely cumulative sum (or
CUSUM) charts and EWMA charts. A CUSUM chart
plots the cumulative sums of the deviations of each
sample value from a target value. An alternative
technique to detect small shifts is to use the EWMA
methodology. This type of chart has some very
attractive properties, in particular:

1. Unlike X-R and Individuals charts, all of the data
collected over time may be used to determine
the control status of a process.

2. Like the CUSUM, the EWMA utilizes all previous
observations, but the weight attached to data
exponentially decreases as the observations
become older and older.

3. The EWMA is often superior to the CUSUM
charting technique due to the fact that it detects
larger shifts better.

4. EWMA schemes may be applied for monitoring
standard deviations in addition to the process
mean.

5. EWMA schemes can be used to forecast values of
a process mean.

6. The EWMA methodology is not sensitive to
normality assumptions.

In real situations, the exact value of the shift size is

often unknown and can only be reasonably assumed

to vary within a certain range. Such a range of shifts
deteriorates the performance of existing control
charts.

Calculating the optimal value of parameter A is based

on the study of authentic samples of network traffic.

Random variations of network traffic are normal

phenomena in the observed sample. In order to

decrease or eliminate the influence of individual
random variations of network traffic on occurrence
of false alarms, the procedure of exponential
smoothing is applied, as an aspect of data
preprocessing.
For any time period t, the smoothed value St is
determined by computing:
Stz//i"yt—l+(1_/’i’)'St—l (3)

where0 <A< 1andt > 3.
This is the basic equation of exponential smoothing.
The formulation here is given by Hunter [2]. It should
be noted that there is an alternative approach, in
which, according to Roberts [1], y; is used instead of
Ve1.
This smoothing scheme starts by setting S, to v,
where S; stands for smoothed observation or EWMA,
and vyi stands for the original observation. The
subscripts refer to the time periods 1, 2, ..., n. For
example, the third period is S3 = Ay, + (1 - A) S; and
so on. There is no S;. The optimal value for A is the
value which results in the smallest sum of the
squared errors (SSE) or mean of the squared errors
(MSE).
Comparative analysis of two different approaches
(Roberts and Hunter) can be shown using the example
of a process (y:), with adopted values EWMA, = 50
and A = 0.3. EWMA values in the table below
correspond to Roberts’s and S; to Hunter’s equation.

Table 1. Comparison of smoothing schemes.

time | Ve | EWMA | St

52.00 50.60

47.00 49.52 52.00
3 53.00 50.56 50.50
4 49.30 50.18 51.25
5 50.10 50.16 50.67
6 47.00 49.21 50.50
7 51.00 49.75 49.45
8 50.10 49.85 49.91
9 51.20 50.26 49.97
10 50.50 50.33 50.34
11 49.60 50.11 50.39
12 47.60 49.36 50.15
13 49.90 49.52 49.39
14 51.30 50.05 49.54
15 47.80 49.38 50.07
16 51.20 49.92 49.39
17 52.60 50.73 49.93
18 52.40 51.23 50.73
19 53.60 51.94 51.23
20 52.10 51.99 51.94
21 51.99

In Table 1 the fields with approximately equal values
are marked with lighter colour, while fields with
equal values are marked with darker colour. From
this analysis it can be concluded that after a certain
number of samples (in this case about the 16"
sample) both schemes give the same smoothed
values.

The behaviour of both smoothing schemes will be
examined also with SSE values. After calculating SSE
for different A, results were as follows.

Analysis of the obtained results has shown that
approximately similar values were obtained, with
greater coincidence at higher values of smoothing
factor.

120 2013. Fascicule 4 [October-December]



ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering

MOVING AVERAGE, MOVING MEDIAN AND MOVING

Table 2. Comparison of values for SSE according to
Roberts and Hunter

A SSE (Roberts) SSE (Hunter)
62.81 75.01

0.1 . .

0.2 49.95 55.86
0.3 39.28 42.16
0.4 30.25 31.62
0.5 22.40 23.01
0.6 15.50 15.71
0.7 9.55 9.57
0.8 4.70 4.66
0.9 1.31 1.29

The initial EWMA plays an important role in

computing all the subsequent EWMA's. There are

several approaches to define this value:

1. Setting S, to y;

2. Setting S, to the target of the process

3. Setting S, to average of the first four or five
observations

It can also be shown that the smaller the value of A,

the more important is the selection of the initial

EWMA.

Using a graphical method, the EWMA chart can be

designed to have minimal ARL for the out-of-control

situation, for the known shift of the mean ¢ and

given ARL for the in-control situation. This chart has

two parameters - A and k (derives from the definition

of control limits).

Figures below show the dependence of A and k of the

mean shift o6, for ARL as parameter. Using

appropriate curves, values k = 2.7878 and A = 0.1417

were determined as the optimal choice for the

earliest detection of shift 0 = 1o.

0.8 r

i

Figure 1. Optimal choice of A in function
of the mean shift [13]
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Figure 2. Optimal choice of k in function
of the mean shift [13]
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TRIMMED MEAN IN SIMULATED NETWORK
ENVIRONMENT

The calculation of moving average, based on time
series network data, represents the basis of the
application of EWMA statistics in network
environment. This chapter will focus on the
difference between moving average, moving trimmed
mean and moving median, with the ambition to
examine their behavior in a simulated network
environment.

The changes in the computer network traffic are
identified by analyzing time series information for
one or more variables which indicates how the
monitored variable changes over time. Network
operators sometimes visually inspect such time series
information to detect and characterize operational
problems. However, it can be advantageous to
inspect such time series information in an automated
manner.

Unfortunately, outliers, data entry errors, or glitches
exist in almost all real data. An outlier is an
observation that lies an abnormal distance from
other values in a random sample. In a sense, this
definition leaves it up to the analyst to decide what
will be considered abnormal. Before abnormal
observations can be singled out, it is necessary to
characterize normal observations. The sample mean
is sensitive to these problems. One extreme data
value can move the average away from the center of
the rest of the data by an arbitrarily large distance,
causing the situation of statistical anomaly or false
alarm. The median and trimmed mean are two
measures that are resistant (robust) to outliers. The
median is the 50th percentile of the sample, which
will only change slightly if you add a large
perturbation to any value. The idea behind the
trimmed mean is to ignore a small percentage of the
highest and lowest values of a sample when
determining the center of the sample. The geometric
mean and harmonic mean, like the average, are not
robust to outliers.

From a statistical point of view, the moving average,
when used to estimate the underlying trend in a time
series, is susceptible to rare events such as rapid
shocks or other anomalies. A more robust estimate of
the trend is the simple moving median. Statistically,
the moving average is optimal for recovering the
underlying trend of the time series when the
fluctuations about the trend are normally
distributed. However, the normal distribution does
not place high probability on very large deviations
from the trend which explains why such deviations
will have a disproportionately large effect on the
trend estimate.

There is no one single model that can be used
effectively for modeling traffic in all kinds of
computer networks. The type of network and the
traffic characteristics dominantly influence the
choice of the traffic model used for analysis. In the
available literature the following types of
distributions are used to model traffic: Poisson,
normal, lognormal, Pareto, chi-square, Rayleigh,
Weibull and gamma distribution. Using the software
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package “Matlab” [15], sequences of 500 random
numbers are generated for each type of mentioned
distributions, as the way to simulate network traffic.
For purpose of this research, the occurrence of
outliers was simulated with 5 equal values, two times
greater than the maximum value of all generated
samples and distributed on every hundredth sample
locations. Calculating the moving average, moving
trimmed mean (10%, i.e. 5% of the highest and 5% of
the lowest observations are excluded) and moving
median, with width of the interval of 40 values
(statistically large sample), the following values for
the mean of the squared error (MSE) are obtained

(values in brackets are MSE for the case without

outliers):
Table 3. MSE for different distributions.
MSE MSE (moving .
Distribution (moving trimmed w2 (’”."V’”g
median)
average) mean)
Pareto 2.92 (0.84) 2.99 (0.85) 3.16 (0.95)
2.119
Normal 2.1(0.976) | 2.112 (0.975) (0.986)
Poisson 8.41 (4.72) 8.57 (4.75) 8.63 (4.86)
0.473 0.487
Lognormal (0.196) 0.481 (0.196) (0.199)
Rayleigh 3.15(1.715) | 3.19 (1.717) | 3.26 (1.749)
Chi-square | 10.5 (4.32) 10.8 (4.41) 11.5 (4.86)
. 0.396 0.412
Weibull (0.209) 0.401 (0.209) (0.214)
Gamma 20.19 (7.65) | 20.67 (7.67) | 21.49 (8.08)

Analyzing the above table, it can be concluded that
for all the observed types of distribution, moving

average and moving trimmed mean generates lower
MSE than moving median, which implies that the
moving average and moving trimmed mean better
follow the curve of original network traffic. Besides,
in the context of absolute values, the smallest MSE is
obtained using Weibull, lognormal and normal
distribution. Comparing the situation with and
without outliers, the smallest relative jump of MSE
(corresponds to the best robustness) was determined
for moving average and moving median. The smallest
values for relative jump are calculated for Poisson
(about 80%), Rayleigh (about 85%) and Weibull
distribution (about 90%).

In addition to already known concepts about EWMA
statistics, this paper presents a comparative analysis
of different smoothing schemes. It was shown that
after a certain number of samples (approximately
after the 15" sample), both known schemes provide
the same smoothed value. With aim to improve the
process of exponential smoothing, the behavior of
the moving trimmed mean and moving median in
computer network environment was examined in
relation to the most commonly used moving average.
For this purpose, network traffic is simulated using
different types of distribution. It is shown that the
moving average and moving trimmed mean curves
better follow the curve of original traffic. At the
same time, comparing the situation with and without
outliers, the smallest relative jump of MSE
(corresponds to the best robustness) was determined
for moving average and moving median. This
conclusion justifies their use for the elimination of
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the negative impact of outliers in the field of
statistical anomaly detection and positively affects
the general level of traffic control in computer
networks.
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ABSTRACT: pap e

basics of speed

measurement with quad
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encoders. It explains the theory of the basic sensor types, and the signals of the
quadrature encoder. It introduces the theory of the two main methods for speed
measurement with quadrature encoders: the time based, and the frequency based
method. It describes the quantization and relative errors of these two methods, and

the considerations of their implementation. Finally it tghl
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practical implementation
measurement method.
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INTRODUCTION

Controlling the speed of a motor is a basic
functionality of modern electric drives. In order to
precisely control the speed of an electric motor, it is
necessary to measure the actual speed of the motor.
This measurement can be done with various tools and
methods. In most cases it is usually done with a
sensor built in the motor or mounted to its shaft
externally. These sensors vary in their principle,
output signal, and resolution. Some of them are
suitable for position measurement either. Selecting
the right sensor is crucial, since this decision greatly
influences the quality and the total cost of the drive
[3].

In the past, tachogenerators were widely used for
speed measurement purposes. This sensor is basically
a small DC generator, which produce a voltage
proportional to its speed [7]. Measuring its output
voltage the speed can be calculated easily. With
precise design and construction, good accuracy can be
achieved in wide speed ranges. Determining the
position of the shaft is not possible by measuring the
output voltage of the tachogenerator.

Nowadays mostly optical encoders are used for
position and speed measurement of electric motors
[3]. The theory of their operation is the following: in
the sensor, there are phototransistor and LED couples
facing each other [2]. Between them there is a disc
which is mounted on the shaft of the encoder. On
this disc, there are alternating transparent and non-
transparent zones. When the motor is rotating, the
light of a LED can reach the corresponding
phototransistor depending on the type of zone which
is between them at the moment [6].

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA

There are two main types of optical encoders:
absolute and incremental. With simply reading the
signals of an absolute encoder it is possible to
determine the position of the shaft [7]. This kind of
sensor is more complex, thus more expensive than
the incremental encoder.

In the incremental encoder there are three couples of
phototransistors and LEDs. The disc between them
has three different bands of alternating transparent
and non-transparent zones. The disc and the position
of the phototransistor and LED couples are designed
to produce the following signals when the motor is
rotating with constant speed:

Aa\
Ba\ t >
Index? ¢
t >

Figure 1. The typical signals

of the incremental encoder
The signals of channel A and B are square waves, and
there is a 90 degrees phase shift between them
[1][2]. Based on this feature, incremental encoders
are usually referred to as quadrature encoders. The
index channel has only one impulse per revolution.
Most of the applications use only the first two
channels for speed measurement purposes. The Index
channel can be used to get absolute position after
the first revolution [1].
One of the most important properties of an
incremental encoder is its resolution, what is equal
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with the total number periods of the signals of
channel A or B, under one revolution. The
information about the motion of the motor is carried
by the changes in the state of channel A and B. Hence
this, there are four main points of every period of
the signals:

it
B i

Figure 2. The main points of the two channel
By measuring the frequency of these points or the
elapsed time between them, the speed of the motor
can be calculated [3]. Based on how many of these
points are used for the measurement, there are three
different types of evaluation methods. The single
evaluation method uses only one channels rising or
falling edges, the double evaluation method using
only one channel, but both its rising and falling
edges, and the quadruple evaluation method uses
every edges of the two channels. The selected
evaluation method must be considered when the
speed is calculated from the measured value.
This function can be easily realized with basic logic
operations. When detecting a rising or falling edge on
one of the channels, the current state of the other
channel gives the direction [6]. For example: when
there is a rising edge on channel A, the level of
channel B is always high in one direction, and always
low in the other one [1]. This information then can
be stored in a Boolean variable, or in the sign of the
measured value of the motors speed.
One solution for measuring speed with incremental
encoder is to measure the elapsed time between two
of the main points shown in Figure 2 [3] [6]. Time
measurement can be done by counting clock cycles:

r-XE (3.1)
fclk
Where T; is the elapsed time between the two points,
E is the evaluation multiplier (E = 1, 2, 4), fc is the
frequency of the used clock in Hz, and X is the count
of clock cycles. From this, the time needed for one
revolution can be calculated the following way:
T =R-T, (3.2)
Where T,., is the time needed for one revolution and
R is the resolution of the sensor. The speed of the
motor is the reciprocal of this value:
60 60 f
T, R-X-E
Since this method basically calculates from the time
needed for one revolution, the quantization error of
the measurement is the following:

AT)’eV = ER

fclk

Another solution for speed measurement is counting
the main points (shown in Figure 2) for a certain
amount of time, called the measurement time [3]

wlrpm|]= (3.3)

(3.4)
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[6]. From the result of the counting the time needed
for one revolution can be calculated based on the
following equation:

E-R _
TVEV
Where E is the evaluation multiplier (E=1, 2, 4), R is
the resolution of the sensor, T, is the time needed
for one revolution in seconds, X is the counted
number of edges, and T, is the measurement time in
seconds. The speed can be calculated the following
way:

X
T,

m

(3.5)

60  60-X
W[rpm]:T_: T -E-R

The quantization error of the measurement is the
following [3] [6]:

(3.6)

60
— 3.7
T,-E-R (3-7)

CONSIDERATIONS OF THE SPEED MEASUREMENT
METHODS

One most important property of the speed
measurement is the quantization error. When using
the frequency based method, it is recommended to
use the quadruple evaluation if it is possible.
Choosing the correct measurement time is essential.
Basically, the longer the measurement time, the
better the results are. In exchange for the longer
measurement, the speed controller will be slower
and this will decrease the quality of the drive [3].
This method is ideal for drives with high resolution
encoders, because the higher resolution decreases
the quantization error. Another advantage of this
method that the measurement always as long, as we
want it to be. The relative error of the measurement
can be calculated, by dividing the quantization error
with the actual speed of the motor [3]:

AW. freq

Aw[rpm] =

(4.1)

erel_freq = W

Because the actual speed is in the denominator, the
precision of this method increases with the speed.
With the time based method, the quantization error
is smaller when low resolution encoders are used.
The length of the measurement depends on the speed
being measured: the lower the speed, the longer the
measurement. Usually there is a maximum
measurement time, and above that, the result is set
to zero. The relative error is calculated by dividing
the quantization error with the actual time what is
needed for one revolution:

—r (4.2)

erel_time = T
rev

Because the measured speed value is calculated from
T,y by division, the relative error of the speed
measurement is the same. Since the time of one
whole rotation decreases as the speed is higher, this
method is more precise at lower speeds.

Because of the link between the speed and the
relative errors, the two methods are often used
together [3] [6]. Based on the speed of the motor,
the software can switch between the two methods.
The speed where the two methods have the same
relative error can be calculated (in Fig 3. this point is
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at 21 rpm) [3]. The switching point, or points should
be somewhere around this speed.

350
£ 300 —Frequency based method
g 2> ime based method
g 200 Time based metho
o
.g 150
® 100 4\
2 5o
N
0 Hl T T T T T | | | | | | 1 | |
L I B I B I I I I I I I I I |
Hmmqmwhwmazgnﬁﬂz
Speed [rpm]

Figure 3. The relative errors of the two methods in
the the function of the speed

If the drive is operating in position controlled mode,
then the minimum speed the drive can measure gets
very important at the end of the positioning. This
value can be reduced by using higher-resolution
encoders, better evaluation method, or increasing
the length of the measurement. Both of the
frequency and time based methods takes the same
time when the drive is at the minimum speed. It is
possible to reduce the effect of the quantization
error if the start of measurement is synchronized
with the signals of the quadrature encoder. For
example: after the frequency based method finished
the counting the edges of the signals and calculating
the actual speed of the motor, the next
measurement starts with the next edge. This function
can also be important when the time based method is
being used.
IMPLEMENTATION OF SPEED MEASUREMENT WITH
THE FREQUENCY BASED METHOD IN LABVIEW FPGA
Practical implementation of speed measurement
methods in LabVIEW FPGA is really simple. The
following example will describe the algorithm and
programming of the speed measurement with the
frequency based method. The used quadrature
encoder has a resolution of 5000 pulses per
revolution. The example uses quadruple evaluation
and a three milliseconds long measuring time. Based
on the equation (3.7), the quantization error is one
revolution per minute.
The whole code is in a “Single-Cycle Timed Loop”.
The clock associated with the loop has an 80 MHz
frequency. This means that the loop is executed in
every 12.5 nanosecond [4]. The channel A and B of
the quadrature encoder is read by the purple colored
“FPGA I/0 Node” block shown in Fig. 4. Then the two
signals are compared to their value from the last
cycle saved by shift registers [5]. The comparison is
made by the exclusive or gates. The signals of the
exclusive-or gates then connected to an or gate which
produces a signal that contains every impulse shown
in Fig. 2. The case structure (the box with the black
border) is in “Standby” state by default. When an
edge is detected on one of the two channels of the
encoder, the “Counting” state will be activated by
the select element.

The “Counting” state is shown in Fig. 5. In this state
the edges of the encoder are counted in a variable
(the lower blue shift register). Another variable is
incremented in every cycle. This variable is then
compared to a constant outside the case structure.
When the variable is greater/equal to the constant,
it means that 240000 cycles have been elapsed (it
equals with 3 milliseconds).

ticks

i BIMHz] |
B Encoder AB)
B Encoder B8]

" Stand by", Default 't

1240000 1
—— |

[

Figure 4. The timed loop of the frequency
based speed measurement software
with the “Standby” case

- * PR

R |"Cn:|unting"
i

[» Calculating the speed *|-__
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Figure 6. The “Calculating the speed” case of the
speed measurement software

After this, the case structure will switch to the
“Calculating the speed” case, shown in Fig. 6. In this
case the speed is calculated from the variable that
contains the count of the edges. In this example the
speed in revolutions per minute equals with the
count.

Speed measurement with quadrature encoder is a
basic function of modern electric drives. As it can be
seen in this paper, the basic theory of this function is
simple, and it can be easily implemented. In simple
cases, where only speed control is required (and the
drive is not operating in the lower speed ranges), it is
sufficient to use only the frequency based method
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[6]. This makes the practical implementation easy
and reliable. When positioning is required, it is
recommended to use the two methods together, with
an appropriate switching method to reduce the effect
of the quantization and relative errors [3] [6]. This is
also advised when the motor is equipped with a low-
resolution sensor.
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granules (WTRG) was investigated in a batch system. The effect of various factors such
as initial concentration of phenol, amount of adsorbent, size of adsorbent particles,
pH and temperature of solution on the adsorption capacity of WTRG and percentage
removal of phenol was studied. The equilibrium time for a phenol concentration of
700mg/l was obtained to be 60 minutes indicating fast adsorption. The percentage
removal of phenol and adsorption capacity of WTRG increased from 20.5 to 40% and 5
with decrease in particle size from 2.36 to 0.30mm. The
RG was observed to decrease from 13.4 to 9.9 mg/g with

rom aqueous solution usr;g waste tire rubber

to 10.6 mg/g respectivel
adsorption capacity of

increase in solution temperature from 5 to 45°C indicating that low temperatures
favoured the adsorption of phenol. Maximum adsorption was recorded at a pH of 8.5

and an adsorbent dosage of 49. Isotherm data were anal?/sed using Langmuir and

Freundlich isotherm models. The equilibrium datza for pheno
observed to fit Langmuir isotherm best with an R
Phenol, waste tire, adsorption capacity, isotherm

KEYWORDS: Adsorption

INTRODUCTION

One of the most important types of municipal solid
wastes (MSW) is waste tires resulting from the
increase in vehicle ownership and traffic volume
around the world. These waste tires represent a
major environmental problem as a result of their
volume, non-biodegradability and indiscriminate
disposal (Mousavi et al, 2010). An estimated 5 million
tires from trucks, cars and motorcycles existed in
Nigeria the early 1980s (Ebewele et al, 1990). As the
country’s population and economy grow, so does the
amount and type of scrap tires generated. With an
annual generation rate of 15%, between 700,000 and
850,000 scrap tires are added to the waste stream
each year. Recently, Aisien et al, (2006) estimated
that about 15 million scrap tires are now in existence
in Nigeria.

Although some recycling methods for waste tire are
currently employed such as uses in road pavement,
rubber roofs, floor mats, liquid waste treatment,
playground surfaces and as solid fuels for cement kiln
and paper mill, still a huge amount of tires are
discarded improperly (Aisien et al, 2002; Aisien et al,
2006). It is therefore imperative to explore other
possible applications such as use as adsorbents.

The improper discharge of industrial organic
effluents contaminates the environment. Phenol is a
predominant aromatic compound usually contained in
industrial wastewater. It is the basic structural unit
of a variety of synthetic organic compounds found in
wastewater originating from industrial operations
such as oil refineries, pesticide and dye manufacture,
phenolic resin manufacture, textile, plastic, tanning,
rubber, pharmaceuticals etc (Mahvi et al, 2004;

adsorption on WTRG was

value of 0.995.

Manojlovic et al, 2007; Nagda et al, 2007). It is
important to remove phenol from wastewater before
discharge into any naturally occurring water body
because it is highly hazardous, carcinogenic and
resistant to degradation (Dabhade et al, 2007; Mahvi
et al, 2004).

Conventional methods for removing phenolic
compounds from industrial wastewater include
solvent extraction, steam distillation, irradiation as
well as chemical techniques such as electrochemical
oxidation, reverse osmosis photocatalytic
degradation and adsorption on activated carbon, ion
exchange resins and silicates (Carmona et al, 2006;
Goncharuk et al, 2002; Mokrini et al, 1997; Nagda et
al, 2007; Polcaro et al, 1997). The major drawback
with these methods is the cost associated with start-
up and subsequent sustainability. Adsorption remains
the best option for phenol removal as it can generally
remove all types of phenolic compounds in a simple
and easy operation. However, conventional
adsorption using activated carbon is costly and its use
is sometimes restricted on economic considerations.
In comparison with conventional adsorbent, waste
tire rubber granules offers an excellent alternative in
that it is cheap and readily available. Recently
interests has been shown in the use of waste tire
rubber granules in the treatment of industrial
wastewater (Aisien et al, 2002; Mousavi et al, 2010)
Hence the objective of this work is to investigate the
potential use of recycled waste tire rubber as
adsorbent in the removal of phenol from industrial
wastewater. The study was focused on the sorption
capability of waste tire rubber for phenol from
aqueous solution by testing the effect of various
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operational variables such as initial phenol
concentration, adsorbent dosage, adsorbent particle
size, pH and temperature of the aqueous solution.

Scrap tires were collected from Uwelu scrap tire
dump site in Benin City, Nigeria. The tires were
washed with water to remove dirt and were
subsequently air dried. The cleaned sides of the tire
free from steel breeds were cut into sections with
the aid of a hacksaw and later into small pieces using
very sharp knives. The size of the tire chips were
further reduced using an electric grinding machine.
The resulting tire particles were mechanically sieved
to obtain particles in the size range 2.36 to 0.075 mm
using different sieve trays as shown in Tables 1 and
2. The tire granules were then washed with distilled
water to remove any foreign materials by agitating it
with a mechanical shaker operating at 150 rpm for 3
hours. It was subsequently oven dried at 60°C for 5
hours and stored in airtight containers for subsequent
use.
Table 1: Modified design gradations and Federal

Ministry of Works (FMW) specification
FMW

experiments were carried out in mechanically
agitated 250ml Erlenmeyer flasks containing 2g of
WTRG in 100ml of an aqueous solution of phenol of
the desired concentration. The effects of pH,
adsorbent dosage, contact time, initial phenol
concentration and temperature on the adsorption
capacity and percentage phenol removal were
investigated. At the end of each experiment the
agitated solution mixture was filtered using
Whatmann No.1 filter paper and the residual
concentration of  phenol was  determined
spectrophotometrically.

The percentage removal of phenol from solution was
calculated as follows:

—Ce

% Removal= Co x100

1

o (1)
where Co and Ce are the initial and equilibrium
concentration of adsorbate respectively.
The adsorption capacity of the WTRG for phenol was
expressed in terms of the ratio of the mass of phenol
retained by the WTRG to that of the recycled rubber
i.e.
Mass of phenol retained (mg)

i Adsorption capacity= 2
Sieve size specification ngggt(lzn i Pt Mass of WTRG (g) “
limit passing) RESULTS AND DISCUSSION - Effect of contact time
! (% passing) on the adsorption of phenol on WTRG
19mm (3/4 in.) 100 100 The rate of adsorption is one of the influential
12.5mm (1/2in.) 85-100 85 factors that must be taken into consideration before
9.5mm (3/8 in.) 75-92 77 planning batch adsorption experiments, hence the
4.75mm (#4) 65-82 65 need to carry out time dependent studies. The
2.36mm (#8) 50-65 50 profile of time dependent study of adsorption of
1.18mm (#16) 36-61 41 phenol by WTRG is shown in Figure 1.
0.6mm (#30) 26-40 26 —B8— Adsorption capacity
0.3mm (#50) 18-30 21.5 ] - —e&— Removal of Phenol — A0
0.15mm (#100) 13-24 13 w7 s ®
0.075mm (#200) 7-14 8 = =
Table 2: Rubber gradation § 6 - 30 3
Sieve size | (% passing) 55 - 25 §
2.36mm (#8) 100 % 4 - 208
1.18mm (#16) 90 53 T
0.60mm (#30) 75 2 s
0.425mm (#40) 50 5 2 - 10 g
0.212mm (#75) 20 21 -5 3
0 — 0
All chemicals used in this study were of analytical 0 20 40 60 80 100

reagent grade and were used without further
purification. Phenol solutions were prepared by
diluting stock solution of phenol to the desired
concentrations. A stock solution containing 1000mg/!
of phenol was prepared by dissolving 1¢ of phenol
(British Drug Houses Ltd, England) in 1000ml of
distilled water.

The concentration of un-adsorbed phenol in the
sorption medium was measured using a UV-Vis
spectrophotometer (PG Instruments model T70) at a
wavelength of 248nm. The instrument response was
periodically checked by using standard phenol
solutions.

Adsorption of phenol on dried waste tire rubber
granules was studied in batch experiments. The
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Contact time (min)

Figure 1: Effect of contact time on the removal of
phenol from solution (pH 7; initial phenol
concentration, 700 mg/l; WTRG dose, 2g;

temperature, 31°C).
It can be observed from Figure 1 that adsorption was
rapid within the first 40 minutes as indicated by the
steep increase in both the adsorption capacity and
percentage phenol removal. The profile flattens out
after 60 minutes of contact indicating that
equilibrium has been reached. Therefore, for further
studies, the contact time was set at 60 minutes. The
fast kinetic process observed at the initial stage can
be attributed to the abundant availability of active
binding sites on the adsorbent, which are later
occupied as the adsorption process progresses,
thereby resulting in the inability of the WTRG to
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remove phenol at later stages of the adsorption
process (Mahvi et al, 2004). Aisien et al, (2002)
reported fast adsorption of crude oil on WTRG as is
mostly observed in adsorption of organic solvent on
WTRG.

adsorption of phenol on WTRG

The efficiency of WTRG in removing phenol from
aqueous solution at different initial phenol
concentrations was determined. The equilibrium
sorption capacities of WTRG for different
concentrations of phenol are presented in Figure 2.
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Figure 2: Effect of initial phenol concentration on the
removal of phenol from solution (pH 7; WTRG dose,
2g; temperature, 31°C).

It can be observed from Figure 2 that the adsorption
capacity increased with increase in initial phenol
concentration. This indicates that there is a direct
relationship between the uptake of phenol and the
concentration of phenol in solution. The trend
observed can be explained by the fact that increasing
the concentration of phenol in solution increases the
mass transfer driving force and therefore the rate at
which phenol molecules pass from the bulk solution
to the adsorbent surface (Mahvi et al, 2004). A
different trend was however observed for the
percentage removal of phenol from solution in
relation to the initial phenol concentration as shown
in Figure 2. The percentage removal decreased from
44.2 to 27.3% when the initial phenol concentration
was increased from 500 to 1000mg/l because at high
concentrations of phenol, the ratio of phenol present
in solution to the available surface area for

adsorption is high (Dabhade et al, 2007).

Effect of adsorbent dosage on the adsorption of
phenol on WTRG

Adsorbent dose has a great influence on the
adsorption process. Dosage of adsorbent added into
the solution determines the number of binding sites
available for adsorption (Zafar et al., 2007). Figure 3
shows the effect of adsorbent dosage on the
adsorption capacity of WTRG for phenol and the
percentage removal of phenol. It is evident from the
Figure that for an initial phenol concentration of
1000 mg/l, increasing the adsorbent dose led to the
enhancement of phenol uptake as a result of the
greater surface area provided and availability of
more active sites (Ho et al., 1995; Nagdah et al,

400 1000

2007). Maximum removal of phenol was observed
with an adsorbent dose of 4g.
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Figure 3: Effect of adsorbent dosage on the removal
of phenol from solution (pH 7; initial phenol
concentration, 1000 mg/l; temperature, 31°C).
Effect of pH on the adsorption of phenol on WTRG
Adsorption of phenol by WTRG is pH dependent as
shown in Figure 4. The Figure shows that adsorption
of phenol increases as the pH of the solution
increases up to a maximum value of 8.5 after which

it decreased.
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Figure 4: Effect of pH on the removal of phenol from
solution (initial phenol concentration, 1000 mg/l;
WTRG dose, 2g; temperature, 31°C).

The same trend was observed for both the adsorption
capacity and percentage phenol removal. Atef et al,
(2009) reported similar trends for the effect of pH on
the adsorption of phenol on activated phosphate
rock. Banat et al, (2010) also reported a similar trend
for the effect of pH on the adsorption of phenol on
bentonite. Phenol which is a weak acid (PKa=9.89)
will be adsorbed to a lesser extent at pH values
higher than its PKa value due to repulsive forces
between negative surface charge on the adsorbent
and the phenolate ion prevailing at such high pH
values. This observation is explained by the fact that
at pH values higher than its PKa value, phenol forms
salts which readily ionize leaving a negative charge
on the phenolic group. At the same time, the
presence of the hydroxyl ions (OH') on the adsorbent
limits the uptake of phenol (Atef et al, 2009). On the
other hand, at low pH values, the surface of the
adsorbent will also be surrounded by the hydroxyl
ions but is less negative compared to surface charge
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on the adsorbent at higher pH, which reduces the
attraction of the phenolic group towards it (Tiemann
et al., 2002).

Effect of adsorbent particle size the adsorption of
phenol on WTRG

Figure 5 shows the percentage removal of phenol and
adsorption capacity of WTRG at various sizes of
adsorbent particles. The trend observed indicate that
as the particle size increases, percentage phenol
removal and adsorption capacity decreases. The
percentage removal of phenol and adsorption
capacity of WTRG decreased from 40 to 20.5% and
10.6 to 5mg/g respectively with increase in particle
size from 0.30 to 2.36mm. The smaller the size of the
adsorbent particles, the greater the interior surface
area and micro pore volume and consequently more
active sites are available for adsorption (Annadurai
et al, 2000). However, for larger particles, the pore
diffusion resistance to mass transfer is higher and
most of the internal surfaces of the particle may not
be utilized for adsorption and consequently the
amount of phenol adsorbed is small (Annadurai et al,
2000). Aisien et al, (2002) reported similar trends for
the uptake of crude oil by WTRG.
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Figure 5: Effect of particle size on the removal of
phenol from solution (initial phenol concentration,
1000 mg/l; pH 7; WTRG dose, 2g; temperature,

31°C).

Effect of solution temperature the adsorption of
phenol on WTRG

The effect of temperature on the WTRG/phenol
system is shown in Figure 6. Percentage removal of
phenol and adsorption capacity of WTRG decreased
with increase in temperature. The adsorption
capacity of WTRG was observed to decrease from
13.4 to 9.9 mg/g and the percentage removal of
phenol from solution from 49.6 to 37.4 % with
increase in temperature from 5 to 45°C. This
indicates that a lower temperature is more favorable
for the adsorption of phenol on WTRG. The trend
observed is due to the weakening of the attractive
force between phenol molecules and the adsorbent
on the one hand and due to enhancement of thermal
energies of the adsorbate on the other hand thus
making the attractive force between the adsorbate
(phenol) and adsorbent insufficient to retain the
adsorbed molecules at the binding sites (Jadhav et
al, 2003). Babarinde et al, (2012) reported similar
trend for the adsorption of Nickel, Chromium and
Cobalt ions from Aqueous Solutions using Cocoyam
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(Colocasia esculenta) Leaf. Aisien et al (2003) also
reported similar results for the use of WTRG in the
treatment of crude oil contaminated water.
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Figure 6: Effect of temperature on the removal of
phenol from solution (initial phenol concentration,
1000 mg/l; WTRG dose, 2g; pH 8.5; temperature,
31°C).

To examine the relationship between phenol uptake
(Qe) and its equilibrium concentration in the solution
(Ce), adsorption isotherm models are widely
employed for fitting experimental data, of which the
Langmuir and Freundlich isotherm equations are the
most widely used. The curves of the related
adsorption isotherms are regressed and parameters

of the equation are thus obtained.

The Langmuir model (Langmuir, 1918) has been used
empirically because it contains the two useful
parameters (Qo and b), which reflect the two
important characteristics of the sorption system
(Holan and Volesky, 1994; Volesky and Holan, 1995).
It provides information on uptake capabilities and is
capable of reflecting the wusual equilibrium
adsorption process behavior.

The linear form of the Langmuir equation is given as:

Ce_ 1 ,Le 3)

Qe bQo Qo

Qo is the maximum sorption capacity (mg/g) of the
adsorbent while b is the sorption constant (l/mg) at a
given temperature. A linear plot of Ce/Qe against Ce
as shown in Figure 7 was employed to obtain the
values of Qo and b from the slope and intercept of
the plot respectively. The essential characteristics of
the Langmuir isotherm model can also be explained
in terms of a dimensionless constant referred to as
the separation factor (R.) defined in Equation (4).

1
R =——— (4)
(1+bCo)
Co is the initial concentration of phenol. The

dependence of the nature of adsorption on the value
of R, is presented in Table 3. For the highest initial
phenol concentration of 1000mg/l, R, was calculated
to be 0.0000115. Since this value is between zero and
one, it implies that the adsorption is favourable.

The values of the Langmuir isotherm parameters as
well as the correlation coefficient (R?) of the
Langmuir equation for the adsorption of phenol by
WTRG are given in Table 4.
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Table 3: R, values and type of isotherm

R, Type of isotherm

R, >1 Unfavourable
R, =1 Linear
0< R, <1 Favourable
R, =0 Irreversible
6 -
5 //
E o
8‘ N //
—
ar
L
3 0//6
2 T T 1
300 500 700 900
Ce (mg/1)

Figure 7: Application of Langmuir isotherm for the
adsorption of phenol on WTRG
Table 4: Values of Langmuir isotherm constants for

WTRG/phenol system
Qo (mg/g) | b (I/mg) R’
15.6 87.09 0.995

Freundlich Isotherm

The Freundlich isotherm is an empirical equation
employed to describe heterogeneous systems. The
Freundlich equation is expressed as:

Qe=K, (Ce)"" (5)
This equation can be expressed in linear form as
follows:
InQe =InK ; +1/nInCe (6)

K; and n are the Freundlich constants related to the
adsorption capacity and adsorption intensity
respectively. The intercept and slope of the linear
plot of log Qe against log Ce at given experimental
conditions as shown in Figure 8 provides the values of
Ks and n. Values of n between 1 and 10 represent
beneficial adsorption. The values of these
parameters as well as the correlation coefficient (R?)
of the Freundlich equation for the adsorption of
phenol by WTRG are given in Table 5.

2.70 -

2.65 -

InQe (mg/g)
(%] (%] [
oy oy o
(] L [

[
T
o

2.10 T .
5.5 6.0 6.5
In Ce (mg/1)
Figure 8: Application of Freundlich isotherm for the
adsorption of phenol on WTRG
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Table 5: Values of Freundlich isotherm constants for
WTRG/phenol system

2.710

6.369 0.721

Comparison of the results presented in Tables 4 and 5
indicate that the experimental data fitted the
Langmuir isotherm better than the Freundlich
isotherm as evident in the higher R’ value obtained
for the Langmuir isotherm. This suggests that the
adsorption of phenol by WTRG is of the mono-layer
type and agrees with the observation that the phenol
ions adsorbed from an aqueous solution usually forms
a layer on the surface of the adsorbent.

CONCLUSIONS

The present study investigated the adsorption of
phenol from aqueous solution using waste tire rubber
granules in a batch system. The following conclusions
can be drawn.

O Adsorption of phenol by WTRG is affected by
operational parameters such as contact time,
initial phenol concentration, adsorbent dosage
and solution temperature.

O The excellent capability of WTRG as adsorbent
for organic pollutants like phenol in aqueous
solutions has been verified.

O The equilibrium contact time was obtained as 60

minutes indicating that the adsorption process

was a fast kinetic process.

Maximum removal efficiency was achieved at a

pH of 8.5 and an adsorbent dosage of 4g.

A low temperature (5°C) and small adsorbent

particle size (0.212mm) favored the adsorption

process.

O The adsorption of phenol by WTRG is of the
mono-layer type and this was best described by
the Langmuir isotherm with an R? value of 0.995.

[0 This study has revealed that the low cost WTRG
can be widely used for removal of phenol from
aqueous solution.

The authors express their gratitude to the Authorities of

the Technical Laboratory of the Chemical Engineering

Department, University of Benin, Benin City, Nigeria for

providing the facilities utilized in carrying out this study.
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I

/ e Greek-Catholic Cathedral
important and well-known baroque historica

chi
[ m

m a Fata
onuments from t

he city of Cluj-Napoca,

in Transylvania. From the beginning of the construction, until the end of the 90’s this

church had a tumultuous history an

it survived in very good conditions. What the

author presents are the structure with its three main historic load-bearing sub-units,
the historic structural elements, where there are positioned and how they work. All
this is made with an analysis based on photos, measurements and other information

collected from the site.

KEYWORDS: baroque, historic structure, masonr

INTRODUCTION

The Minorite Order came to the city of Cluj-Napoca
in 1486. Only in 1724 they received the construction
authorization to build their own church. After almost

60 vyears of struggle with money problems,
authorizations and construction problems, they
finished the Greek Catholic Cathedral named

“Schimbarea la Fatd”. [1]

In the city of Cluj-Napoca, the Greek-Catholic
Cathedral, it is a well-known historical monument.
The architecture it is baroque and it is one of the
most well preserved historical buildings of its kind.
As far as the plane geometry, the cathedral has a
rectangular shape, with a basillical structural system
in the coir section. It is a brick masonry structure,
with arches, suspended domes, pilasters and a load-
bearing wall with direct foundation. [2]

The author presents during this article, the structure
with its main historic load-bearing structure
subunits.

The research is an analysis of the structure from an
historic structure engineering point of view. It is
divided in three sections: the roof framing, the main
nave and the choir section. The author presents the
most representatives baroque historical load-bearing
structures and elements.

In the analysis where used photos and blueprints
made by the author in order to understand what are
the elements that are used, where are they and what
role they play. Every historic load-bearing structure
sub-unit is analysed and historical load-bearing
baroque elements are explained.

suspended dome

RESULTS

In this section the author describes in details the

three historic load-bearing structure sub-units of the

building:

O The roof framing: is made out of soft wood with
truss frames doubled by rafters until the level of
the crossbar, double king strut and tie-beam. All
the main trusses and the secondary trusses are
held together with intermediate purlins and eaves
purlins, both having crossbars in the rafters
section between the two purlins. A system of
double wall plate supports the whole roof framing
structure. Between the suspended domes there
are two main trusses, with one secondary truss in
the middle of them. Along of the each suspended
dome, there are four secondary trusses held with
crossbars in the rafter section. [1], [2] View
Figure 1, 2, 3.

O The main nave: In the main nave there are four
vault segments (or bays). The first one is also
divided in three, forming three covered spaces
with a balcony sustained by two pillars. On the
masonry structure, on pillars and arches, there
are suspended domes that discharge their forces.
View Figure 4, 5.

The bays are limited by pilasters built in curve-

reversed curve system. On top of these pilasters

there are brick masonry arches which support the
suspended dome. At each window from the main nave
there is an archivolt that starts from the pilaster and
on which discharges the short arm of the dome. View
Figure 8.
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Figure 4. Blueprint. Masonry structure. Main nave,
first vault segment.

Figure 5. First vault segment
All the vaults are suspended domes. They have a
distinctive characteristic: the rectangular plane
geometry with a proportion of 1 to 3. Because of this
they look more like torus dome than a sphere dome.
View Figure 6.
Another important characteristic of the vaults is that
they do not have ribs on the back of it, and the
construction technology is in swallow-tailed style. [2]
View Figure 7.
The Triumphal Arch is situated at the end of the
main nave and the beginning of the choir section of
the church. It is defined by two stronger pilasters,
which are more robust then all the other ones. These
two pilasters are united, at the main nave side, by an
amplified arch, an archivolt. [1], [2] View Figure 8.
[0 The choir section: presents a retraction towards
the main nave and it ends with a sanctuary
section that has a straight wall. View Figure 9.
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In the choir section there are two bays (or vault
segments) and two suspended domes. View Figure 10.

Figure 9. Blueprint. The ground floor.
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Figure 10. Blueprint. The choir section
CONCLUSIONS
In the case study of the Greek-Catholic Cathedral
“Schimbarea la Fatd”, the baroque historical load-
bearing structure is divided in three historic load-
bearing structure sub-units: the roof framing, the
main nave and the choir section. Each of these is also
divided in other structure elements. The roof
framing is made in specific baroque style, and is
supported by the masonry structure, which also
| supports the suspended domes, held by arches, that
. discharge on walls and pilasters.
This paper was supported by the project
“Improvement of the doctoral studies quality in
engineering science for development of the
TN 7 & A F L ARV A N knowledge based society-QDOC”  contract no.
Figure 8. Maine nave. The triqmphal Arch, suspended  pOSpRU/107/1.5/5/78534, project co-funded by the
domes and pilasters European Social Fund through the Sectorial
Operational Program Human Resources 2007-2013
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1: The main scope of this article 1
reconnaissance vehicle to 80kg. Apart

0) th 2sign unmanned
rom the design and technica

and visual

documentation of the work is also a detailed description of each component. This work

proposes a suitable design for a simplified UAV system which

promotes the

autonomous movement of an UAV and includes the optimal selection of its components

(avionics), such as a (Javelin Stamp)
maneuvering equipment for an optically remote controlled drone. In the proposal, the
most important part is the selection of the profile’s wings, because it imparts its
aerodynamic characteristics and as a result, its lift.

KEYwoRrDs: CATIA, GPS module, UAV, 3D structure

INTRODUCTION

The main objective of this work is to plan the
construction of an unmanned vehicle with a mass
limited to 80kg. At present, unmanned aerial vehicles
(UAV’s) are currently in use by almost all national
defence forces. This work proposes a suitable design
for a simplified UAV system which promotes the
autonomous movement of an UAV and includes the
optimal selection of its components (avionics), such
as a (Javelin Stamp) processor, GPS module, motors,
gyroscopes and maneuvering equipment for an
optically remote controlled drone.

In the proposal, the most important part is the
selection of the profile’s wings, because it imparts
its aerodynamic characteristics and as a result, its
lift. This allows us to create a wing dependent on the
dimensions of the aircraft. When calculating the lift
and resistance coefficient, the course of pressure
around the wing, depends on the angle at which it
strikes the wing and the results of the calculation of
Reynolds number. The program, Catia V5, was used
to model the 3D structure. Unmanned technology is
playing an increasingly important role in modern
armies. Unmanned aircraft take pride of place as
they can conduct surveillance, identify targets and
eliminate them.

PROPOSED CONSTRUCTION OF AN UNMANNED
FUSELAGE

The fuselage requiresbearing assembly which consists
of parts necessary for a stable and controlled-
flight. The airframe houses the power plant which is
responsible for carrying the load.

A simple fuselage consists of the following main
parts: airframe, fuselage, tailfin, control system
and landing gear.

The optimal shape places the propeller and engine at
the rear of the hull with simple rectangular wings

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA

rocessor, GPS module, motors, gyroscopes and

attached to the fuselage, but remarkably the tail is
detached, joined only by connecting beams which is
unlike most modern aircraft. The main load-
bearing members consist of simple rectangular wings
with transverse rudders. The wings are connected to
the hull witha  varying profile. The internal
combustion engine is located in the rear of the
fuselage. Stabilizers are  not directly  attached to
the hull, because of the location of the engine. The
tailfin acts as stabilizers which are located in the
same plane and consist of a horizontal tail
surface, which is located above the two vertical tail
fins. The horizontal tail consists of a lateral surface
that houses the elevator rudder which is supported
by two vertical surfaces that house the yaw rudders.

Vertical tailfin

\‘
’R Yaw rudders

Connecting beam

Fuselage

Lateral taifin

Elevator rudder

Engine housing

Aileron

Figure 1. Preliminary design of the aircraft shape
The calculation of the dimensions of  the
aircraft should be based onits designed take-off
weight. For this particular case, the take-off mass
is m = 80kg. The maximum takeoff weight is defined
as the limit at which an aircraft is able to take off
with (empty aircraft, crew, cargo and fuel weight).
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The profile of the airfoil (wing cross-section in the
vertical plane) depends on its geometrical dimensions
and aerodynamic characteristics.

The basic dimensions of the winginclude the
calculation of the chord length, its
relative thickness, the relative curvature, the radius
of the leading edge and trailing edge thickness.
Relative profile thickness has a considerable effect
on the degree of aerodynamic characteristics of
the profile, especially drag coefficient.

C

max

1
b (1)

where: C- [-] relative profile thickness, Cmax - [Mm]
max profile thickness, b - [mm] length of profile
chord
Parameters of the wings profile:

max lift factor c;: 1,847

max lift coefficient at angle: 15°

angle of zero lift : -4,5°
The calculation of the wing areais based on
the calculation  of  the  minimum airspeed. A

Cc =

minimum flight speed of 60 kph was selected-1
(16.667 ms-1).
S R G (2)
min 1
5 P Crmax” S
S= ] G =7 80981 =2,5497.
PG Ve —+1,2-1,847-16667
2 2 (3)

where: S - wing area [m?], G - mass of aircraft [kg], p
- air density, cLmax - maximum coefficient of lift for
a given profile, vmin - minimum flight speed[ms’']
The shape of the wing is a simple rectangle.
Wing dimensions:

O wingspan: 4m,

O chord length: 0,650m

0 max wing thickness : 0,137m
CALCULATION OF THE OPTIMAL FLIGHT SPEED
The optimal lift coefficient is based on
NACA profile 4421.  The polar profile

the
corresponds
to the optimal value of the maximum strike angle,

6°, where the lift coefficient cL = 1.0758. It s
then possible to calculate the flight speed using the
relation:

80-981 4)

vam G < |
" 1 C S_\/1 1,2-1,0758 2,6
5 P C P 2

CALCULATION OF REYNOLDS NUMBER

The profile V2.22a was used for the calculation of
Reynolds number: airspeed: 78km.h”', wing chord:
0,65m

Reynolds number for the given parameters equals:

=2162m.s' =7784km.h".

Re=964136
This Re is sufficient for  the rectangular  wing.
Reynolds numbers on actual gliders ranges

between 600,000 and 3500 000.
PROPOSED FUSELAGE USING CATIA V5 - Proposed

fuselage structure, wing attachment and engine
fitting
The fuselage which

is constructed around the
aircraft’s frame plays a very important function. In

terms of design, the wings, tail, landing gear,
management, power train parts and equipment and
weapons are integrated into a single unit. Certain
requirements are placed on the fuselage which needs
to be considered from the outset. These include:
aerodynamics (optimal aero-dynamic characteristics
of the fuselage, regarding the reduction of
drag caused by the unfavorable effect created were
the fuselage joins the wing, tail, and possibly other
parts of the aircraft), strength, design, manufacture
and service.

Aerodynamic requirements call for optimal
fuselage aerodynamic  characteristics,  especially
the minimization of resistance due toan adverse
effect on the body where it joins with the wing,
tail, and possibly other parts of the aircraft.

This can be avoided by shaping the body and using
a well-designed transition  between the  wing,
fuselage and tail.

Transverse stiffeners

Longitudine stiffeners

Figure 2. Supporting structure of the fuselage

Sleeves

Screw openings

Figure 3. Supporting structure of the wings

Hole for the rivets
join the longitudinal reinforcement bars

Piepe

Screw openings to secure the motor

Figure 4. Supporting structure of the engine mount

A well-designed structure should have a minimum
weight in relation to its size and use advanced
materials and manufacturing technologies. An
optimal solutionis to preferably implement a
circular cross section or circular parts.
The supporting structure of the fuselage has
undergone various forms of organization over the
years. At present, two forms are used. Rod (rarely
used) and semi shell hull structures which house the
load-bearing part of the transverse and longitudinal
direction and cover the carrier).
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The wing will be constructed from two load bearing
beams and exhibit a circular cross section. The
mountings consist of two aluminum tubes with an
outer diameter @50mm and thickness of 5 mm. The
Limbach L 275 E engine was selected.

The whole wing beam design requires
suitably spaced supporting parts, reinforced using
longitudinal stiffeners and ribs. The main beam
withstands substantial bending moment induced
by normal forces.

The wings are composed of one
beam, three longitudinal stiffeners, one of which
performs as the leading edge and eight ribs. The
main and auxiliary beams are made of tubes with an
outer diameter of 240mm and a thickness of 3 mm.

Longitudinal stabilizer
End rib

auxiliary

Striking edge
Root rib

Lightened
and shortened rib

—

Auxilary Lightened rib

loadbearing beam
Main loadbearing beam

Figure 5. Wing construction
Lateral control rudders (ailerons) are control
bodies whose activities produce a moment about the
longitudinal  axisof the  aircraft, causing the
aircraft to roll. The most common type of wings
currently used are normally designed as deflective
and located at the end of the trailing edge.
The frequent use of an aileron is justified, because it
is structurally similar to the wing construction.
Besides shortcomings in the moment, there are also
limitations due to torque which is created
by moment. Lateral control is provided by one
aileron deflecting upwards, while the other deflects
downwards.
The ailerons have the same plan outline as the
main rectangular wing. Its dimensions differ from
the wings through simple relative values,
where the length of the wings, is s the wingspan
and the width is Y leaf tahe width.

Figure 6. Ratio values of ailerons

Figure 7. Model of the ailerons - lateral rudder

Length of aileron:

a, :l-a:%-4:1m.

(5)
4

where: a, - [m] length of aileron[m], a -wingspan[m]
Width of aileron:

b, = Ly :1~o,65 =0,1625m. (6)
4 4

where: by-width of aileron[m], b-width of aileron[m]
Length 1m and width 0,165m, which results in an
aileron area of 0,165m*.
The aircraft’s fuselage is independent to the
stabilizers which are anchored to the supporting
surface (wings):

O wing rib attachments

O connecting beam (cylindrical)

O stabilizer attachment

|

\‘

Connecting beam
Stabilizen attachment

Wing rib attachment

Figure 8. Wing stabilizer connections
Proposed stabilizer
Stabilizers are usually separated into horizontal and
vertical wing segments which are located at the end
of the fuselage. Horizontal tail
surfaces provide longitudinal stability and
maneuverability of the aircraft, while the vertical
tail  surfaces provide directional  stability  and
maneuverability of the aircraft. Both areas consist of
fixed and flexible parts. The fixed horizontal surface
act as the stabilizer and the movable surface acts as
the elevator. The fixed vertical part acts as a
fin and the movable part is used to change direction
(yaw).
A. Vertical tail area:
The vertical tail surface area is 0.066 times the wing
area.

A, =0,066-8=0,066-2,6=0,1716m".

(7)
where:A,, - area of vertical tail fin [m*], S - area of
load bearing wing [m?]

The selected rectangular shape has a vertical tail
surface width of a = 0.36 m. The height B should be
calculated from the width of the selected area b and
vertical tail area Az,

4, 01716

7 a 0,36

zp

=0,477m?>.

(8)
where:
A~ vertical tail area [m’],
a,,- width of vertical tail surface [m]
b,, - height of vertical tail surface [m]
According to previous calculations b,, =0.48m and
width a,, = 0.36m was selected.
The resulting single vertical tail surface area  of
Azp = 0.1728 square meters.
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Striking surface Rudder pin holes

Securing pin used to secure and increase
the strength of the vertical tail surfaces

Figure 9. Vertical tail surface construction
B. Yaw rudders:
When calculating the directional (yaw) surface area
we used the same ratio values that were used
previously which is Yi of the vertical tail surface
area.

L 4, = 101728 =0,0432m*.

sk 4 4 (9)
where: Ay - area of the yaw rudders [m?]
The rudder height bs is determined by the height of
the construction of the vertical tail surface and will
therefore be equal to its height, ie:
by =b., =0,48m.

A

The width of theyaw  rudder should be
calculated according to the equation:
A 0,0432
4= =""""=0,09m.
b, 0,48 (10)

where: ay - width of yaw rudder [m],
bs - height of yaw rudder [m],
Rib edge relief

Longitudinal

Figure 10. Construction of yaw rudder
C. Horizontal tail surface:
The calculation of the tail area is based on the ratio
of the values that were previously calculated. The
horizontal tail surface areais 0.2 times the wing
area.

4,=02-5=02-2,6=0,52m".

where: A,,- horizontal surface area [m’],

S-area of load bearing wing [m’]

A rectangle with a length b,,= Tm was chosen for the
shape of the horizontal tail surfaces. The width of
the a,, must be calculated according to the equation:
4, 052

a,, =0,52m.
b 1
» (12)
where: a,, - width of the horizontal tail surface [m]
b,, - length of the horizontal tail surface [m]

(11)
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Longitudinal stabilizers

Lightened ribs
Core ribs

Figure 11. Construction of horizontal tail surface
D. Elevator rudder:
When calculating the area of the elevator rudder, we
use the same ratio values that were used for the
calculation of yaw and transverse rudder (aileron)
which is % the horizontal tail surface area.

A, :l-Avp _ L 0s52-013m2.
4 4

(13)
where: A, -area of the elevator [m*]

The length of the elevator bvk is determined by the
construction of the horizontal tail surface and is

therefore equal to its length, ie:

b, =b, =1m.
Width of the elevator rudder is calculated as:
A 0,13
a, = =27 = 0,13m.
b, 1 (14)

where: a, - width of horizontal [m]
by - length of horizontal [m]

Longitudinal stabilizer

Figure 12. Longitudinal stabilizers; - ribs
Construction of elevator rudder

Figure 13. Complete construction of the drone (UAV)

Vertical tailfin
b
Yaw rudders

Connecting beam

Fuselage

Lateral taifin

Elevator rudder

Engine housing

Aileron

Figure 14. Proposed and calculated dimensions of the
drone (UAV)
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The flow diagram illustrates the results of the
calculations.
O total construction mass: mp=39kg
O dry mass of engine: m,,=7,2kg
O avionics weight without battery: ms=0,25kg
The total mass of the drone (UAV) was calculated
with the aid of CATIAV5 program where the
construction materials were chosen according to their
material  density. The mass of  the engine
and avionics are specified by the manufacturer.
Since the total mass of the exploratory UAVs are
limited to80 kg, fuel, batteries and other
equipment are limited to 33.55 kg, which s
a sufficient margin. An increase in the mass would
also increase the minimum  flight speed.
The centre of gravity is indicated in Figure 22.
Centre of gravity coordinates:

x7=1334mm, y=0mm, z;=28mm
Additional transfer of gravity and balance may be set
by the positioning fuel, batteries and avionics of the
aircraft.
The work deals with UAVs. It clarifies current
issues regarding UAVs, their use and continuous
development. The work proposes a step by step
structural design for an aircraft and
provides descriptions and pictures, which can also be

used as a guide in designing new types
of UAVs. Special  effort was paid  to  create an
interesting  and simple  design. The  structural

design is not final and may be further modified and

extended.
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THE 5™ INTERNATIONAL CONFERENCE ON GEARS WITH EXHIBITION - GEARS 2013
7 - 9%"0ctober, 2013, Garching (near Munich), GERMANY
The fifth international conference on gears and transmissions in Germany will become a broad platform for
equipment manufacturers and producers and researchers of gear and transmission systems to present new
solutions and their latest research results.
Climate change is one of the big issues in public discussion, in politics and industry. The conference will
show, what the transmission and drive train industry can contribute to increase energy efficiency. Gears are
vital in the efficiency of different applications. They transmit and vary torque between prime movers and
applications.
There is still room for improvement, which will be demonstrated by the presenters. New concepts for drive
trains of energy supply systems provide answers to the increasing demand for energy worldwide. These
concepts must be introduced to global markets more quickly. Therefore, new designs are necessary and will
be presented at the conference.
The state-of-the-art of industrial applications will be demonstrated at an exhibition beside the conference.
The conference will last three days, comprising keynote addresses and presentations in a series of plenary
and parallel sessions. The official language of the conference will be English. No simultaneous translation
will be provided. The conference program and the registration form will be available in June 2013.
Detailed informations here: www.vdi-gears.eu
THE 7" INTERNATIONAL SCIENTIFIC-PROFESSIONAL CONFERENCE - SB 2013
“CONTEMPORARY PRODUCTION PROCESSES, EQUIPMENT AND MATERIALS FOR WELDED
CONSTRUCTIONS AND PRODUCTS”
23 - 25" October, 2013, Slavonski Brod, CROATIA
During last six meetings this conference had gathered number of experts and scientists who presented and
introduced novelty in welding profession. Due to that, for the seventh time, organizers call everyone who
can give their contribution to the area of welding technology and welding related techniques, automation
and robotization in production of welded constructions, and all others that can, in any other way, give their
contribution to development of welding practice, to present their scientific and professional knowledge and
experiences. This year, also, there will be the exhibition of welding devices, filler metals and equipment,
and all presented papers will be published i the conference proceedings and CD media. We thank to all our
present partners of this conference for their contribution and welcome you in Slavonski Brod.
Topics of interest for the conference should be related but not limited to the following thematic focuses:
New technologies and materials
Welding processes
Robotization and automation
Pressure vessels
Welding related techniques
Manufacturing of welded construction
Quality control of welded products
Reliability and safety of welded productions and constructions
Weldability of materials
Filler metals
Equipment for welding and welding related techniques
Personnel and education in welding
Metallurgy
Ecology and occupational health
Economical aspects of welding
Detailed informations here: http://www.sfsb.hr/dtzsb/
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3.  INDUSTRIAL ENGINEERING AND ENVIRONMENTAL PROTECTION
30" October, 2013, Zrenjanin, SERBIA

The conference provides forum for discussion and exchange of experiences between people from government,

state agencies, universities and research institutions, and practitioners from industry.

Framework scientific topics of the conference:

1. Process Technology

. Engineering Environmental Protection and safety at work

. Manufacturing technologies and materials

. Maintenance

. Design and maintenance of process plants

. Basic operations, machinery and processes

. Computer technologies and engineering education

. Biotechnology

. Reengineering and project management

10. Process management

For any further information, we recommend you the website: http://www.tfzr.uns.ac.rs/ieep/index.php

4. THE 7™ INTERNATIONAL CONFERENCE INTERDISCIPLINARITY IN ENGINEERING - INTER-ENG 2013
10 - 11" October, 2013, Tirgu Mures, ROMANIA

It is with great pleasure that the “Petru Maior” University of Tirgu Mures - Faculty of Engineering in
collaboration with Romanian Academy of Technical Sciences invites you to the International Conference
Interdisciplinarity in Engineering INTER-ENG 2013. The conference will be jointly organized and hosted by the
Department of Industrial Engineering and Management and the Department of Electrical Engineering and
Computer Science of “Petru Maior” University of Tirgu Mures.
The main theme of the Conference is announced as: “Advanced technologies for the next-generation
manufacturing processes”. The conference scope is to provide a professional and scientific forum for
engineers and research scientists from universities, research centers and to present research works,
contributions and recent developments as well as current practices in engineering. The INTER-ENG
conference will also offer the opportunity for companies in engineering to present their products and
services. This conference aims to bring together the researchers, scientists, professors, graduate students
and civil society organizations and their representatives to share and to discuss theoretical and practical
knowledge in the scientific environment. In this edition special attention will be given to young professional
orientation to technical studies, that will be invited to participate in plenary sessions, but a Workshop will
also be hold for both teachers and students from high schools, with the theme of Vocational education and
training in engineering and industrial management.

The conference will promote dialogue on how to comprehend and develop advanced engineering technologies

and achieve next-generation industrial manufacturing in the interdisciplinary context from different fields:

mechanics, electronics, informatics, etc. The Inter-Eng Conference drives innovation and enterprise, creating
new technologies and developing applications and intellectual property for the benefit of the society. The
event will develop thinking on modeling for future engineering technologies.

For any further information, we recommend you the INTER-ENG 2013 conference website: http://www.inter-

eng.upm.ro/2013/

5. INTERNATIONAL ELECTRICAL ENGINEERING CONFERENCE FOR YOUNG RESEARCHERS - IEECYR2013
23 - 26™ October, 2013, Cluj Napoca, ROMANIA

It is a great pleasure and an honor to extend you a warm invitation to attend the 2013 International

Electrical Engineering Conference for Young Researchers organised by Technical University of Cluj-Napoca, to

be held October 23-26, 2013 in Cluj-Napoca, Romania.

The role of Electric Engineering and Power Systems is becoming more and more important as most domains

are directly dependent of it. Whether your interests are in Electrical Engineering, Power Systems, Computer

Science, Telecomunications, Robotics or Automations join hundreds of fellow PhDs, young academic staff and

researchers from throughout the world to engage in a focused, 2-day series of workshops, presentations,

technical sessions and seminars covering the main topics of interests.

The conference will be held from 23rd to 26th of October, 2013 in Cluj-Napoca, the heart of Transylvania and

the European Youth Capital (2015), Romania.

For any further information, we recommend you the conference website: http://www.ieecyr2013.org/
THE 16™ INTERNATIONAL SYMPOSIUM ON THERMAL SCIENCE AND ENGINEERING OF SERBIA -
SIMTERM 2013
22 - 25" 0ctober, 2013, Sokobanja, SERBIA

Department of Thermal Engineering of the Faculty of Mechanical Engineering Nis and the Society of Thermal

Engineers of Serbia, continuing scientific research in the field of Energetics-Efficiency-Ecology, organize the

International Symposium on Thermal Science and Engineering of Serbia - SIMTERM 2013, under the patronage

of the Ministry of Education, Science and Technological Development of the Republic of Serbia. It is expected

that SIMTERM 2013 will gather researchers, engineers, experts, representatives of local and central
government and companies from Serbia and abroad, interested in the exchange of scientific and practical
information and experience from the thematic fields.

We are inviting you and looking forward to your participation in the 16" Symposium on Thermal Science and

Engineering of Serbia, under title: Energy - Efficiency - Ecology.

For any further information, see at: http://simterm.masfak.ni.ac.rs/index-en.html

VOO NOULAWN
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7.  THE FIRST INTERNATIONAL SYMPOSIUM ON AGRICULTURAL ENGINEERING
4 - 6" October 2013, Belgrade - Zemun, SERBIA
It is a great honor to call You to participate in the work of The First International Symposium on Agricultural
Engineering (ISAE—2013) in order to give Your professional contribution in the area of future development of
the agricultural engineering. The symposium is organized by Faculty of Agriculture, University of Belgrade,
Serbia, in Association with Faculty of Agricultural and Food Sciences, Sarajevo, Bosnia and Herzegovina and
University of Basilicata - School for Agricultural, Forestry, Food and Environmental, Sciences, Potenza, Italy,
under support of The European Society of Agricultural Engineers (EurAgEng). It will be held on October, 4-6,
2013, at the Faculty of Agriculture, University of Belgrade, Belgrade-Zemun, Serbia.
For any further information, we recommend you the website: http://www.agrif.bg.ac.rs/events
THE 11" INTERNATIONAL CONFERENCE ON TELECOMMUNICATIONS IN MODERN SATELLITE, CABLE
AND BROADCASTING SERVICES - TELSIKS 2013
16 - 19" October 2013, Belgrade - Nis, SERBIA
The Conference TELSIKS is a highly competent scientific and professional meeting aimed at the efficient
exchange of results in the area of telecommunications, through presentation of current scientific results,
development trends, etc.
TELSIKS 2013 is orgamzed by University of Nis, Faculty of Electronic Engineering.
urther information, we recommend you the website: http://www.telsiks.org.
THE 11" SYMPOSIUM ON NOVEL TECHNOLOGIES AND ECONOMIC DEVELOPMENT
22 - 23" October 2013, Belgrade, SERBIA
Symposium on Novel Technologies and Economic Development would be going to be held at University of
Belgrade in Serbia. The main mission to attend this Conference is dedicated towards to build and formulate
the effective strategic advancement for economic research and development. The primary show would be
concerned with the issue of indigenous economic development issues related to it. The International meeting
is also decked with effective keynote sessions and workshops which will reduce all contentions from the
minds of the conferees. The Technologies event will provide an unprecedented opportunity to the individual
researchers to share their thoughts; opinion and challenges therefore develop a perfect harmony in this
domain of interest. Organizer is the Faculty of Technology in Leskovac, University of Belgrade.
For any further information, we recommend you the website: http://www.ni.ac.rs/en/events
10. THE 5" INTERNATIONAL CONFERENCE ON COMPUTATIONAL MECHANICS AND VIRTUAL ENGINEERING

- COMEC 2013
24 - 25" October 2013, Brasov, ROMANIA

Topics:

O Computational Methods (Finite Element Method, Boundary Element Methods, Mesh less Methods,
Multiscale Methods, Optimization Methods and Sensitivities, Discretization Methods, Mathematical
Foundations, High Performance Computing, Inverse Problem, Visualization);

0O Computational Solid Mechanics (Material Modeling, Finite Deformations and Localization, Micromechanics
and Multiscale Modeling, Nanomechanics, Nonlinear Analysis of Structures, Multibody Dynamics and
Robotics, Composite Structures, Structural Optimization, Experimental Mechanics);

0O Composites Materials and Industrial Applications;

O Biomechanics (Biosolid Modeling, Modeling of Biofluids, Multiscale Modeling, Medical Imaging and
Modeling, Medical Applications, Experimental Methods);

For any further information, see at: https://sites.google.com/site/comec2013brasov/home

INTERNATIONAL CONGRESS ON ENERGY EFFICIENCY AND ENERGY RELATED MATERIALS (ENEFM) ‘
9 - 12" October, 2013, Kemer / Antalya, TURKEY

ENEFM is traditional annual congress for scientists and expected to collect a wide audience of participants

and listeners. We hope that the scientific program, including a wide array of topics will live to your

expectations, and that participation in the Congress will offer you an opportunity to meet up with your
colleagues, friends and renowned specialists from all over the world.

For any further information, see at: http://www.enefm.org/

12. THE 12" INTERNATIONAL SCIENTIFIC CONFERENCE ON INFORMATICS - INFORMATICS'2013,

5 - 7" November, 2013, SpiSska Nova Ves, SLOVAKIA

The 12™ International Conference on Informatlcs INFORMATICS'2013 is an international forum for presenting
original research results, sharing the experience and to exchange ideas from transferring theoretical
concepts into real-life domains by scientists and experts working in Computer Science and Informatics.
The 12" International Conference on Informatrcs INFORMATICS2013 is a biennial international forum which
gives room for scientists, experts in computer science and professionals in new emerging fields of informatics
to present original research results, to share experience and to exchange ideas about transferring theoretical
concepts into real life. The conference provides a unique opportunity for establishing and maintaining
professional relationships of widely recognized scientists between each another in specific areas of computer
science.

For any further information, we recommend you the website: http://informatics.kpi.fei.tuke.sk/

13. 2" REGIONAL CONFERENCE - MECHATRONICS IN PRACTICE AND EDUCATION - MechEdu 2013

5 - 6" December, 2013, Subotica, SERBIA
MECHEDU was born in the frame of IPA cross-border program with the aim of promoting activities in various
areas of mechatronics by providing a forum for exchange of ideas, presentation of technical achievements
and discussion of future directions.
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The first MECHEDU conference in 2011 aroused much attention and positive feedback from the participants.
Therefore, the representatives of Subotica Tech and Faculty of Technical Sciences from Serbia, together with
F-AR and Mechatronik Plattform from Austria, agreed to jointly organize this conference in the future.
We hope that the MECHEDU 2013 Conference will bring together an international community of experts from
the region to discuss the state-of-the-art, latest research results, perspectives of future developments, and
innovative applications relevant to mechatronics.
For any further information, we recommend you the website: http://www.vts.su.ac.rs/sr/ mechedu
14. INTERNATIONAL CONFERENCE ON FRONTIERS OF ENVIRONMENT, ENERGY & BIOSCIENCE

- ICFEEB 2013

24 - 25" October, 2013, Beijing, CHINA

ICFEEB 2013 is one of the leading international conferences for presenting novel and fundamental advances in
the fields of Environment, Energy and Bioscience. The purpose of the conference is for the scientists,
scholars, engineers and students from the universities and the research institutes all around the world to
present ongoing research activities, and hence to foster research relations. This conference provides
opportunities for the delegates to exchange new ideas and application experiences face to face, to establish
research or business relations and to find global partners for future collaboration. It also serves to foster
communication among researchers and practitioners working in a wide variety of scientific areas with a
common interest in improving Environment, Energy and Bioscience related techniques.
For any further information, we recommend you the website: http://www.icfeeb.org/
15. INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

26 - 27" October 2013, Wuhan, CHINA
On behalf of Military Economy Research Center of Chinese People's Liberation Army, Military Economy
Academy, Romania “Politehnica” University of Timisoara, Wuhan University, Huazhong University of Science
and Technology, we are pleased to invite you to attend 2013 International Conference on Applied Sciences,
which will be held in Wuhan of Hubei Province in China.
It will be focused on several fields of application, operation and influence of the applied science and
technology on defense economy.
Warmly welcome researchers and postgraduates submit your papers and communicate on conference.
For any further information, we recommend you the website: http://www.icoas2013.net/index.htm
16. INTERNATIONAL CONFERENCE ON ENGINEERING : ENGINEERING FOR ECONOMIC DEVELOPMENT -

ICEUBI2013

27 - 29 November, 2013, Covilha, Portugal

ICEUBI 2013 aims to promote the contribution of Engineering for economic development, ensuring contact
between researchers and practitioners from different fields of engineering and allowing the dissemination of
its research, innovation and development within the various sectors of economic activity.
This event comes in the sequence of the successful “ICEUBI2011" (www.iceubi2011.ubi.pt), where more than
170 communications (and 150 participants) have been presented assuming a reference position in the
international context of scientific meetings dedicated to engineering.
For any further information, we recommend you the website: http://193.136.66.103/iceubi2013
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These instructions are written in a form that satisfies all of the formatting requirements for the author
manuscript. Please use them as a template in preparing your manuscript. Authors must take special care to
follow these instructions concerning margins. The basic instructions are simple:

O Manuscript shall be formatted for an A4 size page.

O The top and left margins shall be 25 mm.

O The bottom and right margins shall be 25 mm.

O The text shall have both the left and right margins justified.
The original of the technical paper will be sent through e-mail as attached document (*.doc, Windows 95 or
higher). Manuscripts should be submitted to e-mail: redactie@fih.upt.ro, with mention “for ACTA TECHNICA
CORVINIENSIS - Bull. of Eng.”.

STRUCTURE

The manuscript should be organized in the following order: Title of the paper, Authors' names and daffiliation,

Abstract, Key Words, Introduction, Body of the paper (in sequential headings), Conclusion, Acknowledgements

(where applicable), References, and Appendices (where applicable).

THE TITLE

The title is centered on the page and is CAPITALIZED AND SET IN BOLDFACE (font size 14 pt). It should

adequately describe the content of the paper. An abbreviated title of less than 60 characters (including

spaces) should also be suggested.

AUTHOR’S NAME AND AFFILIATION

The author's name(s) follows the title and is also centered on the page (font size 11 pt). A blank line is

required between the title and the author's name(s). Last names should be spelled out in full and succeeded

by author’s initials. The author's affiliation (in font size 11 pt) is provided below. Phone and fax numbers do

not appear.
BSTRACT

A nonmathematical abstract, not exceeding 200 words, is required for all papers. It should be an abbreviated,

accurate presentation of the contents of the paper. It should contain sufficient information to enable readers

to decide whether they should obtain and read the entire paper. Do not cite references in the abstract.

KEY WORDS

The author should provide a list of three to five key words that clearly describe the subject matter of the

paper.

TEXT LAYOUT

The manuscript must be typed single spacing. Use extra line spacing between equations, illustrations, figures

and tables. The body of the text should be prepared using Georgia or Times New Roman. The font size used

for preparation of the manuscript must be 11 points. The first paragraph following a heading should not be

indented. The following paragraphs must be indented 10 mm. Note that there is no line spacing between

paragraphs unless a subheading is used. Symbols for physical quantities in the text should be written in italics.

|
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FIGURES AND TABLES

Figures (diagrams and photographs) should be numbered consecutively using Arabic numbers. They should be
placed in the text soon after the point where they are referenced. Figures should be centered in a column
and should have a figure caption placed underneath. Captions should be centered in the column, in the format
“Figure 1” and are in upper and lower case letters. When referring to a figure in the body of the text, the
abbreviation "Figure" is used Illustrations must be submitted in digital format, with a good resolution. Table
captions appear centered above the table in upper and lower case letters. When referring to a table in the
text, "Table" with the proper number is used. Captions should be centered in the column, in the format “Table
1” and are in upper and lower case letters. Tables are numbered consecutively and independently of any
figures. All figures and tables must be incorporated into the text.

EQUATIONS AND MATHEMATICAL EXPRESSIONS

Equation numbers should appear in parentheses and be numbered consecutively. All equation numbers must
appear on the right-hand side of the equation and should be referred to within the text.

CONCLUSION

A conclusion section must be included and should indicate clearly the advantages, limitations and possible
applications of the paper. Discuss about future work.

ACKNOWLEDGEMENTS

An acknowledgement section may be presented after the conclusion, if desired. Individuals or units other than
authors who were of direct help in the work could be acknowledged by a brief statement following the text.
REFERENCES

References should be listed together at the end of the paper in alphabetical order by author’s surname. List
of references indent 10 mm from the second line of each references. Personal communications and
unpublished data are not acceptable references.

Journal Papers: Surname 1, Initials; Surname 2, Initials and Surname3, Initials: Title, Journal Name, volume
(number), pages, year.

Books: Surname 1, Initials and Surname 2, Initials: Title, Edition (if existent), Place of publication, Publisher,
vear.

Proceedings Papers: Surname 1, Initials; Surname 2, Initials and Surname 3, Initials: Paper title, Proceedings
title, pages, year.

1 CRize
DAVIMENSI| =

|2 eueTingE|

AT AN

ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING

o6

ISSN: 2067-3809 [CD-Rom, online]

copyright © UNIVERSITY POLITEHNICA TIMISOARA,
FACULTY OF ENGINEERING HUNEDOARA,
5, REVOLUTIEI, 331128, HUNEDOARA, ROMANIA
http://acta.fih.upt.ro

148 2013. Fascicule 4 [October-December]



E

ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering
Tome VI (Year 2013) - FASCICULE 4 [October-December] E
ISSN 2067-3809 |ER

[ L islalals
4]

,omERB3EEe -

/JeEnDaaR =

EERBRMMR| -

Indexes & Databases

AT T T T B
- [ Seee mee 0008 | 5

A10080] BRI

ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING
is accredited and ranked in the “B+” CATEGORY Journal by CNCSIS - The National University Research
Council’s Classification of Romanian Journals (poz. 940). The Journal is a part of the SCIPIO - The

Romanian Editorial Platform. .
=
| | scIPIO
L ERITE UBLISHNG & RIFORMATICH CINLINE

A Yo d
ACTA TECHNICA CORVINIENSIS - BULLETIN of ENGINEERING

cncsis

is indexed and covered in the following databases and directories:

INDEX COPERNICUS - JOURNAL MASTER LIST

INDEX (\@ COPERNICUS
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http://journals.indexcopernicus.com/

GENAMICS JOURNALSEEK Database

http://journalseek.net/

DOAJ - Directory of Open Access Journals
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JOURNALS
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SCIRUS - Elsevier
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