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We are very pleased to inform that our international scientific journal
ACTA TECHNICA CORVINIENSIS - Bulletin of Engineering completed
its six years of publication successfully [2008 - 2013, Tome I - VI].

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!
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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.

Topical reviews in materials science and engineering, each including:

O  surveys of work accomplished to date

O  current trends in research and applications

O  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:

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

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

O  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.

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.

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.

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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General Topics
ENGINEERING
Mechanical Engineering
Metallurgical Engineering
Agricultural Engineering
Control Engineering
Electrical Engineering
Civil Engineering
Biomedical Engineering
Transport Engineering
Nanoengineering
CHEMISTRY

General Chemistry

O Analytical Chemistry

O Inorganic Chemistry

O Materials Science &

ooooooooao

O

ECONOMICS

O Agricultural Economics

O Development Economics

O Environmental Economics
O Industrial Organization

0O Mathematical Economics

O Monetary Economics

O Resource Economics

O Transport Economics

O General Management

O Managerial Economics

O Logistics

AGRICULTURE

O Agricultural & Biological Engineering
O Food Science & Engineering

EARTH SCIENCES

0O Geodesy

0O Geology

O Hydrology

O Seismology

O Soil science
ENVIRONMENTAL

O Environmental Chemistry
0O Environmental Science & Ecology
0O Environmental Soil Science
O Environmental Health
BIOTECHNOLOGY

0O Biomechanics

O Biotechnology

O Biomaterials

[ October - December]
j Tome : ____———

- Bulletin of Engineering

MATHEMATICS

0O Applied mathematics

O Modeling & Optimization
O Foundations & methods

O Horticulture

COMPUTER & INFORMATION SCIENCES
O Computer Science

O Information Science

Metallography
O Polymer Chemistry
O Spectroscopy
O Thermo-chemistry
History
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.
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.
ACTA TECHNICA CORVINIENSIS - BULLETIN OF ENGINEERING publishes invited review papers covering
the full spectrum of engineering and management. 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.
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.

ACTA Technica CORVINENSIS
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copyright ©
University “POLITEHNICA” Timisoara,
Faculty of Engineering Hunedoara,
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Romania

Romania

.

Advisory Board & Steering Committee

& Scientific Reviewers

Manager & Chairman

Imre KISS

University Politehnica TIMISOARA, Faculty of Engineering HUNEDOARA, Department of Engineering & Management,
General Association of Romanian Engineers (AGIR) - branch HUNEDOARA

Advisory Board & Steering Committee & Reviewers

Caius PANOIU

University Politehnica TIMISOARA, Faculty of
Engineering - HUNEDOARA

Toan ILCA

University Politehnica TIMISOARA, Faculty of
Engineering HUNEDOARA, Academy of Technical
Sciences (ASTR) - branch TIMISOARA

Francisc WEBER

University Politehnica TIMISOARA, Faculty of
Engineering HUNEDOARA, General Association of
Romanian Engineers (AGIR)- HUNEDOARA
Imre |. RUDAS

Obuda University of BUDAPEST, Department of
Structural Engineering - BUDAPEST

Ervin LUMNITZER

Technical University of KOSICE, Faculty of
Mechanical Engineering — KOSICE

Miroslav BADIDA

Technical University of KOSICE,

Faculty of Mechanical Engineering - KOSICE
Sinisa KUZMANOVIC

University of NOVI SAD, Faculty of Technical
Sciences - NOVI SAD

Alessandro GASPARETTO

University of UDINE,

Faculty of Engineering - UDINE

Stanistaw LEGUTKO

Institute of Mechanical Technology, Polytechnic
University - POZNAN

Andrzej WYCISLIK

Silesian University of Technology, Faculty Materials
Science & Metallurgy - KATOWICE

Imre TIMAR

University of Pannonia, Department of Silicate and
Materials Engineering - VESZPREM

Cecilia HODUR

University of SZEGED, College Faculty of Food
Engineering - SZEGED

Sugata SANYAL

Tata Consultancy Services - MUMBAI

Tamds KISS

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

Gregorio PERICHINSKY

University of BUENOS AIRES,

Faculty of Engineering - BUENOS AIRES
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Teodor HEPUT

University Politehnica TIMISOARA, Faculty of
Engineering - HUNEDOARA

Imre DEKANY

University of SZEGED, Department of Colloid
Chemistry, president of Hungarian Regional Academy Of
Sciences - branch of SZEGED

Mircea BEJAN

Tehnical University of CLU]-NAPOCA, Faculty of
Mechanical Engineering, General Association of
Romanian Engineers (AGIR) - branch CLUJ-NAPOCA
Béla ILLES

University of MISKOLC, Faculty of Mechanical
Engineering and Information Science - MISKOLC
Karol VELISEK

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

Stefan NIZNIK

Technical University of KOSICE,

Faculty of Metallurgy - KOSICE

Mirjana VOJINOVIC MILORADOV

University of NOVI SAD, Faculty of Technical Sciences
- NOVISAD

Zoran ANISIC

University of NOVI SAD, Faculty of Technical Sciences
- NOVISAD

Jodo Paulo DAVIM

University of AVEIRO, Department of Mechanical
Engineering - AVEIRO

Kliment Blagoev HADJOV

University of Chemical Technology & Metallurgy,
Department of Applied Mechanics - SOFIA

Nikolay MIHAILOV

Anghel Kanchev University of ROUSSE, Faculty of
Electrical & Electronic Engineering — ROUSSE
Carmen ALIC

University Politehnica TIMISOARA, Faculty of
Engineering - HUNEDOARA

Drazan KOZAK

Josip Juraj Strossmayer University of OSIJEK,
Mechanical Engineering Faculty - SLAVONKI BROD
Miroslav PLANCAK

University of NOVI SAD,

Faculty of Technical Sciences - NOVI SAD

Gyula MESTER

University of SZEGED,

Department of Informatics - SZEGED

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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International Scientific Committee Members & Scientific Reviewers

Alessandro RUGGIERO

University of SALERNO, Department of Mechanical
Engineering - SALERNO

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
Adolfo SENATORE

University of SALERNO, Department of Mechanical
Engineering - SALERNO

Vojislav MILTENOVIC

University of NIS,

Faculty of Mechanical Engineering - NIS

Ivo ALFIREVIC

University of ZAGREB, Faculty of Mechanical
Engineering & Naval Architecture - ZAGREB
Janez GRUM

University of LIUBLJANA, Faculty of Mechanical
Engineering - LJUBLJANA

Stefan BOJNEC

University of Primorska,

Faculty of Management - KOPER

Bernard GRUZZA

Universite Blaise Pascal, Institut des Sciences de
L'Ingenieur (CUST) - CLERMONT-FERRAND
Csaba GYENGE

Technical University of CLUJ-NAPOCA, Machine
Building Faculty - CLUJ-NAPOCA

Ioan MARGINEAN

University Politehnica BUCURESTI, Faculty of
Materials Science & Engineering - BUCURESTI
Liviu MIHON

University Politehnica TIMISOARA, Faculty of
Mechanical Engineering - TIMISOARA

Norgel. COELLO MACHADO

Universidad Central “Marta Abreu” LAS VILLAS,
Faculty of Mechanical Engineering — Santa CLARA
Luis Norberto LOPEZ De LACALLE

University of Basque Country, Faculty of
Engineering - BILBAO

Aitzol Lamikiz MENTXAKA

University of Basque Country, Faculty of
Engineering - BILBAO

Lajos BORBAS

University of Technology & Economics, Vehicle
Parts & Drives Department - BUDAPEST

Pentti KARJALAINEN

University of OULU, Department of Mechanical
Engineering, Advanced Steels Research - OULU
Saad BAKKALI

Abdelmalek Essaddi University, Faculty of Sciences
and Techniques - TANGIER

Janos NEMETH

University of MISKOLC, Faculty of Mechanical
Engineering & Information Science - MISKOLC
Elizabeth Myriam Jimenez REY

University of BUENOS AIRES, Faculty of
Engineering - BUENOS AIRES

Gyorgy SZEIDL

University of MISKOLC, Faculty of Mechanical
Engineering & Information Science - MISKOLC

Hungary

TEET
Slovakia

Ly

Slovakia

Hungary

Czech R.

<2}

)

Q wn

% E‘g. :
s 2

e
oQ
()
S =
=
AN

Morocco

|
=
i)
3
8

*

e
oQ
(&)
=
=
=
AN

-

'
INY
sy
o
N

Miklos TISZA

University of MISKOLC, Department of Mechanical
Engineering - MISKOLC

Milan DADO

University of ZILINA,

Faculty of Electrical Engineering - ZILINA

Imrich KISS

Institute of Economic & Environmental Security,
University of Security Management — KOSICE
Gyula VARGA

University of MISKOLC, Faculty of Mechanical
Engineering & Information Science - MISKOLC
David HUI

University of NEW ORLEANS, Department of
Mechanical Engineering - NEW ORLEANS

Milan SAGA

University of ZILINA, Faculty of Mechanical
Engineering — ZILINA

Nicolaos VAXEVANIDIS

University of THESSALY, Department of Mechanical &
Industrial Engineering - VOLOS

Branko KATALINIC

VIENNA University of Technology, Institute of
Production Engineering - VIENNA

Tihomir LATINOVIC

University in BANJA LUKA, Faculty of Mechanical
Engineering - BANJA LUKA

Iulian RIPOSAN

University Politehnica BUCURESTI, Faculty of
Materials Science & Engineering - BUCURESTI
Ioan VIDA-SIMITI

Technical University of CLUJ-NAPOCA, Faculty of
Materials Science & Engineering - CLUJ-NAPOCA
Victor BUDAU

University Politehnica TIMISOARA, Faculty of
Mechanical Engineering - TIMISOARA

José Roberto Marty DELGADO

Universidad Central “Marta Abreu” LAS VILLAS,
Faculty of Mechanical Engineering — Santa CLARA
Ivo SCHINDLER

Technical University of OSTRAVA, Faculty of
Metallurgy and Materials Engineering - OSTRAVA
Patricio FRANCO

Universidad Politécnica of CARTAGENA, Ingenieria de
Materiales y Fabricacion - CARTAGENA

Michal CEHLAR

Technical University KOSICE, Faculty of Mining,
Ecology & Process Control - KOSICE

Atilio GALLITELLI

Institute of Technology, Centro de desarrollo en Gestion
Tecnoldgica Y Operacién - Buenos AIRES

Mahacine AMRANI

Abdelmalek Essaddi University, Faculty of Sciences and
Techniques - TANGIER

Antti Samuli KORHONEN

HELSINKI University of Technology, Department of
Materials Science & Engineering - HELSINKI
Arturo Carlos SERVETTO

University of BUENOS AIRES, Faculty of Engineering
- BUENOS AIRES

Mohamed GUEDDA

Université de Picardie Jules Verne, Unité de Formation et
de Recherche des Sciences - AMIENS
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Vidosav MAJSTOROVIC
University of BELGRADE, Mechanical Engineering
Faculty - BELGRAD

Ali Naci CELIK
Abant Izzet Baysal University, Faculty of
Engineering and Architecture - BOL

Yves DELMAS
University of REIMS, Technological Institute of
CHALONS-CHARLEVILLE - REIMS

Predrag COSIC
University of ZAGREB, Faculty of Mechanical
Engineering and Naval Architecture - ZAGREB

Kdroly JARMAI
University of MISKOLC, Faculty of Mechanical
Engineering - MISKOLC

Laurentiu POPPER
University of ORADEA, Faculty of Energy
Engineering - ORADEA

Sava IANICI
“Eftimie Murgu” University of RESITA, Faculty of
Engineering - RESITA

Miroslav CAR
University of ZAGREB, Faculty of Mechanical
Engineering and Naval Architecture - ZAGREB

Imrich LUKOVICS
Department of Production Engineering, Faculty of
Technology, Tomas Bata University - ZLIN

Attila BARCZI
Szent Istvan University, Department Nature
Conservation & Landscape Ecology - GODOLLO

Milosav GEORGIJEVIC
University of NOVI SAD,
Faculty of Engineering - NOVI SAD

Bijoy BANDYOPADHYAY
University of CALCUTTA, Department of Radio
Physics & Electronics - CALCUTTA

Anjan KUMAR KUNDU
University of CALCUTTA, Institute of Radiophysics
& Electronics - KOLKATA

Velizara IVANOVA PENCHEVA
Anghel Kanchev University, Faculty of Electrical
and Electronic Engineering - ROUSSE

Viadimir MODRAK
Technical llniversitg of KOSICE, Faculty of
Manufacturing Technologies - PRESOV

Gencho POPOV
Anghel Kanchev University of ROUSSE, Faculty of
Agricultural Mechanization - ROUSSE

Zvonimir JUGOVIC
Department of Mehatronics, University of
KRAGUJEVAG, Technical Faculty - CACAK

Wiadystaw GASIOR
Institute of Metallurgy and Materials Science, Polish
Academy of Sciences - KRAKOW

Istoin PACZELT
University g MISKOLC, Department of Mechanics
- MISKOL

Djordje VUKELIC
niversity of NOVI SAD, Faculty of Technical
Sciences - NOVI SAD

Abraham TAL
University TEL-AVIV, Space and Remote Sensing
Division ICTAF - TEL-AVIV

Radomir SLAVKOVIC
Department of Mehatronics, University of
KRAGUJEVAG, Technical Faculty - CACAK
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Leszek A. DOBRZANSKI

Institute of Engineering Materials & Biomaterials,
Silesian University of Technology - GLIWICE

Ahmed RACHID

Université de Picardie Jules Verne, Unité de Formation et
de Recherche des Sciences - AMIENS

Khalil EL KHAMLICHI DRISSI
Universite Blaise Pascal, Institut des Sciences de
L'Ingenieur (CUST) - CLERMONT-FERRAND

Abdelhamid BOUCHAIR
Universite Blaise Pascal, Institut des Sciences de
L'Ingenieur (CUST) - CLERMONT-FERRAND

Marian Marek JANCZAREK
LUBLIN University of Technology, Institute of
Technological Systems of Information — LUBLIN

Michat WIECZOROWSKI
Poznan University of Technology, Institute of
Mechanical Technology - POZNAN

Antoni SWIC
LUBLIN University of Technology, Institute of
Technological Systems of Information - LUBLIN

Antun STOIC
Josip Juraj Strossmayer University of OSIJEK,
Mechanical Engineering Faculty - SLAVONKI BROD

Ranko ANTUNOVIC
University of EAST SARAJEVO, Faculty of Mechanical
Engineering - East SARAJEVO

Trygue THOMESSEN
The Norwegian University of Science and Technology -
TRONDHEIM

Ingvar L. SVENSSON

JONKOPING University, School of Engineering
Mechanical Engineering - JONKOPING

Lidija MANCIC

Institute of Technical Sciences of Serbian Academy of
Sciences and Arts (SASA) - BELGRAD

Siby ABRAHAM
University of MUMBAI Guru Nanak Khalsa College -
MUMBAI

Radmil POLENAKOVIK
University "St. Cyril and Methodius" SKOPJE, Faculty
of Mechanical Engineering - SKOPJE

Michal HAVRILA
Technical Universit% of KOSICE, Faculty of
Manufacturing Technologies - PRESOV

Istvdn J. JORI
BUDAPEST University of Technology & Economics,
Machine & Product Design - BUDAPEST

Branimir JUGOVIC
Institute of Technical Science, Serbian Academy of
Science and Arts - BELGRAD

Miomir JOVANQVIC
University of NIS, .
Faculty of Mechanical Engineering — NIS

Adiam DOBROCZONI
University of MISKOLC, Faculty of Mechanical
Engineering and Information Science - MISKOLC

Jan MADL
Czech Technical University in PRAGUE, Faculty of
Mechanical Engineering - PRAHA

Amnon EINAV
Universitjy TEL-AVIV, Space and Remote Sensing
Division ICTAF - TEL-AVIV

Istodn BIRO
University of SZEGED, Faculty of Engineering -
SZEGED
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Predrag DASIC

Hungary ](5ZSEf GAL
Production Engineering and Computer Science, High

E University of SZEGED, Faculty of Engineering -

SZEGED Technical Mechanical School - TRSTENIK
Hungary  Ferenc FARKAS Carolina Senabre BLANES
mmE University of SZEGED, Faculty of Engineering - i Universidad Miguel Herndndez, Department of
= SZEGED Mechanic Engineering - ELCHE
Macedonia  Valentina GECEVSKA Macedonia  Zoran PANDILOV
!! University ,,St. Cyril and Methodius” SKOPJE, !! University , St. Cyril and Methodius” SKOPJE, Faculty
Fawn  Faculty of Mechanical Engineering - SKOPJE Fawe of Mechanical Engineering - SKOPJE
Macedonia  Aleksandra BUZAROVSKA-POPOVA Macedonia  Robert MINOVSKI
!! University ,,St. Cyril and Methodius” SKOPJE, !! University , St. Cyril and Methodius” SKOPJE, Faculty
Fawn  Faculty of Technology and Metallurgy - SKOPJE Faws  of Mechanical Engineering - SKOPJE
Serbia  Vlastimir NIKOLIC Serbia  Nenad PAVLOVIC
University of NIS, 5 University of NIS, 5
q Faculty of Mechanical Engineering — NIS Faculty of Mechanical Engineering — NIS
Bosnia  Isak KARABEGOVIC Norway — Gdbor SZIEBIG
. University of BIHAC, . Wl Narvik University College,
“ Faculty of Technical Engineering - BIHAC ﬁ Department of Industrial

Engineering - NARVIK
The Scientific Committee members and Reviewers do not receive any remuneration. These positions are voluntary.
We are extremely grateful and heartily acknowledge the kind of support and encouragement from all contributors and all
collaborators!

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. 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 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.

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. 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;

O 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.

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.

copyright ©
University “POLITEHNICA” Timisoara, Faculty of Engineering Hunedoara,
5, Revolutiei, 331128, Hunedoara, ROMANIA
http://acta.fih.upt.ro
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(Ml Attila GOLLEI - HUNGARY .

MEASURING AND OPTIMISATION OF HHO DRY CELL FOR ENERGY EFFICIENCY 19
Abstract: A series of experiments was carried out on a HHO gas producing dry cell, whether we can optimize it by finding an
electrolyte concentration, current value, etc. or changing the setup by alternating the distance between the plates. KOH
solution was used, and the unit was monitored in several regards, for example cell voltage, gas production, ml/min/W value.
Peaks in efficiency were between 5 and 8 g/l concentration and the more current went through the electrolyte, the gas was
produced.

YA Penka ZLATEVA, Krystin YORDANOV, Diyan M. DIMITROV - BULGARIA
NUMERICAL SIMULATION OF TEMPERATURE SEPARATION PHENOMENA INSIDE VORTEX 23
TUBE
Abstract: The objective of present article is an atempt to simulate numerically temperature separation phenomena (Ranque-
Hilsch affect) inside the vortex tube. For this simulation computational fluide dynamic (CFD) analysis, applying standard k-¢
turbulence model, is used. Geometry is drawn in 3D space using Autodesk Inventor Professional and transferred in Autodesk
Simulation CFD to solve the problem. Initial conditions for inlet air stream: temperature 22°C, flow rate 40l/min and gauge
pressure 6 bar are set. As a result air flow velosity field and temperature field is found. Predicted temperatures at cold and hot
end are 4 and 42°C. It can be concluded that vortex tube can be analysed and further optimisated by CFD modeling.

KMl 1.0. OLADELE, O.0. DARAMOLA, A. T. ADEWOLE - NIGERIA

COMPARATIVE STUDY OF THE REINFORCEMENT EFFICIENCY OF COW BONE AND COW

BONE ASH IN POLYESTER MATRIX COMPOSITES FOR BIOMEDICAL APPLICATIONS 27
Abstract: This work was carried out to study comparatively the reinforcement efficiency of cow bone and cow bone ash
particles in polyester matrix composites in order to consider the suitability of the materials as biomaterial. Cow bone was
procured from an abattoir, washed with water and sun dried for 4 weeks and a portion was burnt. The bone ashes and un-
burnt bone portions were pulverized separately using the ball mill. Sieve analysis was carried out on the pulverized bone ash
and bone particles into particle sizes of 75um, 106um and 300um. Composite materials were developed by casting into tensile
and flexural tests moulds using pre-determined proportions of 2, 4, 6, and 8 wt % for both the cow bone and cow bone ash. The
samples after curing were striped from the moulds and were allowed to further cure at room temperature for 3 weeks before
tensile and flexural tests were performed on them. The tensile test results showed that bone particles reinforced composites
have the best tensile properties except in Modulus of elasticity where bone ash particles reinforced composite samples have
higher values while the flexural test showed that bone ash particle reinforced samples has the best flexural properties.

'l Gyorgy HAMPEL - HUNGARY
LEARNING IN A VIRTUAL ENVIRONMENT 35

Abstract: Many e-learning materials and learning management systems are implemented and used in higher education
institutes. The learning materials assisting acquisition of knowledge can either be stand-alone or can be available through the
network. In recent years, papers were published about the benefits of the involvement of computers and internet in education.
One should also note that some say that although the use of modern technology has some potential effects, it is difficult to turn
them into actual ones or to measure them. This paper attempts to give an overview of the most important concepts of e-
learning (the virtual learning environment, the learning management system etc.), the main benefits, the disadvantages, the
guidelines, rules (the heuristic evaluation instrument and protocol for e-learning programmes, the learning management
evaluation tool user guide etc.) and standards that ought be followed when creating such systems. University of Szeged is
using CooSpace as an e-learning system. Although CooSpace has its limitations (for example it cannot record the student’s
progress in acquisition of the curriculum), it has become a popular and a widely used system at the university.

Andrea LESKOVA - SLOVAKIA .
DESIGNING OF MANUAL WORKSTATION STRUCTURE WITH EMPHASIS ON ERGONOMICS 41
Abstract: Objective of ergonomic design is, among others, adaptation of manual workstations, workplace, working space,
environmental conditions and lighting intensity to human properties and skills. Ergonomically designed workstation in
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production system with modular structure brings many benefits, e.g. increased motivation and satisfaction of employee, higher
performance, productivity, efficiency, and processing quality. This article is a reference to help methodically plan, design and
implement ergonomic workstations by considering variables such as employee size, type of task, lighting, and other key factors.
The goal is to present the rules of ergonomic for work systems: body height and working height; work area; reach zone; parts
presentation; range of vision; lighting; adjustment of work equipment. Using of the modular building- block system for
designing individual workplaces enables flexibility and optimal adaptation to task and individual employee concerned.

Ivana LONCAREVIC, Biljana PAJIN, Ljubica DOKIC, Zita SERES, Aleksandar FISTES,

Dragana SORONJA SIMOVIC, Veljko KRSTONOSIC - SERBIA 47
RHEOLOGICAL AND TEXTURAL PROPERTIES OF COCOA SPREAD CREAM WITH
SUNFLOWER LECITHIN

Abstract: Sunflower lecithin, together with commonly used soy lecithin, is a by-product of dequmming of crude oil during
refining process and can be defined as a mixture of phospholipids, residual oil and minor components. This paper investigated
the influence of sunflower lecithin on rheological and textural characteristics of cocoa spread cream. Cocoa spread cream
samples were made with the addition of 0.3, 0.5 and 0.7% of sunflower lecithin, with a milling time of 40 and 50 minutes in a
laboratory ball mill. The results are compared with the results obtained for rheological and textural analyses of standard cocoa
spread cream with soy lecithin added. Cocoa cream spread samples with the addition of all applied concentration of soy lecithin
in milling time range of 40 to 50 minutes show lower values of thixotropic curve area, mean viscosity and Casson viscosity,
but higher values of Casson yield stress, compared with cocoa cream samples with sunflower lecithin. Optimal concentration of
soy lecithin is 0.5% with retention time of 40 minutes in laboratory ball mill, while addition of 0.7% of soy lecithin increases
complexity of cocoa spread cream, but reduces Casson viscosity. On the other hand, the addition of 0.7% of sunflower lecithin
and milling time of 50 minutes show the lowest values of rheological parameters. Cocoa cream samples with sunflower lecithin
have lower values of textural parameters comparing with samples with standard soy lecithin.

YA Zoltin FABULYA - HUNGARY
ANALYSIS OF THE LOAD-EFFICIENCY GRAPH OF THE BOILER 51

Abstract: The rentability and quality of preserved food (besides the quality of the basic materials, the good recipe and the
features of the production belts) are determined by their heat-treatment and its organization. The production process which
was not planned carefully can imply quality problems and considerable increase of expenses. To support work organization
with computer has not been in practice in Hungary so far. My main objective in case of technologies with an autoclave group
is to elaborate a program system based on simulation which could help reduce the direct costs of heat-treatment and improve
the quality of products. For this objective it is necessary to carry out further sub-tasks and examinations whose results should
be utilized in the system. One of these is to analyse with simulation the load-dependent efficiency graph of gas boiler which
provides the necessary amount of steam and then to use the results to find the conditions of optimal operation and to calculate
costs reduction arising from it.

G. ADEDOKUN, T.K. AJIBOYE, O.R. OYENIRAN - NIGERIA .

QUALITY ASSURANCE AS A STRAGETIC APPROACH TO MINIMISE MAINTENANCE COST 55
Abstract: Entrepreneur’s primary objective is to firmly established itself, maximize profit and minimize maintenance cost of
its low-cost best quality products that will generate high demand while maintaining a continuous focus on cost-containment
and operating efficiencies. This objective can only be achieved if the products’ quality meets standard demand of end users.
Many approaches to quality control are not effective. Nonconformities in the factory testing are caused basically by excessive
process variation and mistakes. Some approaches to quality control can effectively control process variation, but it cannot
prevent most mistakes because mistakes are frequently the dominant source of nonconformities. Since maintenance cost of any
product is inversely proportional to its quality;hence, the quality and maintenance of any products cannot be over emphasized
to attract their high demand. Experience shows many industrial activities collapsed when they were expected to be at the peak
of their production performances and theoutcome effect is that, they start to run at a huge loss when they were expected to
make profit. Investments on structures will have impact on industrialization when the trend leading to this collapse could be
reversed in order to enjoy the full benefits derived from it. Meanwhile, the only strategic approach to minimize maintenance
cost is to maximize the quality. An attempt has been made in this paper to discuss maintenance cost minimization from the
basics that detect mistakes and enable corrections before nonconformities are generated, achieving the highest degree of quality
at minimum maintenance cost.

n Imre Zsolt MIKLOS, Cristina Carmen MIKLOS, Carmen Inge ALIC - ROMANIA .
DRIVE MECHANISM ANALYSIS OF DOOR WINDOWS TO ROAD VEHICLES 61
Abstract: This paper is meant to present a description as well as a classification of the mechanisms for manipulating the
windows of road vehicles. A life-size 2D modeling was performed for the handling mechanism with two arms crossed and
motorized drive. A structural, kinematic and kinetostatic computer assisted analysis was made using SAM in actual operating
conditions.
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Mohamed A. A. EI-SHAER - EGYPT .
SEISMIC LOAD ANALYSIS OF DIFFERENT R.C. SLAB SYSTEMS FOR TALL BUILDING 65
Abstract: This paper introduced the lateral analysis for tall buildings due to the seismic performance for different reinforced
concrete slab systems. It study three systems, flat slab, ribbed slab, and panelled beam slab. The three systems are from the
most attractive and commonly used floor systems, especially in high-rise constructions. In high seismicity regions, the declared
non-ductile flat slab system poses a significant risk, brittle punching failure arises from the transfer of shearing forces and
unbalanced moments between slab and columns that may trigger a progressive building collapse. This system is inherently
flexible due to the non-rigid slab-column connections, and the building high aspect (height/width) ratio. Hence, in regions of
high seismic risk, design codes recommended the use of slab-column frames to resist slabs, and require another stiffer system to
resist lateral wind and seismic forces. From this standpoint, the choose of a system that provide rigid concrete slab than flat
slab to resist lateral wind and seismic forces. This system is chosen to be the ribbed slab, and the panelled beam slab. These two
systems of concrete slabs are ductile, and balanced moments between slab and columns. As the different types of seismic load
resisting systems generally presented. Then, three systems of slabs performance for systems high-rise buildings during seismic
loads are introduced. Some seismic design, analysis and performance assessment aspects of flat slab, and ribbed slab, and
panelled beams systems for high-rise buildings are subsequently discussed. Finally, suggestions to improve the seismic
performance of high - rise buildings horizontal members in slabs (ribs or beams-column) buildings are presented. ETABS
version 9.5 is for analysis under lateral loads. ETABS is a programmer for linear, nonlinear, static and dynamic analysis, and
the design of building systems. Multistory buildings constitute a very special class of structures and therefore deserve special
treatment. The program is used to calculate the drifts for the systems and we noticed that the minimum drift was occurred in
the ribbed slab system.So that, in high seismic risk regions, ribbed-slab-column frames is recommended to be gravity load
resisting systems for building of high values of height/width ratios.

JFM Carmen BRACACESCU, Cristian SORICA, Dragos MANEA,

Bogdan IVANCU, Sorin POPESCU - ROMANIA

THEORETICAL RESEARCHES ON KINEMATICS AND DYNAMICS OF VIBRATING SIEVES

ELECTROMAGNETICALLY DRIVEN 75
Abstract: The paper presents the diagram and the operational principle of electromagnet driven vibrating sieves and the
constructive and functional factors influencing the working parameters of this type of equipment. The diagram is represented
by the automatic amplitude and frequency control systems of the vibrations generated by the studied electromagnetic device, in
view of its utilization for driving vibrating sieves design to milling industry for cereal seeds primary processing

VA D. RAJENTHIRAKUMAR, T. KARTHIK, V. JANARTHANAN, S. NANTHAKUMAR - INDIA

DEFECT REDUCTION IN GAS TUNGSTEN ARC WELDING PROCESS USING FAILURE MODE

EFFECTS ANALYSIS 79
Abstract: To improve production quality and productivity by reducing potential reliability problems early in the development
cycle, manufacturing industries are using the Failure Mode and Effects Analysis (FMEA) technique. It is a method that
evaluates possible failures in the system, design, process or service. It aims to continuously improve and decrease these kinds of
failure modes. In this present work, Process FMEEA is done on Gas Tungsten Arc Welding (TIG) process of American Iron and
Steel Institute (AISI) Type 304L Stainless Steel material. A series of welding process with different sample pieces are done and
the potential failures and defects are categorized based on FMEA and Risk Priority Number (RPN) is assigned. The most risky
failure according to the RPN number is found and the cause and effects along with the preventive measures are established.
Since FMEA is a proactive approach to solve potential failure modes, this work serves as a failure prevention guide for those
who perform the welding process towards an effective weld.

VKM Marina SCIBAN, Dragana KUKIC, Mile KLASNJA, Jelena PRODANOVIC - SERBIA

Sindor BESZEDES - HUNGARY

ADSORPTION CAPACITIES OF DIFFERENT LIGNOCELLULOSIC MATERIALS FOR COPPER

IONS 83
Abstract: Different lignocellulosic waste materials was able to sorb heavy metal ions, and other polutants, for example dyes,
from aqueous solutions. In this study the efficiencies of adsorption of copper ions from water by poplar wood sawdust and
sugar beet pulp were investigated. Adsorption experiments were performed at room temperature, with four different biosorbent
doses of 2.5 g/l, 5 ¢/1, 10 g/l and 15 g/l, which were added in the model water with different initial copper ion concentration
from 10 mg/l to 250 mg/l. The initial pH of model water was 4 and contact time of model water and the biosorbent was 90 min.
The sugar beet pulp is shown as better adsorbent for copper ions than poplar wood sawdust. The adsorption were considered by
the Langmuir and the Freundlich adsorption model. The results demonstrate that the efficiency of copper ions removal from the
water is better at higher dose of adsorbent, but maximal adsorption capacities have to be estimate with lower doses of adsorbent.
Langmuir adsorption isotherm better describes the adsorption of copper ions than Freundlich adsorption isotherm. This means
that the surfaces of both investigated adsorbents are homogeneous, i.e. with the same active sites for adsorption of copper ions.
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UM Sami MASADEH, Amin AI-ROBAIDI, Nabil ANAGREH - JORDAN

ELECTROCHEMICAL CHLORIDE EXTRACTION FROM CONCRETE STRUCTURE EXPOSED TO

DEAD SEA WATER 87
Abstract: Eighteen concrete samples with different concrete mixes, overlay thicknesses, and wy/c ratios were cast and immersed
in Dead Sea water bath. Potential readings were recorded over 7-month time period and results were plotted on a time-
potential scale. Electrochemical chloride extraction (ECE) treatment was applied for one month, potential values recorded
again and final results were plotted and compared. Data collected along 8 months clearly showed that higher w/c ratio (0.7
wy/c), lower overlay thickness (2 cm), and the use of a more concentrated Cl-water (i.e. Dead Sea water) increased corrosion.
ECE treatment has proved to be a successful technique to minimize the destructive effect of corrosion.

WM Slobodan STEFANOVIC, Damjan STANOJEVIC, Nenad JANJIC - SERBIA

Imre KISS - ROMANIA

ANALYSIS OF TECHNOLOGICAL PROCESS OF CUTTING LOGS USING ISHIKAWA DIAGRAM 93
Abstract: The quality management system standards of the ISO 9000:2000 series are based on the eight quality management
principles. Principle No. 6 says: “Continual improvement of the organization's overall performance should be a permanent
objective of the organization”. Applying this principle requires having knowledge of methods and tools for solving problems
and/or continual improvement. One of these tools is “The Cause & Effect Diagram”. It is used to document the possible causes
of a given event. “The Cause & Effect Diagram” is also known as a “Fishbone Diagram” because of its appearance or an
“Ishikawa Diagram” after its originator, Dr Kaoru Ishikawa. In order to ensure its place at the market an organization has to
produce such products and services that meet wishes and expectation of customers. It has to meet demand of customers and
other interested parties (workers, owners, suppliers, community). However, due to strong competition and increased
customer's requirements for higher quality, the organization could lost its place at the market if fails to make continuous
improvements. Continuous improvements are not possible without knowing how to correctly implement both tools and
methods. Task of management is to recognize the importance of tools and methods for management of quality, what is the
subject of this paper.

(M Peter SIMONYI - HUNGARY
SOME RESULTS OF A RESEARCH ON LOCAL ECONOMIC DEVELOPMENT (LED) IN
COUNTRYSIDE IN HUNGARY
Abstract: Local Economic Development (LED) is in focus in some ex-socialist countries of Europe. Eight different settlements
were examined by different methods in 2012-2013 to study the present situation of its state of economy and employment and
the local resources in a research. The aim of this paper is to show the key factor of LED, to attempt for standardization taking
into account the scientific literature, to define indicator of well-being in countryside and an evaluation by a new LED model.

VA Rasul ALIZADEH, Alireza DARVISH BAHAMBARI, Komeil RAHMDEL - IRAN
MIXED CONVECTION OF NEWTONIAN FLUID BETWEEN VERTICAL PARALLEL PLATES
CHANNEL WITH MHD EFFECT AND VARIATION IN BRINKMAN NUMBER 103
Abstract: The present work is devoted to study the laminar flow of thermally and hydrodynamically developing MHD mixed
convection of Newtonian fluids between two vertical parallel plates channel and also, the influence of different governing
parameter on wide range of flow characters was investigated.The boundaries are considered to be isothermal with equal
temperatures. The governing equations are solved numerically. The graphical results are provided for dimensionless velocity,
temperature, mean temperature, centre line pressure gradient and local Nusselt number.

T Alexandra GOGA BODNAROVA, Zuzana FARKASOVSKA,

Ervin LUMNITZER - SLOVAKIA

EFFECT OF NOISE ON DETERMINATION OF INDEX SOUND INSULATION OF THE

SEPARATING ELEMENTS IN ENGINEERING MANUFACTURE 109
Abstract: The aim of this paper is to give a general description and analysis of the method for measuring airborne sound
insulation separating structures according to STN EN 1SO 140-4, STN EN ISO 140-14 and STN EN 1SO 717-1 and develop
guidance on the evaluation of airborne sound insulation of these structures in the software program NorBuild 1028 and
examine if the choice of excitation signal has an effect on the measurement results. This paper describes an accurate
measurement procedure, including a description of the used measurement technique that was used in measuring the sound
insulation of the selected partition walls at different excitation sound field.

WA [imit R. PATEL, Gunamani DEHERI - INDIA
PERFORMANCE OF A MAGNETIC FLUID BASED DOUBLE LAYERED ROUGH POROUS SLIDER
BEARING CONSIDERING THE COMBINED POROUS STRUCTURES 115

Abstract: Efforts have been made to obtain the analytical solution for pressue, load and friction for a magnetic fluid based
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double layered rough porous slider bearing. The permeability of the upper layer is based on the model of Kozeny-Carman while
Irmay’s model governs the permeability of the lower layer. Regarding roughness, the method adopted by Christensen and
Tonder finds the application here in statistical averaging of the associated Reynolds equation. The magnetic field is taken
oblique to the stator. The results are illustrated by graphical representations which show that the introduction of combined
porous structure of the double layered results in an enhanced performance. The friction remains considerably reduced. The
magnetization tries to compensate the adverse effect of roughness for a large range of combined porous structures.

VIM Szilird SZELPAL, Zsuzsanna KOHANY, Eszter FOGARASSY,

Jézsef CSANADI, Gyula VATAI, Cecilia HODUR - HUNGARY

ASSAYING OF THE FILTRATION PARAMETERS OF WHEY BY DIFFERENT FILTRATION

SYSTEMS 127
Abstract: The largest quantities of by-product of the dairy, namely whey comes from the cheese making. The whey proteins are
used by the agriculture in animal nutrition, and by the human nutrition as well; dry soups, infant formulas and supplements.
The aim of our experiments was the separation of the lipid fraction of whey. During the measurments 0.05 ym, 0.2 ym and
0.45 ym microfiltration membranes were used in vibrating membrane filtration equipment (VSEP) and in a laboratory tubular
membrane module. During the microfiltration, analytical characteristics, the fouling and the retention values were examined.
Using the VSEP and the tubular module made possible to compare the effect of vibration, the static mixer and/ the airflow on
the separation parameters.

vl F. O. ARAMIDE, S. R. OKE - NIGERIA

PRODUCTION AND CHARACTERIZATION OF CLAY BONDED CARBON REFRACTORY FROM

CARBONIZED PALM KERNEL SHELL 133
Abstract: The effects of varied contents of clay on the mechanical properties of clay bonded carbon refractory samples produced
from Ifon clay and carbonized palm kernel shell was investigated. The physical, mechanical and morphological
characterizations of the samples were carried out following American Society for Testing and Materials (ASTM) stipulated
standards. The clay bonded carbon refractory samples were produced by mixing respectively 40, 50 and 60 weight percents
processed clay obtained from Ifon, Ondo State, Nigeria and carbonized palm kernel shell. Each mixture was uniaxially
compressed into standard samples dimension and then fired in the furnace at 950°C. The characterized/investigated properties
were bulk density, cold crushing strength, porosity, water adsorption, young’s modulus and absorbed energy. Scanning
Electron Microscopy and Energy Dispersive X-ray Spectroscopy using back scattered secondary imaging were used to
determine the chemical compositions, size, and morphology of the produced clay bonded carbon refractory. The result shows
that the compositions of Ifon clay are of kaolinite, microcline, muscovite, plagioclase and quartz. The result also reveal that the
apparent porosity and water adsorption increases with increase in carbonized palm kernel shell content while other properties
such as bulk density, cold crushing strength, young’s modulus and absorbed energy decreases with increase in the carbonized
palm kernel shell content. It was however concluded that the composite grade containing 40 wt % carbonized palm kernel
shell and 60% ifon clay, had the best combination of mechanical properties of all the composites produced.

y¥8 Slobodan STEFANOVIC, Gordana BOGDANOVIC, Damjan STANOJEVIC - SERBIA

Imre KISS - ROMANIA

ANALYSIS OF FACTORS OF OCCURRENCE OF TOXIC COMPONENTS IN OTTO ENGINE 141
Abstract: A significant portion of the pollution of the atmosphere, and increasing with the increase of their number, a internal
combustion engine. In addition to the requirements for the lower emissions of toxic substances in the exhaust of internal
combustion engines, we must not neglect the imperative of saving fuel. The combustion of fossil fuels in internal combustion
engines consumed more oxygen than the entire human population. Since there is a direct correlation between the consumption
of fossil fuels and oxygen consumption, it is expected that fuel consumption will grow by 2.5 to 5% per year. The presence of
polluting substances in the air has a number of direct and indirect impacts on the health of all living beings in the biosphere
and even the material time. The overall objective is to prevent, reduce or remove any pollution that degrades the environment.
Environment for a long time been considered a natural treasure inexhaustible resource that all claimants.

XM Sadiki LAMARI ABDELMAJID, Salah Eddine EL QOUATLI, Abdelilah CHTAINI - MAROC
ELECTROCATALYTIC ACTIVITY OF Ni MODIFIED CARBON PASTE ELECTRODE IN DIRECT
ETHANOL FUEL CELLS 149

Abstract: Fuel cells have been identified as a promising power source for transportation and portable electronic devices, since
they convert the chemical energy of a fuel derectly into electrical energy. The performance of direct ethanol fuel cells (DEFCs)
is still limited by the electrocatalysts available for ethanol oxidation, which are mostly based on expensive noble metals such as
platinum or its alloys. Investigations on systems using Ni modified carbon paste electrode (Ni-CPE) electrocatalysts for
ethanol oxidation in alkaline solution. The relative activities of the Ni-CPE catalyst were assessed. The results show that this
electrode is active for the ethanol oxidation. The prepared electrode shows a considerable performance in direct ethanol fuel cell.
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Alina LASCUTONI - ROMANIA .

STEEL THERMAL STRATIFICATION DURING STATIONARY PERIOD IN LADLE 153
Abstract: The paper presents the issue of the thermal stratification of the metal bath in the ladle during its stationary period.
Due to the suggested research and experiments we aim primarily at knowing this phenomenon in detail and at investigating
its influence upon the control of the temperature during the continual pouring of the steel. As a consequence of the natural
convection, a vertical temperature gradient appears in the metal bath, because the metal bath, is formed of layers of steel, colder
towards the bottom and the top of the ladle, and hotter in its middle section. The phenomenon of thermal stratification of the
metal bath from the ladle and its influence upon the temperature control during the steel continuous casting has a major
importance in steel plants.

A SURVEY ON SECURITY ISSUES IN CLOUD COMPUTING 159
Abstract: Cloud Computing holds the potential to eliminate the requirements for setting up of high-cost computing
infrastructure for the IT-based solutions and services that the industry uses. It promises to provide a flexible IT architecture,
accessible through internet for lightweight portable devices. This would allow multi-fold increase in the capacity or capabilities
of the existing and new software. In a cloud computing environment, the entire data reside over a set of networked resources,
enabling the data to be accessed through virtual machines. Since these data-centres may lie in any corner of the world beyond
the reach and control of users, there are multifarious security and privacy challenges that need to be understood and taken care
of. Also, one can never deny the possibility of a server breakdown that has been witnessed, rather quite often in the recent
times. There are various issues that need to be dealt with respect to security and privacy in a cloud computing scenario. This
extensive survey paper aims to elaborate and analyze the numerous unresolved issues threatening the Cloud computing
adoption and diffusion affecting the various stake-holders linked to it.
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1. Attila GOLLEI

MEASURING AND OPTIMISATION OF
HHO DRY CELL FOR ENERGY EFFICIENCY

. University of Pannonia, Faculty of Information Technology, Department of Electrical
Engineering and Information Systems, Veszprém, Egyetem u. 10, HUNGARY

Abstract: A series of experiments was carried out on a HHO gas producing dry cell, whether we can optimize it by
finding an electrolyte concentration, current value, etc. or changing the setup by alternating the distance between
the plates. KOH solution was used, and the unit was monitored in several regards, for example cell voltage, gas
production, ml/min/W value. Peaks in efficiency were between 5 and 8 g/l concentration and the more current

went through the electrolyte, the gas was produced.
Keywords: HHO gas, electrolyte concentration, dry cell

1. INTRODUCTION

Nowadays, with the growing need for energy and
revulsion toward fossil and nuclear fuels puts
sustainable and green energy in the foreground,
e.g. energy from the Sun, the wind, tides, waves,
and so on. Several disadvantages stop renewable
energy from replacing traditional, oil or natural
gas-based and nuclear enerqy sources, cost of
installation, the continuity of the sources,
combined with the unbalanced need for energy
(both on the residential and industrial level), but
the main problem is regulations stopping the
energy being fed it into the main grids. So the
solution could lie in storing energy. There are
numerous methods to store energy, for example
electro-chemical (HHO dry cell), chemical, [1]
mechanical ways, or simply storing it as heat by
crystallizing CaCly hydrates. Most of these
methods have their disadvantages and limited
efficiency. We carried out experiments on a HHO
gas producing dry cell, to see if we can optimize it,
choosing a certain value of current, concentration
of the solution, at which it produces the most gas.
We can store hydrogen (or the oxygen-hydrogen
mixture), thus we can store energy.

In the cell, electric current splits distilled water to
its components, hydrogen and oxygen. Making
hydrogen and oxygen from water with electricity is
a very simple electrochemical process that can be
carried out easily and in a very demonstrative way.
The electrolyte in the cell is made up of the distilled

water and a strong but diluted base, KOH in our
case. Producing hydrogen in large or industrial
quantities calls for an optimized or a mnear-
optimized cell model. In a process with a big
demand for energy only a few percent of variance
in the efficiency could mean a significant energy
surplus or shortage. [2]

We used a so-called dry cell to make hydrogen and
oxygen gas and henceforward we discuss the
electrochemical parameters of this dry cell.

What is this dry cell? Why dry cell?

The name could be misleading as this electrolyzing
cell uses water just like any other electrolyzing
unit. There are, though, some attributes of this cell
that makes it easier to design and handle. With wet
HHO cells, the whole unit is underwater, while in
the case of dry cells, the plates are separated with
rubber seals. These seailings stop the water from
leaking from the cell, the electrical connections and
the edges of the plates are not touching the
electrolyte. These parts of the unit are staying dry,
thus the name dry cell.

To make sure the gas made from the electrolyte gets
out of the cell and the solution to flow between the
plates, there are holes on the top (for the gas) and
bottom (for the electrolyte) on the metal slats.
(Figure 1)

What are the benefits of these cells? There are two
main advantages to the application of the HHO
units.
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1. With the dry cell generator, considering the
surface of the plates in the unit, we can use much
less electrolytes compared to wet cells. Therefore,
the volume and weight of the cell is smaller.

2. As the electronic connections are underwater in
the wet cell model, their surface will slowly be
corroded by the electrolyte. In the HHO cells, the
connections are situated on the outside, thus not
corroding. [3]

+

1]

Figure 1. The theoretical setup of HHO block
2. ELECTROCHEMICAL BASIS OF
CALCULATIONS
Electrochemical cells could be galvanic battery or
an electrolyzing cell. Cells are called electrolytic
cells are when they are using external current
supply to create chemical reactions. The
electrochemical cell is made up of two electrodes
and a fluid, current-carrying electrolyte. The
electrolyte can be a watery solution or molten salts
(solvation). The chemical reaction happening on
the surface of the electrodes (reduction or
oxidation) is called an electrode reaction.
If the electrode’s material is not participating
directly in the electrode reaction, it is called an
indifferent electrode (e.g. graphite electrode). The
oxidation happens on the anode, the other electrode
is the cathode, on which the reduction happens. In
the process of electrolysis, if there is more than one
possible type of electrical reaction, then a simple
anion will detach form the positive anode (e.g.
chloride), lacking this anion, OH- will be created
by water splitting. [4]
Water’s  dissolution wvoltage at 25°C (room
temperature) is 1,23 V (Emp), the temperature
coefficient is -0,85 mV/K, meaning that at 100°C
this voltage goes down to 1,17V. [5,6] Therefore, in
the light of these data, the specific energy demand
to make hydrogen through electrolysis at 25°C can
be calculated in the following way [7]:
The amount of charge needed to detach 1 kg
hydrogen gas:

q=z-F-M=2-96487-0,5=96487As/mol=26801Ah/ kg
Wi, =q-Eyp =26801-1,23 = 32966Wh/ kg

Since the volume of 1 kg standard state H2 is
12474 1, the amount of energy required to produce
1 liter hydrogen is:

o 32966

12474
To have 1 liter of hydrogen, we need 1.5 liter HHO
gas. To produce 1 liter HHO gas(0.667 | hydrogen)
this much energy is necessary: [3]
W i) = 0,667 -2,64 =1,76Wh /1

We measured the unit at 10 different concentration
of electrolyte, at different currents. We examined
the voltage on the plates and the amount of gas
produced through electrolysis.
3. THE MEASUREMENT UNIT
You can see the setup of one block of the unit on

i

Gas outlet<—
| | Stainless steal plates
/7

<—— Water inlet

Figure 2: Gas generator block setup

In our setup, 5 cells make up one block, so 5 cells
connected in series gives one gas-producing block.
The block’s electrical connections are on the two
plates on the ends (see Fig. 1). Out of the six
electrode plates, four are neutral electrodes, as they
don’t have electrical connection on them. The
potential is divided between the neutral plates
according to voltage division in series connections.
That means that voltage between two electrodes is
the fifth of the voltage on one whole block. In our
experiment, we had a unit that had 3 blocks
connected in parallel connection that made up the
unit. (Fig. 2)

Other than the HHO cell, we needed a water tank
to infuse the electrolyte into the cell. We also
installed a tube between the gas outlet and the
tank, because the produced gas is not pure gas, it
comes out as bubbles, so there is electrolyte coming
out in the tube that needs to be recycled into the

=2,64Wh/1

Rubber sealing
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system. Then, as the electrolyte drips back in the
tank, the gas can escape through another hose, into
the bottle, which we use to measure the volume and
speed of the production of hydrogen.
We connected a power supply (Manson SPS59600)
to the electrical connections of the HHO unit, and
we could adjust the voltage input during the
experiment. We also needed a PWM modulator to
adjust the current and frequency.
4. EXPERIMENTS AND RESULTS
According to the principle of electrolytic
dissociation, due to added energy or dilution, a
chemical compound’s molecules can break up into
ions. This causes the ions to have a weak electrical
conductivity. But you can dilute an electrolyte and
increase this electricity to a certain limit, and
beyond that it stagnates. This explains why there’s
only a small window for the optimum, when it
comes to finding the right concentration of the
solution. We monitored current, voltage, cell
voltage, MMW  (milliliter/minute/watt) and
liter/minutes (we didn’t experiment with the
temperature, but we noticed some changes in the
performance of the unit). The voltage, frequency
and current was controlled by us, we also
experimented with the distance between the plates.
We can judge the effectiveness of the unit at certain
concentrates by MMW wvalue, liter/minute,
current/gas production and power. (Table 1)

Table 1. Obtained results of experiment

Electrolyte MMW Gas Power
concentration (mlfmin/W) produqtion of unit
& (/min) w)
1 2.13 0.2 10.8
2 2.66 0.75 34.44
3 2.66 1.37 55.83
4 2.59 1.51 82.15
5 2.72 1.9 90.6
6 2.63 2.52 119.5
7 2.67 2.96 140
8 2.65 2.76 125
9 2.46 2.28 105.6
10 1.82 2.15 103.2

We expected that 3-5 grams of KOH/liter is where
the electrolytic dissociation is allowing the most
electrical conductivity, thus at higher current (15-
40 A) the unit would produce the most hydrogen.
The first series of experiments were done according
to voltage. We measured the productivity of the cell
at six different values of voltage (2,5 - 15 V) and
10 different solution concentration (1-10 grams
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KOH per liter). We used software called Statsoft
Statistica to make graphs of our findings (Figure
3).

Line Plot of muttiple variables

10V 125V 15V

Figure 3. MMW and power of dry cell
- voltage-based experiments
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Figure 4. MMW and power

- current-based experiments
While, we had the highest MMW value at 5 g/l, we
can say that the concentration that has very high
values at all of the monitored values is the 7g/l
concentration. The cell produced 3 liters of HHO
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with 50 A and 700 W at 7 g/l.

The second batch of experiments was done in a
similar fashion, but by current values. (Figure 4)
We went on to see whether or no frequency has any
significance in the operation of the cell. At 6 g/l
concentration and 14 A, we found that frequency
doesn’t play a significant role in electrolysis
(Figure 5).

60

50 ’/-

. W

30

—@—HHO
20

10

0

Figure 5. The relation between frequency

and gas output
Lastly, we changed the distance between the plates,
Imm to 5 mm. We found that the closer the plates
are the better efficiency the cell worked with.
(Figure 6)

Line Plot of multiple variables

Curent[A’
o

biobd
mawNa
33333
35333

125 13 135 14
Voltage [V]

Figure 6. Realtion between distance

of the plates and current
While we couldn’t pinpoint an  optimal
concentration or current value, we should change
the range of 3-5 g/l to 5-8 g/l, because we found
that our dry cell worked with the best efficiency in
that domain. The theoretical efficiency of an HHO
cell is 60-70 %, ours was working at
approximately 55 %. We also proved the Faraday
laws, by observing that the more current we let
through the electrolyte, the more gas we could
produce. Temperature also alter gas production, as
the hotter the solution (the more mobile are the
ions), the more HHO gas is put out.
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NUMERICAL SIMULATION OF
TEMPERATURE SEPARATION
PHENOMENA INSIDE VORTEX TUBE

12. Technical University of Varna, Dep. Heat Engineering, BULGARIA
3. Technical University of Varna, Dep. Technical Mechanics, BULGARIA

Abstract: The objective of present article is an atempt to simulate numerically temperature separation phenomena
(Ranque-Hilsch affect) inside the vortex tube. For this simulation computational fluide dynamic (CFD) analysis,
applying standard k-e turbulence model, is used. Geometry is drawn in 3D space using Autodesk Inventor
Professional and transferred in Autodesk Simulation CFD to solve the problem. Initial conditions for inlet air
stream: temperature 22°C, flow rate 40l/min and gauge pressure 6 bar are set. As a result air flow velosity field and
temperature field is found. Predicted temperatures at cold and hot end are 4 and 42°C. It can be concluded that
vortex tube can be analysed and further optimisated by CFD modeling.

Keywords: Ranque-hilsch vortex tube, temperature separation, CFD model, k-e model, numerical simulation

1. INTRODUCTION

The Vortex Tube (VT) is a device that generates
cold and hot air from compressed airIt was
invented by Georges |. Ranque in 1933[1]. The
German engineer Rudolf Hilsch suggested the
working vortex tube design in 1947 [2]. It is a
simple low cost device, with no moving parts, no
electricity and there is a possibility to adjust the
temperature [3,4]. The main drawbacks are
connected with its low thermal efficiency, the noise
and the availability of compressed air. VT is
commonly used for inexpensive spot cooling, when
compressed air is available, like cutting tools of
CNC machines, laboratory equipment, etc.

The wvortex tube phenomena can be observed
physically, but is dificult to explain. Compressed
air is sent through the tangential inlet nozzle to
create the vortex motion inside the tube, fig. 1.

Compressed
Air In

Control
Valve

Cold Air
Out

Hot Air
Vortex Out
Generation
Chamber

Figure 1. Vortex tubeschematic [3]

As the vortex moves along the tube, a temperature
separation is formed. Hot air moves along the tube
periphery, and cold air is in motion in the inner
core. This resulting radial temperature separation
inside the vortex tube is also called the Ranque-
Hilsch effect. So far, there is no single theory that
explains the radial temperature separation.
Nowadays, researches use computational fluide
dynamic (CFD) to explain this phenomena [5-9].
In [5] the fluid dynamics model of the vortex tube
is set in order to understand the temperature
separation phenomena. In [6] the results from
similar to [5] CFD model with commercially
available vortex tube geometry is set. Researsches
[5] also measure the temperatures at the hot and
cold end of the VT and compare them with model
predictions. The temperatures are in reasonable
agreement with the experimental ones, if a
standard k-e turbolence model is used. In [7] a
similar conclusion is given.

The aim of the present study is to createnumerical
model of vortex tube effect in order to use it in a
further optimisation of the design.

2. THE MODELING APPROACH

A computational fluid dynamic (CFD) analysis,
using k-e turbolence model, is set to solve fluid
velocity and temperature field inside a vortex tube.

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara




[October ~ Decermber]
- Bulletin of Engineering Tome :

_M

For this purpose, a commercially available software
Autodesk Inventor Professional and Autodesk
Simulation CFD, are used. The following approach
is used to create the present CFD model.

2.1. Geometry conditions

The geometry of the vortex tube is designed in a
way, which allows its parts to be made with
universal metal cutting machines.It is modeled in
3D space as a solid body with the shape and
dimensions shown on fig. 2. The swirl chamber is
designed with two inlet mnozzles. The inner
diameterof 8 mm and L/D =30 were chosen. Such
L/D ratio is suggsted in [8] for VT with similar
design. Dimensions of the tube body are 385 x 30 x
54 mm.

To create CFD model this 3D geometry is
transferred to  Autodesk  Simulations CFD
environment.

—

Figure 2. 3D CAD model of vortex tube
2.2. Physical conditions
The body of VT will be made of steel. To keep the
price low, steel C45 is chosen as a VT material. The
working fluid is air. All the cavities in VT are set
as an air domain. The thermal properties of the
used materials as a function of the temperature
c=c(t), k=k(t) are taken from the sofware material
library. In table 1 only values for temperature
22°C are given.

Table 1.Properties of materials at 22°C

C k, o
k/(kg.K) | W/(m.K) kg/m3
1,0057 258 1,205
46,5 544 7,833

2.3. Initial and boundary conditions

The initial and boundary conditions, given at
different areas to simulate the vortex tube, are as
follows.

Pressure inlet boundary condition to the inlet area
of the vortex tube (at the inlet of the nozzle) with
volume flow rate of 40 I/min, total gauge pressure
of 6 bar and total temperature of 22°C.

Pressure outlet boundary condition to the cold end
region of vortex tube with gauge pressure of O bar.
Pressure outlet boundary condition to the hot end
area of vortex tube with gauge pressure of 1 bar.
Pressure at hot outlet is kept higher than that at
the cold exit to reduce the flow through hot exit.
2.4. Meshing

The  created mesh consists tetragonal finite

elements. The size of the elements is 0.5 mm, figure
3. Their number is 103651, and the nodes are
27620.

Figure 3. Mesh of finite elements
2.5. Problem solving

The created numerical model is solved in Autodesk
Simulation CFD enviroment. The duration of the
simulation is 220s, time steps 10s.

3. RESULTS AND ANALYSIS

As a result of the numerical simulation, the
velocity and temperature field inside the vortex
tube, are visualised. The following figures
illustrate the fluid flow and temperature field at
55, 110, 165 u 220s, afterwards the fluid flow and
temperature difference betweeen hot and cold end
remain practically constant.

Figures 4-7 illustrate the distribution of the
velocity magnitude in YZ plane. Figures 8 and 9
a,b illustrate the air velocity magnitude in XZ
plane.

As it can be seen (fig. 4-7) the air in the core of the
tube cross section has higher velocity and the air
velociy increases at the cold end of the VT. Figures
8,9 show the vortex creation.
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Figure 4. Distribution of velocity magnitude
at 55 s in the YZ plane [m/s]

Figure 5. Distribution of velocity magnitude
at 110 s in the YZ plane [m/s]

Figure 6. Distribution of velocity magnitude
at 165 s in the YZ plane [m/s]

Figure 7. Distribution of velocity magnitude
at 220 s in the YZ plane [m/s]

a) at 55s b) at 110s
Figure 8. Distribution of velocity magnitude
in the XZ plane [m/s]
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a) at 165s

b) at 220s
Figure 9. Distribution of velocity magnitude
in the XZ plane [m/s]
The temperature field, at the above mentioned time
intervals, is illustrated on figures 10-13.

Figure 10. Distribution of temperature
at 55s (only air domain)

~.
E

Figure 11. Distribution of temperature
at 110s (only air domain)

Figure 12. Distribution of temperature
at 165s (only air domain)
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Figure 13. Distribution of temperature
at 220s (only air domain)
The analysis of the above presented figures shows
that if at the inlet of the designed vortex tube there
is air with temperature of 22°C, a flow rate of
40l/min and total gauge pressure of 6 bar, a
temperature change at the two ends of the vortex
tube will be observed. The longer end is with a
higher temperature than the one set at the inlet
(hot end), and the shorter one is with a lower
temperature than the one set at the inlet (cold end).
Predicted temperatures at the ends after 220s are
4°C at the cold end and 42°C at cold one.
4.CONCLUSIONS
In conclusion, it is shown that the CFD approach
is applicable for simulating Ranque-Hilsch effect.
The details of the flow wvelocity and temperature
distribution are presented. It is found that various
levels of complexity in the turbulence modeling are
suitable for vortex tube analysis.
On the base of the simulation studies of the vortex
tube, made with the help of the program products
Autodesk Inventor Professional and Autodesk
Simulation CFD, an unstationary distribution of
the temperature field and the velocity are obtained.
Further optimisation of the VT design is needed in
order to improve its efficiency.
Nomenclature
C - heat capacity, J/(kg.K);
p — density, kg/m3;
k - coefficient of heat transfer,W/(m.K);
t — temperature, °C;
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MATRIX COMPOSITES FOR BIOMEDICAL
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Abstract: This work was carried out to study comparatively the reinforcement efficiency of cow bone and cow bone
ash particles in polyester matrix composites in order to consider the suitability of the materials as biomaterial. Cow
bone was procured from an abattoir, washed with water and sun dried for 4 weeks and a portion was burnt. The
bone ashes and un-burnt bone portions were pulverized separately using the ball mill. Sieve analysis was carried
out on the pulverized bone ash and bone particles into particle sizes of 75um, 106pum and 300um. Composite
materials were developed by casting into tensile and flexural tests moulds using pre-determined proportions of 2, 4,
6, and 8 wt % for both the cow bone and cow bone ash. The samples after curing were striped from the moulds and
were allowed to further cure at room temperature for 3 weeks before tensile and flexural tests were performed on
them. The tensile test results showed that bone particles reinforced composites have the best tensile properties
except in Modulus of elasticity where bone ash particles reinforced composite samples have higher values while the

flexural test showed that bone ash particle reinforced samples has the best flexural properties.
Keywords: cow bone and ash, polyester, composites, mechanical properties, biomedical

1. INTRODUCTION

The development of materials for any replacement
application should be based on the understanding
of the structure to be substituted. This is true in
many  fields, but particularly exigent in
substitution medicine. The demands upon the
material properties largely depend on the site of
application and the function it has to restore.
Ideally, a replacement material should mimic the
living tissue from a mechanical, chemical,
biological and functional point of view.
Mineralised tissues such as bones, tooth and shells
have attracted considerable interest as natural
anisotropic composite structures with adequate
mechanical properties. In fact, nature is and will
continue to be the best materials scientist ever.
Who better than nature can design complex
structures and control the intricate phenomena
(processing routes) that lead to the final shape and
structure (from the macro to the ultra-structural
level) of living creatures? Who can combine

biological and physico-chemical mechanisms in
such a way that can arrive to ideal structure-
properties relationships? Who, else than nature,
can really design smart structural components that
respond, in-situ, to exterior stimulus adapting the
microstructure and correspondent properties? In
the described line of thinking, mineralized tissues
and biomineralization processes are good examples
to learn from for the materials scientist of the
future. This is especially true for engineers that
want to develop composites to replace mineralized
tissues [1].

Structurally, the bone matrix consists of type 1
collagen fibres reinforced by hydroxyapatite nano-
crystals precipitated along the collagen fibres [2].
The mineral part is responsible for the stiffness
whereas the collagen is responsible for its
flexibility. A demineralised bone becomes very
flexible being easily twisted, whereas a bone
without collagen is very brittle [3].
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The major component of compact bone is called the
osteon. Organised in concentric lamellar matrix,
the osteons create cylindrical conduits known as
Haversian canals, which provide access for the
circulatory and nervous systems. The capillaries
within the Haversian canals originate from arteries
and veins within the marrow cavity. It is known
that the structure of bones is continuously adapted
to the stresses applied to it [4]. Thus, any
substitution implant material should be compatible
and not disturb  significantly  the stress
environment of the surrounding living tissue [5].
Materials  that are biocompatible are called
biomaterials, and the biocompatibility is a
descriptive term which indicates the ability of a
material to perform with an appropriate host
response in a specific application. This definition
has been further extended by Wintermantel and
Mayer [6], and they distinguished between surface
and structural compatibility of an implant [7].
Surface  compatibility ~means the chemical,
biological, and physical suitability of an implant
surface to the host tissues while structural
compatibility is the optimal adaptation to the
mechanical behavior of the host tissues. From all
the above discussion it becomes evident how
difficult it is to design and produce materials that
can be used on replacement and fixation of bones or
for filling bone defects, especially those that must
work under load bearing conditions. That explains
why synthetic materials are only about 10% of the
bone grafting market, where autografts and
allografts still reign. Biomaterials are finding
increase use in problem areas like replacement of
deceased or damage parts.

The use of by-products as reinforcement is a
modern  technology for producing relatively
inexpensive materials of high strength from
suitable homogeneous matrix bases. Therefore, cow
bones and its ash were used in this research. These
materials have constitutes a waste of natural
resources since the physical and mechanical
properties are yet to be effectively brought to the
attention of modern designers. Cow bones which
are obtainable from slaughtered cows in abattoirs
are usually burnt or sold to feed mill for the
production of animal feeds. However, this by-
product in some cases are left to waste but can be

used as reinforcement in polymer to produce
composite materials for biomedical use due to its
good mechanical properties[§]. This work was
carried out to investigate comparatively the
mechanical properties of cow bone particles and
cow bone ash particles. This was done in order to
study the effect of biocompatibilization treatment
on the mechanical properties of the developed
composites.

2. MATERIALS AND METHODS

The main materials that were used for this work
are as follows: unsaturated polyester resin, cow
bones, methyl ethyl ketone peroxide (MEKP) used
as the catalyst, cobalt 2% in solution used as the
accelerator, polyvinyl acetate used as the mould
releasing agent, and ethanol used as a cleaning
agent.

2.1. Material Preparation. The cow bone was
procured from the abattoir, washed with water so
as to remove the dirty particles that might have
been stuck to the bone, and sun dried for 4 weeks.
The bones were separated into two portions; one
portion is burnt into ashes while the other portion
was crushed with hammer. The two portions were
pulverized separately using Denver laboratory ball
mill to further reduce the particle sizes. The
particles from the process were sieved with sieve
shaker 16155 models into 75, 106, and 300 um
sieve sizes.

2.2. Mould Production. Tensile mould of gauge
length 90 x 5x 3 mm of a dumb-bell shape and
flexural mould of 150 x 50x 3 mm were used for
the production of tensile and flexural samples
respectively

2.3. Production of Composites. To develop the
composites, 1.5 g each of catalyst and accelerator
was added to 120 g of the polyester resin while
bone particulate was varied in a predetermined
proportions of 2, 4, 6, and 8 wt % for all the
particle  sizes. After proper stirring,  the
homogenous slurry is poured into the mould and
allowed to be cured at room temperature before it is
removed. Same procedure was also adopted for the
bone ash particles for all the three different particle
sizes. Three (3) samples were produced for each
mechanical property that was carried out from each
proportion. The striped samples are left to be cured
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further at room temperature for 3 weeks before the

mechanical tests were carried out.

2.4. Mechanical Testing of Cast Samples.

Following the moulding of the composites samples

were prepared for tensile and flexural tests.

(a) Determination of the Tensile Properties of the
Materials. In the present study, tensile tests
were performed on INSTRON 1195 at a fixed
crosshead speed of 10mmmin—1. Samples were
prepared according to ASTM D412 (ASTM
D412 1983) and tensile strength of the
standard and  conditioned samples was
calculated.

(b) Determination of the Flexural Property of the
Materials. Flexural test was carried out by
using Tensiometric Universal Testing Machine
in accordance with ASTM D790. To carry out
the test, the grip for the test was fixed on the
machine, the sample that has been cut into the
test piece dimensions of 150mm x 50mm X
3mm was hooked on the grip, and the test
commenced. As the specimen is stretched, the
computer generates the required data and
graphs. The flexural test was performed at the
speed of 100 mmy/min.

3. RESULTS AND DISCUSSIONS

3.1. Variation of Tensile Properties with Particle

Sizes and Particle Contents

3.1.1. Variation of E-Modulus with Particle Sizes

for both Cow Bone and Cow Bone Ash Reinforced

Composites

Figure 1 shows the variation of E-Modulus of the

samples with different particle sizes for both cow

bone and cow bone ash reinforced composites. The
modulus of elasticity is a measure of the stiffness of

the material and is the rate of change of strain as a

function of stress within an elastic limit. The

results show that the modulus was enhanced by
cow bone ash than cow bone particles in all the
particle sizes. The best results were obtained from
cow bone ash reinforced samples of 300 um particle
size having 8 and 6 wt % with the highest values
of 4597.56 Mpa and 4454.38MPa respectively.

This was closely followed by 8 wt % of 75 um cow

bone ash reinforced samples with a wvalue of

4450.49 MPa while the unreinforced polyester

material has a value of 3966.15 MPa.
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Figure 1. Variation of E-Modulus with Particle Sizes
for both Cow Bone and Cow Bone Ash Reinforced
Composites

3.1.2. Variation of Tensile Stress at Maximum
Load with Particle Sizes for both Cow Bone

and Cow Bone Ash Reinforced Composites.

Figure 2 shows the variation of the tensile stress at
maximum load of the samples with different
particle sizes for both cow bone and cow bone ash

reinforced composites.
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Figure 2. Variation of Tensile Stress at Maximum Load
with Particle Sizes for both Cow Bone and Cow Bone
Ash Reinforced Composites
Tensile stress at maximum load is the maximum
stress that a material can withstand while being
stretched or pulled before necking. The trend show
that the tensile stress at maximum load increases
as the particle size increases for cow bone ash
reinforced samples while it decreases as the particle
size increases for cow bone particles. This shows
that the tensile stress at maximum load is
enhanced as the particle size increases for cow bone
ash while it decreases as the particle size increases
for cow bone particle size. _However, the results
show that the tensile stress at maximum load for
the cow bone reinforced samples were better
enhanced compared to cow bone ash samples. From
the result, it was observed that sample reinforced
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with 8 wt % of particle size 75 um cow bone has
the highest value of tensile stress at maximum load
of 63.04 MPa followed by 2 and 4 wt % particle
size of 106 um with a value of 60.72 MPa and
5854 MPa respectively compared to the
unreinforced polyester material with a value of
50.76MPa.

3.1.3. Variation of Tensile Strain at Maximumn
Load with Particle Sizes for both Cow Bone

and Cow Bone Ash Reinforced Composites

Figure 3 shows the variation of the tensile strain at
maximum load of the samples with different
particle sizes for both cow bone and cow bone ash
reinforced composites. Tensile strain at maximum
load is the maximum strain that a material can
withstand while being stretched or pulled before
necking. The trend showed that the tensile strain at
maximum applied load decreases as the particle
size increases for both cow bone and cow bone ash
reinforced samples except for the increase that was
observed for the particle size of 106 um cow bone
reinforced sample. From the results, it was
observed that cow bone reinforced sample was
better enhanced than cow bone ash reinforced
samples. The best result was obtained from 4 wt %
of particle size 106 um with a value of 0.025
mm/mm followed by 0.024 mm/mm from 8 wt % of
particle size 75 um cow bone reinforced samples
compared to the unreinforced polyester material
with a value of 0.01623 mm/mm.
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Figure 3. Variation of Tensile Strain at Maximum Load
with Particle Sizes for both Cow Bone and Cow Bone
Ash Reinforced Composites
3.1.4 Variation of Tensile Stress at Fracture with
Particle Sizes for both Cow Bone and Cow Bone

Ash Reinforced Composites.
Figure 4 shows the variation of the tensile stress at
fracture of the samples with different particle sizes

for both cow bone and cow bone ash reinforced
composites. Tensile stress at fracture is the tensile
stress corresponding to the point of rupture. The
same trend as that of tensile stress at maximum
load was observed except that tensile stress at
fracture was better enhanced for cow bone ash
samples at 300 um. From the result it was observed
that 8 wt % of particle size 75 um of cow bone has
the highest value of 63.04 MPa followed by 2 wt %
cow bone particle size of 106 um with a value of
60.72 MPa compared to the unreinforced polyester
material with a value of 50.52 MPa.
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Figure 4. Variation of Tensile Stress at Fracture with
Particle Sizes for both Cow Bone and Cow Bone Ash
Reinforced Composites

3.1.5. Variation of Tensile Strain at Fracture with
Particle Sizes for both Cow Bone and Cow Bone
Ash Reinforced Composites

Figure 5 shows the variation of the tensile strain at
fracture of the samples with different particle sizes
for both cow bone and cow bone ash reinforced
composites. Tensile Strain at fracture is the strain
strength of the material at the point of rupture. The
trend shows that the tensile strain at fracture
decreases as the particle size increases for both the
cow bone and cow bone ash reinforced samples.
This implies that tensile strain at fracture
decreases as the particle size increases. Considering
the results from this work, it can be deduced that
particle  size  distribution  from  different
reinforcement materials has diverse effect on the
properties of the composites. From the results, it
was observed that cow bone reinforced sample of 2
wt % from 75 um has the highest value of 0.03361
mm/mm followed by 2 wt % bone ash reinforced
sample from 75 um with value of 0.02723 mm/mm
compared to unreinforced polyester material with a
value of 0.01626 mm/mm.
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Figure 5. Variation of Tensile Strain at Fracture with
Particle Sizes for both Cow Bone and Cow Bone Ash
Reinforced Composites
3.1.8.Variation of Impact Energy at Fracture with
Particle Sizes for both Cow Bone and Cow Bone

Ash Reinforced Composites

Figure 6 shows the variation of impact energy at
fracture for the composite samples and the control.
The impact energy at fracture is the energy that the
specimen has absorbed up to the point of failure.
From the Figure, it was observed that the impact
energy at fracture decreases as the particle size
increases for cow bone particle reinforced samples
while cow bone ash reinforced samples gave its
optimum result at 106 um. The best results were
obtained from 75um cow bone with 8 and 4 wt %
reinforcements with values 1.49 | and 1.37 |
respectively compared to the unreinforced polyester

material.
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Figure 6. Variation of Impact Energy at Fracture with
Particle Sizes for both Cow Bone and Cow Bone Ash
Reinforced Composites
3.2. Variation of Flexural Properties with Particle

Sizes and Particle Contents
3.2.1. Variation of Bending Strength at Peak with
Particle Sizes for both Cow Bone and Cow Bone
Ash Reinforced Composites
Figure 7 shows the variation of bending strength at
peak of the samples with different particle sizes for
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both cow bone and cow bone ash reinforced
composites. Bending strength at peak represents
the highest stress experienced by the material when
subjected to bending stress before it ruptured. The
trend shows an increase that was followed by
reduction for the cow bone reinforced samples as
the particle size increases while it decreases for cow
bone ash reinforced composite as the particle size
increases.

From the result, cow bone ash reinforced sample
from 8 wt % of particle size 75 um has the highest
value of 68.24 N/mm? followed by 4 wt % of
particle size 106 um cow bone ash reinforced
sample with a value of 66.23 N/mm? compared to
the control with a value of 43.25 N/mm?.
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Figure 7. Variation of Bending Strength at Peak with
Particle Sizes for both Cow Bone and Cow Bone Ash
Reinforced Composites
3.2.2. Variation of Bending Modulus with Particle

Sizes for both Cow Bone and Cow Bone Ash
Reinforced Composites

Figure 8 shows the variation of Bending Modulus
of the samples with different particle sizes for both
cow bone and cow bone ash reinforced composites.
Bending modulus also known as flexural modulus
of elasticity is the ratio of maximum fibre stress to
maximum strain within elastic limit of stress-
strain diagram obtained in flexure test. The result
revealed that cow bone ash reinforced sample had
better enhancement compared to that of cow bone
particle reinforced samples.

The best result was obtained when 8 wt % of 300
um particle size was used with an optimum value
of 9137 N.mm? followed by sample with 8 wt %
from 75 um particle size cow bone reinforced
sample with a value of 9103 N.mm? compared to
the control sample which had a value of 7451.8
N.mm?.
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Figure 8. Variation of Bending Modulus with Particle
Sizes for both Cow Bone and Cow Bone Ash Reinforced
Composites
3.2.3. Variation of Impact Energy at Fracture with
Particle Sizes for both Cow Bone and Cow Bone

Ash Reinforced Composites

Figure 9 shows the variation of impact energy at
fracture of the samples with different particle sizes
for both cow bone and cow bone ash reinforced
composites. The impact energy to fracture is the
energy that the specimen was able to absorb before
it failed. Similar trend was observed for both cow
bone particles used where 106 um particle sizes
gave the optimum result.

The result shows that 2 wt % of 106 um particle
size from both cow bone ash and cow bone particle
reinforced samples gave the highest values of

1.1904 N.m and 1.0804 N.m respectively
compared to the control sample which has a value
of 0.5684 N.m.
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Figure 9. Variation of Bending Impact Energy at
Fracture with Particle Sizes for both Cow Bone and
Cow Bone Ash Reinforced Composites
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100 pm EHT = 5,00 kv
WD = 7.8mm

T
(d) Cow Bone Ash
Plates (c-d). SEM of Fractured surfaces of 8 wt % from
106 um particle size Cow Bone and Cow Bone Ash-

Reinforced Polyester Composites




100 um EHT = 5.00 kv
WD=78mm

Signal A = InLens
Photo No. = 5354

Date :26 Aug 2011
Time :11:16:37

i () Cow Bone

Signal A= InLens
Photo No. = 5364

EHT = 5.00kV/
WD = 7.8 mm

= £
o
(f) Cow Bone Ash
Plates (e-f). SEM of Fractured surfaces of 8 wt % from
300 um particle size Cow Bone and Cow Bone Ash-
Reinforced Polyester Composites
Plates (a- f) depict the SEM micrographs of cow
bone and cow bone ash particulates reinforced
polyester composites (a-f). From the micrographs,
it was observed that both cow bone and cow bone
ash particles were well dispersed (white particle) in
the polyester matrix (black surface). However, the
influence of the cow bone ash particles on the
matrix was more pronounced as this affects the
dark coloration of the matrix by causing it to be
more whitish (plates b, d, f) than that of the cow
bone particle reinforced samples (plates a, c, d). By
turning the cow bone into ash is one of the
biocompatibility treatment expected to be carried
out on cow bone for it to be suitable as biomedical
implants [8], this observation shows that, the
treatment has influenced the matrix structure and,
hence, the expected properties. From the
mechanical tests results stated above, it was
revealed that better enhancement of the properties
were achieved from the composites developed
compared to the unreinforced polyester material
due to proper dispersal of the particles in the
polyester matrix.
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4. CONCLUSION
The investigation carried out from this research
work has revealed that both cow bone ash and cow
bone particles can be used as reinforcement in
polyester matrix in order to develop composites
materials that is suitable as biomaterials. The work
showed that variation in particle sizes as well as
biocompatibilization treatment has pronounced
influence on the microstructure and mechanical
properties of the materials. The following
conclusions were also drawn out;
v Cow bone ash (biocompatibilization treated)
particle reinforcement gave better improvement
in flexural/bending strength properties while
cow bone particle reinforcement gave better
enhancement in tensile strength properties
except for modulus of elasticity where cow bone
ash  particle reinforcement offered better
enhancement. This confirmed the fact that
biocompatibilization treatment offer improved
enhancement for the mechanical properties.
Hence, it remains a promising material for
biomedical applications.
v’ The enhancement of the mechanical properties of
composites was observed to be reducing as the
particle sizes increases. Optimum results were
obtained from 75 pum particle sizes followed by
106 um particle sizes. However, 300 um
particle sizes from cow bone ash gave the best
enhancement for both tensile and bending
modulus. This implies that coarse particle from
biocompatibilization treatment offer improved
enhancement in modulus property.
v’ By considering the fibre content, optimum
results were obtained from 8 wt % addition
followed by 2 wt %.
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Abstract: Many e-learning materials and learning management systems are implemented and used in higher
education institutes. The learning materials assisting acquisition of knowledge can either be stand-alone or can be
available through the network. In recent years, papers were published about the benefits of the involvement of
computers and internet in education. One should also note that some say that although the use of modern
technology has some potential effects, it is difficult to turn them into actual ones or to measure them. This paper
attempts to give an overview of the most important concepts of e-learning (the virtual learning environment, the
learning management system etc.), the main benefits, the disadvantages, the quidelines, rules (the heuristic
evaluation instrument and protocol for e-learning programmes, the learning management evaluation tool user
quide etc.) and standards that ought be followed when creating such systems. University of Szeged is using
CooSpace as an e-learning system. Although CooSpace has its limitations (for example it cannot record the
student’s progress in acquisition of the curriculum), it has become a popular and a widely used system at the

university.

Keywords: virtual learning environment, e-learning, learning management system, CooSpace

1. INTRODUCTION

The purpose of this publication is to give an

overview of the most important concepts of e-

learning, the main benefits, the disadvantages, the

guidelines, rules and standards that ought to be
followed when creating such systems.

We are living in a digital economy where

information and communications technology (ICT)

knowledge is essential for everybody to succeed in
almost all areas. The European Commission places

a great emphasis on the development of

information society. To support the idea, several

programmes were launched in the past few years:
the Lisbon Strategy (2000), eEurope (2000), the
i2010 initiative (2010) and the Digital Agenda for

Europe (2010) etc. (Petakné 2013).

To get along in an information society, one has to

possess all six forms of literacy (Budai 2009):

v Basic literacy is the ability to read and write
which is absolutely necessary (for example to
browse on the World Wide Web).

Functional literacy is reading and writing
skills that are necessary to manage daily living
and employment tasks that require reading
skills beyond a basic level.

Workplace literacy is the required ability -
including professional and communication
knowledge - to perform workplace tasks.

v Technological or digital literacy is the ability to
use ICT devices and software which enables the
user to handle the infrastructure of the
information society.

V' Information literacy covers
identify,  evaluate  and
information.

V' Adaptive literacy is the capability to keep track
of technological innovations and  take
advantage of novelties.

New educational methods,

the skills to
effectively  use

have

techniques
emerged which use computers and networks
extensively. Technologies seemed futuristic a
decade ago like virtual and augmented reality
(Cirulis, Brigmanis 2010) also start to infiltrate
education. Just as many new methods and

technological — advancements,  e-learning was
overhyped at the beginning of its life-cycle. Many
electronic learning materials were created along
with their management systems in the different
areas of education. In the past two decades, the
methodology of implementing and evaluating such
systems has also improved,; guidelines were set up
to ensure the success of this new type of learning.
Several researches have been conducted to assess its
effectiveness and  somehow  determine  the
advantages or  disadvantages compared  to
traditional face-to-face education.
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Today the question is not whether ICT should be
used, but how it should be wused. Higher
educational institutions are investing in e-learning
systems to support their traditional teaching and to
improve the students’ learning experiences and
performance (Tarhini et al. 2013). There is a
growing belief that the use of e-learning systems
may lead to improvements in efficiency of
education considering the number of enrolled

students, students’ achievements and costs
(Castillo-Merino, Serradell-Lopez 2014).
There are basically two types of teachers

concerning e-learning: who focus on information
transfer and those who focus on student learning
(Gonzilez 2012; Owens 2012). Other researchers
identified four types of tutors (Bliuc et al. 2012):
v’ those who use the new technological possibilities
for information transfer only,
v’ those who use it for clarifying concepts as well,
v’ those who exchange and develop ideas, too and
v’ those who use ICT the most extensively to
explore, share and use it for collaborative
knowledge-creation, for developing awareness
and skills.
2. THE MAIN CONCEPTS OF E-LEARNING
E-learning is a new method to understand the
learning process in which the basic elements
remain the same as in traditional learning, but this
is supplemented with the means and possibilities of
ICT which modifies the knowledge exchange, the
assimilation of knowledge and it also brings
freedom to learn anywhere (Alecu et al. 2011). It
includes several types of activities like courses,
informal and indirect networking education,
community integration, knowledge management
and learning by doing (Alecu et al. 2011).
According to Dillenbourg (Dillenbourg 2000) a
virtual learning environment is a designed
information space which is not restricted to
distance education; it is a social space which
integrates multiple tools where the space is
explicitly represented, it also overlaps physical
environment where the students are not only
active, but also actors.
One can speak of blended learning (or combined,
mixed learning) when the traditional educational
form is used and combined with the facilities
provided by ICT (Alina-Mihaela et al. 2012).

Experience shows that blended learning is more

effective than face-to-face teaching or using the e-

learning method by itself (Hobackova, Semradova

2013). Suitable learning tools have to be created

that complement each other (Castillo-Merino,

Serradell-Lopez 2014). These learning tools are

called the Learning Management System (LMS).

The LMS is essential to manage a virtual learning

environment. The main task of this system is to

identify, to record and to follow the students
participating in the educational process and to
connect the users (tutors, students and other
administrative staff) to their respective courses
according to their roles and competencies (Gaceu et
al. 2009). Shoonenboom gives a detailed list of the
tasks an LMS can be used for (Schoonenboom

2014):

v Hold fixed office hours for students;

v' Answer questions of students in irreqular time;

v' Hold group meetings, discussion on a subject
matter;

v' Video conferencing;

v' Probe students’
meetings;

v’ Examine and comment on the students’
acquired knowledge and skills based on evidence
put together by the students;

v’ Provide self-test for students to practice;

v’ Administer examinations;

v Provide tutor feedback for students after exams;

v Make references for further reading;

v’ Peer feedback; comment on and judge each other
works;

v' Write blogs or tell about experiences during the
course;

v' Make (PowerPoint) presentations available;

v' Make references available to video presentations
with further information;

v" Record own lectures, instructional videos and
make them available;

To choose and then operate a proper system,

adequate  infrastructure  (computers  with

multimedia  capabilities and high bandwidth
internet) are required on the technical side.

Aspects as technical flexibility (hardware and

software requirements and support, licence costs,

authentication), learning tools (materials, social
network  capabilities, student tracking and

knowledge during group
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templates,  followed  standards,  supported
languages) are the main factors of the evaluation
during the selection of the system (Herdon,
Lengyel 2008).

The first step of the implementation of LMS is
technology acceptance. It is difficult to implement
any e-learning without the acceptance of the new
ICT. The second step is innovation which is
required as new technology is combined with
learning techniques to create good quality e-
learning materials. The third step is called
inductive learning. While traditional courses are
most often taught deductively where under-
motivated students apply the learnt material to
real-world scenarios, inductive learning techniques
require the active participation of the students: for
example they offer motivation through the
challenge of completing a project, interpreting data
or solving a case. The fourth step is the enhanced
online classroom where the students are
encouraged to solve complex problems with
inventing their own solution instead of the tutors’
detailed step-by-step procedures (Forrer et al.
2014). So, LMS offers various tools to assist work
in a virtual learning environment. According to
research these systems are mainly used for
distributing  materials, less  frequently  for
communication between course participants and
even less frequently for online assessment or
collaborative learning (Schoonenboom 2014).

On the personal side, key competencies are also
required to participate in e-learning course.
Students (and tutors as well must possess
competencies like: digital skills, self~motivation,
self-driven learning capacity, good communication
skills, knowledge of foreign languages, cultural
awareness etc. (Muresan, Gogu 2013).

3. THE DISADVANTAGES, BENEFITS AND
SUCCESS FACTORS

According to experts it is highly probable and
desirable that the use of ICT in e-learning will
change educational theories and methodologies and
people developing e-learning material will have to
acquire new skills to achieve success in creating e-
learning material (Aharony, Bronsein 2010). It is
also highly probable and also desirable that social
technologies will improve e-learning experiences
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evaluating) and usability (user interface, ready

since these create the atmosphere of cooperation
and provide easy interaction among the students
and tutors. Mobile technologies may also
contribute to this experience (Aharony, Bronsein
2010).

It should be clear that modern technology is not a
panacea, as — for example — the summarizing paper
of Workshop on Virtual Learning Environment
(Dillenbourg 2000) states: It has some potential
effects, although it is difficult to turn it to actual
ones, or at least to measure the positive effects. So,
there is hardly any scientific proof of the
superiority of the modern technologies.

There may be major challenges for implementing
an e-learning material, including the lack of
advanced computer skills among the academic staff,
little awareness on instructional design techniques,
time constraints and security concerns as well.
Other disadvantages are that access to computers,
smartphones, tablets and computer network is
necessary on the students’ part (Dissanayeke,
Wickramasuriya 2010) (Alecu et al. 2011)

One should also note that there are studies
concluding that online students perform worse
than students attending face-to-face classes. There
are studies that say that the difference between the
two groups of students is not significant. There are
also studies that show that the use of digital tools
with the appropriate teaching method has a
significant  positive  effect on  students’
achievements (Castillo-Merino, Serradell-Lopez
2014). Studies show evidence of positive effects on
students’ performance from the adaptation of ICT
innovations in teaching and learning (Castillo-
Merino, Serradell-Lopez 2014).

Despite the controversial results, in recent years
papers were published about the benefits of the
involvement of computers and the internet in
education (Sideridis et al., 2010). According to
publications multimedia materials can enhance
enjoyment and engagement of learning which
enables users to pay attention for a long time
without feeling bored (Dissanayeke,
Wickramasuriya 2010). E-learning systems are
considered to be successful if they can replicate the
classroom experience and consider students’ needs.
Students will use the system when they think that
using the e-learning system will improve their
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quality of life by saving time, money and effort

(Tarhini et al. 2013). Based on the study of Alecu

et al. (2011), the benefits of e-learning systems are:

v' It is less stressful than the traditional type of
learning;

v’ Increased collaboration and interactivity among
students;

v' Allows self-phased learning;

v' Modular information architecture which allows
progressive learning;

v' Students can be easily monitored during their
learning process and the tutor can intervene if
necessary;

v' Tutors and students do not need to be at the
same place, this is more convenient and also
reduces costs;

v’ Spreading and updating the curriculum on the
network makes it easy for students to access the
latest materials

To measure the acceptance of these systems, the

technological acceptance model can be used

(Tarhini et al. 2013), which models how users

accept and use a technology. According to the

model perceived usefulness (“the degree to which a

person believes that using a particular system

would enhance his or her job performance”) and

perceived ease-of-use (“the degree to which a

person believes that using a particular system

would be free from effort”) (Davis 1989).

4. GUIDELINES TO DEVELOP A VIRTUAL
LEARNING ENVIRONMENT

To find and use good quality resources to build an
e-curriculum is fundamental. Finding out how to
employ these resources is still evolving (Littlejohn
et al. 2006). According to literature (Collis,
Strijker 2004) the resources can be:

v' Pure: Unedited, most commonly used materials
(articles, book chapters, PowerPoint slides,
animations etc.);

v' Pure, combined: unedited resources combined
with other resources (unedited materials with
on-line or face-to-face discussion, or essay);

v' Adapted: adapted, repurposed resources to fit
teaching contexts;

v’ Dynamic:  electronically — assembled  and
structured and allows interaction and
contribution (materials which can be edited and
commented by students)

The usability of resources is determined by many
features including durability, maintainability,
availability at an appropriate cost and size, in a
proper accessible format without legal restrictions
that can be repurposed and reused (Littlejohn et al.
2006). When creating the learning materials and
their  learning  environment, the learning
management system, it is suggested to follow some
rules or standards which may more likely lead to
success. The range of different technology should
be carefully selected by weighing several factors
(Gaceu et al. 2010).

Implementing a successful e-learning environment

requires high integration, availability, security,

scalability and reliability which have to be provided
in the whole life-cycle of the system. To describe
this, the steps of software development life-cycle

can be wused: (1) program planning, (2)

requirement  definition, (3)  design  and

development, (4) integration and testing, (5)

installation and maintenance (Paulins 2010).

Since we are talking about software, 1ISO 9126

standard assuring software quality (functionality,

reliability, usability, efficiency, maintainability
and portability) can be taken into consideration

(Al-Qutaish, 2009).

Computer systems have been evaluated for a long

time based on ergonomics and ease-of-use, i.e.

usability (Hornbaek 2006).

v' UseLearn method is one of the methods to
evaluate  e-learning  systems. It is a
comprehensive checklist containing quality and
usability evaluation perspectives. The UseLearn
is a quantitative assessment model consists of
dimensions like error prevention, visibility,
flexibility, course management, interactivity,
feedback and help, accessibility, consistency and
functionality, assessment strategy,
memorability, completeness, aesthetics and
reducing redundancy each dimensions contain
many checklist questions the persons evaluating
the system have to answer (Oztekin et al. 2010).

Other useful tools and criteria are also available to

maintain the quality of e-learning programmes,

including:

v’ the Heuristic Evaluation Instrument and

Protocol for E-learning Programs (Benson et al.
2001): This instrument lists twenty evaluation




freedom; consistency and standards; error
prevention; recognition vs. recall; flexibility and
efficiency of use; aesthetics and minimalist
design; help of users to recognise, diagnose and
recover from errors; help and documentation;
interactivity; message design; learning design;
assessment opportunities; media integration;
access to resources mnecessary to effective
learning; access to performance support tools;
learning management to monitor students’
progress;  feedback  capabilities;  content
organization;

v’ the LMS Evaluation Tool User Guide (3waynet
2004) lists thirteen viewpoints to evaluate the
e-learning  management  system: cost of
ownership; maintainability; usability; vendor
profile; openness; compliance with standards;
integration capacity; Learning Object Metadata
integration;  reliability —and  effectiveness;
scalability; security; hardware and software
specifications; multilingual support.

5. COOSPACE

About eight years ago an administration system for

teachers and students was introduced at all the

faculties of University of Szeged which was later
expanded with a system named CooSpace

(Cooperation Space). This e-learning framework

operates as the biggest virtual collaboration space

for students and tutors in Hungarian higher
education. CooSpace is used as a LMS and social
media - an Internet-based application built on the
foundations of Web2.0 that allow the creation and
exchange of user generated content (Kaplan,

Haenlein 2010) - mainly to

v store and distribute curriculum in different
formats including plain to formatted text, video
and audio files;

v’ provide one-way tutor-student communication
with a billboard, tutor-student, tutor-tutor and
student-student communication with forums, e-
mail, questionnaire, voting and a text
messaging system;

v’ manage attendance sheet of face-to-face and
virtual classes;
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factors and each of them can be assessed by
answering specific questions. The factors are:
the wvisibility of system status; match between
system and the real world; user control and

v knowledge verification with exercises and tests;
Although CooSpace has its limitations (for example
it cannot record the student’s progress in
acquisition of the curriculum), and student-tutor,
student-student communication is not yet as
extensively used as it could be, it became a popular
and widely used system at the university.

6. CONCLUSION

We should take advantage of ICT and the
opportunities offered by the new teaching methods
utilizing e-learning techniques. To use e-learning

effectively at the University of Szeged, the
following  things have to be taken into
consideration:

v' The network system and the servers are mostly
up to date, but the workstations of the academic
staff have to be modernized to be able to create e-
learning content.

v' Tutors should be motivated to digitize their
materials and they should be enabled to use the
LMS services more extensively.

v' The LMS and the e-learning materials should be
evaluated. There are several methods to do this.
This can be even done by involving the
students; CooSpace has services which can be
used to achieve this goal.

v Students have to be persuaded to use the social
media services of CooSpace. They can discuss
the subjects, exchange ideas or cooperate while
solving a task.

v’ Further development of the University LMS is
necessary. It should be capable to follow
students’ progress of knowledge acquisition.
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WORKSTATION STRUCTURE WITH
EMPHASIS ON ERGONOMICS
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Abstract: Objective of ergonomic design is, among others, adaptation of manual workstations, workplace, working
space, environmental conditions and lighting intensity to human properties and skills. Ergonomically designed
workstation in production system with modular structure brings many benefits, e.g. increased motivation and
satisfaction of employee, higher performance, productivity, efficiency, and processing quality. This article is a
reference to help methodically plan, design and implement ergonomic workstations by considering variables such as
employee size, type of task, lighting, and other key factors. The goal is to present the rules of ergonomic for work
systems: body height and working height; work area; reach zone; parts presentation; range of vision; lighting;
adjustment of work equipment. Using of the modular building- block system for designing individual workplaces
enables flexibility and optimal adaptation to task and individual employee concerned.

Keywords: design principles; ergonomic rules; modular workstation; modelling

1. INTRODUCTION
Workstations and assembly cells are at the heart of
many manufacturing operations. Working space

and workstations play a wvital role in worker
productivity. It is therefore critical that they are
designed to be as ergonomic, flexible and efficient
as possible. The goal for the design of workplaces is
to design for as many personnel as possible.
Traditional standard workstations in
manufacturing system were bolted down and
required workers to deal with a work surface that
was in a fixed position. Ergonomic considerations
often are not given priority. On the present,
integration of the wide range of human
characteristics  (e.g.  anthropometry,  ability,
proportion, strength) in the planning process is
essential. Design  of working systems by
ergonomics is described under harmonized
standards (e.g. EN 1SO 6385). It is a known fact
that the ergonomically ideal layout of workstations
and workplaces not only stimulates the efficient
manufacture of product in general, but also has
direct benefits with respect to reducing the
psychological demands placed on employees.
Modular structure of equipments in manual
production line can be easily modified to improve
ergonomics, add or remove features, or change

dimensions, and the work area can be quickly

rearranged for optimal productivity.

2. ERGONOMIC RULES TO DESIGNING OF

MANUAL WORKSTATIONS

The term “ergonomics” is a combination of the

Greek words “ergon” — work and “nomos” - law.

The most important factors for designing work

equipment are the working height, proper sizing of

the reach zones and required leg room, as well as

definition of the appropriate range of vision. All of

these  dimensions are  derived from a

“standardized” body height. Every workplace must

be designed for a certain height range and not for

one particular height of person. The aim when

designing every workplace is to accommodate a

range of heights (DIN 33406) from 1540 to 1871

mm (with shoes). [4] Further criteria that must be

taken into account [5]:

v Foot and leg room, depth and adjustment range
of the footrest

v’ Size and variation of workpiece dimensions

v' Occurring forces and weights

v' Changing types of equipment and insert heights

v’ Greatly varying vision distances

v' Local specifications (deviating body heights,
legal requirements, etc.)

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara




v' Aspects
efficiency.

2.1. Body height and working height

Manual workstations must accommodate a wide

range of body heights to ensure that the largest

percentage of the population is covered. The
optimum working height is based on the body
height range and the type of activity to be
performed. The average optimum working height
for average requirements is 1125 mm for sit-

down/stand-up workstations. [4]

Height-adjustable workstations are the most

flexible solution for dealing with extremely varied

workpiece/component — dimensions and large
differences in employee heights. The concept
permits changes in posture, which reduces stress

and increases performance. [6]

2.2. Work area

The aim is for the distance of employee from the

front edge of workbench to be as small as possible.

The distance to the working area influences the

following: position of the arms, viewing distance

and inclination of the head. The work area height

should always be between 800 mm and 1500 mm.

[3] The following rules must be observed [5]:

v' Avoid work above the heart (over 1500 mm):
Otherwise, the circulation of blood and oxygen
to the muscles is reduced, which leads to a drop
in performance

v Work that requires bending (below 800 mm)
exerts employees disproportionately and should
be avoided

v" Promote dynamic activities: static manual work
(such as holding an object continuously)
inhibits the circulation of blood and oxygen to
the muscles. This can lead to a drop in
performance and processing quality

v Allow for alternating physical exertion: for
example, through sit-down/stand-up
workstations or job rotation. Alternating
physical exertion reduces stress on the employee
and increases performance

v' Minimize exertion: for example, through the use
of manual roller sections or lifting aids, as well
by selecting lighter weight materials.

2.3. Reach zone

The following rules apply for an ergonomic reach

zone design: all containers, equipment, and

related to methods, and

safety,

‘ [October - December]
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operating elements must be easily accessible and

arranged in the anatomic/physiological range of

movement for the employee. All reach distances

should be as short as possible to avoid redundant,

non-value- added movements. Grab containers and

parts containers that are in direct reach of the

employee are ideal. Torso rotations and shoulder

movements, particularly when under exertion

(with weights > 1 kg), should be avoided whenever

possible. [4]

Characterization of the reach zones at workstation

(see fig. 1) [3]:

Area A: Center of work, two-handed zone

v' Optimum for working with both hands, as both
hands can reach this zone and are in the
employee's field of view

v’ For fine motor movements

v Area for workpiece support, workpiece pallet, or
equipment

v Possible to handle lighter weights and also
enables improved inspection and coordination
activities

v’ Pure lower arm movements

v Smaller muscle groups are in use.

Figure 1. Reach zones at workstation. [3]

Area B: Large reach zone

v’ For gross motor movements

v’ Area for tools and parts that are often grabbed
with one hand

v' Upper and lower arm movements without use of
the shoulders and rotation of the torso.

Area C: Extended one-hand zone

v’ For occasional handling, e.g. of empty
containers or transferring parts to the range of
movement for the next employee

v' With shoulder and torso movement.

2.4. Range of vision

For optimal workstation design, it’s important to

follow recommendations on proper ergonomics for
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vision. Can be differentiating between two vision

areas (see fig. 2) [5]:

v’ In the field of view (red vision area), several
objects can be seen in focus simultaneously
without moving the eyes or head. Additional
focusing for depth may be required here.

v’ In the visual field (light grey vision area) objects
can be seen by moving the eyes but not the head.
Additional focusing for depth may also be
necessary here.

Figure 2. Illustration of vision areas:
the field of view and the visual field. [5]

The following aspects must be taken into account
during planning [5]:
v' Avoid unnecessary eye and head movements
v' Implementing vision distances that are as

identical as possible eliminates refocusing
v’ Avoid fastening locations not visible to the

worker.
Complying with these three recommendations
facilitates work and increases productivity.
2.5. Lighting
The right light, adapted to the activity at the
workstation, is a basic prerequisite for high
efficiency and processing quality. Optimum
lighting prevents fatigue, improves concentration,
and reduces the risk of errors. Match light
intensity to the work task [9]:
v Standard assembly tasks: 500~750 lux
v' Complex tasks (e.g. electrical assembly): 1000~

1500 lux
v' Delicate and/or critical work: 1500~2000 lux.
Important aspects for planning workstation
lighting include [4]:

V' Awvoid strong contrasts
V' Avoid glare and reflection.

For example, DIN EN 12464 contains the
required mid-range lighting intensities.

2.6. Adjustment of work equipment

To  maintain  performance  and  promote
productivity, all work equipment near the
workstation must be precisely adjusted to the
employee and their activity. Correct adjustment of
the table, chair, footrest, and grab containers, as
well as the position of tools and material shuttles,
minimizes movements, thus reducing physical
exertion and employee absences (see fig. 3).

2!

0

Figure 3. Adjustable workstation to the employee
(1 = height, 2 = depth, 3 = angle). [5]

A few important considerations [7]:

v’ When adjusting the chair and footrest, make
sure that the thighs and calves form a right
angle.

v Information boards should be hung at eye level
to avoid unnecessary head movements.

v' The angle of the shelves for material supply
should be adjusted to create short, direct reach
distances.

v’ Use lifting aids to supply heavy parts.

v  With  height-adjustable  workstations,  the
optimum working height can be adjusted
according to the size of the person or product.

v If processes, products, or employees change
frequently, check the work equipment regularly
to ensure proper ergonomic adjustment.

The general workstation design principles can be

summarized as reference [4]:

v' Make the workstation adjustable

v’ Locate materials box to reduce twisting

v’ Set work surface according to type of task

v’ Provide adjustable chairs
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v' Allow workers to alternate between standing
and sitting
v' Support the limbs (elbow, wrist, arm, foot rest)
v' Use gravity to move materials
v Design for proper arm movements
v’ Provide simple dials and displays
v’ Consider environmental conditions.
If processes, products, or employees change
frequently, check the work equipment regularly to
ensure proper ergonomic adjustment. The worker
must be protected from ergonomic problems.
A properly designed flexible workcell must be easy
to reconfigure. The main benefit from using of
adjustable ergonomic workstations is improve
productivity - it has been demonstrated that
providing employees with adjustable,
ergonomically designed workstations can improve
individual productivity by 20%, lowering stress
and fatigue improves product quality. [7]
For example, applied modular structures from
aluminium profiles system are not welded (see fig.
4); the design can be easily modified if ergonomic
improvements — are  identified.  Adjustable
workstations allow users to adjust to their own
comfort level, alternate between sitting and
standing positions and adjust to accommodate
different users in multi-shift operations. [6]
Manual flexible worktables are designed to provide
a wide range of sizes and adjustments.
3. COMPUTER- AIDED DESIGN OF
WORKSTATIONS ERGONOMICS
Ergonomic simulation can be used to evaluate a
work cell to reviewing the interaction between the
human model and the work environment such as
reach analysis or posture requirements.
In addition to improving the performance of the
production system, virtual ergonomic simulation
can reduce engineering lead-time and cost by
getting the ergonomic design right the first time
and avoiding the need to go back and make changes
later, when they will be more difficult and
expensive. Simulation of human factors can lower
the cost of work-related injuries by introducing
ergonomics earlier in the design process. A wide
range of manikins can be used in the simulation to
determine how different types of people will
interact with the work cell. Before anything is built
or even ordered in the physical world, the virtual

workplace can be easily modified by reconfiguring
the work cell layout, tooling and equipment to
optimize the worker’s motions. [8]

Figure 4. A few examples of adjustable workstations
from aluminium profiles system. [6]
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Figure 5. Example of software to modular workstation
design modelling. [5]
Figure 5 presents the example of computer- aided

application to visualise design of manual
workstation based on profiles modular system and
to modelling of ergonomics parameters.

The rapidly emerging technology of wvirtual
ergonomics allows designers and engineers to
overcome these issues by enabling the simulation of
human interaction and ergonomic behaviour
between production stations from the earliest
stages of the design process. [§]

4. CONCLUSION

Ergonomic workstations are much more than just
comfortable. They also support efficiency. An
ergonomic workstation design plays a decisive role
in reducing waste during production. If work tasks
and equipment do not include ergonomic principles
in their design, workers may have exposure to
undue physical stress, strain, and overexertion,
awkward postures, forceful exertions, repetitive
motion, and heavy lifting.

The ergonomic design of work areas is crucial not
only for compliance with health and safety
regulations but also for employee comfort and
efficiency. An ergonomically designed work area
will reduce injuries and fatique, while increasing
productivity.  Statistically, a  disregard  of
ergonomic principles when designing workstations
has been shown to result in reduced performance of
between 5% - 20%, due to back and neck pain
alone.

M COR 4 [October - December]
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The modular workstations are designed to provide
a balance between human well-being and
performance. In addition, modular construction
permits ~ complete  freedom  in  system
configurations.

The building blocks from aluminium profile system
provide all the modules that are mneed to
ergonomically design and arrange of workstations
in production plant.

Acknowledgements

This contribution is the result of the project “VEGA
1/0879/13: Agile, to market adaptable business
systems with highly flexible structure in enterprise”
- supported by the scientific grant agency of the
Ministry of Education of the Slovak Republic (ME
SR) and of Slovak Academy of Sciences (SAS).
REFERENCES

[1] Rudy, V. Sestik, J.: Modeling in design of
modular manufacturing workplaces - PLM
modular system Technomatix. In: ManaZment
podnikov. Vol. 3, No. 2, p. 99-102. 2013. ISSN
1338-4104

Leskovd, A., Svac, V.: Workstation design with a
modular structure made up of building-block
principles. In: Annals of Faculty of Engineering
Hunedoara. Vol. 10, no. 2, p. 203-210. 2012.
ISSN 1584-2665

BoschRexroth: Manual Workplace Systems: 7-
Step Ergonomic Checklist. [online] Available at:
http.//doc.mbalib.com/view/2085140803174dd81
abf07817c3d63c7.html

[4] BoschRexroth: —Ergonomics  Guidebook  for
Manual Production Systems. [online] Available
at: http.//www13.boschrexroth-
us.com/Catalogs/3842525794_Ergonomic_
Guidebook_1.2012.pdf

BoschRexroth: The Ergonomics Checklist for
Manual Work Systems. [online] Available at:
http.//www.opl.si/uploads/ergonomija% 2038425
25794_04-02.pdf

BoschRexroth: Height- Adjustable Workstations.
[online] Awvailable at:
http.//www.boschrexroth.com/country_units/eur
ope/norway/download/Height-Adjustable
_Workstations_1.0.pdf

Lista: Four Simple Ergonomic Steps to a More
Productive Workplace. [online] Available at:
http.//wwuw.listaintl.com/sites/default/files/white
papers/pdf/Four-Simple-Ergonomic-Steps-to-a-
More-Productive-Workplace-White-Paper.pdf

[2]

[3]

[5]

[6]

[7]

| 45 |




- Bulletin of Engineering Tome : s

[8] Fireman, ].: Virtual Ergonomics: Taking Human
Factors into Account for Improved Product and
Process. Dassault Systémes Delmia Corp. 2009.
[online]  Available at: http//www.3ds.com/
fileadmin/PRODUCTS/DELMIA/OFFERS/Virt
ual-Ergonomics-Solutions/PDF/DELMIA-
Virtual-Ergonomics-brochure.pdf

[9] httpy/www.cynergyergonomics.comy/ergonomic-
workstations

& .E\Elllilh ¥ Dhid S5 ‘-

ELLL ddE mRRE
CCCL maE mmEmm | -

EE T BE | :
=\gE .
5 == COAVIMENSIS == E
|y [BULLETINGE| = 5 | ©
50 [ENGINEERING] |

!Eii
g__i dEdd gam 1)

Sl gwa T E
‘\1”':'!3694[ R TINN] K QI\IH

ACTA Technica CORVINENSIS

BULLLTIN OF ENGINLERING

IS5N:2067-3809

copyright ©
University “POLITEHNICA” Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei,
331128, Hunedoara, ROMANIA
http:/ /acta.fih.upt.ro




ACTA TEHNICA CORVINIENSIS - Bulletin of Engineering
Tome VII [2014] Fascicule 4 [October - Deceniber]
ISSN: 2067 - 3809

aE peeE|
da PO
BE

(Uieny!
L

ONIATINON] O N
SINANVYo) BITITR,

_

1. Jvana LONCAREVIC, 2 Biljana PAJIN, 3 Ljubica DOKIC,
4. Zita SERES, 5 Aleksandar FISTES,
6. Dragana SORONJA SIMOVIC, 7 Veljko KRSTONOSIC

RHEOLOGICAL AND TEXTURAL
PROPERTIES OF COCOA SPREAD
CREAM WITH SUNFLOWER LECITHIN

@E|ClRVInEnsiS
@@|BULLETINGE

G ENGINEERING] - -
SEEE @aa D000
SEEe ase 0008

ONRITINDN JO NLLTTING
SISNANWIO) BN VLIV

ACTATechaica GRS frscicule]]

fapnonse]

1o1ose]

I
[a¥]

6. Faculty of Technology, Department of Carbohydrate Food Engineering,
University of Novi Sad, Bul. Cara Lazara 1, 21000 Novi Sad, SERBIA

7. Faculty of Medicine, Department of Pharmacy, University of Novi Sad, Bul.
Cara Lazara 1, 21000 Novi Sad, SERBIA

Abstract: Sunflower lecithin, together with commonly used soy lecithin, is a by-product of degumming of crude oil
during refining process and can be defined as a mixture of phospholipids, residual oil and minor components. This
paper investigated the influence of sunflower lecithin on rheological and textural characteristics of cocoa spread
cream. Cocoa spread cream samples were made with the addition of 0.3, 0.5 and 0.7% of sunflower lecithin, with a
milling time of 40 and 50 minutes in a laboratory ball mill. The results are compared with the results obtained for
rheological and textural analyses of standard cocoa spread cream with soy lecithin added. Cocoa cream spread
samples with the addition of all applied concentration of soy lecithin in milling time range of 40 to 50 minutes
show lower values of thixotropic curve area, mean viscosity and Casson viscosity, but higher values of Casson yield
stress, compared with cocoa cream samples with sunflower lecithin. Optimal concentration of soy lecithin is 0.5%
with retention time of 40 minutes in laboratory ball mill, while addition of 0.7% of soy lecithin increases
complexity of cocoa spread cream, but reduces Casson viscosity. On the other hand, the addition of 0.7% of
sunflower lecithin and milling time of 50 minutes show the lowest values of rheological parameters. Cocoa cream
samples with sunflower lecithin have lower values of textural parameters comparing with samples with standard
soy lecithin.

Keywords: cocoa spread cream, sunflower lecithin, rheology, texture

1. INTRODUCTION soybean lecithin. The composition of the

Vegetable lecithins are commercially derived from
oil-bearing seeds such as soybeans, sunflower
kernels and rapeseed and primarily contain the
following phospholipids: phosphatidylcholine (PC),
phosphatidylethanolamine (PE), and
phosphatidylinositol (PI). These lecithins with
surface-active properties are used as emulsifiers in
a vast range of foods, feed, pharmaceutical and
technical applications (Nieuwenhuyzen & Tomas,
2008).

The majority of commercial lecithins are derived
from soybean oil, typically containing between 0.5
and 3% phosphatides (Doig & Diks, 2003). On the
other hand, the percentage of phospholipids in
sunflower oil ranges from 0.02% to 1.5%, with an
average of around 0.75%. Sunflower lecithin has a
mild taste and similar emulsifying properties as

phospholipids is similar to soybean lecithin, with a
tendency to higher PC and lower PE ratios, which
might be caused by crop varieties and processing
conditions (Szuhaj, 2005).

In the food industry, lecithin represents a
multifunctional additive in the manufacture of
chocolate,  bakery  and  instant  products,
margarines, and mayonnaise, due to the
characteristics of its phospholipids (Cabezas et al.,
2009). Lecithin helps to smooth the texture and
serves as an emulsifying agent in margarine,
chocolate, caramels, coatings (to control viscosity,
crystallization, and sticking) (Ramadan, 2008).
Cocoa cream spread is confectionery product based
on powdered sugar, vegetable fat, cocoa powder,
milk powder and other ingredients. The basic
characteristics of this type of product are: good

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara




spread ability in a wide temperature range (from
ambient to fridge temperature), rich creamy taste,
smooth homogeneous structure with no fat phase
separation, and good oxidative stability (Petkovic
et al., 2013). Since cocoa spread cream contains
over 30% of fat phase its physical and sensory
properties are strongly influenced by the behavior
of fat phase. Therefore, the fat selection for cream
spreads  requires a  good  knowledge  of
characteristics of fat and complex processes that
may occur during manufacture and later in storage
(Pajin et al., 2007).

The lecithin obtained from sunflower should be

examined in different confectionery products with
continuous  fat phase and if appropriate
emulsifying properties are achieved, it could be

used in the confectionery production as well

(Loncarevic et al., 2013).

This research examined rheological and textural

characteristics of cocoa spread cream with the

addition of lecithins from different sources -

soybean and sunflower.

2. MATERIALS AND METHODS

Materials

v' Cocoa-cream mass that passed through 3 roll
mill in industrial conditions (mixture of
powdered sugar, cocoa powder, milk powder,
vegetable fat)

v' Vegetable non trans fat NTFCP - produced in
Oil Factory “Dijamant”, Serbia

v' Sunflower oil “Iskon” - produced in Oil
Factory “Victoriaoil”, Serbia

v" Native fluid soybean lecithin - produced in Oil
Factory “Victoriaoil”, Serbia

v' Native fluid sunflower lecithin - produced in
“Cargill”, Italy

v' Hazelnut and vanilla flavor

Methods

Raw materials were added into a laboratory ball

mill with a capacity of 5 kg. The temperature in the

ball mill was 40°C, with a speed of 50 rpm.

Cocoa spread samples with the addition of different

concentrations of soybean and sunflower lecithin

depending on the milling time, were prepared

according to the following scheme, presented in

Table 1.

Rheological properties of cocoa spread cream

samples were determined by rotational rheometer

‘A CORVI October - December]
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Rheo Stress 600, Haake, according to O.L.C.C.
method. The tests were carried out at 35°C using a
concentric cylinder system (sensor Z20 DIN). The
shear rate was increased from 0 s—1 to 100 s—1 ,
and then was kept constant at max. speed of 100
s—1 and after that was reduced from 100 s—1 to 0
s—1, each time within 240 s (OICCC 2000).

Table 1.
Cream spread with soy lecithin - Cs
c (%) 0.3 0.5 0.7
T (min) 40 50 40 50 40 50
Sample Cs/0.3 | Cs0.3 | Cs/0.5 | Cs/0.5 | Cs/0.7 | Cs/0.7
/40 /50 /40 /50 /40 /50

Cream Spread With Sunflower Lecithin - Csu
c (%) 0,3 0,5 0,7
T (min) 40 50 40 50 40 50

Csu/0. Csu Csu Csu Csu Csu
Sample /Zo 0.3/50 | 05740 | 05750 | .70 | 17

*Concentration of lecithin (%); **Milling time (min)
Textural properties of fat samples were analysed
using a Texture Analyser TA.XT Plus. The
hardness and work of shearing were determined by
penetration at temperature 20°C, according to
method Chocolate Spread - SPRD2_SR_PR]
(using software Exponent by Stable Micro
Systems).  The accessories included TTC
Spreadability Rig (HDP/SR) using 5 kg load cell
and Heavy Duty Platform (HDP/90). Each sample
was placed into the cone sample holder and pressed
down in order to eliminate air pockets. Any excess
of sample was scraped off with a knife. Then the
filled cone sample holder was put in base holder
and 45 degree cone probe was used to penetrate the
samples. The distance between cone sample and
cone probe was 23 mm with test speed of 3 mmy/s.
Results were expressed as mean of triplicate
analyses.

3. RESULTS AND DISCUSSION

Rheological properties of cocoa spread cream
samples

Fig. 1 shows flow curves of cocoa spread cream
samples with addition of different concentrations of
soybean and sunflower lecithin, with milling time
of 40 and 50 minutes in laboratory ball mill.

All samples show very similar thixotropic flow.
The rheological parameters of the samples are given
in Table 2.

Samples with the addition of 0.3% of both soybean
and sunflower lecithin have the highest values of
thixotropy curve area, indicating the lowest
homogeneity and spreadability of the system.
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Figure 1. Flow curves of cocoa spread cream samples
depending on different concentration of soybean and
sunflower lecithin: a) 40 minutes, and b) 50 minutes in
laboratory ball mill
Table 2. Rheological parameters determined
by static measurements

Thixotropic Yield Viscqs et
St curve area ield stress maximum
(Pafs) (Pa) shear rate
(Pas)
Cs/0,3/40 4678+37 17.50+0.54 4.54+0.74
Cs/0,3/50 5852+20 19.72+0.39 5.23+0.56
Cs/0,5/40 3109+73 17.54+0.69 4.2520.62
Cs/0,5/50 4378449 29.61+0.89 4.83%0.71
Cs/0,7/40 4425+59 23.17+0.28 4.57+0.98
Cs/0,7/50 426630 29.95+0.81 4.84+0.91
Csu/0,3/40 6268+34 21.09+0.77 4.97+0.68
Csu/0,3/50 7292485 24.77+0.71 5.34+0.77
Csu/0,5/40 5261+65 25.72+0.59 4.82+0.91
Csu/0,5/50 4553+54 16.69+0.70 4.79+0.85
Csu/0,7/40 4598+45 16.54+0.95 4.96£0.79
Csu/0,7/50 4457+39 15.27+1.09 4.73+£0.97

Values represent the means; n=3

Fascicule 4 [October - December]

The sample of cocoa cream spread with 0.5% of
soybean lecithin with retention time of 40 minutes
in ball mill has the most homogenous structure,
with the lowest value of thixotropy curve area
(3109 Pa/s), comparing to all samples. This sample
has lower values of viscosity at the maximum shear
rate (4.25 Pas) compared to samples with the same
concentration of soybean lecithin, with milling
time of 50 minutes.

On the other hand, cocoa spread cream samples
with 0,5 and 0.7% of sunflower lecithin have lower
rheological values with increasing the milling time
on 50 minutes. Sample Csu/0,7/50 has a slightly
smaller value of thixotropic curve area and
viscosity comparing to sample Csu/0,5/50,
however, the difference is very small and there is
no mneed for the addition of a maximal
concentration of sunflower lecithin.

Comparising to samples with soybean lecithin,
cocoa spread cream samples with sunflower
lecithin have higher values of thixotropic curve
area.

Textural characteristics

Figure 2 shows hardness and work of shearing of
cocoa spread cream samples depending on different
concentration of soybean and sunflower lecithin
and milling time in laboratory ball mill.

1.8
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1 4
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18
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1.4 +
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W Hardness (kg)
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Work of shearing
(kg sec)
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G"\Q‘ c})\g C’\ G}\'\ b"’\
Figure 2. Hardness and work of shearing of cocoa
spread cream samples depending on different
concentration of soybean and sunflower lecithin: a) 40

minutes, and b) 50 minutes in laboratory ball mill
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Samples with the addition of sunflower lecithin
have lower textural values, comparing to samples
with soybean lecithin added, at all concentrations
and retention time in a ball mill (with the
exception of a sample Csu/0.7/50).

Increasing the milling time from 40 to 50 minutes

leads to increasing the values of hardness and work

of shearing.
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Abstract: The rentability and quality of preserved food (besides the quality of the basic materials, the good recipe
and the features of the production belts) are determined by their heat-treatment and its organization. The
production process which was not planned carefully can imply quality problems and considerable increase of
expenses. To support work organization with computer has not been in practice in Hungary so far. My main
objective in case of technologies with an autoclave group is to elaborate a program system based on simulation
which could help reduce the direct costs of heat-treatment and improve the quality of products. For this objective it
is necessary to carry out further sub-tasks and examinations whose results should be utilized in the system. One of
these is to analyse with simulation the load-dependent efficiency graph of gas boiler which provides the necessary
amount of steam and then to use the results to find the conditions of optimal operation and to calculate costs

reduction arising from it.
Keywords: boiler, load-efficiency, heat-treatment

1. INTRODUCTION

Heat treatment of canned goods and especially of
meat products requires large quantities of energy
as these products require long treatment at around
120 degree Celsius. Reducing the use of natural
resources is an important goal in industrial
processes — a few years ago this only meant saving
energy, today it includes the paradigm of
environment management and the paradigm of
sustainable development — the goal is to reduce the
energy usage or at least to produce more products
without increasing energy usage (Kerekes et al
1996). Although reduction in the use of these
resources (water, electricity, heat energy) obviously
decreases the cost of manufacturing and increases
the economy of manufacturing, it is not trivial to
implement in many production plants as the cost of
these resources is not calculated or measured at all,
thus wasting resources is not visible. Similarly,
increased quality and nutrition parameters might
also remain undetected.

In the field of heat treatment, general heat loss was
an important field around 1970 (Rao et al 1976,
Rao et al 1978, Singh 1978). Around 1980, the
heat utilization and heat intake ratio were

important issues (Bhowmik et al 1985, Sielaff et al
1982, Singh et al 1986). If the insulation is
changed on the equipment, the technological
processes must be changed in accordance with
engineering calculations. Because of the above
mentioned reasons, and because of the many
parameters and many  different  processes,
modelling and simulation should be combined with
engineering calculations.

According to my assumption, the boiler-load which
is constant in time gQuarantees the possible
maximum average efficiency, while loads of bigger
fluctuation and deviation result in lower average
efficiency with the same average load, namely with
heat-treatment of products of the same quantity.

2. MATERIALS and METHODS

The diagram (Figure 1) which shows the section
with a critical, more intensive change in efficiency
of the graph, necessary for the examination, was
available in documentation of the boiler of the
company which provided me with the data. It has a
text complement which says that the efficiency
continuously increases over the load of 50% and it
reaches 90% at the load of 100%. The efficiency on
the vertical ordinate of the figure means that how
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many percentages of the heat amount calculable
from the gas amount utilized to heat up the boiler
is found in the heat-energy of the steam coming out
of the boiler. It means that in case of lower
efficiency, the heat-energy necessary for heat-
treatment can be provided only by fuel gas of
bigger amount. In the figure on the horizontal
ordinate the percentage of the boiler- load shows
that how many percentages of the heat amount,
which can be maximally guaranteed in the unit of
time, and which comes out in the form of steam, the
boiler is loaded with.

:V/ e
T

L7
® 1] 10 20 0 40 50

Hotermeld kiterheltsége %
Figure 1 The efficiency of the boiler
as a function of loading
It was necessary to simulate boiler-load data of
different dispersion with random number generator
(Monte Carlo method) in order to be able to
analyse the effect of uneven boiler-load on the
expenses, on the basis of the results. The essence of
the Monte Carlo method is that instead of the
measured data we utilize their simulated
(generated as random number) value on the input
of the computer model, and we evaluate these
results instead of the measured effect.
3. RESULTS and DISCUSSION
To get the efficiency automatically for the given
load I needed the function of mathematical form
which defines the graph. Thus, I aimed to find a
function which attaches the efficiency values
shown by the chart to the values of [0, 1] interval
(corresponds to the [0%, 100%] load domain). I
chose the f(x)=x" power function with exponents
between 0 and 1 which adjusts itself to the nature
of the graph. It was necessary to dislocate the
function downwards (transformation) by 10%, so
it is regarded as a parametre to find the precise
value. All in all, the function which shows the
connection between load and efficiency is the
following:

y=f(x)=x"-d, (1)
where: x - load, y - efficiency, n, d - parametres in
demand.

I used the Solver complement of the Excel program
to find the values of the parametres, applying the
smallest squares method. Thus, I had the following
function:

y=f(x)=x"%-0,09. (2)
The chart formed, on the basis of the known data,
on efficiency and the function used as its model
(Figure 2) showed that there is no need to examine
the statistic congruency of the two data series. By
means of the function, the efficiency can be
calculated to the load of any values.

| - - - Known efficiency

=== Calculated effeciency ‘

95%

90% =9
85% /
< 80% e
QE 75% /
& 70%
% 65% //
60%
55% —/
50% ‘ : , ; ;
0% 20% 40% 60% 80% 100% 120%

Load (%)

Figure 2. Graphs of known and calculated efficiency

as a function of loading
Table 1. Analysis of the boiler efficiency
with different loads
Awverage | Dispersion of | Average | Relative loss of

load load efficiency efficiency
70%-70% 84,11% 0,0%

70% 65%-75% 84,06% 0,1%
40%-100% | 82,66% 1,8%
50%-50% 78,06% 0,0%

509% 30%-70% 75,83% 2,9%
20%-80% 75,39% 3,5%
10%-90% 74,39% 4,9%

30% 30%-30% 69,60% 0,0%
10%-50% 65,58 % 6,1%

During analysis I tried to find out what efficiency
of average value the boiler loads of a given average
value but of different deviation, dispersion result in
(Table 1). It can be calculated from this that the
heat-treatment of the given amount of products can
be quaranteed by what degree of efficiency and
thus, by what gas consumption depending on the
evenness of loading. The relative loss of efficiency
shows that what loss can be experienced in
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percentage with the given average load, as
compared to the maximum available efficiency.
Dispersion of load means the value domain the
boiler load moves in.

To generalize the data of boiler loads in percentage
the average values possible in practice and their
approximate  dispersion — were  taken  into
consideration. The average of the boiler load per
year is around 50%. One of the main reasons for
uneven load is seasonality when certain products
need heat-treatment with a fairly big deviation. Of
course, in this case there is no possibility to balance
the load. The other, a more important case from the
aspect of my research, is when different products
are made at the same time which need different
loading, and it is not taken into consideration
while scheduling the production, as I have
experienced in the present practice. In this case, for
example, instead of the average load of 50% per
shift it is typical that average loads of 30% and
70% can be experienced in successive shifts.
Nevertheless, there can be big deviations within a
given shift when the heat-treatments in parallel
autoclaves are not scheduled.

Consequently, dispersion of loads is on a very large
scale but it cannot be regarded as a normal one, for
example. For this reason, I generalized a data series
of even dispersion between different limits which is
typical to the unevenness of loading. 1 determined
the average of the efficiencies arising from it and
the relative deviation in relation to the balanced
position. This relative loss of efficiency is the loss of
gas consumption of the boiler, too.

During examination at each efficiency of 30, 50
and 70% 1 examined that how much the standard
deviation effects the efficiency. The last column of
Table 1 shows that how much the relative deviation
of efficiency and thus, the costs are from the case
which can be maximally attained without the
standard deviation, in case of the given average
load.

It can be seen from the results that in parallel with
the growth of unevenness of load the loss increases,
too. With smaller average loads the equalization of
load has greater importance since in this case the
relative loss can reach 6%. With the load of 50%
which can be regarded as the annual average there
was almost 5% loss in the worst case which means

M COR 4 [October - December]
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the additional expenditure of 5 million Fts if the
annual gas fee is 100 million Fts.
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Abstract: Entrepreneur’s primary objective is to firmly established itself, maximize profit and minimize
maintenance cost of its low-cost best quality products that will generate high demand while maintaining a
continuous focus on cost-containment and operating efficiencies. This objective can only be achieved if the
products’ quality meets standard demand of end users. Many approaches to quality control are not effective.
Nonconformities in the factory testing are caused basically by excessive process variation and mistakes. Some
approaches to quality control can effectively control process variation, but it cannot prevent most mistakes because
mistakes are frequently the dominant source of nonconformities. Since maintenance cost of any product is inversely
proportional to its quality;hence, the quality and maintenance of any products cannot be over emphasized to attract
their high demand. Experience shows many industrial activities collapsed when they were expected to be at the peak
of their production performances and theoutcome effect is that, they start to run at a huge loss when they were
expected to make profit. Investments on structures will have impact on industrialization when the trend leading to
this collapse could be reversed in order to enjoy the full benefits derived from it. Meanwhile, the only strategic
approach to minimize maintenance cost is to maximize the quality. An attempt has been made in this paper to
discuss maintenance cost minimization from the basics that detect mistakes and enable corrections before
nonconformities are generated, achieving the highest degree of quality at minimum maintenance cost.

Keywords: maximize, profit, minimize, maintenance, cost, products, profit

1. INTRODUCTION

The main objective of any entrepreneur is to exploit
profit and lessen maintenance cost of their
products. Meanwhile, this objective can only be
achieved if the products’ quality meets standard
and specification of end wusers. Hence, the
importance of possessions quality and maintenance
cannot be over emphasized to achieve maximum
assets availability at minimum cost.

The modern thought of maintenance system is
known as tero-technology, which is a total systems
concept of maintenance. The British standards, BS
3811 (1993), defines tero-technology as a
combination — of  management,  financial,
engineering, and other practices applied to physical
assets in pursuit of economic life cycle costs.
Industrialists have wvarious ways on how to
organize maintenance activities but there are no
single best ways.

Quality is defined by Cauchy as conformance to
requirement. It is also defined as the totality of
features and characteristics of a product or service
that bear on its ability to satisfy stated or implied
needs by International Standard Organization
(Jimoh, 2011).
Over the years, many industries are set up with
the aim of making profit on investment. But, these
have not translated into any significant impact on
the country’s industrial development and the bane
of industrialists has not been due to lack of
investments on industry but to the collapse of the
available one, as a result of lack of maintenance
cultures. Examples in this respect abound in all the
public and private established sectors (Obi, 2007).
The course to give way is inherited from the
following factors:
O Product are conceived and brought with
‘congenital’ defects and malformations.
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O Thus, the maintenance cost to return the
structure to its inventive form continues to rise
in geometrical proportions which may lead to
collapse of the structure.

Experience has shown that many industrial
activities collapse when they were expected to be at
the peak of their production performances.
Outcome effect is that, industries start to run at a
huge loss when they were expected to make profit.
Investments on structures will have impact on
industrialization when the trend leading to this
collapse could be reversed in order to enjoy the full
benefits derivable from it.
Maintenance cost of any product is inversely
proportional to its quality (Obi, 2007); the only
strategic approach to minimize this cost is to
maximize the quality. An attempt has been made
in this paper to discuss maintenance cost
minimization from the basics and these basic tools
can be used to appraise all resources (men,
materials, machines, methods and processes) that
will assist in maintaining the desired results.

2. OBJECTIVES OF MAINTENANCE

Many industries are set up with aim of making

profit. In order to achieve this corporate objective,

maximum outputs and good quality of their
products have to be achieved at minimal cost

(Olaleye, 2003). Maintenance is schedule to service

production to achieve these goals. This involves

ensuring the effort of the maintenance personnel in
close collaboration with production staff:

O That the obtainability and efficiency of facility
for quality production at minimal cost index
are maximized

O That  the means of assessing equipment
performance through record keeping and
formulation of equipment improvement action
are achieved

0 The founding of safe working environment

O That the designed life span of equipment is
realized; and

g The quick gaining of manpower.

If these functions are not executed, production

would be jeopardized.

‘A CORVI October - December]
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O The product shows instant signs of worsening
after delivery, and is left unattended to keep the
product in its innovative form.

In decision support, it is important to ask if
maintenance is to modify the existing design, or is
it for plant improvement modification design?
These questions need to be answered and then an
institution can proceed on to the next step. The
next steps now include repairs either within the
workshop capacity or beyond workshop capacity,
spare parts procurement, and equipment weak
point evaluation.
3. ENGINEERING MAINTENANCE PROBLEMS
It should be pointed out that maintenance,
generally in this part of the world; has some
constraints which hinder the smooth and effective
running of any industrial set up. The most
important of these constraints include:
O Non-availability of spare parts and consumables
O Lack of understanding of the maintenance crew
O Inadequate experience of engineering staff
O Inadequate training of engineering personnel
thereby resulting in lack of exposure
Manpower shortages
Difficulty in getting foreign exchange to update
equipment and procure spare parts
O Inadequate re-numeration for engineering
personnel which leads to their non-commitment
and at times nonchalant attitudes to work
O Lack of modern fault detecting equipment to
monitor sensitive parts of machines like bearing
and gears before resulting to failure leading to
costly breakdowns.
4. QUALITY OF PRODUCT AND
MAINTENANCE COST RELATIONSHIP
The less the defects or deformities in a structure at
time of conception and delivery, the less the cost of
maintenance during its life (Obi, 2007). Hence, the
usefulness and longevity or otherwise of the life of
a structure and the cost of upholding it, when in
use, is determined by its quality at delivery. Thus,
quality and maintenance cost are linked and inter-
related. It can be noted that maximizing the former
is the central means of minimizing the later. Since
conception and delivery proceeds life, the strategic
approach to minimize maintenance cost during life
is therefore to maximize quality during conception,
planning and delivery.
Therefore, if maintenance cost is to be minimized,
the central thrust of approach is to ensure that the
project response to these conception goals.

o 0O
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a. Fruitful delivery of the structure with no or
minimum flaws

b. Competence of being put the structure into
wanted used over a long period of time with
little or no maintenance.

5. MINIMIZATION OF MAINTENANCE

COST OF THE PRODUCT TECHNIQUES

In constructing any structure, the main resources

involved are funds, personnel, equipment/tools and

materials. In as much as maximization of quality

results to minimization of maintenance cost, any

strategies to minimize maintenance costs will

dwell eventually on the effective use and

application of these stated factors. The application

of personnel and equipment on materials produces

the structure, while funds are used to procure the

other three.

Therefore, if a healthy qualitative structure is to be

delivered, it is practically important to ensure the

following from the basics (Obi, 2007).

v' Good planning and design

Employment of appropriate personnel

Provision of appropriate equipment

Provision of adequate funds and judicious use of

it

Quality  assurance

workmanship

v’ Effective enforcement of measures on budgetary
control and quality assurance

Good Planning and Design

For any works, a proper plan and design must be

touched and checked by professionals that are

trained in the pertinent field, for if the design is

faulty, the project will be delivered with congenital

defects, which will increase maintenance’s costof

the product during its life cycle.

Employment of appropriate personnel

The personnel are most important resource in

executing any project. This is so, because they are

to manage the resources, funds, operate equipment

and also keep the equipment in operable conditions.

Thus, if competitive projects are to be delivered on

schedule and in healthy state, utmost importance,

are the personnel.

Therefore, the employer must show and

demonstrate ability in setting up and managing

modern organization comprising of professionals of

various categories. There must be the preparedness

KX

AN

on  materials and
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to invest on the recruitment, training and
motivation of personnel; that is, the head of the
team must possessed special skills and ability to
organize, control, motivate, train and develop staff.
Furthermore, the right categories of personnel
must be employed.
All with primary aim of maximizing and
sustaining their interests and, hence, enhance the
quality of their works.
In addition, the employer must keep a happy work
force such as there must be in place adequate
immediate compensations for the skilled, semi-
skilled/unskilled staff as they are to manage the
resources on theproject
Procurement of appropriate Equipment
Having the appropriate equipment is important if
good quality product is to be delivered.When funds
are available, necessary equipment can be
procured, but when funds are not sufficiently
available, the necessary equipment could be hired.
They must, at all times be in operable conditions.
In order to attain this optimum condition:
(i) There must be a good storage of spare parts for
the machineries/equipment
(i) A pool of experienced technicians who can
effect, immediate repairs or replacement on
this equipment must be taken into
consideration.
This is a factor that bears significant, albeit
indirect effect on the status of the delivery of the
structure, and hence on subsequent maintenance
Costs.
Provision of adequate funds and judicious use
of it
Awvailability of funds is an importantfactor tothe
success of any initiative product development.
For those who have been involved in product
developments, the complaint is that insufficient
funds are usually provided by policy makers. As a
result, the operators end up with low quality,
defective products with subsequent high cost of
maintenance.
The view of this writer is that the failure of such
operators to deliver has not been centrally due to
lack of funds. Rather, the failures have been due to
lack of accountability, and further to the lack of
physical evidence to show, for the funds made
available. Even, in the cases where there are
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physical evidences on ground, these are usually of
low quality. The result of this is that the public and
the policy makers are neither impressed nor
discouraged.
The situation on funding for product, especially in
public institutions will improve when operators
show results for every fund made available.
The above does not remove the fact that conscious
efforts must be made to allocate sufficient funds for
project so identified.
Budgetary Control
One of the major reasons for low quality product is
due less to inadequate funding, but more to lack of
financial discipline. The overall imprint is that
funds for project developments are usually
siphoned away through vouchers, with no
consequences on ground. Invariably, policy makers
do not allocate enough funds, all in belief that it is
not worth it. Thus, to break this series, there must
be a preparation that ensures a minimum level of
expenditure control, so as to restore the sureness of
the policy makers and the public.
When this sureness is restored, there will be fewer
reserves to allocate or provide adequate funds.
Operators can then proceed to produce good
quality works.
In order to achieve this, before the beginning of
works on any project
(i) All work matters must be ascertained and
obviously defined
(i) The quantities/amounts of each of the items
must be recognized or at least fairly precisely
projected by experienced personnel
(iii) The cost of unit of each work item must be
established using current market prices
(iv) All these three factors will then be engaged to
develop a ‘Bill of Works Measurements and
Evaluations” (BWME) and to obtain an
overall estimate for the project in question.
Further in proceeding with the development of the
project:
a. Claims for all works executed must be backed by
a BWME, specifying details and costs
b. The work done so claimed must be inspected and
certified by an Independent Department within
or from outside the client’s organization
c. When the presentations claimed to have been
done, have been adjudged satisfactory, both in
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terms of the quantity and quality, the next level
of request can be entertained by the funding
authority.

Quality Assurance on Materials and
Workmanship
Funds, personnel and equipment are applied to
materials in numerous ways to produce the project.
If the final product of these applications is to be
healthy the procedures for the applications must
meet professional standards; and the materials on
which these resources are being applied must be of
the standard quality. The same applies to
workmanship. The standards are there, well-
defined, and documented.
Good workmanship on poor materials result in
poor quality product, so also is the application of
poor workmanship; on good materials.
Thus, project leaders must at all times during
execution comply with established standards both
on materials and workmanship.
Enforcement of Quality Assurance and
Budgetary Control Measures
The public is always deeply negative about
investment on project as such investments either
do not deliver, or in few cases, deliver with serious
congenital defects. Either in the public or private
sector, one fundamental drawback in the
development of good quality job is lack of adequate
budgetary and quality control measures. In most
cases, the same department identifies the project,
prepares the request for the project, prepares the
request for the funds, receives the fund, executes
the project, monitors and certifies the project. The
drawback in this arrangement is obvious.

Therefore, if quality is to be assured, there must be

an arrangement that provides for the enforcement

of quality assurance and budgetary control
measures:

v' A section, separate from, and independent of,
the executing section must be responsible for
quality/budgetary

v The subdivision will be responsible for
verifying, inspecting and certifying quantity
and quality of work done.

If need be, the client may engage agents from

outside the organization to undertake the

assignments listed above. This is particularly so if
there are not sufficient of the required personnel
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within the organization. The Due Process Office is
performing functions close to what is described
above.
However, the present Due Process arrangement
emphasizes more on budgetary than on quality
control, and this is particularly so at the federal
level. The texture, quantity and quality of the
project is left with the Implementing Agency.
The thrust of the message here is how budgetary
control can be employed as additional muscle to
ensure and enhance quality.
It is instructive to note that the Osun State Due
Process Office is a step ahead in this respect. Apart
from budgetary control aspects, the office engages
external experts in various disciplines to monitor
and ensure quality of project being put in place by
the government (Obi, 2007).
6. SUMMARY/CONCLUSION
In spite of the enormous investments of the
country on infrastructures, the expected spin-off
on industrialization remained indefinable, because,
not long after installation, the structures collapse
owing to lack of maintenance caused by prohibitive
cost of putting aright inherent and congenital
defects.

As the cost of maintenance tolerates inverse

proportion to quality, the tactical approach to

minimize maintenance cost, and safequards
catalytic effect of infrastructure developments on
industrialization is to augment and exploit quality.

Therefore, thought fullabors must be made from

beginning of works on the project through to

completion to safeguard good quality works at
every phase.

In command to attain this:

a. A good plan of the project must be in place with
clear descriptions of all work matters to be
implemented.

b. Appropriate Personnel and Equipment must be
active in putting the project in place.

c. Normal tests must be conducted on resources to
inaugurate quality; also the rules and guidelines
on workmanship must be severely engaged and
trailed.

d. There is need for restoration of mutual
confidence between the operators and the policy
makers.

m COR 4 [October - December]
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e. A preparation must be in place that provides for
the implementation of budgetary control and
quality assurance measures.

The general conclusion, so, is that:

v Decent planning and design,

v’ Service of appropriate Personnel and Equipment

v’ Provision of adequate funds and judicious use of
its

v’ Quality  assurance  on
workmanship

v Real implementation of measures on budgetary
control and quality assurance are vital active
measures, which should be taken to maximize
quality and ensure that projects are brought in
healthy state. Consequently, the life of the
product will be protracted, and the cost of
custody it in its unique form will be reduced to
the minimum. The product will therefore be in
the place to play the expected catalytic role in
the process of industrialization.
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DRIVE MECHANISM ANALYSIS OF
DOOR WINDOWS TO ROAD VEHICLES
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Abstract: This paper is meant to present a description as well as a classification of the mechanisms for
manipulating the windows of road vehicles. A life-size 2D modeling was performed for the handling mechanism
with two arms crossed and motorized drive. A structural, kinematic and kinetostatic computer assisted analysis

was made using SAM in actual operating conditions.

Keywords: mechanism, kinematic analysis, kinematic joint

1. INTRODUCTION

With the development of the car making industry,
in addition to an increase in cars’ technical
performance, as well as the development of engines,
transmissions, the improved aerodynamics of
bodywork, the electronic systems (on-board
computer) or of  the passive safety
features, automobile manufacturers insist
increasingly more on the driver and passenger
comfort, the cabin ergonomics, and on the idea
that the driver in particular and passengers make a
minimal effort to handle various parts of the
vehicle systems. This can be achieved by
“mechanization” of these systems, as well as by
placing the actuation commands within the
driver’s reach.

One of these systems is the motorized drive
mechanism to the windows. With different vehicles
we can find several variants for the drive of the
windows. Some of these are presented below.

One of these systems is the motorized drive
mechanism to the windows. With different vehicles
we can find several variants for the drive of the
windows. Some of these are presented below.

- Window actuator mechanism with cable reel and
drum (Figure 1): is a mechanism that is directly
connected to the window carrier rail, and 1is
activated by a drum. This type of mechanism is
used primarily to drive the rear door windows of
motor vehicles.

- Window drive mechanism with hydraulic
cylinder (Figure 2): it is a mechanism with fixing
points close to the window, guided on either side by

the rail fixed to the door of the vehicle. The guiding
rail of this mechanism can be curved following the
curvature of the window glass.

- Window drive mechanisms with articulated bars,
single arms, (Figure 3), with two arms crossed
with motorized drive (Figure 4), and with manual
drive (Figure 5).

FIXING POINT
OF THE WINDOW

Figure 2. Drive mechanism with hydraulic cylinder

Figure 3. Single arm driver mechanism

S 2

Figure 4. Two arms crossed mechanism
with motorized drive

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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Figure 5. Two arms crossed mechanism
with manual drive

The variant of window driver mechanism to road
vehicles under study beneath is that with
articulated bars, with two arms crossed with
motorized drive (Figure 4).

Since both front doors (if applicable the rear ones
two) of the vehicle are equipped with motorized
mechanism for manipulating the windows, they
will have a symmetric structure (Figure 6).

Figure 6. Symmetric construction of the drive
mechanism

With the kinetostatic study and analysis of the
drive mechanism of the window, its external loads
must be taken into account, i.e. the weight of the
glass (P = 30) and the resistance of the window
quide (Rg). The layout of these external loads for
lifting and lowering movements is shown in Figure
7.

Ple

Lifting
movement

Figure 7. External loads of the mechanism
To end with, for the study of the mechanism of the

Lowering
movement

motorized window drive the following is

considered:

v' The mechanism should operate smoothly and
vibration free

v The tare weight of the glass is P = 30

v' The estimated resistance force of the window
quide: Rg=50 N

v" The most adverse condition, from the point of
view of loads, is when lifting the window (P +
Rg =80N)
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2. STRUCTURAL ANALYSIS OF THE
HANDLING MECHANISM

The kinematic diagram of the mechanism for
handling the windows in the doors of road vehicles
is shown in Figure 8, and has the following
technical characteristics (from the design theme)
and geometric dimensions (resulting from the
design of the mechamsm)

window carrying

©
Kin

eeeeeeeee

@W?

Figure 8. Kinematic scheme of the drzve mechamsm

v’ lifting/lowering strokes — 510 mm

v’ time for window lifting - 10 s

v’ time for window lowering - 10 s

v’ the angle of rotation of the driving element for
the lowering stroke - 97 degrees, and for the
lifting stroke - 97 degrees

v loading of the mechanism for lifting stroke
(adverse event) - 80 N

Geometrical ~ dimensions

kinematic elements:

- 11 (main arm) = 340 mm
- 12 (secondary arm) = 340 mm
- 1 3 (window carrying rail) = 400 mm

By analyzing the kinematic diagram of the

mechanism (Figure 8) the following may be

specified:

v" The mechanism consists of five mobile cinematic
elements (n), main arm (1), secondary arm (2),
window carrying rail (3) and background (4)
and (5).

v' The mechanism consists of seven kinematic
couplings class V (C5), A (R 0-1), B (R 2-3), C
(R 1-4), C (T 3-4), D (R 2-5), D (T 0-5) and E
(R1-2)

v' The mechanism can be considered plane, so the
family will be three.

Thus: f=3,n=5 Cs=7.

The number of degrees of mobility of the

mechanism is given by the equation (1):

M=3n-2C;=3-5-2-7=1

constitutive

of the

1)
The number of degrees of mobility being equal to 1,
the drive mechanism is well defined (desmodrom),
ie. each position of the leading element has
specified positions of the other kinematic elements.
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Kinematic analysis of the driving mechanism
The kinematic analysis of the drive mechanism
using the program SAMDbI1 was done for the
kinematic cycle consisting of the lifting phase, as
well as the lowering phase of the window and
implies the following steps.

- Modeling of mechanism: the mechanism will
shape the least extreme position, based on the
coordinates of kinematic couplings, resulting from
the geometric synthesis: Coupling 1-A (0,0);
Coupling 2 - E (112.44, - 127.5); Coupling 3 (R +
T) - C (224.89,-255); Coupling 4 (R + T) - D
(224.89, 0); Coupling 5 - B (0,-255)

Geometric model of the mechanism is shown in
Figure 9:

Figure 9. Geometric model of the driving mechanism

- specifying the drive movement of the mechanism:
the drive movement of the mechanism will be a
uniform rotation with kinematic coupling 1
(angular acceleration &=0), according to Figure
10, consisting of two components: for the lifting
phase - rotation angle “+97"degrees, lifting time
10”, whereas for the lowering phase - rotation
angle “-97” degrees, lowering time 10”. We
considered for analysis 360 calculation intervals
for each phase of the movement.

AAAAAA

nnnnnnnnnnnn
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o | cen |
Figure 10. Motion of the drive mechanism

Actual kinematic analysis

What is aimed at is obtaining, in the form of
graphics, variations of the kinematic dimensions of
the component kinematic elements in the time
frame in which the lifting / lowering stroke of the
window is performed. With demonstration

M COR 4 [October - December]
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purposes Figure 11 shows the wvariation of the
position, velocity, as well as of the acceleration of
the window carrying rail (driving element)

[\

22222

Figure 11. Kinematics of the window carrying rail
3. KINETOSTATIC ANALYSIS OF THE
DRIVING MECHANISM
The kinetostatic analysis of the driving mechanism
has been developed for the lifting phase of the
window, considered unfavorable in terms of loads
compared to the lowering phase, and presumes the
following steps:
- Establishing the external load of the mechanism
(Figure 12a) - what is taken into account is the
force that loads the mechanism, F = 80 N,
concentrated on the window carrying rail.
- Defining the masses, the moments of inertia and
the position of the gravity centers of the kinematic
elements - it will be developed individually for each
item as shown in Figure 12b. Although the
kinematic elements have no considerable masses, in
calculations, their forces of gravity will still be
taken into account. For simplicity’s sake the
centers of gravity will be positioned at half of the
length of the elements, while the moment of inertia
around an axis passing through the center of
gravity will be considered equal to 1.

3]

_____

Figure 12. Establishing and defining
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The loading scheme of the driving mechanism in
the lowest position, developed in the above
described way is shown in Figure 13.

Figure 13. Scheme of the mechanism loading
- obtaining graphical form wvariations of the
reactions in the kinematic couplings for the lifting
phase of the window from the lowest position to the
highest (10”). With demonstration purposes Figure
14 shows the case of the kinematic coupling A (
drive).

5555555

Time )

Figure 14. Reaction force variation in coupling A
The maximum values of the reaction forces in the
kinematic couplings obtained in this way are:

v Reaction force in coupling 1 (A): RA =136,9 N
v Reaction force in coupling 5 (B): RB = 0,30;

v Reaction force in coupling 3 (C): Re = 0,45 N

v Reaction force in coupling 4 (D): RD =54 N;

v Reaction force in coupling 2 (E): RE=1,5N
Sizing the bolts of the kinematic couplings
Using the highest values in reactions, sizing
calculations of the bolts (pins) materializing
the rotational kinematic couplings have been made.
The scheme of the bolt strain is shown in Figure
15, the main strain being one of shearing in the
contact area between the two kinematic elements
which make that particular coupling.

‘ [October - December]
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kinematic

kinematic >
element

element

contact area - — | bolt

shearing

Figure 15. The scheme of the bolt strain
The diameter of bolt results of the shear strength
condition (2).

R nd2 R 4R
Tf :XEAnec =t =—=dpec :1/ (2)
4 Taf T Taf

where: R - the maximum values of the reaction
force in the kinematic couplings; s - the allowable
shear stress for the bolt material; for the material
the bolts - OL50, =112 MPA (N/mm?)
Results the following diameters: coupling 1 (A) -
d1 = 6 mm; coupling 2 (E) - dz = 6 mm; coupling 3
(C) - ds = 6 mm; coupling 4 (D) - d¢s = 6 mm;
coupling 5 (B) - ds =6 mm
4. CONCLUSION
The kinematic and kinetostatic analysis of the
handling mechanism of the door windows of road
vehicles has been carried out with the help of SAM
application. After analyzing we developed the
variation of the kinematic parameters of kinematic
elements, as well as the reactions in the kinematic
couplings bothin the form of graphics. The
kinematic parameters developed in this way are in
concord with reality and fit into the requirements
of the design theme
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Abstract: This paper introduced the lateral analysis for tall buildings due to the seismic performance for different
reinforced concrete slab systems. It study three systems, flat slab, ribbed slab, and panelled beam slab. The three
systems are from the most attractive and commonly used floor systems, especially in high-rise constructions. In
high seismicity regions, the declared non-ductile flat slab system poses a significant risk, brittle punching failure
arises from the transfer of shearing forces and unbalanced moments between slab and columns that may trigger a
progressive building collapse. This system is inherently flexible due to the non-rigid slab-column connections, and
the building high aspect (height/width) ratio. Hence, in regions of high seismic risk, design codes recommended the
use of slab-column frames to resist slabs, and require another stiffer system to resist lateral wind and seismic forces.
From this standpoint, the choose of a system that provide rigid concrete slab than flat slab to resist lateral wind and
seismic forces. This system is chosen to be the ribbed slab, and the panelled beam slab. These two systems of
concrete slabs are ductile, and balanced moments between slab and columns. As the different types of seismic load
resisting systems generally presented. Then, three systems of slabs performance for systems high-rise buildings
during seismic loads are introduced. Some seismic design, analysis and performance assessment aspects of flat slab,
and ribbed slab, and panelled beams systems for high-rise buildings are subsequently discussed. Finally,
suggestions to improve the seismic performance of high - rise buildings horizontal members in slabs (ribs or beams-
column) buildings are presented. ETABS version 9.5 is for analysis under lateral loads. ETABS is a programmer
for linear, nonlinear, static and dynamic analysis, and the design of building systems. Multistory buildings
constitute a very special class of structures and therefore deserve special treatment. The program is used to
calculate the drifts for the systems and we noticed that the minimum drift was occurred in the ribbed slab
system.So that, in high seismic risk regions, ribbed-slab-column frames is recommended to be gravity load resisting
systems for building of high values of height/width ratios.

Keywords: Flat slab; Beam-column; Ribbed slab; Seismic load; Drift

1. INTRODUCTION

The flat slab system since its inception in the USA
by Turner in 1906 has been gaining popularity all
over the world, as evidence of the large portion of
the newly constructed buildings which employ that
system. Flat slab systems in current construction
practice are commonly used for relatively light
residential loads and for spans from 4.5m to 6m.
For heavy industrial or office building loads and/or
for larger spans, flat slabs are used with drop
panels or column capitals. The flat slab type of
construction provides architectural flexibility,
more clear space, less building height, easier
formwork, and consequently, shorter construction
time. However, flat slabs are susceptible to
significant reductions in stiffness as a consequence
of slab cracking that can arise from construction

loads, service gravity loads, temperature and
shrinkage effects, and lateral loads. Due to their
inherent  flexibility, flat slab/plate  systems
(especially in multi-story high-rise buildings)
experience excessive lateral drifts (displacement)
when subjected to wind loads or seismic
excitations. Also they possess non-ductile overall
response, local seismic hysteretic response, and
poor energy dissipations. Furthermore, their
potential of brittle punching failure at the slab-
column connections. Therefore in regions of high
seismic risk, modern seismic design codes prohibit
the use of flat slab/plate as a lateral load resisting
system, but allow its use as a vertical (gravity)
load resisting system.

After that, this paper introduces several systems
that is used in high rise building of 30 stories.

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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Three types are selected, flat slab, paneled beams
and ribbed slab floor systems, with the same lateral
loads resistance systems (core &shear wall system).
2. LATERAL LOADS RESISTING SYSTEM
Lateral loads resisting system may be on or more of
the following systems: Braced frame, Rigid frame,
Infilled frame, Shear walls, Wall frame, Frame
tube, Outrigger braced, Suspended, Space
structures, and Core system. The last system (Core
system) is the subject of the study in this search.
Response Analysis

The analysis of seismic response of tall buildings
under seismic loads can be carried out by one of the
following methods:

a. Elastic static analysis

This procedure is generally used in the preliminary
stages of planning the building, where the
suitability for number of choices for the lateral load
resisting systems is being investigated. The
analysis is carried out on the system model
subject to the equivalent static seismic forces

b. Modal response spectrum

This procedure is more appropriate to flexible
structures where the first mode alone is not able to
reasonably  represent the system  response.
Therefore, higher modes (second, third, fourth, etc.)
contribution to the response shall be considered.
This method is more appropriate for high-rise
buildings the previous method during the
preliminary planning process.

The different modes of wvibrations and their
frequencies (or their natural periods of vibrations)
are needed to conduct the modal analysis. Therefore
the free vibration analysis of the lateral load
resisting system shall be performed prior to the
modal response analysis.

c. Elastic dynamic time-history

The adequacy of the selected lateral load system for
the serviceability limit state shall be checked under
earthquake of 10 vyears return period.  Seismic
design codes require the system to continue its
elastic ~ behavior —and sustain no damage,

maintaining mits elastic behavior. It can also be
used to approximate the seismic response of the
building when subject to larger earthquakes of 50
years return period, where the building is expected
to suffer minor structural damages.

Response Spectrum analysis for earthquakes
In order to perform the seismic analysis and design
of a structure to be built at a particular location,
the actual time history record is required.
However, it is not possible to have such records at
each and every location. Further, the seismic
analysis of structures cannot be carried out simply
based on the peak value of the ground acceleration
as the response of the structure depend upon the
frequency content of ground motion and its own
dynamic properties. To overcome the above
difficulties, earthquake response spectrum is the
most popular tool in the seismic analysis of
structures. There are computational advantages in
using the response spectrum method of seismic
analysis for prediction of displacements and
member forces in structural systems. The method
involves the calculation of only the maximum
values of the displacements and member forces in
each mode of vibration using smooth design spectra
that are the average of several earthquake motions.
This paper deals with response spectrum method
and its application to wvarious types of the
structures.

Response spectra are curves plotted between
maximum response of SDOF system subjected to
specified earthquake ground motion and its time
period (or frequency) as in figure (1). Response
spectrum can be interpreted as the locus of
maximum response of a SDOF system for given
damping ratio. Response spectra thus helps in
obtaining the peak structural responses under
linear range, which can be used for obtaining
lateral forces developed in structure due to
earthquake thus facilitates in earthquake-resistant
design of structures.

Usually response of a SDOF system is determined
by time domain or frequency domain analysis, and
for a given time period of system, maximum
response is picked. This process is continued for all
range of possible time periods of SDOF system.
Final plot with system time period on x-axis and
response quantity on y-axis is the required
response spectra pertaining to specified damping
ratio and input ground motion. Same process is
carried out with different damping ratios to obtain
overall response spectra.
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Consider a SDOF system subjected to earthquake
acceleration, the equation of motion is given by:

mx(t)+cx(t) + kx(t) = —m)'ég ) Eq.(1)

where: mi(r): 1S mass times acceleration; cx(t): is
the damping term and equals to zero for

undampedmotion;  kx(t): displacement  times
stiffness.
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Fig.1. Response spectra curve
_ / g2
Substitute @ =vK/m and §=ﬁ and @ =oN1=¢

where: , : circular frequency; &: damping ratio.
Therefore, eq.1 can be written
X(0) +2¢0,%(1) + ) x(1) = =%, (1)
Using Duhamel’s integral, the solution of SDOF
system initially at rest is given by (Agrawal and
Shrikhande, 2006), [20]
e (1=7)

() =] (0

i @,(t—7)dr
o

The maximum displacement of the SDOF system
having parameters of § and wo and subjected to
specified earthquake motion, is expressed by i, (1) .
The relative displacement spectrum of earthquake
ground motion is defined as,

- e*é’b(‘*’)
ol Jsco

1,0, —7)dr

max

@,

si&a)=xey .
Similarly, the relative velocity spectrum, S, and
absolute acceleration response spectrum, S, are
expressed as,

s(&m) =[x,
s(&a)=lef,, ffo+x0]
The pseudo velocity response spectrum, Sy, for the
system is defined as

s&@) =),
Similarly, the pseudo acceleration response, Spa is

obtained by multiplying the Sato @ , thus

”.wd/

Spa(é:’a%) = aisd(éa%)
&=01.e i5(0)+ax(t) ==, (1)
Consider a case where

Sa :‘i(t)-kig(tjmax :|_ agx(t)lmax :ag xma)J :agsd :SP‘I

The above equation implies that for an undamped
system, Sq = Spa.
The quantity Sy is used to calculate the maximum
strain energy stored in the structure expressed as

1 1 1
Emalecﬁaxzz’m)ozsj ZEméiv Eq.(3)
The quantity Spa is related to the maximum value
of base shear as

I/maleognaxzmagsd =mspa Eq' (4)
The relations between different response spectrum

quantities is shown in the table (1).
Table (1). Relation between displacement, velocity, and

Eq.(2)

acceleration
Relative displacement, |x(i)‘m =84 = i— = :;— = fT‘” = f::
0 0 0 0
Relative velocity, |.\"(1)‘m =5, =5, :ST: =5, = %’:
Absolute acceleration, |.'\<'(I)|m =8| =8, =5, =8, | =5, :

(* If & =0 these relations are exact and the sign = is validupto 0<& <0.2)

As limiting case consider a rigid system i.e. @ —>

or 70 , the values of various response spectra are:

lim S, -0
@) —c0

lim S ,— 0

@0 o

lim §,—

@0— o

The three spectra i.e. displacement, pseudo velocity
and pseudo acceleration provide the same
information on the structural response. However,
each one of them provides a physically meaningful
quantity and therefore, all three spectra are useful
in understanding the nature of an earthquake and
its influence on the design. A combined plot
showing all three of the spectral quantities is
possible because of the relationship that exists
between these three quantities. Taking the log of
equations (3) and (4)

log §, =1log §, +log o,

5y ()] e

Eq.(5)
Eq.(6)
From the Equations (5) and (6), it is clear that a
plot on logarithmic scale with 10gSp, as ordinate
and logwo as abscissa, the two equations are
straight lines with slopes +45° and -45° for

log S, =logs§,, —log o,

| 67 |




This implies that the combined spectra of
displacement, — pseudo wvelocity —and pseudo
acceleration can be plotted in a single as in figure2
Multi degree of freedom (MDOF) systems are
usually analyzed using Modal Analysis. A typical
MDOF system with ‘n’ degree of freedom is shown
in Fig.3. This system when subjected to ground
motion undergoes deformations in number of
possible ways. These deformed shapes are known as
modes of vibration or mode shapes. Each shape is
vibrating with a particular natural frequency.
Total unique modes for each MDOF system are
equal to the possible degree of freedom of system.
The equations of motion for MDOF system is
given by:

[ltice)}+ [elsioto) )+ [Kle) }=—mliris, () Eq.(7)
where, [m] = Mass matrix (n x n); [k] = Stiffness
matrix (n X n); [c] = Damping matrix (n x n); {r}
= Influence coefficient vector (nx1); {x(t)} =
relative displacement vector; x(r) =relative velocity
vector, x(@t)=relative acceleration wvector, and
i, (t)=earthquake ground acceleration.

100
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Fig.2. Spectra of displacement, pseudo velocity and
pseudo acceleration
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Fig.3. A typical MDOF system
with ‘n’ degree of freedom
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constant values of logSqs and 10gSpa, respectively.

The undampedeigen values and eigen vectors of the
MDOF system are found form the
characteristic equation

{Kl-aflmlip=0 i=1,2,3,....n  Eq.(8)

def{[K]-&[m]}| =0 Eq(9)

where,  eigen values of the im mode; ﬁeigen

vector or mode shape of the im mode; @natural
frequency in the iy mode.

Let the displacement response of the MDOF
system is expressed as

x(0} =[]y ()} Eq.(10)
where {y(t)} represents the modal displacement
vector, and [@] is the mode shape matrix
given by
[B]=[d.0,.......... 3.1

Substituting x(t)=[¢1{y()}in eq.7 and pre-multiply
by

[¢1' [m]g) 10 }+[41 [l GO+ @l [KI P (0)} =1 [m] )5, (1)
The above equation reduces to

[M,] G50} +[e, 1050} + 1K, 100} = 6] [m1 (3%, (0 Eq.(11)
where:

(4] [m[¢)=[M, = generalized mass matrix;

(4 [cll¢)=[c,1=generalized damping matrix;

[¢] K1l#)=[K,1=generalized stiffness matrix.
By virtue of the properties of the [@], the matrices
[Mi] and [Ka] are diagonal matrices. However, for
the classically damped system (i.e. if the [C4] is also
a diagonal matrix), the Eq.11 reduces to the
following equation;

KO +2ap0)+ay,O)=-T35,0) (i=1,2,3,....n) Eq.(12)
where,

y(y=modal displacement response in the iy, mode;
&=modal damping ration in the iy, mode;
L=modal participation factor for im
expressed by

mode

{8} Imlir}
#} [mlig}
eq.12 is of the form of eq.1 representing vibration of
SDOF system, the maximum modal displacement
response is found from the response spectrum i.e.

v =Ts/(&.a) Eq.(13)
The maximum displacement response of the
structure in the im mode is

Xnax=BVimex (=12, 1)

yz‘,max = max

Eq.(14)




The maximum acceleration response of the
structure in the iy mode is
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Fig. 3 Flat slab plan system
The required response quantity of interest, r; i.e.
(displacement, shear force, bending moment etc.) of
the structure can be obtained in each mode of
vibration using the maximum response obtained in
eq.14 and eq.15. However, the final maximum
response, tmax shall be obtained by combining the
response in each mode of vibration using the modal
combinations rules.
A- Flat slab floor
For the lower range of high-rise flat slab/plate
buildings (up tol5 stories), the framing action of
the slab-columns can provide the necessary
stiffness and strength to resist wind and seismic
forces. Flat slab/plate -columns subject to lateral
loads are analyzed as unbraced two-dimensional
equivalent frames using two methodologies; the
torsional member method and the effective slab
width method. Our Flat slab system consists of a
flat plate 28.00 cm resting on five models of
columns with marginal beam of 90cm. The slab
was checked against deflection, flexural and
punching stresses and it was fully safe.
B- Panelled beams floor
Panelled beams slab system consists of thin two
way solid slabs 10-12 Cm thickness rested on rigid
pannelled beams 30 x 85 Cm sectional area
working by grid action where each beam works as
an elastic support for the other at the intersection
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area between them. The paneled beams are
supported on external beams 40 x 90 Cm sectional

b= 105, E0) (i=1,2,.......,n) Eq.(15) area.
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3. ANALYSIS PROCEDURE

There are three models of a residential building of
30 stories and total area of 1313.55 m2, the three
models (Core system) represent flat slab system,
pannelled beams system, ribbed slab system
respectively. This systems of slabs were fabricated
and analysis by ETABS 9.5 in the current study.
All models have the same architecture plan and the
same columns sections and also the same area,
figure 6 represents the 3D — models from ETABS
program.

ARRARIMME Ry

Fig. 6 ETABS 3-D model

Detected Response Parameters from ETABS
9.5 - Detected INTER STORY DRIFT in the
three systems

Drift ratio is the ratio between drift and building
height in percent, and the inter-story drift ratio is
the ratio between the change of drift in the story
and the story height.
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Fig. 18 Base Shear in Y-direction
for Ribbed slab system
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Fig. 19 Overturning Moment in X-direction
for Flat slab system
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Fig. 24 Overturning Moment in Y-direction
for Ribbed slab system
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for Flat slab system
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4. ANALYTICAL RESULTS AND DISCUSSION
Results of the analysis three systems of slabs are
presented, analyzed and discussed in this section.
Topics to be covered include the Inter Story Drift,
the Base Shear, Owverturning Moment, and
Displacement in two directions X and Y of the
analysis systems. Tables from 2 to 5 lists the

results.
Table (2): Inter Story Drift in X&Y-direction
for three systems

Direction Flat Pannelled Ribbed
slab beams slab

(m)X 0.00545 0.00488 0.00238

(m)Y 0.0202 0.0156 0.0153

and ductility demand of members with plastic
behavior.
Top story lateral displacement (drift) and the inter-
story lateral displacement (story drift) are the
seismic response parameter of prime importance for
systems of slabs in high rise buildings. Large
values of drift could affect the stability and
resistance of tall buildings.

The system of Ribbed slab reduced the inter-story

drift by 56% than the system of flat slab and by

51% than the system of Pannelled beams in the

main direction (X direction). And the system of

Ribbed slab reduced the Displacement by 57% than

the system of flat slab and by 51% than the system

of Pannelled beams in the main direction (X

direction).

5. CONCLUSIONS

Based on the results the following conclusions

could be drawn:

1. The choice of the system for slab in the tall
building is very important to resist the internal
forces and stability.

2. The system of Ribbed slab reduced the inter-
story drift, and Displacement by grater than
51% for core system.

3. The Ribbed slab systems resists the punching
shear failures, and increase the ductility
capacity.

4. The flat slab cases, large inter-story drift which
cause brittle punching shear failures, reduces
the ductility capacity
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THEORETICAL RESEARCHES ON
KINEMATICS AND DYNAMICS OF VIBRATING
SIEVES ELECTROMAGNETICALLY DRIVEN

-4 INMA Bucharest, ROMANIA
5 Transilvania University of Brasov, ROMANIA

Abstract: The paper presents the diagram and the operational principle of electromagnet driven vibrating sieves
and the constructive and functional factors influencing the working parameters of this type of equipment. The
diagram is represented by the automatic amplitude and frequency control systems of the vibrations generated by
the studied electromagnetic device, in view of its utilization for driving vibrating sieves design to milling industry

for cereal seeds primary processing.

Keywords: Vibrating sieves, elastic system, electromagnet, amplitude, frequency

1. INTRODUCTION

Vibrating sieves are used as vibrating feeders in
technological primary processing of cereal seeds.
The vibrating feeders are made of a vibrating chute
(channels) that are fixed elastically on stands that
receive oscillating movements from rod-crank
mechanisms (Figure 1.a) or from vibrating units
with eccentric masses (Figure 1.b) or from
electromagnets (Figure 1.c). [1,2] Magnetic drive
systems (Figure 1.c), which are used as free
vibrating or with steering suspension features,
make use of the operation at resonance conditions
with a safer excitation energy and leading to very
compact units.

c.
Figure 1. Basic types of vibrating feeders:
a - with rod-cran mechanism; b - with eccentric mass;
c - with electromagnetic vibrator: 1 - vibration
generating mechanism; 2 - vibrating mass with
transporting chute.
Vibration sieves feeders consist of a conveying
device which carries the bulk solid layer of cereal

seeds and the drive unit for the vibration excitation

supported by a spring suspension. The function of
vibration feeders is based on the micro-cast effect.
The vibration agitation is usually induced by a
flute vibrating inclined by 20...450 to the
horizontal. The particles are accelerated starting
from definite vibration frequency / amplitude; these
acceleration conditions are used to execute a
parabolic ejection motion inclined upwards and
strike  the flute again after an adequate
displacement.

This effect (micro-cast) is repeatedly induced at the
exciting frequency with the result that the bulk
solid layer which is pre-adjusted by the outlet
clearance of the feeder is discharging quasi steadily.
The necessary excitation condition for the micro-
cast effect to develop is that the vertical upwards
directed acceleration induced by the flute
vibrations on the particles is larger than the
gravitational acceleration (vertical downwards).
Important  parameter  influences on  this
displacement process are the vibration frequency
and amplitude, the angle between the excitation
and the flute axis and the bulk solid properties such
as particle size, distribution and shape as well as
friction.

2. MATERIAL AND METHODS

On a world level the companies having a long
tradition in this field use the electrovibrator for
cereal seeds primary processing equipments design
to milling industry. In order to operate the shaking
sieves designed to drive the technical equipment

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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used in technological primary processing of
agricultural ~ products,  the  electromagnetic
vibrators (named electrovibrators), manufactured
by specialized companies can be used as single
elements or pair elements, generating the sieve
frame vibration.

By comparing with vibrating sieves driven by
eccentric mass, the electrovibrators use leads to
many advantages: simplifies the kinematic chain,
by eliminating the following negative factors:
many specific parts, assembling difficult and
laboriously to control, unaesthetic guards, rigorous
maintenance, big reparation costs, reduced
reliability, mechanic shocks (especially when wear
appears); intensifies the separating process;
diminishes the stress transmitted to foundation;
their volume is minimum, which enables their
mounting on active parts of equipment so that the
vibration direction passes through the mass center
of sieves shaker loaded with material (or by its
immediate proximity); allows the modification of
disturbing force direction any time. The
electromagnetic vibrators advantages consists in
absence of friction and rotating parts when the
productivity is requlated, as disadvantages, we can
mention the small amplitude (0,5-2 mm) which
excludes the transport of powder loads, as well as
the transport little length of vibrator (up 2,5-6 m).

Figure 2. Vibrating sieve electromagnetically driven
The wvibrating sieve electromagnetically driven
comprises the frame (Figure 2), freely hung on
elastic elements, frame which receives oscillations
transmitted by electromagnetic vibrator 8. The
oscillating  frame is supported by a rigid
longitudinal beam 7. The electromagnetic vibrator
can be with simple or double drive, with mobile
(induced) and reactive (inductor) part. Being
endowed with small mass and power (up to 1 kW),
the electromagnetic vibrators simply acted can be
used to light conveyors. The connecting support of

vibrating feeder bear (hang) the auger and ensure
the oscillations according to dynamic calculation.
There are used single sheet (lamella) springs or
many sheets springs. The sheet crossing rigidity
must be several times less than the longitudinal

rigidity. In terms of bumpers and elastic
connections there are used parts which are
submitted to shearing, compression and distortion
and metallic and rubber blocks. The rubber blocks
are characterized by high elasticity and endurance.
When metallic and rubber parts are manufactured,
it is mnecessary to ensure the rubber free
deformation, which, it is well known, is
incompressible within close spaces. The helical and
plane springs can also be considerate as elastic
elements. The spring sheets thickness is 0 = 2...6
mm.

2 Z2 3

Figure 3. Construction of electromagnetic vibrator
The above vibrating system comprises a simple
drive electromagnetic vibrator (Figure 3) including
a fixed coil of electromagnet 1 with coils 2,
connected to network by a rectifier, the induced 5,
rigidly connected to auger 3 of conveyor through

the crossing bar 6, endowed with elastic
connections 7 and a set of adjusting weights 4,
closed alongside with springs in housing 8.
In  compliance with the equivalent scheme
calculating the vibration of one mass vibrating
system shown in figure 4, the system movement
equation is:

mS+ycS’+c,S:F(t) (1)
where: m is the auger reduced mass (equivalent)
which includes the induced mass and the adjusting
mass; c1 = (c + cg) - reduced rigidity (equivalent)
of the system, formed of principal elastic elements
rigidity ¢ and rigidity co of wvibrator elastic
connections.

il
|
|

?3

B K

- pupef TS

Figure 4. Equivalent scheme for calculating the one
mass system vibration system
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By replacing the expression of traction force F(t) in
equation (1) and taking into account the sinusoidal
low of feeding current variation and influence of
air variability (interstice) I; we obtain a differential
movement equation which is very difficult to solve.
In order to simplify this problem it is supposed a
certain constant size of air. Then, the relation (1)
acquires the form of a non-homogenous linear
equation:

(2)
where: F=k,B.S, /2 is steady component of

m S+ ,ucS+ c,S=F({+cos 2p,t)

vibrator excitation force, in N; kr = 3,98 10° -
proportionality coefficient;, Bn - amplitude of
magnetic induction, in T; S. - the area of crossing
section of coil core, in m% pr - feeding alternating
current frequency.
The equation particular solution (2) is:

S=A,+ A cos(2p,t—p) 3)
Where: A = F/c1 is the steady displacement of mass
center O of mass m; A1 — amplitude of oscillations
of center O; ¢ — angle of phase difference between
variable parts of mass center O and disturbing
force, given by the relations:

A, :(F/m)\/(cl/m—4p,2)2+4;12(:2p§/m2 4)
@ = arctg L}%Z ©))
c,—4mp;

The resonance of oscillating system appears for
pulsation: p, =./c,/m. For current of industrial

frequency, f = 50 Hz, the part supporting the load
(the auger) oscillates by a double frequency,
namely f = 6000 1/min, which is generally
inadmissible. In order to diminish the auger
frequency up to 3000 1/min, a semi-period rectifier
(Figure 3) is introduced, and the rectified voltage
modifies the magnetic flow action and shock
movement type. This movement is described as
another equation of a disturbing force represented
by a circular function Fourier.

Vibration feeders can be considered as two masses
spring systems (Figure 5) [3;4]: the mass of the
part feeding the bulk solids m, consists of the
vibrating flute or pipe 1, the bulk solid mass 10 and
the magnetic vibrator (positions 2, 3 and 4). The
second mass my involved is that of the free side
consisting of the mobile body 5 and 6. Both masses
are connected by springs 7. The electronic control
unit 8 is connected with the normal AC voltage

m COR 4 [October - December]
- Bulletin of Engineering Tome i _

supply. Normal 50 Hz excitation will yield a 100
Hz vibration frequency, with thyristor control 25
and 50: efficient control of the vibration amplitude
is possible.

Fiqure 5. Magnetic vibmtioﬁ feeder. 1 - vibration flute;
2 - vibrator housing and other components; 3 -
electromagnet; 4 - mobile magnetic coreplate; 5, 6 -
additional masses; 7 - spring; 8 - control device; 9 -
suspension springs; 10 - transported material -
vibration amplitude (free side); S, - vibration amplitude
(working side).

Amplitude so of the chute depends on the
constructive and functional parameters, as well as

on the type of the transporting material.
The displacement of the vibrating mass can be
considered with sufficient approximation, as a
harmonic sinusoidal oscillating movement, with
elongation s given by relation:

s =s,.sin( @t) (6)
Where: sp is the oscillating amplitude; o -
oscillating pulsation: ® = 2w f (were f is the
oscillation frequency, in Hz.)
The wvelocity of the oscillating movement is given
by relation:

(7)
Where v, = s,.0 are the amplitude of the velocity

v =5,.0 cos( wt)

and the acceleration of the oscillating movement is
expressed by relation:

a=-s,.0" sin(wt) (8)
where a, = -s,.0° is the amplitude of acceleration.
The oscillating frequency f of the vibrator is given
by the well known relation: f=w/2m. If the value of
the amplitude’s acceleration a is in ratio with the

gravitation acceleration g, is obtained the
characteristic of the machine Ky, given by relation:
K, = %o _[Se®” 9)

g g

The natural frequency f. of the spring-mass system
without attenuation can be determined with the
masses m, and m; and the spring constant c.
f zzi. < (10)
T

m}"
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m, -m,;

(11)

m, =
m, +m,

The vibrating system responds to an excitation
frequency f, with adequate amplitudes which grow
the nearer f, approaches the natural frequency fe
(f/f=1, resonance). The natural frequency
decreases with growing attenuation (Figure 6), the
amplification factor V is very strongly influenced
by attenuation. In order to operate vibration
feeders close to resonance the system has to be
adequately tuned (masses 6, Figqure 5). The
effective attenuation is induced by friction, e.g.
internally in the bulk solids, and externally at

surfaces.
t . [
D F\ o
2 X —_——-02
¥ pian -
LA
> 1 il —_—--
I —coN
-\.~‘~ ‘\_\\: .
o ._\S:h:’u
0.0 0.5 1.0 1.5 2.0 2.5

Fiqure 6. Amplification fact:)r :)f vibration amplitudes V
depending on the excitation frequency ratio (f/f.)
4 2

Figqure 7. Automatic control of the vibration amplitude:
1 - acceleration sensor; 2, 4 - vibration feeder; 3 -
vibrator; 5... 10 - controller.

|
14 It:¥v_,____' 7
1 15
Fiqure 7. Combined control of vibration amplitude and
resonance frequency:

1 - vibration feeder; 2 - vibration transducer; 3 -
magnetic drive; 4 - feedback signal;5 - power unit; 6 -
control system; 7 - current signal; 8 - amplifier; 9 - AD
converter;10 - set-point amplitude; 11 - set-point
frequency; 12 - frequency control (slow); 13 -
amplitude control (fast); 14 - input signal
For metering purposes close to resonance
conditions the automatic control of the vibration
amplitude is strongly recommended to keep the
disturbance potential within narrow limits [4; 5].
The measurement of the set vibration amplitude

can be achieved by acceleration sensors (Figure 7)

or by stationary  vibration  displacement
transducers (Figure 8). With the combined control
system for the wvibration amplitude which
automatically keeps the operational conditions
close to the resonance frequency it is possible to
obtain good linear and reproducible vibration
feeder characteristics.

CONCLUSIONS
1. Taking into account the technical and economic
advantages of the wvibrating systems with

electromagnets (electrovibrators) they are used not
only at vibrating conveyors for grain matters
(including seeds) but also at driving the vibrating
sieves for cereal seeds primary processing
equipments design to milling industry;
2. The theoretical study of system of sieves
mounted on wvibrating frame operated by
electrovibrators can be achieved by replacing the
real systems with equivalent vibrating dynamic
systems with external excitation, comprising one
or two vibrating masses;
3. By solving the differential movement equations
of vibrating systems with one or two vibrating
masses and their applicability for concrete
situations, we can study by computer simulation
the kinematic and dynamic behaviour of systems
endowed with existing or in course of designing
vibrating sieves;
4. The results of theoretical researches performed
on basis of those presented in the paper allow the
optimization of constructive and functional
parameters of systems of vibrating sieves, in view
of manufacturing state-of the art installation.
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Abstract: To improve production quality and productivity by reducing potential reliability problems early in the
development cycle, manufacturing industries are using the Failure Mode and Effects Analysis (FMEA) technique.
It is a method that evaluates possible failures in the system, design, process or service. It aims to continuously
improve and decrease these kinds of failure modes. In this present work, Process FMEA is done on Gas Tungsten
Arc Welding (TIG) process of American Iron and Steel Institute (AISI) Type 304L Stainless Steel material. A
series of welding process with different sample pieces are done and the potential failures and defects are categorized
based on FMEA and Risk Priority Number (RPN) is assigned. The most risky failure according to the RPN
number is found and the cause and effects along with the preventive measures are established. Since FMEA is a
proactive approach to solve potential failure modes, this work serves as a failure prevention guide for those who

perform the welding process towards an effective weld.

Keywords: Welding, Failure Mode and Effects Analysis, Risk Priority Number, Defect

1. INTRODUCTION

Demands are increasing on companies for high
quality,  reliable products. The increasing
capabilities and functionality of many products are
making it more difficult for manufacturers to
maintain the quality and reliability. The challenge
is to design in quality and reliability early in the
development cycle.

FMEA is used to identify potential failure modes,
determine their effect on the operation of the
product and identify actions to mitigate the
failures. A crucial step is anticipating what might
go wrong with a product. While anticipating every
failure mode is not possible, the development team
should formulate as extensive a list of potential
failure modes as possible. The early and consistent
use of FMEA in the design process allows the
engineer to design out failures and produce
reliable, safe, and customer pleasing products.
Similarly, Root Cause Analysis (RCA) is a method
of problem solving that tries to identify the root
causes of faults or problems that cause operating
events. RCA practice tries to solve problems by
attempting to identify and correct the root causes
of events, as opposed to simply addressing their
symptoms. By focusing correction on root causes,

problem recurrence can be prevented. RCA
recognizes that complete prevention of recurrence
by one corrective action is not always possible.
There may be several effective measures that
address the root causes of a problem. Thus, RCA is
often considered to be an iterative process, and is
frequently viewed as a tool of continuous
improvement.

The role of joints whether welded, brazed, soldered
or bolted is the most critical aspect to hold any
assembly together especially in materials like Type
304L Stainless Steel. Joints are usually the weakest
link in the total assembly and decide the overall
integrity of equipment. Joint failures are as specific
as the nature of joining process. Welded joints can
fail due to lapses during the welding parameters,
operational skills or merely because of properties
inferior to base metal. These may be the failures
caused as a result of welding but it is very
important to analyze the failure modes, and effects
of welding processes. Prior notification of these
failures can prevent them by following control
measures. This paper addresses the defect reduction
in gas tungsten arc welding process using RCA
and FMEA. Here, the prime objective is to evolve
and test several strategies to eliminate defects
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thereby improving quality. The methodology
followed was that of continuous improvement
which uses RCA and FMEA.

The rest of the paper is organized in the following
manner. In Section 2, the relevant literature
reviewed during this work is discussed. Section 3
gives a brief idea about the product and process.
The various stages of operations practiced on the
product are described in this section. An overview
of FMEA is described in Section 4. In Section 5,
the defect reduction methodology is discussed.
Subsequently, implementation procedures along
with results obtained are explained in Section 6.
Section 7 concludes the paper with final remarks.

2. BRIEF LITERATURE REVIEW

Failure mode and effects analysis (FMEA), first
developed as a formal design methodology in the
1960s by the aerospace industry [1] has proven to
be a useful and powerful tool in assessing potential
failures and preventing them from occurring [2].
FMEA is an analysis technique for defining,
identifying and eliminating known and/or
potential failures, problems, errors and so on from
system, design, process and/or service before they
reach the customer [3]. When it is used for a
criticality analysis, it is also referred to as failure
mode, effects and criticality analysis (FMECA).
The main objective of FMEA is to identify
potential failure modes, evaluate the causes and
effects of different component failure modes, and
determine what could eliminate or reduce the
chance of failure. The results of the analysis can
help analysts to identify and correct the failure
modes that have a detrimental effect on the system
and improve its performance during the stages of
design and production. Since its introduction as a
support tool for designers, FMEA has been
extensively used in a wide range of industries,
including  aerospace,  automotive,  nuclear,
electronics, chemical, mechanical and medical
technologies industries [4-6]. This paper explains a
Process FMEA done on Gas Tungsten Arc
Welding (TIG) process of Type 304L Stainless
Steel material.

3. PROBLEM DEFINITION

The procedure that has been followed for quality
improvement is given in Figure 1. The selected
product for this work is called " Vent port" and it is

an acid storing container [Figure 2]. It is fabricated
from four main sub parts welded by TIG Welding
process. Due to poor weld quality and weld defects,
the quality of product declines and rate of defect
increases. The primary aims are: (1) Improve the
quality of the product by reducing the defects and
improving  welding  process  quality  (2)
Implementation of process sheets in the fabrication
that will pave way easy traceability of components.
A detailed process study is performed to
understand the current state process flow and the
same is illustrated in Figure 3.

Review of Literature

S

Process Study

S _=

Materail and Information flow

N~

As-1s Model Study

| |
| |
| |
| |
N~
| |
| |
| |
| |

Define Phase

Analyze Phase

Sz

Results and Discussion

Figure 1. Methodology

Figure 2. Vent port

4. OVERVIEW OF FMEA - Importance of
FMEA in welding process

A FMEA is often the first step of a system
reliability study. It involves reviewing as many
components, assemblies, and subsystems as
possible to identify failure modes, and their causes
and effects. For each component, the failure modes
and their resulting effects on the rest of the system
are recorded in a specific FMIEA worksheet.

The role of joints whether welded, brazed, soldered
or bolted is the most critical aspect to hold any
assembly together in S.S 304L materials. Joints are
usually the weakest link in the total assembly and
decide the overall integrity of equipment. Joint
failures are as specific as the nature of joining
process. Welded joints can fail due to lapses during




the welding parameters, operational skills or
merely because of properties inferior to base metal.
These may be the failures caused as a result of
welding but it is very important to analyze the
failure modes, and effects of welding processes.
Prior notification of these failures can prevent
them by following control measures.
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Figure 5. Major constituents of welding defects

5. DEFECT REDUCTION METHODOLOGY

Defects are of various types in welding [Figure 4].
Finding the type of defect will narrow down the
eradication of major problems. Pareto Chart
[Figure 5] is drawn using Minitab 16.0 Software
to find the major constituents of defects which
affect the quality of the product. It depicts that
80% of defects are due to 20% of causes. So if we
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eliminate the 20% of causes, we can reduce the
80% of total defects.

6. ROOT CAUSE ANALYSIS

Root Cause Analysis (RCA) is a method of problem
solving that tries to identify the root causes of
faults or problems that cause operating events.
RCA practice tries to solve problems by attempting
to identify and correct the root causes of events, as
opposed to simply addressing their symptoms. By
focusing correction on root causes, problem
recurrence can be prevented. Considering this
aspect, the cause and effect diagram for root cause
identification is done and the same is illustrated for
one of the major cause of welding defects “lack of
fusion” in Figure 6.

MACHINE
A\
\
\

\
\
\—» Contamnated Gas
Insufficient welding corent 4 \ ” i

\ Filler Metal Contaminated \
—

MATERIAL
Oxidized joint surfaces F\\
\
\
A A\

\ withpaint, oil, greascetc..
\ A\

LACK OF FUSSION

/ -
Welcing in Nazrow jonts ‘ﬁL' Poor Oside reraovel /[» Insufficient Edge Preparation
/ /
// //
/ TooLong Weldzre +——/
Iraproper use of Antispatter 4/—» WheaNezzleislaidatan /
// Angle //—' Wienggositioncf Weld Tourch

/
MAN

/
METHOD

Figure 6. Cause and effect diagram showing major
causes for the welding defect “lack of fussion”

Table 1. FMEA chart - Lack of fusion
A=Severity; B=Occurrence; C=Detection

A |B |C Cause Solution RPN
Insufficient Parameters
7|6 Welding Current Should be set 378
6| 4 | Improperjoint Weld Material | ;-
cleaning surfaces ~cleaned
Contaminated .
413 Gas Gas Quality 108
Filler Metal Good Qualit
415 Contaminated Filler Meta 180
g | g | Narrow Welding | Proper Groove | 5.
Groove Cutting
Poor Oxide Weld Material
I54 removal -cleaned 180
Improper use of .
415 Antispatter Gas Quality 180
Joint Proper Groove
7|8 Configuration Cutting 504
4| 6 | Too long weld arc Labour should 216
be trained
Insufficient Edge | Proper Groove
617 Preparation Cutting 378
Incorrect Torch Labour should
66 Angle be trained 324

Potential effect: Leads to breakage under High Temperature

Similarly, FMEA is used to identify potential
failure modes, determine their effect on the
operation of the product, and identify actions to
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mitigate the failures. A crucial step is anticipating

what might go wrong with a product. Welded

joints can fail due to lapses during the welding

parameters, operational skills or merely because of

properties inferior to base metal. Keeping these

things in mind, the FMEA chart is prepared. A

sample chart related to the problem “lack of fusion”

is presented in Table 1.

7. OPPORTUNITIES FOR IMPROVEMENT

AND IMPLEMENTATION

After identifying the root cause of major problems,

the following improvement opportunities are

identified and implemented.

> Updating work instructions is done to check the
welding current whenever there is sheet
thickness change

> Rust over material and moisture is cleaned
before welding as a part of standard work
procedure

> Root of weld joint and edge preparation is made
standard for all parts

> Welding current is set before welding as per
instruction

> For better traceability, process sheet is entered
with the employee ID Part

> Drawing along with process sheet with complete
process parameters for welding

Further, training to welder is provided to know

how to study the drawing attached with the

process. As a result of continued enhanced

practices the defect level is reduced to a greater

extent from 42 defects to 4 defects for the work

order. The summary of improved sigma level is

given in Table 2.

Table 2. Improved Sigma Level

Description
No of parts/work order 185 units
Total no. of Welds/work order 1880 welds
Total no. of defective welds/order 4
Defects per 1880 opportunities 4
Defects per million opportunities 1596

8. CONCLUSION

The following conclusions are made:

> The major rate of defect is due to low skilled worker
and no proper standards in production

> Pareto Chart states that lack of fusion, lack of
penetration and porosity are the three major defects

> Process parameters play a vital role in eliminating
the defects.

> From RCA, it is clearly visible that root gap and
edge preparation impact the defect rate.

> From FMEA, it is found that the edge preparation,
root gap fixation, welding current setting, gas flow
have high RPN
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Abstract: Different lignocellulosic waste materials was able to sorb heavy metal ions, and other polutants, for
example dyes, from aqueous solutions. In this study the efficiencies of adsorption of copper ions from water by
poplar wood sawdust and sugar beet pulp were investigated. Adsorption experiments were performed at room
temperature, with four different biosorbent doses of 2.5 ¢/1, 5 ¢/l, 10 g/l and 15 g/l, which were added in the model
water with different initial copper ion concentration from 10 mg/l to 250 mg/l. The initial pH of model water was 4
and contact time of model water and the biosorbent was 90 min. The sugar beet pulp is shown as better adsorbent
for copper ions than poplar wood sawdust. The adsorption were considered by the Langmuir and the Freundlich
adsorption model. The results demonstrate that the efficiency of copper ions removal from the water is better at
higher dose of adsorbent, but maximal adsorption capacities have to be estimate with lower doses of adsorbent.
Langmuir adsorption isotherm better describes the adsorption of copper ions than Freundlich adsorption isotherm.
This means that the surfaces of both investigated adsorbents are homogeneous, i.e. with the same active sites for

adsorption of copper ions.

Keywords: adsorption, copper, sugar beet shreds, poplar wood sawdust

1. INTRODUCTION

Considering the harmful effects of heavy metals, it
is necessary to remove them from liquid wastes at
least to a limit accepted by national and
international regulatory agencies. There are many
processes that can be used for heavy metal ions
removal from water and wastewaters. One of them
is biosorption, adsorption by different materials of
organic nature, which should be renewable and
low-cost.

Various waste microorganisms (Arief et al., 2008;
Wang and  Chen, 2009), forestry and
agroindustrial wastes (Sciban and Klasnja, 2004;
Johnson et al., 2008) and natural polymers (Son et
al., 2004; O Connell et al., 2008; Guo et al., 2008;
Klimaviciute et al., 2010) can be used as efficient
biosorbents. The efficiency of the adsorption of
heavy metal ions by some solid adsorbent is
dependent on a number of parameters: the amount
of the adsorbent, the adsorbent surface area and
porosity, the concentration of adsorbate, initial pH

of water, contact time of the adsorbent and water,
temperature, the presence of competitive ions, etc.
The first and most important step in testing of new
biosorbents is to determine their adsorption
capacity. For determination of adsorption capacity
and explanation of the adsorption process at
equilibrium conditions, the adsorption isotherms
are used (Foo and Hameed, 2010). They are the
most appropriate method in designing and
assessing the performance of the adsorption
systems.

In this paper, the influence of biosorbent doses on
values of adsorption constants in adsorption
models, are considered. It was investigated
adsorption of copper ions by two biosorbents,
poplar wood sawdust and sugar beet pulp, from
metal ion solutions of different concentrations. The
obtained results are fitted with Langmuir and
Freundlich, two, the most common adsorption
isotherms.
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2. MATERIALS and METHODS
2.1. Materials
Dry sugar beet shreds, from one local sugar
factory, were milling on Miag laboratory cone mill.
Milled sugar beet shreds and poplar wood sawdust
were sieved on the Biihler laboratory sifter
(gyratory in a horizontal plane), model MLU-300.
Part of the stock having particles in the range 224-
400 um was used in adsorption experiments.
Specific surface areas of sugar beet shreds and
poplar wood sawdust were 0.80 and 1.05 m%/g,
respectively, which obtained via low-temperature
nitrogen adsorption measurements (Micrometrics,
ASAP 2000).
Model waters with different initial copper ion
concentrations from 10mg/l to 250 mg/l, was
prepared by dilution of stock solutions with
demineralised water. The stock solution of copper
(0.25 mol/l) were prepared by dissolving of certain
amount of CuSO45H>0 in demineralised water.
pH in model water was adjusted to 4, by adding
0.5 mol/l acetic acid, in accordance with previous
investigations (S¢iban and Klasnja, 2004). All
chemicals used were of analytical reagent grade.
2.2. Adsorption experiments
Batch adsorption experiments were carried out by
shaking of 5 g of biosorbent with 1 litre of model
water, from 3 hours, in accordance with previous
investigations (Séiban and Klasnja, 2004). After
that, the biosorbent was removed from water by
vacuum filtration through Gooch G3 crucible.
Concentrations of metal ions before (C,) and after
adsorption (C) were determined
komplexometrically (Sajo, 1973). On the base of
the measured values, adsorption efficiency (E) and
amount of adsorbed metal ions per specified
amount of adsorbent (q) can be calculated:

E (%)= ((C - CO)/C,) 100 (1)

g=(Co- C)fm 2)
where m is the amount of adsorbent per litre of
model water.
To determine the adsorption capacity of
investigated adsorbents, the Langmuir (3) and the
Freundlich (4) adsorption models were used:

9= (qn Ke CY/(1+ K C) 3)

g= Kr Cl/n (4)
where q is the amount of ions adsorbed per
specified amount of adsorbent in equilibrium, C the

ions equilibrium concentration, qm the Langmuir
constant which represent the amount of ions
required to form a monolayer on the adsorbent
surface, Kp the Langmuir equilibrium constant
related with the enthalpy of adsorption, and Kr and
n the Freundlich equilibrium constants.

Langmuir  adsorption  isotherm  refers  to
homogeneous adsorption, which each adsorbate
possess  constant enthalpies and adsorption

activation energy (all adsorption sites possess equal
affinity for the adsorbate), with no transmigration
of the adsorbate in the plane of the adsorbent
surface. Freundlich isotherm is the earliest known,
empirical model,with non-uniform distribution of
adsorption  heat and  affinities over  the
heterogeneous surface.

Computer simulation technique was applied to fit
the linear form of Langmuir and Freundlich
equations for the adsorption data. The goodness of
fit of investigated adsorption models was estimated
by coefficients of determination (R?).

3. RESULTS and DISCUSSION

The adsorption capacities of sugar beet shreds and
poplar wood sawdust for copper ions were
determined by constructing the corresponding

equilibrium isotherms (Figs 1 and 2).
25

\?:2 ——25¢g/
E / —=—5 g/
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——10¢g/1
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Figure 1. Adsorption isotherms of Cu(ll) ions
adsorption onto sugar beet shreds
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Figure 2. Adsorption isotherms of Cu(ll) ions
adsorption onto poplar wood sawdust
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Figs. 1 and 2 show that the copper ions adsorption
per unit mass of biosorbent (q) increased as the
biosorbent concentration decreased. On the other
hand with the smaller amount of biosorbent the
lower adsorption efficiency (E) is achieved, what is
direct result of smaller available surface area. Also,
the results show that the adsorption of copper ions
is better by sugar beet shreds than by poplar wood
sawdust, esspecially from the solutions with higher
concentration of copper ions.
According to the shape of isotherms, it can be
concluded that the adsorption on these two
biosorbents is quite different. The reason for this
phenomenon is probably their different chemical
composition. Specifically, the sugar beet shreds
contain much more pectin and less lignin than
sawdust of any wood, and consequently have
different kinds and position of adsorption sites.
On the base of presented results, the constants in
Langmuir and Freundlich adsorption isotherms are
calculated and presented in Tables 1 and 2.

Table 1. Constants in Langmuir and Freunlich

adsorption isotherms for adsorption

oi coiier ions bi suiar beet shreds

2.5 21.19 0.110 | 0.993 | 4.56 | 3.24 | 0.974
5 19.57 0.075 10987 2.08 |2.16 | 0.919
10 19.34 0.034 10990 | 1.09 | 1.67 | 0.979
15 26.11 0.011 |1 0912 | 0.74 | 1.58 | 0.971

Table 2. Constants in Langmuir and Freunlich
adsorption isotherms for adsorption

oi coiier ions bi ioilar wood sawdust

2.5 2.86 0.105 | 0.999 11.09310.183 | 0.843
5 2.61 0.147 1 0.999 |1.14610.163 | 0.842
10 2.29 0.236 ] 0.999 [0.99810.175 | 0.768
15 2.22 0.223 ] 0.999 10.85310.204 | 0.900

It is evident from the results presented in Tables 1 and
2 that maximum capacity (qm) of sugar beet pulp is
almost ten times larger than capacity of poplar
wood sawdust, and in general, than capacities of
sawdust of any kind of wood (Sciban and Klasnja,
2004; Low et al., 2004; Bozic et al., 2009) or wood
bark (Aoyama et al., 1993; Seki et al., 1997). As
expected, increase in biosorbent quantity results in
maximal capacity decrease.

An exception is the increased adsorption capacity
of sugar beet shreds when it is appled in quantity
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of 15 g/l. Fig. 1 shows that the curve for the 15 g/l
is not yet reached plateau, and this results in
increased adsorption capacity for this case. The
conclusion of these consideration would be that the
investigation of adsorption efficiency of some
biosorbent should be done with higher adsorbent
dose, and determination of maximal adsorbent
capacity with lower adsorbent dose.

If it is compared the coeficients of determination
(R?) it can be seen that the Langmuir adsorption
isotherm better describes adsorption both at sugar
beet shreds and poplar wood sawdust, than
Freundlich adsorption isotherm. In that case, the
assumption is that the surface of both biosorbents
are homogenous, i.e. all active sites for the
adsorption are of the same type, although these
complex biomaterials have got a few different
functional groups. This is the case with many other
raw biosorbents, for example different types of
wood (Sciban and Klasnja, 2004; Rafatullah et al.,
2010), peanut hulls (Brown et al., 2000), hazelnut
shell (Cimino et al., 2000) etc. However, this is not
the general case, because for adsorption by papaya
wood (Basha et al., 2008), mustard oil cake (Ajmal
et al., 2005) etc. it was established the similar fit
both for Langmuir and Freundlich adsorption
isotherms, with experimental results.

4. CONCLUSIONS

In this study the efficiency of adsorption of copper
ions from water by sugar beet pulp and poplar
wood sawdust was investigated. Adsorption
experiments were performed at room temperature
with four different biosorbent doses of 2.5 g/, 5 g/,
10 g/l and 15 g/l, which were added in the model
water with the different initial copper ion
concentration. The contact time of model water and
the biosorbent was 90 min. The adsorption
constants were determined by the Langmuir and
the Freundlich adsorption model.

Considering adsorption capacity, the sugar beet
shreds are better biosorbent than poplar wood
sawdust. The results demonstrate that the
efficiency of copper ions removal from the water
was better at higher dose of adsorbent, and at low
metal ion concentrations. On the other hand,
adsorption capacity should be determine by using
lower adsorbent dose. Langmuir adsorption
isotherm better describes the adsorption of copper
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ions than Freundlich adsorption isotherm, and that
means the surface of investigated biosorbents are
homogeneous, with the same active sites for the
copper ions adsorption.
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ELECTROCHEMICAL CHLORIDE
EXTRACTION FROM CONCRETE

STRUCTURE EXPOSED TO DEAD SEA WATER

1-3. Materials Engineering Department, Faculty of Engineering, Al-Balqa
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Abstract: Eighteen concrete samples with different concrete mixes, overlay thicknesses, and wy/c ratios were cast
and immersed in Dead Sea water bath. Potential readings were recorded over 7-month time period and results were
plotted on a time-potential scale. Electrochemical chloride extraction (ECE) treatment was applied for one month,
potential values recorded again and final results were plotted and compared. Data collected along 8 months clearly
showed that higher w/c ratio (0.7 w/c), lower overlay thickness (2 cm), and the use of a more concentrated Cl-water
(i.e. Dead Sea water) increased corrosion. ECE treatment has proved to be a successful technique to minimize the

destructive effect of corrosion.

Keywords: Corrosion, Electrochemical chloride extraction, Deadsea water, Concrete, Steel reinforcement

1. INTRODUCTION

The Dead Sea lies between Jordan and Israel. Its
water is unique because it contains a number of
salts with compositions different than any other sea
water in the world. The composition of Dead Sea
water is as follows: 14.5% MgCl, 7.5% NaCl,
3.8% CaCl2, 0.5% MgBr2, 1.2% KClI, and rest is
water. Some industrial and tourist structures lay
at sea coast; severe corrosion problems encounter
sea water due to high chlorides content. In many
cases, corrosion can not be controlled unless very
special alloy steel is used.

Contrary to common belief, concrete itself is a
complex composite material. It has low strength
when loaded in tension and hence it is a common
practice to reinforce concrete with steel, for
improved tensile mechanical properties.

Concrete structures such as bridges, buildings,
elevated highways, tunnels, parking garages,
offshore oil platforms, piers, and dam walls all
contain reinforcing steel (rebar). The principal
cause of degradation of steel reinforced structures
is corrosion damage to the rebar embedded in the
concrete. Iron is unstable in nature, and because
reinforcing steel used in pre-cast concrete is made
largely of iron, it, too, becomes unstable when
exposed to corrosive agents such as salt.

Sound concrete is an ideal environment for steel
but the increased use of deicing salts and the
increased concentration of carbon dioxide in
modern environments principally due to industrial
pollution, has resulted in corrosion of the rebar
becoming the primary cause of failure of this
material. Corrosion of reinforcing steel in bridges
and parking garages is a well-known and costly
problem. In the presence of chlorides, moisture and
oxygen, corrosion takes place at appreciable rates.
The resulting corrosion products, which are more
than twice the volume of the original uncorroded
steel, create tensile stresses in the surrounding
concrete. When these internal stresses are
excessive, the concrete in the vicinity of the
reinforcement cracks and eventually spalls or
delaminates.

Until recently, rehabilitating concrete bridge piers
involved only removing the damaged concrete and
then patching. However, this practice was found to
lead to the introduction of new electrochemical
cells between the new chloride-free concrete in the
patches and the surrounding old concrete that
contained varying amounts of chloride [1].

Once chloride-induced corrosion of the reinforcing
steel bars has initiated in a concrete bridge, the
only truly effective means of stopping corrosion in
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the structure is by applying either cathodic
protection or the relatively new electrochemical
chloride extraction.  Electrochemical  chloride
extraction extends the functional life of the treated
structure, but does not require the long-term
commitment generally required in other used
systems. Electrochemical chloride extraction is
operated without requiring the excavation of
structurally sound concrete that is contaminated
with chlorides. This can provide an advantage that
does not exist with other restoration techniques [2].
2. ELECTROCHEMICAL CHLORIDE
EXTRACTION (ECE)
Since steel corrosion is an electrochemical process,
once it occurs in a concrete structure an
electrochemical measure, such as electrochemical
chloride extraction (ECE) can stop it or slow it
down to a significant extent The ECE process is as
follows:

(1.) A suitable metal is placed or attached to the
surface of a concrete structure,

(2.) An electrical field is applied between this metal
and the embedded steel bars by the passage of a
direct current through the concrete in such a
manner that the bars become negatively
charged and the metal becomes positively
charged, and

(3.) The negatively charged chloride ions (Cl) in
the concrete are drawn away from the steel
bars toward the surface of the concrete.

The outward migration of the chloride ions

accompanies the movement of other mobile ions in

the concrete, each in the direction dictated by its
electrical charge, contributing to the conduction of
the electric current through the top layer of
concrete.  Adverse  effects  are:  increased
permeability in the concrete, a decreased concrete-
to-steel bond, and cracking in the concrete.
Concerns for these effects halted research on the
application of ECE. These studies, conducted on
concrete specimens and small sections of several
concrete  bridge members, found that by
maintaining the applied current to less than
5A/m?, the treatment would have no adverse effect
on the concrete [3]. Further, the treatment removed

20 to 50 percent of the admixed chloride from the

test concrete slabs and redistributed the remaining

chloride well away from the steel bars [4].

Electrochemical treatment of concrete is becoming
more popular as a repair and restoration option to
stop corrosion and extend the service life of
existing reinforced concrete structures. This paper
will discuss the theory behind Electrochemical

Chloride Extraction (ECE) as well as a number of

important services and components required to

successfully complete an ECE project [5]

The objectives of this work are:

- To study marine corrosion and its effect on
reinforcement steel in concrete due to the severe
deterioration of reinforced concrete structure in
Dead Sea area.

- To study the effect of w/c ratio; overlay
thickness and type of mixing effect on corrosion
through the interpretation of potential readings
of reinforcement steel bars in concrete.

- The effectiveness of electrochemical chloride
extraction  in  rehabilitation  of  steel
reinforcements by applying ECE to concrete
structures having severe corrosion.

3. EXPERIMENTAL PROCEDURE

3.1. Concrete Casting

Eighteen concrete cylinders were cast with the

following mix: (31% percentage by volume for both

fine aggregate and cement, 38% coarse aggregate)
into molds after inserting steel bars at different
distances (2,3 and 4 cm respectively) from mold

wall as shown in Figure (1).

A (" pl—

B

1r/,.-'"_
—

[

\/

Figure (1): Specimen design showing overlay thickness,
height of steel bar as variables and height and diameter
of concrete sample as constant.

A: overlay thickness; B: height of steel bar C: height of
concrete D: diameter of concrete
After hydration process took place (48 hours) later,
concrete cylinders were removed from mold, and

left to cure (by wetting them) for 28 days.
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Different W/C ratios (0.5, 0.6 and 0.7), mixing
water (Tap water and Dead Sea water) were used
and  different overlay thicknesses. Potential
readings were recorded using (Cu-CuSOy)
reference electrode and according to ASTM C876-
80 and plotted versus time.

3.2. Electrochemical chloride extraction

After three-month exposure to Dead Sea water
solution bath, samples were removed from solution
bath and each sample was wrapped with three
layers of sponge, galvanized steel wires and
sackcloth then enveloped with nylon sheets (Figure
2, Figure 3). Electrochemical chloride extraction
was applied by using an external Dc-power supply.
Steel reinforcements were connected to the negative
and galvanized steel wires (acting as anodes) to the
positive terminal of the DC-power supply.
Frequent potential readings were taken; results
were recorded, plotted, and analyzed.

Figure (2): Wrapping with sponge
and galvanized steel wires

Figure (3): Final appearance after ECE application
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4. RESULTS AND DISCUSSION

4.1. Effect of mixing water

The potentials of concrete blocks prepared by Dead
Sea water showed more negative potentials than
those prepared by tap water. This behavior was
observed for specimens with different W/C ratios
and having different concrete overlay thickness.

| ¢ twp ® sea——Poly. g - - - - Poly. (05|

1

- Start of ECE
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Tirrve [y )
Figure (4): Potential of steel reinforcement Vs time

for 0.5wy/c ratio and 2 cm thickness
and variable mixing water type
4.2. Effect of overlay thickness
This  figure shows the behavior of steel
reinforcement exposed to Dead Sea water and tap
water having different overlay thickness for
various concrete samples. Potential readings
interpreted show that steel reinforcements with

higher overlay thickness had more positive
potentials.
+ Jm oA & dem
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Figure (5): Potential of steel reinforcement Vs time

for 0.7 w/c ratio and seawater and different over lay
thickness
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4.3. Effect of w/c ratio

Figure (6) show the behavior of steel reinforcement
exposed to Dead Sea water and tap water having
different wy/c ratios for various concrete samples.
For the same overlay thickness and concrete mix
(i.e. type of water used), 0.7w/c ratio gave more
negative potential readings compared to both 0.6
and 0.5 w/c ratios.

|- 05 - 06 « 07-- Ry 05 — Ry (5 -~ Paly (07)]
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Figure (6): Potential of steel reinforcement Vs time
for 3cm over lay thickness and tap water
for different wy/c ratio

5. DISCUSSION

5.1. Effect of mixing water

Concrete cylinders made by mixing with Dead Sea

water showed more negative potentials than those

mixed with tap water due to:

a. Chloride effect: - Higher CI- ions concentrations
destroy the oxide film on the steel bar that
formed on the metal surface. Due to high
alkalinity, the Fe-? produced at the steel-concrete
interface combines with the OH- from the
cathodic reaction to ultimately produce a stable
passive film. Chloride ions in the solution,
having the same charge as OH ions, compete
these anions to combine with the Fe-? cations.
The resulting iron chloride complexes are
thought to be soluble (unstable); therefore,
further metal dissolution is not prevented, and
ultimately the buildup of voluminous corrosion
products takes place

b. Corrosion mechanism in samples using tap
water as their mix is mainly due to the slow
dominating diffusion process.

c. The effect of chlorides is two folds, in that both
the pH and the electrical resistivity of the
concrete are lowered. Normally, the pH of
concrete is 12 or 13, and steel usually becomes
passive in environments having pH greater
than 11.5. With the addition of chlorides,
however, the pH of concrete may drop to 6 or 7,
in which steel will corrode readily. The lowered
resistivity also enhances corrosion. Concrete
cylinders prepared by both mixing water
showed severe potential drop but was less
negative for samples mixed with tap water.

5.2. Effect of overlay thickness
Higher overlay thickness impedes the chloride ions
penetration and oxygen enrichment into the depth
of the sample and consequently into the steel bar
due to shorter path required for the attacking
corrosive chloride ions to travel in order to reach
the steel bars thereby accelerating corrosion, so,
samples with 2 cm thickness experiment showed
higher corrosion than those of 3 or 4 cm
thicknesses. Inadequate cover is invariably
associated with areas of high corrosion risk due to
both carbonation and chloride ingress

5.3. W/c ratio Effect

a. Higher w/c ratio explicitly indicates larger
water volumes used in the concrete mix, which
produces more porous concrete making it
suitable for corrosion to take place,

b. Oxygen enrichment: The portion of steel bar
directly exposed to atmosphere is surrounded by
higher oxygen concentration which will lead to
a significant difference in potential with the
steel bar embedded in concrete thus forming
galvanic corrosion cells and initiating corrosion.
With the decrease in the wy/c ratio the quantity
of permeation oxygen decreases. Therefore
decreasing w/c restrains the cathodic reaction,
which leads to a decrease in the corrosion rate.

c. Porosities in higher w/c ratio sample are higher
volume thus allowing oxygen and water to
penetrate into the depth of the sample, reach the
steel bar easier and corrode it. Air and gases
may move fairly easily in the pores of dry
concrete-if the pores are interconnected-but with




a. Electrochemical chloride extraction process
began after 170 days of exposure of concrete
cylinders to DSW bath in order to rehabilitate
and protect steel bars against corrosion by
removing chloride ions. Potential readings
began to increase (i.e. become less negative,
more positive) because of the use of a DC
impressed current supply that accelerated the
extraction process in 4 weeks to simulate the
conditions of concrete under real prolonged
service life time and reversed the direction of CI-
ions movement from inner steel bar, leaching it
to the outer environment of galvanized steel
which acts as an anode.

b. Effects of the three main variables (mixing
water, overlay thickness, and w/c ratio) are
reversed after the application of electrochemical
chloride extraction. Samples mixed with Dead
Sea water having lower overlay thickness and
higher w/c ratio made the ECE process easier
and more effective as expected.

c. As a result of the applied potential difference
between the anode and cathode water was
reduced to hydroxyl ions at the reinforcement.
After the available oxygen had been consumed,
the cathodic reaction produced hydrogen gas. In
porous concrete, it may simply diffuse
harmlessly to the atmosphere through the pores
of the steel-concrete interface. Externally, water
or hydroxide was oxidized to oxygen and
hydrogen ions. These reactions are referred to as
electrolysis, which results in a pH increase
around the reinforcement and is an important
process for electrochemical process of ECE as
shown in the equations (1-5).

d. The resultant electro deposition helps to
passivate the reinforcing steel after current
application, and it also suppresses the corrosion
of the reinforcing bar in the concrete. Electro
deposition had an effect of recovering alkalinity
of concrete.

This seemed because of the salt solution in the

vicinity of the reinforcing bar that became the high

alkali atmosphere by generation of hydroxyl ions
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increasing relative humidity, first the fine, then
the coarser pores will be filled with water, and
this slows down diffusion.

5.4. Electrochemical Chloride Extraction

by electrolysis and integration of metal ions to the
reinforcing bar.

At the cathode
2H  +2e=Hy ..o, (1)
Oy+ 2H,0+ 4e-=40H-.................... (2)
Nat+e- =Na....ooooooiiiiiiiiiiiiiiiinn . (3)
Anode
Clo=2CIH+ 26-..cccoviiiiiiiiiiiiiiin, (4)
2HO=02t4 Ht+eooviviniinn.n... (5)

6. CONCLUSIONS

1. Increasing the w/c ratio increases corrosion
holding overlay thickness and type of water
used in concrete mix constant. 0.5 w/c ratio
samples were last to corrode compared to both
0.6 and 0.7 w/c ratios.

2. Lower overlay thickness allows higher corrosion
of steel bars due to shorter path for CI- ions that
has to be traveled for the same w/c ratio and
type of water used in the mix.2, 3, and 4 cm
overlay thicknesses corroded respectively.

3. Mixing with Dead Sea water encourages higher
corrosion of steel bars at both constant w/c ratio
and overlay thickness.

4. Reinforcement in concrete exposed to Dead Sea
water would corrode irrespective of the w/c ratio
used in concrete preparation.

5. The results of ECE showed that electro
deposition made the reinforcing bar surface into
the re passivation and that it also suppressed the
corrosion of the reinforcing bar in concrete due
to high alkalinity of the steel bar as a result of
applied potential difference.
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Abstract: The quality management system standards of the ISO 9000:2000 series are based on the eight quality
management principles. Principle No. 6 says: “Continual improvement of the organization's overall performance
should be a permanent objective of the organization”. Applying this principle requires having knowledge of
methods and tools for solving problems and/or continual improvement. One of these tools is “The Cause & Effect
Diagram”. It is used to document the possible causes of a given event. “The Cause & Effect Diagram” is also
known as a “Fishbone Diagram” because of its appearance or an “Ishikawa Diagram” after its originator, Dr
Kaoru Ishikawa. In order to ensure its place at the market an organization has to produce such products and
services that meet wishes and expectation of customers. It has to meet demand of customers and other interested
parties (workers, owners, suppliers, community). However, due to strong competition and increased customer's
requirements for higher quality, the organization could lost its place at the market if fails to make continuous
improvements. Continuous improvements are not possible without knowing how to correctly implement both tools
and methods. Task of management is to recognize the importance of tools and methods for management of quality,
what is the subject of this paper.

Keywords: Ishikawa diagram, management of quality, tools and methods, improvement

1. INTRODUCTION (Kaoru Ishikawa -

Cause - Effect diagram creator)

Kaoru Ishikawa (1915 - 1989) is the most famous
Japanese scientist in the field of quality, a typical
representative of a successful takeover of all U.S.
experiences, their immediate implementation in the
study. Binding U.S. knowledge with the Japanese
practice, Kaoru Ishikawa is a pioneer in winning
new, own techniques that will celebrate Japan in
the world.

For his work Ishikawa received a number of
Japanese and international recognition, and it is
enough to point out Deming Prize and the
Shewhart Medal, Award of the Japanese
Association for Standardization and Grants award
of the American Society for Quality Control. In
addition to a large number of papers and classes on
videotape, Kaoru Ishikawa also wrote a series of
books of which are still two world bestseler:

v" How to take quality circle activities,

v' What is total quality control - the Japanese way.

It is particularly important his work of introducing
quality basis on practical circuits actions in Japan
and worldwide, primarily in the United States.
American  Society for Qualityis in 1993
established an annual award for the Ishikawa
human  aspect in the introduction and
implementation of activities related to quality. The
basic elements of learning and practice Kaoru
Ishikawa are as follows:
1. Quality begins and ends with learning
2. The first step is to find consumer demands
3. The ideal state of quality control occurs when
inspection is no longer needed.
You must remove the causes of the problem,
not the symptoms.
Quality control is the responsibility of all
workers and all divisions.
Must not confuse means and ends.
Quality should be a priority and should seek to
realize profits in the long term
Marketing is input and output for quality

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara




9. Top management must not show anger when
facts subordinate amounts.

10. 95% of the problems in the organization can be
solved using a simple tool for analyzing and
troubleshooting.

11. The data do not indicate to the dispersion (ie.
variability) were incorrect data.

With the full support of the Association of Japanese

scientists and engineers Ishikawa has proposed the

implementation of quality statistics in three basic
levels:

v’ for all employees,

v’ for the leadership at all levels of superior quality

managers,

v’ for professional statisticians.

He advocated collection and analysis of data using

simple wvisual tools, statistical techniques and

teamwork as the basis for the introduction of total
quality. Deming took the famous Shewhartov cycle

(PDCA - Plan, Do, Check, Act) and adapt it to his

way of thinking so that today is usually talking

about the Deming cycle in four steps.

Kaoru Ishikawa further expanded it to six steps

under the motto 'always (at least) one step

further'. Ishikawa circle of improving quality
consists of the following six steps:

1. determine (define and detect) targets,

2. find methods to achieve goals,

3. get involved maximum in education and
training,

4. achieve the goal (model products or services,
processes, systems),

5. check and correct the results of the
implementation of all existing improvements,

6. finally realized envisaged goal (improvement,
new product or service, process, systemn)

Move 'one step further', according to Ishikawa is

pure fiction unless there is full support for all

levels  indicators  that management  must
demonstrate their full commitment to quality.

Kaoru Ishikawa is in a way a complete Japanese

version and amendments Edward Deming. His

role and importance in the development of quality
in Japan is crucial and fundamental.

Combining the best of the West and the East,

Ishikawa, along with top American experts charted

the path will go complete Japanese economy and

not just one. With all achieved practical success in

‘A CORVI October - December]
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statistics, quality control circles and total quality
control of the entire company, Ishikawa will
remain known as a top promoter of new techniques
and technologies and harnessing more importantly
as a convinced supporter of paying special
attention to the man, his environment and the
democratization of all production processes.

2. CAUSE - EFFECT DIAGRAM

2.1. Areas of application

Cause - effect diagram is the result of a general

analysis of the impact (cause) that cause a

particular outcome observed phenomena (work

processes). In an effort aimed at boosting the
quality of products and processes companies and

service organizations, the present method has a

wide range of applications in the processes of

quality assurance processes of all functions of the
company in terms of:

v’ Identification of the actual causes of a particular
condition (outcome) results from the operation
of the company or service organizations

v’ Identification and analysis of cause - effect
relationship in the flow of materials, energy and
information, which provide the basis for effective
troubleshooting if as a result is observing the
situation - the outcome of the work beyond the
limits of tolerances os set objective function.

2.2. Description
Diagram of the causes - effects is, as noted, a
method for detailed analysis of the relationship
between a state system in observation (effects) and
the influential variables that cause the occurrence
of a given condition (cause). When given in the
analysis related to improving the quality of the
products and processes of companies and service
organizations, the expression:

v EFFECT - means a certain outcome of the
work of the observed view of the system at a
given time and under given circumstances; as
impact outcomes related to the effect of
temperature and disorder in the process, it is
clear that the size of the random character and
can be classified into two main categories -
both inside and outside the limits of
tolerances placed objective function,

v' CAUSES - means a set of environmental
conditions and processes of the system that
result in a particular state of the outcome of the
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work: from the standpoint of achieving the
projected state - effects that are the size of
circulation resulting character.

Figure 1. The main connection CAUSES - EFFECT
Diagram of Causes - Effect as a set of causes on
the one side and effect at the other side shall be
regulated by the principles of:

v’ Selection - the separation of the true causes of
a particular outcome of the work process — one
effect,

v’ Sorting - grouping selected causes
character, importance and effection mode,

v' Logical connection of the observed effects and
causes of isolated.

2.3. Procedure
Step 1: Defining the problem
In most cases the diagram CAUSES - EFFECTS
are used for the case that resulted in defining a
specific problem - poor quality parts, assemblies or
products,  the  occurrence of FAILURE
CONDITIONS, the long duration of the
production cycle, low coefficient of rotation of
capital, and a series of other related problems. Then
it is necessary to verify the identity of the causes of
occurrence of a trouble as a result. It is possible,
also, a situation that results in a defined and
particular effect. In this case seeking identification
of the conditions that lead to the realization of the
given effect as a result.

EFFECT (problem or effect) must be defined on the

basis of objective data in the form of a completely

clear. In the process of defining the problem helps

Brainstorming analysis.

Graphically present the given consequence — the

usual symbol is a rectangle in the right part of the

drawing in the manner shown in Figure 2, leaving
the left side area of the diagram of the future
introduction of the cause

by

v

Figure 2. Define the problem - the EFFECT
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Step 2: Identification of the cause

A method for identifying the cause which lead to

the problems defined above is composed in:

v' Forming the problem of all possible causes of the
problem to be analyzed. It is obvious that an
overview can be the result of a consequence,
groups or professional teams, but at this stage
recommend  the results previously held
Brainstormng  session. When  given  the
importance of the overview of the causes is
complete, that is, goes off in advance of a cause
which in subsequent analysis may result in the
basic cause - and effect relationship.

A
— [

CAUSE
Figure 3. The basic form of cause - effect
relationships
Classification by type of the cause, effection mode
and related features.
Classification is the most effective use of simple
forms of classification systems - coding sample:
groups of causes related to the participants in the
work, groups of causes related to materials, groups
of causes related to the working procedures, groups
of causes related to the means of work.
Step 3: Selection the basic structure
For mnon-production application forward given
structure group (4M) obviously does not
correspond - it takes depending on the nature of
the problem, to form a new group.
If you previously added to the structure given
category Marketing, Money, and Management
structure then transferred to the structure type
7M.
The present stage of the analysis involves the
selection of a certain structure CAUSES -
EFFECT diagram. Structure type 4M or 7M can
be a good basis for forming the basic structure of
the diagram, where the adopted structure (number
and nature of groups of causes) may not be final
because  the  further  development  permit
modification. The main groups of samples are
entered by pulling the appropriate lines on the line
effection causes diagram in step 1., to provide the
basic structure diagram CAUSES - EFFECT
given in Figure 4.
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Groups of causes 2
Groups of causes P

A

Groups of causes
3

Groups of causes 4

Figure 4. Basic structure of Causes - Effect diagram

Step 4: Develop a diagram

For selected basic structure diagram should be the
main groups of causes lines to add causes of which
are previously located in the group. The addition is
carried out by pulling each of the sample
connection line in the basic group of the cause, as
shown in Figure 5.

Groups of causes 1 I Groups of causes 2

Cause 2.1
Cause 1.1
Cause1.2

Cause 2.3

—_—
Causel.n Cause 2.p

_ -—

N Problem
X Cause 4.1 (effects)
Cause 4.2 -—
—

Cause 3.1
Cause 3.2
—_—
Caused.g
Cause 3.q
—

Groups of causes 3 Groups of causes 4

Figure 5. Development phase of
Causes - Effect diagram

In the present step, it is mnecessary to make
adjustments of the basic structure diagram in case
of occurrence of the cause the concentration of one
or two basic groups of the branches the cause
(unbalanced diagram). You have acquired a basic
insight into the effect of certain causes, the need of
their allocation or elimination in cases of
unnecessary connections.
Based on the foregoing it can be concluded that the
elaborate diagrams need to respect the principles
ofe:
v’ Balanced structure
V' The necessary minimum of the cause or cause -

effect relationship.
Step 5: The process of spreading (branching)
A method of spreading is performed from the cause
connected in multiple stages, without limitation, as

long as it does not exhaust all the examination of

identified causes.

Step 6: Analysis

When by entering in diagram at a certain level

exhaust all identified causes and check the logic of

each of the branches, the approach to the analysis
that is performed is in two directions:

v’ Identification of the most likely cause-problem
which is analyzed and their designation in the
diagram. Probable cause should seek on the line:
the bigest level causes — the highest level causes
— lower levels causes,

v' Given process, in addition to targeting the root
causes of problem, allows, in certain cases,
finding the critical line cause, which is
certainly one of the most important results of
this method,

v' Diagram CAUSES - EFFECT considered
separately is not sufficient to solve the problem
— it only refers to its underlying causes, and the
cause - effect relationships.

For these reasons it is necessary to collect data in

order to check the most important (most probable)

cause and troubleshooting any other suitable
method (ABC or Pareto diagram,).

3. EXAMPLE DIAGRAM CAUSE - EFFECT

IN THE TECHNOLOGICAL PROCESS OF

CUTTING LOGS

Step 1 - Identify effects

We need to identify and clearly define the

output or effect that will be analyzed. The effects

should be formulated as a special quality
characteristics, problems resulting in the work,
planned objectives, etc.

We must use the definition. Within the team we

have to determine the definition of effects to ensure

that it is clearly and unambiguously understood.

We need to know that the effect can be

positive (objective) or negative (a problem),

depending on the issue under discussion. The use
of positive effects that focuses on the desired output
can create an optimistic atmosphere that
encourages the participation of team members.

Whenever possible recommended expression effects

in a positive way. Focusing on the negative effects

can turn team effort to search justify why the
problem occurred and determination of guilt.

However, in some situations, for it is easier to
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focus on what are the causes of problem, but what
are the causes of a positive output. The team needs
to decide which approach is best for a particular
case.

NOTE: An example used to explain the
construction of a ,diagram of cause-effect” is
divided into its component parts and described in
detail to illustrate the construction steps. Using
this example, we will show the causes that are
related to getting poor quality boards when cutting

logs.
/ a

Figure 6: The basic structure of the cause—effect
diagram

Step 2 - Drawing effects

Using a board or larger paper, placed so that each
team member can well see, than draw the BASIC
STRUCTURE and create a effects RECTANGLE.
Draw a horizontal arrow to the right end. This is
the basic structure.. Right from the arrow write a
brief description of effects or the output that results
from the process (eg: a effect is poor quality of
the boards— Figure 7). Draw a rectangle around a
description of the consequences.

Effect

- Poor quality of the
boards

Figure 7. Step 2 - Drawing , effects”
Step 3 - Identify the causes
Identifying main CAUSES that contribute to the
effects that we analyze. These are signs of the main
parts of our diagram and become categories that
will be given reasons related to that category.
Determine the main causes, or categories, which
will be referred to other possible causes. You need
to use a label for a category that makes sense to
create a diagram. Here are some commonly used
categories:
v' 3M and O - methods, materials, machines and

staff,

v' 3P and O - politics, processes, facility and

staff,

v' Environment - potentially significant fifth
category.

M COR 4 [October - December]
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Write down the main categories that our team
chose the left of the effect rectangle, above and
below the «basic structure».

Draw the rectangle around the label of each

category, and connect them with the «basic

structure» slanted lines.

Step 4 - Identification of other factors

For each of the main group, identifying other

specific factors that can be CAUSES EFFECTS:

v' Identify as many causes or factors and attach
them as a subgroup of the main group (eg.
possible causes for the poor quality of the
boards are shown wunder the appropriate
categories in Figure 9.).

v' Provide details for each cause. If a cause of
lower order applied to several causes higher
order please include it below each of them.

| Machines |
\./ R

Material

Methods

Poor quality of
the boards

Characteristics

I

Figure 8. Step 3 - Identification of the major categories
Step 5 - Identify the causes

We need to identify the deeper causes and to
continue to organize under the appropriate causes
or categories. We can do a series of questions
asking why.

Figure 9 shows how the diagram looks like when all
the causes have been identified that contribute to
the effect. As you can see there can be many causes
that contribute to the level of effect.

‘ METHODS ‘ MACHINES
X Poor tool
Poor basis of
sawing
Irregular speed Machine
moves adjustments Poor qualitv of
_ ﬂz "| the boards
Poor maintenan:
of ma 3 Inadequate
lubrication
Unskilled Poor logs
~ workers
STAFF MATERIALS

Figure 9. Step 5 - identifying the causes
Step 6 - Analysis of the diagrams
The analysis helps to identify causes that warrant
further investigation. Because ,diagram cause-
effect” identifies a possible causes of this further
work we can use Pareto diagram to determine the
cause of which will be the first focus. When
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analyzing the diagram we need to do the following:

» Consider «balance» in our diagram by
checking comparable levels of detail for most
categories
v' A thin block position in one area may

indicate that further research is needed.

v’ Main category that has only a few specific
causes may indicate the need for further
identification of causes.

v’ If several major groups have just a subset of
them may be combined under one category.

» We need to seek the causes that are repeated
several times. They may represent the root of
the problemy/effects.

»  We need to seek what we can measure in each
cause so that we can quantify the effects of
changes that may make.

» Most importantly, identify and round up the
cause in which we can take action.

Analysis of diagram indicates the following:

The level of detail is almost balanced. No cause is
not repeated. Invalid moving speed may be the
cause of which it is possible to establish a
measurement. Moreover, the wrong speed moves
the cause in which we can take action. In Figure

10., is rounded to be marked for further

investigation.

METHODS

MACHINES

P tool
Poor basis of oortoo

sawing

Machine

adjustment . Poor board quality

L
Poor maintence
of machines Inadequate
lubrication
i Poorlogs
Unskilled
R e — -
workers

STAFF ‘

Trregular
speed
moves

MATERIALS

Figure 10. Step 6 — Diagram analysis

8. CONCLUSION

Strive for continuous improvement of quality, then
work to meet the wishes and expectations of
customers, through the reduction of variability in
all processes, and improve process capability, and
as a result will be an increase in the quality of
products and/or services. The principle of
continuous improvement can be carried out if
leaders of business processes has adequate

information base, which would enable them to
make business decisions based on facts.

Cause—-effect diagram is a tool that is suitable for
identifying and organizing the known or possible
causes of poor quality or problems. The structure
provided by the diagram helps team members to
think in a systematic way.

Cause-effect diagram is a tool that helps in
identifying, sorting and displaying possible causes
of a specific problem or quality characteristic. It
graphically illustrates the relationship between a
given output, and all the factors that affect the
output. This type of diagram is sometimes called
the , Ishikawa diagram” because it was invented by
Kaoru Ishikawa or , fishbone diagram” because of
his look.

In this paper, is a complete processed diagram
causes — effect, his scope, description and method of
making diagrams. It was made an example that
indicates all the causes that affect the result of
getting poor quality of cut
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Abstract: Local Economic Development (LED) is in focus in some ex-socialist countries of Europe. Eight different
settlements were examined by different methods in 2012-2013 to study the present situation of its state of economy
and employment and the local resources in a research. The aim of this paper is to show the key factor of LED, to
attempt for standardization taking into account the scientific literature, to define indicator of well-being in

countryside and an evaluation by a new LED model.

Keywords: local economic development, Hungary, countryside economy, rural, development model

1. INTRODUCTION

In the ex-socialist countries the transition period
caused growth in difference of regional
development. Although many financial resources
have been spend to close development gap among
regions and settlements of Hungary, however it
may not be said successful really. The rural areas
are usually less-favoured areas with high
unemployment rate. Rapid growth in development
occurs mainly in the capital, Budapest and in some
cities and wvillages. The local government would
have to take more effort to develop local economy
based on own local resources.

The eight examined settlements represent different
kinds of locality type both location and population.
The location of settlements is on Figure 1
(Simonyi, P. et al. 2013).

Examined settlements in Hungary
(with the population of 12-12-2011)

\ PASZTO {
> | e ¥
‘UDAPEST gy v
N &

MORAHALOM
5778 g

v op- S

100km 200km

Figure 1. Location of examined settlements with
population on 12-12-2011 (letters in capitals: city; in
italics and capitals: capital of Hungary)

The aim is to define the key factor or factors of
successful local development as this state has been
recognized in some settlements in the pre-study.
Furthermore we wanted examine how so-called
ideal types of rural areas could be applied in
Hungary? Interesting question is which indicators
or indicator could be the most representative ones
to show well-being of locals in countryside?
Finally, a mnew model on local economic
development how can help for evaluate the LED?

2. MATERIALS and METHODS

2.1. Materials

In this paper on LED the materials were the
scientific literature and the results of the field
studies, based on different methods, used in the
eight different settlements as four cities (Szarvas,
Pdszté, Morahalom, Fertéd) and four wvillages
(Rimoc, Oszko, Bazsi, Besence).

There are different not only the number of
inhabitant (Figure 1.) but their geographical
position also. Rimoc and Pdszto are in Northern
Hungary, in a hilly area. Szarvas and Morahalom
situated in the Great Plain (Alfold) and the other
four localities can be found in Transdanubia
(Dunantiil). Besence is in the south, Drava-plain
and Fertdd situates in quasi opposite in north-west
at the Austrian border. Oszké and Bazsi are more
or less typical transdanubian villages in the west
and in the middle sub-region.
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2.2. Methods

The study method for the research in the field-work
was multiple ones to come near to the holistic
approach (Clark 2011). Standardized questionnaire
used for open the opinion of the inhabitants up. In-
depth interviews were the most important way to
uncover the sight of local stakeholders. Focus group
interviews were planned in every settlement with
dominant persons and local stakeholders, except
the  major, however in Fertéd it was
unsuccessfully. At the end there was only one
participant but by that situation the strength of
local social cohesion was represented. In the other
localities it was found special useful way for our
research.

It was an important condition that only those
persons were asked who had some connection with
the locality.

3. RESULTS and DISCUSSION

The answers to the questions of this paper can be
concluded in few points on base of the results of the
study.

The local hero was found the main key factor of
LED. He is not the only one but local hero is a
dominant person. The number of local heroes
depends of the number of inhabitants. Morahalom,
Riméc, Bazsi and Szarvas were typical settlements
where the strong leather determinates local
development and his successful activity provides
visible development for locality. The local
attachment as property of the local person
transforms to local paternalism described in wide
aspect in Illés (Illés, S., 2014). The best practice
was found in Szarvas where the support of local
government from so called business Incubator
House following project database up to the tax
reduction for small enterprises give chance for new
entrepreneurs good start up. This effective
structure gave a prosperous view of the city with
high level cultural life. The key to the future of
development of local economy is in attitude and
activity of local inhabitants (Czene, Zs., Ricz, |.,
2010).

Second question is that standardization of rural
areas can be used in Hungary? Marsden et al. and
Flynn and Lowe set ideal types of rural areas up
(in Diinckmann, F., 2009; Flynn, A., Lowe, P.
1994). The four types of countryside have typical

features. The preserved countryside is scenic region
near the urban metropolitan area, where LED focus
on preservation supported by high income
commuter households. The contested countryside is
in an outer zone where effects of urbanism idea are
on lower level. Against the local authorities,
landowners, farmers the incomers advocate a
cautious way of development of local economy. In
the paternalistic countryside the locals are able to
guide the LED partly from their estates. The fourth
ideal type is the clientilistic countryside which
depends on state subsidies. Rapkay, B. was the
first, in his not published thesis, examined these
ideal types in 2012. In our study we applied it for
Hungary and we found some difference in, after
Rapkay. In Hungary the preserved countryside has
not generally the feature to be close to the
metropolitan areas, because affluent commuters
prefer the modern high quality lifestyle and living
conditions. However some high educated middle
class citizens have interests “to preserve the
countryside, and also it is the result of their
particular attitude towards the rural area” which
results “conservation of the traditional image of
villages” can be basis of rural tourism (Simonyi, P.
et al 2013 p. 43.). Villages of this ideal type of
countryside situate far from the metropolitan areas
in Hungary in many cases. The contested
countryside is the more frequent type in Hungary.
Efforts for LED are made by locals but less than
more effective ones usually. The heritage of the past
(unemployment, lack of jobs, traditions) are coated
by new ones as land ownership after land
privatisation, political conflicts, end of subsidy
finishing project program and some other reasons.
This type of settlement is examined by the
researchers of rural areas, sociologists and it is
attended by media. The paternalistic countryside
has strong background come from our history out.
Land and its cultivation are in centre. Widely
accepted that land owner should be the person who
also cultivate it (Melldr, T. 2012). But today the
basis of paternalism is really rather an attitude, a
mental relationship to the locality. The high level of
local patriotism and paternalism are the roots of
fruitful LED. Some good example was found by the
project. Unfortunately the clientilistic countryside
or state-dependent countryside is other frequent
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ideal type in Hungary. Mainly in the Northern
Hungary and in the north-east region, furthermore
in south Transdanubia it is common that small
villages depends on the state support. These are the
least favours localities having the most problems
where locals lost vision of their future the life is
only to survive the actual day.

It was an clear conclusion that features of different
ideal types of countryside were characteristic for a
settlement so “more typical” words may be a
correct answer to classify a settlement into an ideal
type of countryside.

Thirdly a question was put to answer on the
indicators which best shows a prosperous
countryside or settlement. According to the goal of
local economic development the aim is to develop a
flowering countryside where it is worth to live and
there is a local and individual vision of future. The
well-being depends on the daily income closely
linked to the employment proved to be the most
serious problem (Skerratt, S. 2013). For the local
inhabitants in countryside beside the risk of
downward  social mobility  the threat of
unemployment status became the major economic
problem (Csaba, L. 2011). The individual and the
local income and the unemployment rate define the
local economic level clearly as we can sum up.
However the social community life can be much
more underdeveloped level.

Finally mentioned a LED model is an output of the
two years research. Previously a general model of
LED and a specific model of LED have published in
Geographical Review last year (Rapkay, B. et al.
2013).

This concept, put by Illés, Sindor on in 2014,
discussed by study-group, is an attempt for holistic
approach. In this paper two aspects are outlined in
extreme short way.

One of the main questions is what should be in
focus of a LED-model? We can think local
paternalism or local economic development. By
ones local paternalism should be in because it was
found the most effective factor. By others local
economic development need to be in focus because
of the goal is to prosper countryside in Hungary.
The other main idea of the Illés-model is the
different layers, spheres from “inner local world”
to the “outer world” put around the centre.
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I show here only a short analysis by some inner
factors in concentrated sentences. The list of
possible inner factors is in Table 1.

Table 1. Inner iactors oi the LED model

Local local local heroes . l.o cal‘
product institutions
. human vindication of
Resource capital .
resources interests
self-
Product local tradition, employment
market, . X
level <ho innovation self-
P forethought
. on on .
Policy , on society
economy | environment

Source: own compilation
These factors have different values by settlements.
Local product have typically found in agriculture
(e.g. Szarvas, Rimdc, Besence). Local heroes were
discussed ~ before.  Local  paternalism  is
representative in those settlements where there is a
local hero however it is not inevitable. Local
institutions have an important role, the least in
Fertdd. Local market, shop are generally weak point
of LED in these localities. Regulations in many
cases are against them. Traditions, as all over the
world, are general commercialized. Rimdc is the
“last village” of paloc population. Innovation for
the future, of local products also, is rare. Self-
forethought, self-employment appears in different
way in the settlements. On the one hand it is
necessity because of being the only way for living
there and on the other hand it is a conscious
activity of local leaders. Capital is a factor that is a
lack in every settlement. Vindication of interests is
an important factor of development both inside and
outside sphere. The EU-projects and successful
applications for subsidies can be realized by.
Szarvas was the best example of it. In the examined
localities human resources have been found
similarities ones. The graduated youth and the well
qualified workers are lost for the settlement because
their life is planned in large cities, in the capital or
abroad. Number of the local intelligentsia is
decreasing. This process has a negative effect on
local economic development. Local policy on
economy can improve local potential much better
then it is seen today because there are many tools
that could be used by the local government. The
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best practice was found in Szarvas where the
strong mayor supports local enterprises in a pilot-
way. The local tax reduction, house for start-up
entrepreneurs, administrative service for EU
funds, competitions is a specific structure
extremely —useful for start-ups and small
enterprises. Policies on environment and society
are in close connection with the other policy. This
way of LED is the only solution for local
sustainability.

Results of the project can be concluded in some
sentences. The key point of the LED has found the
local hero who could be more persons if the number
of inhabitants of settlement is higher. The ideal
types of rural areas in Hungary differ from the
literature, the settlements less depend on the
distance from metropolitan areas and one locality
has more features of an ideal type. The local
income, included the income of local inhabitant,
and the unemployment rate seems to be the best
indicators of well-being in countryside, however it
not represents the local social state. A LED model
could be a good help to analyze the different
localities. All of these thesis demands further
discussions.
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Abstract: The present work is devoted to study the laminar flow of thermally and hydrodynamically developing
MHD mixed convection of Newtonian fluids between two vertical parallel plates channel and also, the influence of
different governing parameter on wide range of flow characters was investigated.The boundaries are considered to
be isothermal with equal temperatures. The governing equations are solved numerically. The graphical results are
provided for dimensionless velocity, temperature, mean temperature, centre line pressure gradient and local

Nusselt number.

Keywords: MHD, Mixed convection, Newtonian fluid, Parallel-plates channel

1. INTRODUCTION

Studies of MHD combined forced and free
convection heat transfer (mixed convection flow)
problem involving Newtonian fluids from vertical
channel with constant temperature or constant
heat flux boundary condition has attracted
considerable attention recently. This interest is due
to many important engineering applications which
are relevant to this problem. One might come
across a flow as such in many industrial
applications, such as those in heat exchangers,
chemical — processing  equipment,  geothermal
reservoirs, cooling the nuclear reactors. As
expressed previously, the flow of fluid through
channel has been investigated in many engineering
applications. One of the earliest analyses on this
subject can be found in Tao [1]. Salah EI-Din [2]
have studied the effect of thermal and mass
buoyancy forces on the development of laminar
mixed convection between two vertical parallel
plates in the case of wall heat and mass fluxes.
Rajagopal [3] have done an analytical investigation
on free convection for non-Newtonian fluids in a
parallel  plates channel with different wall
temperature. Zibakhsh and Domairry [4] have
solved laminar viscous flow in a semi-porous
channel by using of homotopy analysis method

(HAM). Barletta [5] have studied fully developed
mixed convection flow in a parallel plates vertical
channel by taking into account the effect of viscous
dissipation. In this study the two boundaries are
considered as isothermal and kept at equal or at
different temperature. Barletta [6] analyzed mixed
convection with viscous dissipation in a parallel
plate vertical channel with uniform and equal wall
temperatures. Barletta [7] have presented an
analytical analysis of fully developed mixed
convection in vertical channel include power-law
fluid reference to unequal and uniform wall
temperature boundary condition. Shoheil Mahmud
et al [8] focused on analyze the first and second law
of thermodynamics characteristics of fully
developed mixed convection flow in a channel in
the presence of heat generation/absorption and
transverse hydromagnetic effect with isothermal
boundary  condition. Krishnan et al [9]
experimentally and numerically studied the
problem of steady laminar natural convection and
surface radiation between three parallel vertical
plates, viz., the central heated black plate and two
unheated polished side plates, insulated from
behind. Lorenzini and Biserni [10] carried out a
numerical study based on finite difference method
in which a power-law fluid with parabolic inlet

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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velocity profile and constant temperature is
considered inside a vertical duct with linearly
varying temperature along the channel axis
direction. That the flow is fully developed or other
simplicity assumptions like constant pressure
gradient and so on are taken into account is
mentioned in most of the above reviews. It is
evident that one can use such assumption, in ideal
case. To exemplify this, it is noteworthy that the
fully developed flow can only be established if the
channel is very long.

Generally, to date, according to the author’s
knowledge, there is a lake of information in the
literature regarding the flow and heat transfer of
thermally and hydrodynamically developing MHD
mixed convection of Newtonian fluids through two
parallel-plates wvertical channel. Therefore, the
present work is devoted to study the laminar flow
of  thermally and hydrodynamically developing
MHD mixed convection of Newtonian fluids
between two vertical parallel plates channel and
also, the influence of different governing parameter
on wide range of flow characters was investigated.
The  graphical  results are provided  for
dimensionless velocity, dimensionless temperature,
dimensionless mean temperature, center line
pressure gradient and local Nusselt number.

2. PROBLEM FORMULATION

The MHD wvertical and parallel plates channel, as
depicted in Figure (1), consist of two parallel,
vertical and electrically insulated plates with an
infinite width, a finite distance between them, W,
and a finite height, L, maintained at constant and
equal temperatures.
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+—— :q_
-— i -
-+ — —
- —
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Figure 1. Geometry and boundary condition

Within this channel flows a laminar, viscous-
incompressible, hydrodynamically and thermally
developing and electrically conducting Newtonian
fluid, which is submitted to a perpendicular,
uniform and constant magnetic field.

The medium is assumed to have constant
properties, outside of density, for which Boussinesq
approximation is assumed to hold good. Beside
this, in the energy equation, term representing
viscous dissipation is neglected as it is very small
and also our aim is study the pure effect of
magnetic field on the flow.

Under the hypothesis above, the governing

equations in dimensionless form are:
oU oV
=0 (1)

ox oy
U W@ 1of-a) -\, G, HE
= =— | U
el AR @
v ouv vt ep 1( o (-av), a(-ov
—t =t — | —| p—— |+ —| p— (3)
ar ax oy or Relax\"ax) or\"ov
20 oUg ove 1 (39 2’0 BrHd’ U
oT ox oY PrRelax’ or’) PrRe 4)
Subjected to boundary conditions:
X=0-5<v<s=g0 V7 Vo
S0-5<Y<S= 7 Y =15X20=17=0 (5)
0=1
In the above formulation, the following
dimensionless groups were imployed:
Uy Y W p oy
Uin Uin Dh
p=—L _x-% y-2
pOUin Dh Dh 6
g 1Ty wi . omp ©
T,-T,° K(T,-T,) U,
, : T,-T,
Re— 2UuDs . _ 1 p’Gr:gﬁr(z 0)
/ur K Uin

A local Nusselt number can be defined at each

boundary, namely:

do
_dTYZW/Z (7)

This local Nusselt number is based on, g, —g, , on

the other hand, the customary definition of the

local Nusselt number is based on balk temperature

as the reference fluid temperature, namely:
T,-1, Nu

=M w 0 _ D

T T1lg, ®

Where ¢, is the dimensionless bulk temperature,

Nu,,

Nu

T

which is given by:
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The mean Nusselt number can be defined by:
1 ¢L
Nu, :Z'[O Nu,dX (10)

3. PROBLEM SOLUTION

The governing equations are solved by using a
finite  volume method. The SIMPLE algorithm
of Patankar [11] is employed for velocity and
pressure coupling.  As can be seen, the
hydrodynamic flow field which is governed by Eq.
(2) is strongly coupled to the thermal flow field, the
energy equation, Eq. (4), through the buoyancy
term in vertical momentum equation, Eq. (2). So
the calculation of energy equation needs to be done
sequentially. To solve the system of equations
tridiagonal matrix solver is used along width of
channel and subsequently the calculation is moved
gradually ahead inside the duct.

To fix the grid size with a view to obtain grid
independent solutions, a grid independence study
was carried out for channel, by comparing velocity,
temperature and pressure gradient for different
grid sizes. There fore, the calculations with
100x 40 will be considered sufficiently accurate in
the present work.

4. RESULT AND DISCUSSION

The effect of MHD field on mixed convection of
Newtonian fluid flow inside a parallel plates
channel is presented in Figs. (1-10). The effect of
Hartman number is examined and investigated in
different value of Brinkman number. Because of
similarity between results only some of them are
graphically reported.

b 1
- -02 0 02 04

Y
Figure 1. Transient velocity profiles
for the different values of Hartman number

Figs. (1,2).
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Figure 2. Transient velocity profiles

for the different values of Hartman number

The results show increase in the value of Ha
number have tendency to slow the movement of the
fluid in the centerline of channel and as a result of
this, velocity increases near the walls associated
with constant flow rate of each section of channel

Re=30,n=1,Pr=100,Gr=9800,Br=0

Figure 3. Transient pressure profiles

for the different values of Hartman number
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Figure 4. Transient pressure profiles

for the different values of Hartman number
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Figs. (3,4) illustrates the variation of the pressure
gradient with distance at different value of Ha
number. It is observed that, while the overall value
of pressure gradient increases steadily with Ha,
depends on the value of Br number, it is going
toward a constant value, that’s mean is the flow is
fully developed, in this case, or the pressure
gradient is a decreasing function of X.

As said before, increases in the value of Ha have a
tendency to slow the movement of the fluid in the
centerline of channel. This is because of the
application of magnetic field that creates a resistive
force similar to the drag force that acts in the
opposite direction of the fluid motion, thus casing

the maximum velocity of fluid to increase.
1

—— Ha=0
Ha=1
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- Ha=h
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08

. r Re=30,n=1,Pr=100,Gr=900,Br=0

02

nl—

Figure 5. Transient temperature profiles
for the different values of Hartman number
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Figure 6. Transient temperature profiles
for the different values of Hartman number
Thermal behavior of flow is shown in Figs. (5-10).
Owerall, the effect of Ha number on thermal
behavior of flow can't be explained without
association with Br number. As can be seen in

equation (4), this is because of dependency of
dissipation term, due to magnetic field to Br
number.
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Figure 7. The effect of Hartman number
on the local Nusselt number
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Figure 8. The effect of Hartman number
on the local Nusselt number
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Figure 9. The effect of Hartman number

on the mean temperature
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g gravitational acceleration[m.s™ |
Ha  Hartman number
k Thermal conductivity[wm k']
L Channel height[m |
Nu,,  Nusselt number
L M, Nusselt number
Eoof e ] P Dimensionless pressure
e o p Pressure[ pq ]
.‘ e Pr Prandtl number
Ol Re  Reynolds number
T Temperature[ k |
A t time[s ]
% 5 10 i 20 25 U Dimensionless axial velocity
Figure 10. The effect of Hartman number . AJ.le ve‘loczty .
14 Dimensionless transverse velocity
on the mean temperature T locit
Upon to what said above, at low value of Br ' ransoerse veloctty
. , . w Channel width
number, magnetic field doesn't have direct and . . , .
. . X Dimensionless axial coordinate
important effect on thermal behavior of flow. Then, Axial coordinat
be seen, there is no significant change in g xial coordinate(m] -
le, can ] ’ 3 e besid 3 i Y Dimensionless transverse coordinate
imensionless tempemture. profile, beside this, Transverse coordinate[m |
because  of changes in  wvelocity, ~mean  ,.ak symbols
temperature and local Nusselt number slightly Thermal diffusivity[ ]
increase by ncrease in Hartman numbgr. When g Volumetric coefficient of thermal expansion
Brinkman number increases, magnetic field exerts Dynamic viscosity] pas]
a significant influence on the flow and there for as ¢ Dimensionless temperature
Ha number increases, the magnitude of p Density[ 1g.m]
dimensionless temperature and mean temperature Subscripts
increase contrary to our expectation. While, local — ;, Inlet
Nusselt number except a slight rise, doesn't show  , Mean value

any especial changes in it's trend. 0 Value at the entrance or reference value
5. CONCLUSION w Value at walls
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Abstract: The aim of this paper is to give a general description and analysis of the method for measuring airborne
sound insulation separating structures according to STN EN ISO 140-4, STN EN 1SO 140-14 and STN EN ISO
717-1 and develop guidance on the evaluation of airborne sound insulation of these structures in the software
program NorBuild 1028 and examine if the choice of excitation signal has an effect on the measurement results.
This paper describes an accurate measurement procedure, including a description of the used measurement
technique that was used in measuring the sound insulation of the selected partition walls at different excitation

sound field.

Keywords: airborne sound insulation, NordBuild software

1. BACKGROUND

Engineering and construction practices currently
convinces us that we can't satisfactorily eliminate
all negative environmental factors. One of these
factors is noise, and therefore solution of noise
reduction issue is nowadays an essential
requirement to ensure acoustic comfort home and
work environment. This requirement is also
reflected in the engineering, construction and in
other kind of industries, where are applied all kinds
of partition elements and structures. In the design
and determination of partition elements and
structures in engineering and other operations are
currently using a computer and special software
programs. Using such software is the entire
measurement and evaluation process much easier
and allows you to create designs on the high
standard of quality.

2. SOUND PROPAGATION IN THE
BUILDING STRUCTURE AND ELEMENTS
The sound from the source, which is located in
volume room spreads through sound waves and
falls on the building structure and it also radiates
into space the receiving room. The thickness of the
building structure is smaller than the wavelength

of the incident sound wave in a wide range of
frequencies. This leads to wave propagation in
separating elements and also to partial re-
transmitting to volume room but especially to the
receiving room (depending on the sound insulation
of walls). [1]

3. AIR- BORNE SOUND INSULATION
Airborne sound insulation of building structures is
the ability of separating construction transmit
sound power airborne from the source to the
protected room but much weaker. (Figure 1) [1]

VM 5
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I~

ARNNEN

O

Figure 1. The principle of definition airborne
sound insulation of the building construction
Figure description: L1 — medium level of the sound
pressure in volume room [dB], L, - medium level of the
sound pressure in receiving room [dB], 3 - decrease in
the level of the sound pressure influence of sound
insulation of the building structure.
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The main criterion for sound insulation evaluation
of separating structures is the degree of the
laboratory airborne sound insulation R [dB] and of
the building airborne sound insulation R [dB] and
laboratory index of the sound insulation Rw [dB]
and building index of the sound insulation R'w
[dB]. We compare the measured value of the
building index sound insulation with the
minimum requirements set out in the standard
STN 73 0532. [1]

3.1. Laboratory level of the airborne sound
insulation

Sound energy which is falling to the separating
structure is transmitted to the receiving room just
with its area. We talk about laboratory airborne
sound insulation. In this case it doesn’t occur to
the sound propagation by ancillary ways.

The levels of the sound pressure are preferentially
measured in the third octave band in the receiving
and volume room.
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Figure 2. The principal of sound propagation the
building structure with suppression of sideways (left),
the principal of sound propagation the structure with
designation of sideways (STN EN ISO 140-4) (right)
Figure description: Wpy - sound power which enter to

the wall and from the wall is again directly radiated
[W]. Wps sound power which enter to the wall and is
radiated with sides stuctures [W]. Wrs sound power
which entersnto sides structures but is radiated directly
from the wall [W]. Wi sound power which enters to
sides structures but is also radiated from sides
structures [W]. Wor- sound power which is transferred

(by air) without a gap [W]. Error! Reference source
not found.

3.2. Level of the building sound insulation
If we know spectral course of airborne sound
insulation which is measured directly in building,
we talk about building sound insulation R” [dB)].
In this case the airborne sound insulation R™ has
negative affect to sound propagation with sides
ways or holes, leaks, joints, cracks, leap etc. The
sides ways are usually defined by the radiated
sound power in the individual ways of propagation
according to Figure 4.
4. METHODOLOGY FOR MEASURING
BUILDING SOUND INSULATION INDEX FOR
CONSTRUCTION R'W AND INSTANCE OF
SEEMINGLY SOUND INSULATION R'
ACCORDING TO EN ISO 140-4
Sound insulation in buildings is measured in one-
third - octave bands has first been agreed
measurement in octaves. In the volume room must
be built steady sound with a continuous spectrum
in this frequency range. Most used is a broadband
signal that can be adapted to the reception room to
ensure the same high frequencies the signal - noise.
As a source of noise we use omnidirectional
speaker, which provides us with a uniform
omnidirectional  radiation according to the
specifications. It can also be used more sound
sources, but must be the same type and
uncorrelated signal transmitted at the same level.
When using a single sound source, this source is
placed in at least two positions. If you have a
different room volumes as a broadcasting room is
used more of them. [2]
To evaluate the apparent sound insulation can be
used the results obtained in one direction or in both
directions. Speaker position must either be in the
same room or the measurement must be repeated.
In the opposite direction during the process of
volume and receiving rooms with one or more
positions of power in two rooms of buildings.
Speakers are placed so as to achieve the highest
sound field diffusion. Distance from the side and
bulkheads must be such that doesn’t predominate
directivity of such elements. [2]
4.1. The positions of microphone placement
and position of the source (according to STN
EN ISO 140-4)
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In determining the direct sound pressure levels
may be used one microphone (moved from one
place to another place) or an assembly of stationary
microphones, microphones moving on circular
track or continuously moving microphone. If we
have different positions of the microphone location
and must determine the average energy. [2]

4.2. The real source location

Location source was placed at two designated sites in thestrument  is

volume room.
- 1.0 m distance from the side walls of the room,

MOR 4 [October - December]
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5.1. Sound level meter NORSONIC Nor 140
(Figure 4 -a) it is the impulse integrating sound
level meter of the immediate maximum and
minimum equivalent sound level A and C, sound
exposure and upper level. Accuracy class of the
sound level meter is 1. The dynamic range is 120
dB. Instrument je equipped with a parallel
measurement with filters Aand C or Z. In the
implemented  function  for
measurement building acoustic magnitude.

5.2. Noise generator Nor 280 (Figure 4 - b) it is

- 9.5 m distance from the measured building structurethe equipment which generate white or pink noise.

- 4.0 m distance between resources,
- 1.7 m distance from the first microphone position.
4.3. The real location of microphones

When measuring the sound insulation according to
STN EN ISO 140-14 shall designate ten
measurement points in volume room and ten
measurement points in the receiving room. The
first measuring point shall be located closer than
one meter from the source. Other data points you
select in the volume and receiving room freely, and
we must ensure that they are distributed evenly.
The following schematic drawing (Figure 3) shows
us the location of the measurement points
according to STN EN 1SO 140-14.

PM . LA 4 %
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Z: z a

Figure 3. Positions of the microphones location
in the receiving and volume room

A reverberation measurement with source location
in two positions in receiving room. Location of
microphone was in three positions and totally it
was six positions. We used impulse method for
reverberation measurement (balloon).

5. INSTRUMENT EQUIPMENT

These kinds of the noise bindes to piezoelectric and
magneto-dynamic changers.
5.3. Omnidirectional

sound source

NORSONIC 270 (Figure 4 - c) is the equipment
which radiates acoustic energy evenly to the all
directions. The equipment has a spherical shape
from 12 loudspeakers and they are connected
serial-parallel.

Figure 4 a) Sound level meter NORSONIC Nor 140.
b) Noise generator Nor 280, c) Omnidirectional sound
source NORSONIC 270

6. DETERMINATION OF THE SOUND
INSOLUTION INDEX R'W AND INSTANCE A
SEEMINGLY SOUND INSULATION R
'SELECTED WALLS IN DIFFERENT SOUND
FIELD EXCITATION

6.1. Excitation of the sound field in volume
room using pink mnoise with excitation
interval 75-78 [db]

Measured building structure is situated in the area
of Technical University in KosSice in Environment
Department. The partition is situated on the first
floor among two rooms number 19 and 20.
Thickness of the partition is 16 cm and is made
from brick blocks and without holes.

a. Configuration of the experiment

The measurement was carried in the rooms No. 19
and 20 with sound  level meter Nor 140
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(manufacturer  NORWAY,  serial — number
1403867, microphone NORSONIC, Nor1225 type,
serial number 112818, accuracy class 1) at
Department of the Environment. The measuring
device has been wverified in accordance with
applicable regulations metrology.

As a first step was to calculate and mark the
measuring points in the volume room (room no.
19) and also in the receiving room (room no. 20).
Before the measuring it was necessary to draw and
contrain receiving and volume room. To determine
the dimensions of the room was used plastic tape
measure (manufacturer STRATEG and type 2
meters  finder DISTO D5, serial number
390951175). It was also necessary made a volume
calculation of volume and receiving room and
calculation of common area measured building
partition which is situated between rooms No. 19
and No. 20.

To create white noise and pink noise generator was
used Nor 280 (manufacturer NORSONIC AS
NORWAY, serial number 2803632), which was
placed in volume room on the floor. When
measuring the sound insulation of building
partition is used omnidirectional sound source Nor
270 (NORSONIC manufacture, serial number
30756) which are moved from point Zito point Z
and opposite. Hearing protection from adverse
impact of pink and white noise was necessary to
use a hearing protector manufacturer CERVA type
1310.

b. Volume of both rooms

The volume of the receiving room: V = 64.7 m3
Volume of the volume room: V = 220.2 m3

c. Area used to calculation R

closest measuring point from the source. The time
course of noise excitation is shown in Figure 5
(left). From the picture it is clear that it is a
continuous uniform sound. Frequency Response
excited noise is shown in Figure 5 (right).
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Figure 5. Time course of the levels of pink noise
excitation interval 75-78 [dB] volume room (left),

frequency response for pink noise excitation interval 75-

78 [dB] volume room (right)
6.2. Sound field excitation in broadcast room

The common area of partition structure: S = 20.80 m? with white noise excitation interval 75-78

d. Measurement of sound pressure level of
background noise Ly and the sound pressure
level of background noise Ly through Lpio in
different locations receiving room as well as
measuring the average reverberation time T and
the receiving room reverberation Ti1 to Te in
different locations receiving room were performed
only once.

e. The excitation characteristic

In the volume room we used for excitation pink
noise. Equivalent sound pressure level LAeq values
reached 75 to 78 [dB] and to the farthest and

Description and  identification of building
structure, the test configuration, the volume of
both rooms and space used to compute R is the
same in terms of sound field excitation in volume
room using pink noise excitation interval 75-78
[4B].

Measurement of sound pressure level of
background noise Ly and the sound pressure level
of background noise Ly1 through Lyio in different
locations receiving rooms as well as measuring the
average reverberation time T and the receiving
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room reverberation T1 to Te in different locations
receiving room were performed only once.

a. The excitation characteristic

In volume room, we used to excitation white noise.
Equivalent sound pressure level LA.; values
reached 75-78 [dB] and to the farthest and closest
measuring point from the source. The time course
of the noise excitation is shown in Figure 6 (left).
From the picture it is clear that it is a continuous
uniform sound. Frequency characteristic of excited
noise is shown in Figure 6 (right).
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Figure 6. Time course of levels for white noise with
excitation interval 75-78 [dB] of the volume room (left),
frequency response for white noise with excitation
interval 75-78 [dB] of the volume room (left)

7. MEASUREMENT RESULTS

Next tab. 1 shows measurement results. From
these results of measurement is obviously the
values in individual standards exhibit no
important divergences. The wvalues of building
index sound insulation moves in level 38-39 dB in

- Bulletin of Engineering Tome - .

two instances. In pursuance of finding results we
can say that the choise of noise signal for
generation sound field depends on an expert which
realizes the measurement.
Table 1. Excitation interval of the pink and white noise
and index of the building sound insulation
or pink and white noise

Index of the
building
sound
insulation R
white noise
[dB]

39 (-1;-2)
39 (-1;-2)
39(-1;-2)
39 (-1;-2)
39 (-1;-2)
39 (-1;-2)

Excitation
interval
white noise
[dB]

&0
.5
]
38,5
38
7.5
§?
3.5
1]
35,5
35

TSeTH BOHD BSHER D03 9308 SBAOZ
Figure 7. Graphic display of the results
and their comparison

8. CONCLUSION
The objective of these measurements was to
determine the effect of noise when measuring
sound insulation of building walls as in the
measurement process is currently using two
standards. STN EN ISO 140-4 recommends the
use of white noise, and the standard STN EN ISO
717-1 pink noise. Making measurements showed
that the measurement standard can be used at the
discretion of the expert, since significant
differences were found in the results of
measurements by different standards.
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SLIDER BEARING CONSIDERING THE
COMBINED POROUS STRUCTURES
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Abstract: Efforts have been made to obtain the analytical solution for pressue, load and friction for a magnetic
fluid based double layered rough porous slider bearing. The permeability of the upper layer is based on the model of
Kozeny-Carman while Irmay’s model governs the permeability of the lower layer. Regarding roughness, the method
adopted by Christensen and Tonder finds the application here in statistical averaging of the associated Reynolds
equation. The magnetic field is taken oblique to the stator. The results are illustrated by graphical representations
which show that the introduction of combined porous structure of the double layered results in an enhanced
performance. The friction remains considerably reduced. The magnetization tries to compensate the adverse effect of

roughness for a large range of combined porous structures.

Keywords: Slider Bearing, Magnetic Fluid, Porous structure, Roughness

INTRODUCTION

The contribution of surface roughness and
properties of lubricant film on the load carrying
capacity and friction is an important aspect in the
analysis of slider bearings. Porous sliders are
important in  fluid cushioned moving pads.
Applications of porous bearings in mounting
horsepower motors include vacuum cleaners, water
pumps, record players, tape recorders and
generators. Traditionally, the analyses of porous
slider bearings have been based upon the Darcy’s
model, where Darcy’s equations were applied to
guide fluid motion through the porous medium
(Murti (1974), Srinivasan (1977), Verma (1978),
Kumar (1980), Lin (2001), Khan et al. (2011)).
Cusano (1972) obtained an analytical solution for
the performance characteristics of a two layered
porous  bearing using the short bearing
approximation. Bujurke (1992) investigated the
influence of couple stresses on the dynamic
properties of a double layered porous slider bearing.
Later on, Rao et al (2013) presented an analysis of
a long journal bearing with a double layer porous
lubricant film using couple stress and Newtonian
fluids. In all the above studies a porous layered
lubricant film configuration increased the load

carrying capacity and reduced the coefficient of
friction in the bearing.

In most of the studies conventional lubricants were
used. Use of magnetic fluid as a lubricant
modifying the performance of the bearings has been
very well established. The application of magnetic
fluid as a lubricant was investigated by many
authors (Agrawal (1986), Bhat and Deheri (1995),
Odenbach (2004), Nada and Osman (2007),
Urreta et al. (2009), Huang et al. (2011)). In all
these studies it has been established that the
performance of bearing system could be improved
by using a magnetic fluid as the lubricant.

Surface roughness evaluation is very important for
many fundamental problems such as friction, load
carrying capacity, contact deformation, heat and
electric current conditions, tightness of contact
joints and positional accuracy. For this reason
surface has been the subject of experimental and
theoretical investigations for many decades. In
literature, many investigations such as (Tzeng and
Saibel (1967), Christensen and Tonder (1969a,
1969b, 1970), Prajapati (1991), Gupta and Deheri
(1996)) accounting for surface roughness effect,
have been proposed in order to seek a more realistic
representation of bearing surfaces. Gururajan and

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara
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Prakash (2002) examined the effect of surface
roughness in hydrodynamic narrow porous journal
bearings operating under steady conditions. Deheri
et al. (2004) analyzed the performance of
longitudinally rough slider bearings with squeeze
film formed by a magnetic fluid. Deheri et al.
(2005) discussed the performance of transversely
rough slider bearings with squeeze film formed by a
magnetic fluid. The behaviour of squeeze film
between rough porous infinitely long parallel
plates with porous matrix of variable film thickness
was discussed by Patel et al. (2008). Patel et al
(2010) dealt with the performance of a magnetic
fluid based squeeze film between transversely
rough triangular plates. Shimpi and Deheri (2011)
analyzed the performance of a magnetic fluid based
squeeze film between porous infinitely long rough
rectangular plates. Patel and Deheri (2012)
investigated the performance of a ferrofluid
lubricated rough porous inclined slider bearing

considering  slip  velocity. All  the above
investigations indicate that although
magnetization introduces a positive effect on the
performance, the bearing suffers owing to

transverse surface roughness. It was noticed that
the performance of the bearing system could be
made to improve by suitably choosing the
magnetization parameter in the case of negatively
skewed roughness, which became sharper with the
variance. Recently, Patel and Deheri (2013)
launched an analysis for the comparison of various
porous structures on the performance of a magnetic
fluid based transversely rough short bearing. It
was seen that the negatively skewed roughness
induced an increase in load carrying capacity
which could be canalized to compensate the adverse
effect of porosity, at least in the case of Kozeny-
Carman model and the effect of magnetization
responding more in the case of Kozeny-Carman
model as compared to Irmay’s model.

The objective of this study is to investigate the
performance of a magnetic fluid based double
layered rough porous slider bearing considering the
combined porous structures.

2. ANALYSIS

The geometry and configuration of the problem is
shown in the Figure 1. All the assumptions of
conventional lubrication theory are retained

(Srinivasan (1977)). The porous regions are
assumed to be homogeneous and isotropic and the
lubricant is an incompressible fluid. The pressure

in porous regions satisfies the Laplace equation.
>0

Solid

v Housing l

Porous
Facines

'I’III)III/I//IIII/I/I)III/)’I)/II/ o

Figure 1: Conﬁgumtion of the bearing system

Figure 1A: Kozeny—Carman s model of porous sheets

] E
| [o. [

1T rrre
Figure 1B: Irmay’s model of porous sheets.
A porous material is filled with globular particles
(a mean particle size Dc), which is given in Figure
1A. The Kozeny-Carman equation is a well-known
relation used in the field of fluid dynamics to
calculate the pressure drop of a fluid flowing
through a packed bed of solids. This formulation
remains valid only for laminar flow. The Kozeny-
Carman equation mimics some experimental
trends and hence serves as a quality control tool for
physical and digital experimental results. The
Kozeny-Carman equation is very often presented
as permeability versus porosity, pore size and
turtuosity. Liu (2009) (Patel and Deheri (2013)),
suggests that the Kozeny-Carman formulation
turns in the relation
Dig®

%= Tao(1— e
where e is the porosity.
In Figure 1B, the model consists of three sets of
mutually orthogonal fissures (a mean solid size
Ds) and assuming no loss of hydraulic gradient at
the junctions, Irmay (1955) (Patel and Deheri
(2014)) derived the permeability
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p3(1—ms) {1+maj
) = 12m
where m = (1 — &) and e is the porosity.
It is assumed that the bearing surfaces are
transversely rough. According to the stochastic
model of Christensen and Tonder (1969a, 1969b,
1970), the thickness h(x) of the lubricant film is
taken as

h(x) = R{x} + R, (1)
where k(x)is the mean film thickness and hs

is the deviation from the mean film thickness
characterizing the random roughness of the

bearing  surfaces. hs is governed by  the
probability density function
¢ 2
| 35 2,5
Fik)= iﬁ(i —w)masks
l=. 1 . dlrewhara

wherein ¢ is the maximum deviation from the
mean film thickness. The mean a, the standard
deviation 0 and the parameter e, which is the
measure of symmetry of the random wvariable
hs, are defined and discussed in Christensen and
Tonder (1969a, 1969b, 1970). The details can be
culled from these investigations.

Introduction of these assumptions lead to a
modified Reynolds equation for the film region

@ [(&a + 1245-15;1) @ (p _ Hg M )l
dx L\ +12g.H, /dx 2

d Ih? + 125N\ @ [ poM®
+E[( +13ep3f}-2 l)E(”_ z

dh
= 6pl—+ 12V,

(2)
Neglecting the side leakage effect and since there is
no normal velocity i.e. Vh=0, equation (1) reduces

d [(ﬁ;ﬁ + 126 Hy '|') ( Fo M 2)]
dx 12, H, chx

The magnetic field is taken to be oblique to the
stator as in Agrawal (1986). Prajapati (1995)
investigated the effect of wvarious forms of
magnitude of the magnetic field. The magnitude of
the magnetic field is taken as

M2 = kx (1—5}

M COR 4 [October - December]
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where k is a suitably chosen constant from
dimensionless point of view so as to produce a
required magnetic field of strength over 10-?3 (Bhat
and Deheri (1995)).

Under the usual assumptions of hydro magnetic
lubrication (Bhat (2003); Prajapati (1995); Deheri,
et. al. (2005)) and stochastically averaging (2) by
the method of Christensen and Tonder, the
Reynolds equation governing the pressure
distribution is obtained as

& [(g{&} + 1245131_} & (p _ HohM* )l
de |\ 412,00, Jds z

—e dh

= e @)
where

g(F) — B 4+ 3h’a + 3(0” + ™k
+3cfa+a’ 4+

while po is the magnetic susceptibility, p is the
free space permeability, u is the lubricant
viscosity, @1 is permeability of inner layer, @1 is
permeability of outer layer, Hy is wall thickness of
the inner layer, H is wall thickness of the outer

layer, U is tangential velocity of the slider.
The relevant boundary conditions are

P(Q)=P(L)=0 (5)
Introducing the non dimensional quantities
- h - LT
h=—=hkg—th;—1)X,P=—nh:=
Fii] 2 E = } .HEIEL“' & gl
KpeofThe x g @
o — —_—— = e = —
Fia Un P 1 7@ N 2 & Ry’
_ DiH, DiH,
a= ﬁ—?-rg'%_: ;;E __flr;'i: ;;?_
g® g
180(1—a)d " *
W= Ly ® i
('.I.—mﬂ) ('.I. + mﬂ) _
* 1Zm 2
and solving equation (4) wusing boundary

conditions (2) the dimensionless form of the
pressure distribution is obtained as

2 6

P=—X(1- —

S e &

pilE R} 1V BEW(R* ERR)

(-:’11_—1?)+ Ez@-_ 'Eﬂ}

+F tan~t
(6)

where
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D=A+c 4, E= %(m .5 ),
_HCHqC)+ B+ eB )k
B -
By = be(ky — i} By = (1= Jy ),
Ey=in ('E:E - f:-'Ez + fa}r
E’d: m":'l_fi +JFIEF:IJ ;
_ -y [ Bfeg = Jo
N («f% =72

1 .tcmf"’( z - )
A =J2 A&y =
l-ﬂ{f':_ L)+ *:5'3#}{5& —Lgh

+(2C 4+ BE(T, —T,) ;

¥y =

E L
IS':|_=—

( 1 (Ly =L )+ (B 2)(ig— Ly
+{E:|.'|' B:IIE:I{P:L_ Tz:l
J1

T F-LL+th
DL, -+ ELg

L =, 2C+ 6,6y) -
1—ha +(B + 6By ),
Ja

B=hk+k
a=3b=3& 47%),
c=&%+3F5°G+ T+ 12,
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==4,0=

J= :1[—29:3 + 3%3] 4+ 9ab — 27c,
J =« 4adc — a®b® — 18abc + 45 4 2709,
_ 7 §23b-a') @
h= i"—i;_ EY g

- _I_E{Eb cr,“j Za

= %{‘ 32231 3’
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E( sz) N

The expression for non dimensional load carrying
capacity of the bearing system then turns out to be

hiw p;_*‘
wUBL?
6 |:ij_ +EL+F I

R ———T .
(1-F, )L %6 (1-E)
where

I = (1 —IJ{E'E -1) - E‘EE - f:.}ﬁ':l. -
I=—2(1—- R} +(4f — NI, —T,)

+ (3 ;fa)h _ (3522— k ) Ly
and

= J4h -1 (%) (EEEE_ h) i

1
+ Z{Ea - 5'4]

Therefore, the dimensionless frictional drag exerted
by the moving slider takes the form

1
_fh _[(RER 1
 pUBL f (z #x "E)dx

1 {CFE; 1) }
(k2 1) +f-‘“EE=I )

3. RESULTS AND DISCUSSION

One can easily see that equation (6) determines the
non dimensional pressure distribution while the
dimensionless load carrying capacity is obtained
from equation (7). It is clearly observed that the
increase in pressure is

i

Ex(1-x)
while the load carrying capacity gets enhanced by
Pr_i'l
12
as compared to the case of conventional lubricants.
In comparison with the conventional porous slider
bearing, the load carrying capacity increases
significantly with the double layered porous,
magnetic fluid based slider bearing. Further, as can
be seen, the effect of double layer is to decrease the
frictional force. For a conventional lubricant with
smooth surfaces the present discussions reduces to
the study of Srinivasan (1977).
In addition, from the equation (8) one can easily
notice that the combined effect of the two different
porous structures is quite significant in reducing
the friction.

(7)
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It is manifest that the expression occurring in
equation (7) is linear with respect to the
magnetization parameter; as a result, an increase
in magnetization would lead to increased load
carrying capacity. Probably, this may be due to the
fact that the effective viscosity of the lubricant gets
increased due to the magnetization.

The fact that h, reduces the load carrying capacity
is exhibited in figures 2-6.

——W=0.0025
W=0.0026

1.5
—i— W=0.0027
1+ ——W=0.0028
W=0.0029
05 + A
0 I I f I hz
2 3 4 5 6

Figure 2: Variation of load carrying capacity
with respect to h, and 1.

——c=0.2
e=0.22

—4—e=024

1 - 0.26
A
e=0.28
0.5 -
0 | | : | Rz

Figure 3: Variation of load carrying capacity
with respect to h, and e.

—+—£=-0.02

£=-0.01
1.5
——E=0
1 ——£=001

£=0.02

Figure 4: Variation of load carrying capacity
with respect to h, and <.
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Figure 5: Variation of load carrying capacity

with respect to hyand 7.
—+—a = -0.05

a=-0.025

=0
1.5 —+
0.025
1 £
0.5 ! ! : « h:
2 3 4 5 6

Figure 6: Variation of load carrying capacity
with respect to h, and .
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0 : | | W
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Figure 7: Variation of load carrying capacity
with respect to 1 and £ .
125, ——35=0.14
1

r * T, 5-015
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0.6
0.4
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Figure 8: Variation of load carrying capacity
with respect to Y and 7.
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Figures 7-9 present the variation of load carrying
capacity with respect to the combined porous
structures parameter. In fiqure 8, it is appealing to
note that even the porous structure increases the
load carrying capacity in a limited way.

2.1
1.9

1.7

1.5 A I I I I
0.0025 0.0026 0.0027 0.0028 0.0029

Figure 9: Variation of load carrying capacity
with respect to Y and .

Figure 10: Variation of load carrying capacity
with respect to e and £.

1.2
1

0.8
0.6
0.4
0.2 +
0 I I I | e
0.2 0.22 0.24 0.26 0.28

Figure 11: Variation of load carrying capacity
with respect to e and <.
The effect of porosity given in figures 10-12
indicates that the porosity follows the path of
porous structure parameter in reducing the load
carrying capacity. From figure 11, it is observed
that to a limited extent the smaller values of
standard deviation fail to prevent the increase in
load carrying capacity due to small values of

porosity parameter. In other words the combined
effect of porosity and standard deviation is quite
significant for small values of these two parameters
as it can improve the performance.

0.8

0.6

0.4 I I I
0.2 0.22

Figure 12: Variation of load carrying capacity
with respect to e and .

-0.02 -0.01 0 0.01

Figure 13: Variation of load carrying capacity
with respect to € and @

-0.02

Figure 14: Variation of load carrying capacity
with respect to & and &.
The effect of skewness presented in figures 13-14
suggests  that positively skewed roughness
decreases the load carrying capacity while the load
carrying capacity increases due to negatively
skewed roughness. Similar is the trends of variance
as far as load carrying capacity is concerned
(Figure 15). Further, the combined effect of
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standard deviation and skewness introduces a
positive effect for larger wvalues of standard
deviation in the case of negatively skewed
roughness (Figure 13).

1.3 —e—a = -0.05
=0
09 -
0.025
0.7 -
0.05
05 -
0.3 | | : ] o
0.14 0.15 0.16 0.17 0.18

Figure 15: Variation of load carrying capacity
with respect to  and .
The variation of friction presented in figures 16-20
makes it clear that hy reduces the friction in a good
way. In figure 20, the friction increases negligibly
due to combined effect of hy and & , up to 0.003.

1.7 ¥ ——W=0.0025
1.65 I - " " 1 W=0.0026
16 ——W=0.0027
1.55 +

——W=0.0028

1.5 4
1.45 —\"\%%0.0029
14 ‘\
1.35 : : : Ry

2 3 4 5 6

Figure 16: Variation of Friction
with respect to h, and .

] ——pc=0.2
15 +
——e=0.24

0.5 +

Figure 17: Variation of Friction
with respect to h, and e.
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Figure 18: Variation of Friction
with respect to hyand £.

[
095 % ——G=017
——a=0.18
0.75 \\"\‘
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Figure 19: Variation of Friction
with respect to h,and 7.
1.8
1.75
+
1.7 —h
——
1.65 L - . . A
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Figure 20: Variation of Friction
with respect to h, and &.
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0.0025 0.0026 0.0027 0.0028 0.0029

Figure 21: Variation of Friction
with respect to  and E.
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Figure 22: Variation of Friction
with respect to  and & .
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Figure 23: Variation of Friction
with respect to  and .

Likewise, the porous structure brigs down the
friction which can be seen from figures 21-23.
From figure 22 it is found that porous structure
introduces a small increase in the friction as well.
Analogously, the porosity parameter reduces the
friction in a rapid way which is manifest in figures
24-26. For smaller values of standard deviation
and porosity parameter the friction increases and it
decreases significantly afterwards (Figure 25).
The effect of positive skewness is to decrease the
friction which gets further decreased due to
positive variance which can be seen from figures
27-28.

- ——£=-0.02

1.65
£=-0.01
1.45 —z =0
—f—£ =0.02
1.05
0.85 + T f f e

0.2 0.22 0.24 0.26 0.28

Figure 24: Variation of Friction
with respect to e and £.
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Figure 25: Variation of Friction
with respect to e and <.
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Figure 26: Variation of Friction
with respect to e and %.
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Figure 27: Variation of Friction
with respect to € and .
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Figure 28: Variation of Friction
with respect to € and &,




magnetization.

1.35 & —e—a=-0.05
175 -0.025
0
1.15
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Figure 29: Variation of Friction
with respect to @ and .

A close scrutiny of some of the graphs suggest that
the combined porous structure stands to increase
the load carrying capacity and consequently
resulting in an enhanced performance as the
friction is sufficiently reduced at least in the case of
negatively skewed roughness. Even the combined
positive effect of wvariance(-ve) and mnegatively
skewed roughness goes a long way in enhancing
the performance because the standard deviation has
a mild positive effect for lower to moderate values
of combined porosity. The reduction in load
carrying capacity owing to hy can be minimized by
the positive effect of magnetization for a large
range of combined porous structures, irrespective
of roughness. However, this reduction gets
enhanced especially, when the negatively skewed
roughness is involved. Some of the results
presented here establish that the positive effect of
magnetization gets enhanced when a double
layered porosity is considered. This makes the
situation more appealing as the layers are of
different porous structures. The effect of negatively
skewed roughness becomes more in the case of a
double layered porous bearing as compared to that
of a single layered bearing system.

4. VALIDATION

The conclusions are wvalidated by giving a
comparison of the load and friction of this
investigation with some results from already
published works. It is notice that load carrying
capacity goes up at least by 1%. The results
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Figure 29 presents the variation of friction with
respect to the standard deviation. Of course,
magnetization increases the friction. It is found
that there is a negligible increase in friction due to

presented here jell well with that of the published
article. However, here the load is substantially
increased to the magnetization, in spite the adverse
effect of roughness. (I- the load carrying capacity of
this manuscript, II- the load carrying capacity of
Srinivasan (1977))

Table-1: Variation of load carrying capacity
with respect to h, and .

}g : 0.0025 | 0.0026 | 0.0027 | 0.0028 | 0.0029
I ; 1.89236 | 1.74689 | 1.62282 | 1.56764 | 1.51645
II 0.15695 | 0.15684 | 0.15673 | 0.15667 | 0.15662
I 1.09228 | 1.00842 | 0.93700 | 0.90526 | 0.87583
II 3 0.14668 | 0.14661 | 0.14654 | 0.14650 | 0.14647
I 4 0.78592 | 0.72562 | 0.67431 | 0.65151 | 0.63036
II 0.12337 | 0.12332 | 0.12327 | 0.12325 | 0.12322
I 0.61807 | 0.57067 | 0.53034 | 0.51242 | 0.49581
II > 0.10295 | 0.10292 | 0.10288 | 0.10287 | 0.10285
I 0.51071 | 0.47155 | 0.43824 | 0.42345 | 0.40973
II 6 0.08673 | 0.08670 | 0.08667 | 0.08666 | 0.08665

Table -2: Variation of load carrying capacity
with respect to k., and e.

== 02 | 022 | 024 | 026 | 0.28
izt
I 1.89236 | 1.22156 | 0.86736 | 0.65057 | 0.50476
II 2 0.15695 | 0.15620 | 0.15524 | 0.15405 | 0.15259
I 1.09228 | 0.70635 | 0.50281 | 0.37809 | 0.29406
11 3 0.14668 | 0.14620 | 0.14558 | 0.14481 | 0.14387
I 0.78592 | 0.50868 | 0.36254 | 0.27294 | 0.21253
II 4 0.12337 | 0.12304 | 0.12263 | 0.12212 | 0.12148
I 0.61807 | 0.40023 | 0.28545 | 0.21505 | 0.16757
11 5 0.10295 | 0.10272 | 0.10243 | 0.10206 | 0.10161
I 0.51071 | 0.33081 | 0.23604 | 0.17791 | 0.13868
II 6 0.08673 | 0.08655 | 0.08633 | 0.08606 | 0.08572
Table -3: Variation of friction
with respect to h, and .
ﬂé _; 0.0025 | 0.0026 | 0.0027 | 0.0028 | 0.0029
| T ] Z 1.63932 | 1.56659 | 1.50455 | 1.47696 | 1.45137
I 0.77162 | 0.77156 | 0.77151 | 0.77148 | 0.77145
| T 3 1.64158 | 1.55772 | 1.48630 | 1.45456 | 1.42513
11 0.69598 | 0.69591 | 0.69584 | 0.69581 | 0.69577
| T ] 4 1.64098 | 1.55053 | 1.47355 | 1.43935 | 1.40764
i 0.64715 | 0.64707 | 0.64700 | 0.64697 | 0.64693
| T ] 5 1.63850 | 1.54369 | 1.46303 | 1.42722 | 1.39398
11 0.60825 | 0.60819 | 0.60812 | 0.60809 | 0.60805
| T ] 6 1.63513 | 1.63723 | 1.45395 | 1.41697 | 1.38268
11 0.57516 | 0.57510 | 0.57503 | 0.57500 | 0.57497
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‘;_ ‘; 0.2 0.22 0.24 0.26 0.28
T 1 . 163932 | 1.30392 | 1.12682 | 1.01843 | 0.94552
T 2 (077162 [0.77124 | 077076 | 0.77017 | 0.76944
i 1.64158 | 1.25566 | 1.05212 | 0.92739 | 0.84377
1 3 069598 [0.69550 [ 0.69488 | 0.69412 | 0.69317
i 1.64098 | 1.22511 | 1.00591 | 0.87151 | 0.78089
1 % 064715 [ 0.64666 | 0.64604 | 0.64527 | 0.64432
i 1.63850 | 1.20282 | 0.97325 | 0.83246 | 0.73749
T 2 (060825 [0.60779 | 0.60721 | 0.60647 | 0.60557
i 1.63513 | 1.18538 | 0.94845 | 0.80312 | 0.70505
T © 057516 (057473 [ 057418 | 057350 | 057265

5. CONCLUSION

It is established that this type of bearing system
dealing with combined effect of double layered
different porous structures may provide a better
bearing design. However, to derive an all round
improved performance of the bearing system, the
roughness aspect must be given due consideration,
even if suitable magnetic strength is in place. The
use of different porous structures for different layer
provides a better scope for minimizing the friction.
At the same time the friction is considerably
reduced here except in the case of magnetization,
when the friction is marginally increased.
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Abstract: The largest quantities of by-product of the dairy, namely whey comes from the cheese making. The whey
proteins are used by the agriculture in animal nutrition, and by the human nutrition as well; dry soups, infant
formulas and supplements. The aim of our experiments was the separation of the lipid fraction of whey. During the
measurments 0.05 ym, 0.2 ym and 0.45 ym microfiltration membranes were used in vibrating membrane filtration
equipment (VSEP) and in a laboratory tubular membrane module. During the microfiltration, analytical
characteristics, the fouling and the retention values were examined. Using the VSEP and the tubular module made

possible to compare the effect of vibration, the static mixer and/ the airflow on the separation parameters.
Keywords: cheese making, experiments, lipid fraction, laboratory tubular membrane module

1. INTRODUCTION

Liquid whey contains lactose, vitamins, protein,
and minerals, along with traces of fat. During the
degreasing cream can be skimmed from whey.
Whey cream is more salty, tangy, and “cheesy”
than ("sweet") cream skimmed from milk, and can
be used to make whey butter. The other reason of
the degreasing is the further processing of the whey
for dry powder/nutritional supplement. The
membrane degreasing methods are new ones and
the biggest gap of it is the low flux and high
resistances. These effects could be mitigated by
used membrane modes of us, i.e. static mixer,
aeration and vibrating.

Newtonian fluids such as an aqueous solution, -
are being turbulent flow in most industrial
applications, but within a short pipe section this
turbulence is not enough to equalize temperature
or concentration in-homogeneities. The use of
static stirrers was made better amalgamation than
increase the speed or the pressure during the
process. The flux is increased and the operating
cost is decreased at tubular membranes with static
mixer (Krstic et al. 2002). Similar result was
obtained with an alternative design equipment to

increase turbulence and other type of membranes
as well (Bellhouse et al. 2001, Costigan et al.
2002). The fouling of the membranes was possible
to decrease at the introduction of gas into the liquid
(Laboire et al. 1998, Cabassud et al. 2001, Cui and
Wright, 1996). The introduction of a specific gas -
in this case air - directly into the fluid created a
two-phase gas/liquid flow. The efficiency of the
separation is influenced by the position of the
membrane (vertical or horizontal) and the direction
of the flow (up or down).

The aeration method is limited by the gas
distribution and the management of this process
(Derradji, 2000). During the wvibratory shear
enhanced process (VSEP), the filtering parameters
(flux, retention and resistances) were investigated
by the effects of the vibration. This is another
solution to decrease fouling (Frappart et al. 2008,
Hodur et al. 2013). The shears strengths at the
surface of the membrane can be increased by vary
the frequency of the vibratory membrane module.
The polarization layer, the resistance values, and
the fouling were measured by the effect of
vibration, and the evolution of retention values
were measured by the effect of increase of
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vibrational amplitude (Ahmadu et al. 2009, Hodur
et al. 2009, Kertész et al. 2010).

2. MATERIALS AND METHODS

Sweet cheese whey was used for measurement
which came from Soma Budapest Ltd. Its basic
analytical parameters are: fat content: 0.18 m/m%,
protein content: 0.33 m/m%, milk sugar content:
2.61 m/m%, dry materials: 3.72 m/m%, total
protein content: 0.47 m/m%. The degreasing
process was made by membrane separation. These
basic parameters were measured by Bentley milk
analyzer equipment.

The air injection and/or static steering method
were implemented by tubular and hollow fiber
membranes with 0.45, 0.2 microns, 0.05 microns
cut off value. The tubular membrane was 250 mm
length, and it was included 1 tube which has an
internal diameter of 7 mm.. The applied static
mixer was a 250 mm lenght Helix type metal static
stirrer with a pitch of 0,006 m and an inner radius
of the stirrer of 0.0035 m. (KenicsTM, Helix) as
illustrated in Figure 1.. The KenicsTM type static
stirrer (made by plastic material) was used also
with a length of 241 mm, and a thickness of 1 mm,
a diameter of 6.35 mm. The flux was performed on
100 L/h recirculation flowrate, on 0.2 MPa
transmembrane pressures and on 20 L/ air
injection rate. In all measurments the initial
amount of feed was 2 L of sweet whey. The
temperature was a permanent 30°C degree during
the tests. The airflow was introduced into the fluid
flow before the membrane module.

Figure 1: The Kenics TM (right) and
the Helix type static stirrers

- Bulletin of Engineering Tome : s

Vibratory filtration equipment set marketed by
New Logic International Corp. and this equipment
was used at L-mode (L: laboratory methods: the
module comprises one disk-shaped membrane with
an active filter surface 503cm2). The VSEP system
consists of disk-shaped flat-sheet membranes. This
laboratory module attached to a central shaft. The
shaft was rotated a short distance at a frequency of
54 Hz. 0.2 um cut-off values membranes (made of
polyethersulfone) — were  used  during  the
measurements, on a transmembrane pressure at
0.3 MPa. In this equipment the initial amount of
feed was 10 L of sweet whey.

The samples were taken at different intervals
during the measurement from retentate and also
from permeate.

3. RESULTS AND DISCUSSION

The retention of the fat component was important
in our research programme, and we were able to
retain more than 50% at low pressure with using
static mixer. The retention values were measured
at  different  transmembrane  pressures and
recirculation flow rates by a 0.45 micron pore size
membrane (Fig. 2). The main objective was to hold
back the fat molecules as much as possible and to
give up the other molecules.

R% Total Protein r

RY% Dry solds

2 bar 50L/h
= 1 bar 50L/h
m 2 bar 100L/h
=1 bar 100L/h
u2 bar 150L/h
u 1 bar 150U/h

R% Lactose

R% Protein

R% Fat

0 10 20 30 40 50 60
Figure 2: The retention values (R) of the different
components on 0.45 ym cut off value tubular

membrane
The figure shows that the fat micelles were retained
the  greatest amount when 0.1  MPa

transmembrane pressure and 150 L/h recirculation
flow rate were used. The other component was
rejected at highest level at these parameters also.
But these highest value itself is not enough for
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degreasing aspects since it is less than 50%, so the
0,45 micrometers pore size could be said to big for
this task.

Since the work was continues with 0.2 microns
pore size tubular membranes. Better retention
values were measured at lower transmembrane
pressure (0.1 MPa) at the 0.2 micron pore size
membrane than at the 0.45 micron pore size
membrane. The bigger transmembrane pressure
resulted worse retention values; this tendency is
the same at this pore size as well. The Figure 3
presents  the effect of different  process
arrangements on the retention. The static stirrer
has a decreasing effect on the retention of protein,
lactose and dry matter. Only the fat retention was
increased by using the static stirrer; maximum
value was measured at TMP: 0.2 MPa, g,: 100 L/h.
The tubular membrane gave better retention values
than the capillary membranes, but as our goal is to
minimise the fat content and to keep the other
ingredients it is clearly be seemed from the
measurements the 0.2 microns tubular membrane
with static stirrer is the best solution among the
applied arrangements.

=
E
E
E

R% Total Protein
uKM 2 bar 1000Lh
u KM 2 bar 1000L/h
1 KM 2 bar 1000Lh
u CSM+8K 2 bar 100L/h
1 CSM+SK 2 bar 100Lth
# CSM+8K 2 bar 100L/h
uCSM 2 bar 100L/h
u CSM 2 bar 100L/h
B CSM 2 bar 100L/h
#CSM 1 bar 100L/h

mCSM 1 bar 100L/h
mCSM 1 bar 100L/h

RY% Dry solids

R% Lactose

R% Protein

o [—

0 10 20 30 40 50 60
R(%)

Figure 3: The retention values (R) of the different
components were measured in 0.2 ym cut off value
tubular membrane with (CSM+SK) and without static
stirrer (KM-capillary membrane, CSM - tubular
membrane)

The flux wvalues were measured at 0.2 MPa
transmembrane pressure, and at 100 L/h
recirculation flow rate by a 0.45 um tubular
membrane. The flux values are started at 60 L/m?h.
The flux values were showed 17-18 L/m?h values
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during the normal filtration process, and with
combined the air injection, the flux was decreased
slight by the air flow on a 0.2 ym membrane. When
the Helix static mixer element was used in the
filtration process, the flux values were increased
two times greater extent, from 18 L/m’h to 40
L/m2h when the Helix static mixer was used with
air injection.
The increase of the flux is holding until the 0.2
MPa transmembrane pressures; because on higher
pressure values this increase of the flux is started
to show a strong deceleration (Figure 4). When the
air injection process was used alone, the flux
values remained very low; therefore the air
injection method itself is not a recommended
method for whey processing. When the Helix static
mixer was used alone in the equipment under the
same parameters, the flux values were showed
higher values than the experiments with air
injection, but above 0.2 MDPa transmembrane
pressures values, the flux was strongly decreased,
therefore it was justifed to use the lower
transmembrane pressure.

18 -

16

14

_
N
I

=
NE 10 ——100 L/h
S
6 // ——150 L/h
4
2 - —A—50L/h
0
0.00 0.05 0.10 0.15 0.20 0.25 030
Apm [MPa]

Figure 4: The changes of whey flux (])
as a function of trasnmembrane pressure at different
recirculation flow rate
The 0.2 microns membrane was used with Kenics
type static mixer in second period of our research
programmes. The flux values (] = 45 L/m?h) were
increased by the Kenics static mixer, but the
increasing was not as high as using the Helix-type
static mixer (] = 53 L/m?h). Our experiments were
continued by a 0.05 microns pore size tubular
membrane to comparing the received data with the
other tubular membranes different data. The flux
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was increased 50-80% during the filtration process
by using a 0.05 microns pore size tubular
membrane with a Kinetics static mixer. The flux
was decreased  strongly after 03 MPa
transmembrane pressures. The vibratory shear
enhanced membrane filtration was examined by a
0.2 pm pore size microfiltration membrane, on 0.3
MPa  transmembrane pressures with using
vibration at 54 Hz wvibrational frequency and
without using vibration (Figure 5).

120.00 —| 4 Increased pressure + 54Hz vibr.
W Increased pressure + 0Hz vibr.
100.00 'Y L 4
__ 80.00 | ¢
P
£ 6000 .
- ¢ g W
40.00 - [ ]
20.00 -
0.00
0.0 0.1 0.2 03 0.4
TMP (MPa)

Figure 5: The changes of whey flux (])
as a function of trasnmembrane pressure at vibrated (54
Hz) and non vibrated methods

The retention values were measured only from the
fat molecules. The examination of the resistance
values was showed that the gel layer and the
membrane resistance values showed the same
magnitude values. The fouling resistance was
showed an order of magnitude lower value than the
two other determinative resistance values before.

In non-vibrating mode, not only the total
resistance value was showed differences, but its
structure and distribution as well. Without using
vibration during the separation process, the flux
values were showed four times lower; the total
resistance value was showed one order of
magnitude higher; and the fouling resistance
values were showed two orders of magnitude
higher values.

The drag resistance values were decreased by the
vibration, therefore this change was allowed the fat
molecules to move and accumulate on the
membrane surface (Figure 6) The flexible fat
molecules were moved into the capillaries of the
membrane under pressure and without vibration,

where due to their sizes (3.5 microns), these
molecules were fouled inside the membrane
capillaries. The increased retention values and
their absolute magnitude were been significant by
fat content. The retention values of the small

components were increased by the fouled pores.
50

Retention values [%]

m 0.2 mm
54 Hz

m0.2 mm
0 Hz

protein
lactose )
dry materials
Figure 6: The retention value of most important
components of whey
4. CONCLUSION
The experiences showed that the 0.45 microns pore
size membrane could slightly hold back the fat
molecules, due to their larger pore size. The desired
filtration ~ results  were achieved by  the
measurements of 0.2 MPa and 100 L/h.
The 45 % higher flux values were measured by
Helix static stirrer against the normal filtration
process, but the combination of the static stirrer
and the air injection were made the highest flux
values (30 % higher than the filtration process by
the Helix static stirrer) under the same conditions.
Comparing the two different static stirrers, it was
found, that the 15 % higher flux values were
measured by Helix static stirrer than the Kenics
stirrer. This means that the separation of the fat
content was easier and more effective by using the
combination of static stirrer and air injection.
The vibratory shear enhanced process was showed
that not only the retention values of the fat content
were increased without vibration, but the other
elements retention values too. 300 % higher flux
values were measured by 54 Hz vibration than
without vibration.
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PRODUCTION AND CHARACTERIZATION OF
CLAY BONDED CARBON REFRACTORY
FROM CARBONIZED PALM KERNEL SHELL
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-2 Department of Metallurgical and Materials Engineering,
Federal University of Technology, Akure, NIGERIA

Abstract: The effects of varied contents of clay on the mechanical properties of clay bonded carbon refractory
samples produced from Ifon clay and carbonized palm kernel shell was investigated. The physical, mechanical and
morphological characterizations of the samples were carried out following American Society for Testing and
Materials (ASTM) stipulated standards. The clay bonded carbon refractory samples were produced by mixing
respectively 40, 50 and 60 weight percents processed clay obtained from Ifon, Ondo State, Nigeria and carbonized
palm kernel shell. Each mixture was uniaxially compressed into standard samples dimension and then fired in the
furnace at 950°C. The characterized/investigated properties were bulk density, cold crushing strength, porosity,
water adsorption, young's modulus and absorbed energy. Scanning Electron Microscopy and Energy Dispersive
X-ray Spectroscopy using back scattered secondary imaging were used to determine the chemical compositions,
size, and morphology of the produced clay bonded carbon refractory. The result shows that the compositions of Ifon
clay are of kaolinite, microcline, muscovite, plagioclase and quartz. The result also reveal that the apparent porosity
and water adsorption increases with increase in carbonized palm kernel shell content while other properties such as
bulk density, cold crushing strength, young’s modulus and absorbed energy decreases with increase in the
carbonized palm kernel shell content. It was however concluded that the composite grade containing 40 wt %
carbonized palm kernel shell and 60% ifon clay, had the best combination of mechanical properties of all the
composites produced.

Keywords: clay bonded carbon refractory, composite, palm kernel shell

1. INTRODUCTION
Refractory materials are non-metallic materials

that Ajaokuta Steel Complex requires about 43,503
tonnes per year of fireclay refractories for its

that provide linings for high-temperature furnaces
and other processing units. Refractories unusual
withstand physical wear, corrosion by chemical,
high melting temperatures and maintain their
structural properties at very high temperatures [1-
3]. Refractories are employed in great quantities in
the metallurgical, glassmaking, and ceramics
industries, where they are formed into a variety of
shapes to line the interiors of furnaces, kilns, and
other devices that process materials at very high
temperatures [4, 5]. Refractory materials are very
useful and play very crucial roles in the industrial
development of any nation. The Nigerian
metallurgical industries are struggling today
because of many factors which include short supply
of refractory materials. It was however reported

operations; and these refractories are sourced
abroad [6,7]. Despite having extensive clay mineral
deposits in Nigeria, Nigeria continues to depend
on external sources of refractory materials for
many of its industries [8].

The characteristic properties of a refractory are a
function of both raw material base and the method
of production used for the refractory product.
Refractory manufacturing involves four processes:
raw material processing, forming, firing and final
processing [9]. In this research, clay bonded carbon
refractory is considered and produced by adding
processed clay with carbonized palm kernel shell
and firing to a sufficient temperature to vitrify the
clay and to produce a bond with the carbonized
palm kernel shell.

© copyright Faculty of Engineering - Hunedoara, University POLITEHNICA Timisoara




Carbon and graphite in refractories produces
extraordinary properties for special applications.
Carbon is desirable element for refractory use
because it is not wetted by most molten metals and
slags; it has excellent thermal shock resistance;
good strength and susceptibility to oxidation [10].
However, its use is limited to applications which
are either strongly reducing or where the oxygen
content of the atmosphere at a given operating
temperature is low enough to prevent appreciable
combustion of the carbon.

Many researchers have reported on their various
successes in the production of activated carbon
using agro-waste materials and by products such
as Fluted Pumpkin Stem Waste (Telfairia
occidentalis Hook F) [11], macadamia nutshell
[12], coconut shell [13] and rice husk [14], Palm
kernel shell and coconut shell [15]. Activated
carbon is an organic material that has an
essentially graphitic structure. The main features
common to all activated carbon are; graphite like
planes  which  show  wvarying degrees of
disorientation

But there have been little information on the use of
these carbonaceous materials gotten from the
conversion of these agro-waste materials in the
production of refractory materials for industrial
use. The current work is aimed at this the
possibility of utilizing these vast available material
(palm kernel shell) in the fabrication of refractory
materials. In view of all these facts, there is
therefore every mneed to produce, characterize,
evaluate and improve the refractory properties of
the Ifon clay deposit in Ondo State Nigeria with
the addition of carbonized palm kernel shell.

2. MATERIALS AND METHODS

2.1. Materials

The materials utilized in this research work are
Ifon clay and Carbonized palm kernel shell. The
Ifon clay was collected from Ifon (an area fond to be
rich in fireclay), Ose Local Government Area of
Ondo State (latitude 7052° N and longititude
7028 60 E). The clay lumps were crushed,
grounded and sieved.

2.2. Clay Processing Procedure

This clay samples as obtained was soaked in water
for three days to dissolve the clay and at the same
time to form slurry. The resulting slurries were
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then sieved to remove dirt and other foreign
substances using a sieve. These were then allowed
to settle down for seven days after which the
floating clear liquids were decanted. The settled
fine clays is then poured into Plaster of Paris
(P.O.P) moulds and left undisturbed for three days
in other to allow the liquid present to drain out
completely. The resulting plastic clay mass were
sun dried and subsequently dried in a laboratory
oven at 110°C for 24 hours to remove moisture
content completely.

The resulting dried clay samples were milled at
300 rev/ min for 4 hour to an average particle size
of about 300um. The carbonized palm kernel shell
was produced as described by Ekpete and Horsfall
[11], with the exception that the carbonization took
place at 700°C. A mixture of clay and carbonized
palm kernel shell was made using ball-mill for six
hours using respectively 40, 50 and 60 weight
percents of Ifon clay in each mix. Each mixture
was made thoroughly with a little addition of water
to induce some plasticity. The samples were then
compressed uniaxially inside a standard stainless
steel die. The compressed samples were placed in a
ceramic crucible, properly sealed to limit the
amount of air that will be in contact with the
samples during firing. The crucibles containing the
samples were placed in a muffle furnace and then
fired (sintered) at 950°C, held at the temperature
for 1hr. The percentage weights ratio of the mix is
presented in Table 1:

Table 1. Percentage mass of representative samples

- Carbonized palm Ifon clay
Composition kernel shell (%) (%)
A 40 60
B 50 50
C 60 40

2.3. Apparent Porosity

Produced clay bonded carbon refractory samples
were dried for 12 hours at 110°C. The weight of the
dried samples were taken and recorded as D. The
samples were immersed in water for 6 hours to
soak and weighed while been suspended in air. The
weight will be recorded as W. Finally, the specimen
will be weighed when immerse in water. This will
be recorded as S. The apparent porosity will then

be calculated from the expression:
D) s 100%
P & g
(W — g)
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each sample, an indication of its probable
performance under load. The standard samples
were dried in an oven at a temperature of 110°C,
and then allowed to cool. The cold compression
strength test was performed on INSTRON 1195 at
a fixed crosshead speed of 10mm min-l. Samples
were prepared according to ASTM D412 (ASTM
D412 1983) and tensile strength of standard and
conditioned samples can be calculated from the
equation:
Load to Fracture
CCs=
Surface Area of Sample
2.5. Water Absorption Test
Water absorption tests were carried out following
standard procedures. Samples of each composite
grade were oven dried before weighing and the
weights recorded were reported as the initial
weight of the composites. The samples were then
placed in distilled water maintained at room
temperature (25°C) and at time intervals of 24h,
the samples were removed from the water, cleaned
using a dry cloth and weighed. The weight
measurements were taken periodically at time
intervals of 24h. The amount of water absorbed by
the composites (in percentage) was calculated
using the equation:
W=Wr- Wo/Wo
2.6. Bulk Density
The test specimens were dried at 110°C for 12
hours to ensure total water loss. The dried weights
were measured and recorded. Samples were allowed
to cool and immersed in a beaker of water. Bubbles
were observed as the pores in the specimens were
filled with water. Their soak weights were
measured and recorded. Bulk densities of the
samples were calculated using the formula:

T
bulk density =
ulk demsity =5

Where : D = Weight of dried specimen, S = Weight
of dry specimen suspended in water, and W =
Weight of soaked specimen suspended in air

2.7. Qualitative and Quantitative (XRD)

The samples were prepared for XRD analysis using
a back loading preparation method. The samples
were analyzed using a PANalyticalX'Pert Pro
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2.4. Cold Compression Strength
Cold compression strength test was used to
determine the compression strength to failure of

powder diffractometer with X’Celerator detector
and variable divergence- and receiving slits with
Fe filtered Co-Ka radiation. The phases obtained
were identified using X'PertHighscore plus
software.  Graphical —representations of the
qualitative result will then follow. The relative
phase amounts in weight % were estimated using
the Rietveld method (Autoquan Program).
Amorphous phases, present were not taken into
consideration in the quantification.
2.8. Scanning Electron Microscopy
Morphology and microanalysis of the clay and
composite samples were determined using ultra-
high resolution field emission scanning electron
microscope  (UHR-FEGSEM)  equipped — with
energy dispersive spectroscopy (EDS). The
pulverize clay samples were graphite coated. The
sintered samples were studied using ultra-high
resolution  field emission scanning electron
microscope (UHR-FEGSEM)  equipped with
energy dispersive spectroscopy (EDX). Particle
images which are obtained with a secondary
electron detector.
2.9. Chemical Analysis
The major elements were determined by X-ray
fluorescence with an ARL® 9800 XP spectrometer.
The pulverized samples were mixed with lithium
tetra borate for chemical analysis. The ignition loss
was measured by calcinations at 1000 °C.
3. RESULTS AND DISCUSSIONS
Figures 1 and 2 respectively shows the XRD result
and SEM/EDX analysis of the raw clay sample.
Table 2 also shows the XRD analysis results of the
raw clay sample. These show the various phases
present in the raw clay sample. It can be seen from
Table 1 that the overall feldspar contents of the raw
clay samples are high (30.90% microcline and
18.22% Plagioclase Albite).

Table 2: XRD result of the Ifon clay sample

showing the quantity of phases

Phases identified Weight %
Kaolinite 5.63
Microcline 30.90
Muscovite/illite 3.81
Plagioclase albite 18.22
Quartz 41.42

It has been noted that feldspars favour liquid phase
formation and densification at low temperature;
this will disqualify the utilization of the clay in
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Figure 1: X-ray diffraction pattern (phase analysis) of

the Ifon clay sample.
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Figure 2: Typzcal SEM/EDS of Ifon clay sample
showing the morphology of the minerals and its
chemical composition.

3.2. Effects on the mechanical properties

The apparent porosity of the clay bonded carbon
ceramic samples are presented in Figure 3. It is
observed that the porosity of the sample increases
with the increase in carbonized palm kernel shell
content from 515 % at 40 % carbon to a
maximum of 18.78 at 60 % carbon addition. It has
been observed that as the graphitic content of
carbon based refractory increases, the density of the
refractory decreases. This result is primarily due to
the fact that the morphology of the graphite as
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refractory (high temperature) applications except if
subjected to serious purification process to reduce
or eliminate the feldspar content and the fusion
point of the fireclay increases [16, 17].

compared to the other refractory materials. The
graphite materials, which are used in refractories,
are commonly of a flaky structure; therefore, these
flakes do not lend themselves to the same particle
packing phenomena as do granular particles. The
flaky morphology gives rise to high porosity; some
of these pores are filled up by the clay particles. As
the percentage content of the carbonized palm
kernel shell increased, the percentage content of
clay in the sample reduced, which means less clay
particles are available to fill the pores between the
flakes of carbon, hence the increased porosity with
increased percentage content of the carbonized

palm kernel shell.
21 -

19
17 A
15
13 -

11

Apparent Porosity {%)

A B C

Samples
Figure 3: Effect of carbonized palm kernel shell on the
apparent porosity of the samples

Moreover, one of the authors has earlier reported
that the clay deposit used as binder in this work
contains feldspar as it is observed in Table 2. These
feldspar content is known to favour low
temperature liquid phase sintering [18]. As the
clay content increase (reduced content of
carbonized palm kernel shell), more feldspathic clay
particles are available to form more liquid phase
during sintering at the sintering temperature. This
liquid phase then flows into the pores filling up
some of the pores.

From Figure 4, show the effects increase in the
amount of carbonized palm kernel shell on the bulk
density of the test samples. It is observed that there
is a general decrease in the density of the samples
with increase in the weight percent of the
carbonized palm kernel shell from 40 to 60 wt% in
the composites. The decrease in density with
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increase in carbonized palm kernel shell content is
obviously due to the lower density of the
carbonized palm kernel shell in comparison with

the raw clay samples.
2,29 -

227
2,25 -
2,23
2,21
2,19

2,17

Bulk Density (g/cm3)

2,15

2,13

2,11
A B C
Samples
Figure 4: Effect of carbonized palm kernel shell on the
Bulk density of the sample
From Figure 5, it is also observed that the cold
crushing strength of the samples reduced with
increased percentage carbonized palm kernel shell.
This is because the increased percentage carbonized
palm kernel shell leads to reduced matter content of
the sample; less matter are available to bear the
applied load. A brick of high porosity will have
lower load bearing capacity than one of the same
material with lower porosity, since there is less
material in the brick to carry the load in the former
case. Porous bricks are lighter and therefore
unlikely to carry heavy load [18, 19].
30 4

25
20 -

15

10

Cold crushing strength {J)

A B C
Samples
Figure 5: Effect of carbonized palm kernel shell on the
cold crushing strength of the samples
Young’s modulus which is a measure of a
material’s rigidity is presented in Figure 6. It is
observed that the young’s modulus decreases
linearly with increase in weight percent of
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carbonized palm kernel shell. The curve shows that
at 40 wt% carbonized palm kernel shell, young’s
modulus was at an initial value of 19103 N/mm?,
and thus decreases linearly at 50 wt% clay and 60
wt% carbonized palm kernel shell to a value of
3321.3 N/mm? and 2875.1 N/mm? respectively.
This could be attributed to increase in the amount
of open porosity in the sample which acts as ‘notch’
which is a stress (both mechanical and thermal)

concentrator [20]
20000

18000
16000 -
14000
12000
10000

8000

Young Modullus {N/mm?)

6000

4000

2000
A B C

Samples
Figure 6: Effect of carbonized palm kernel shell on the
young’s modulus of the sample
43 1

38 - 10 1
3,3
28

23

Absorbed Energy (J)
Water Absorption {%)

1,8 -

1,3 - 4 -

0,8 3
A B C A B C
Samples Samples
Figure 7: Effect of carbonized palm kernel shell on the
(a) absorbed energy and (b) Water adsorption of the
samples of the samples

From Figure 7a, it can be observed that the
absorbed energy of the test sample decreases with
increase in weight percent of carbonized palm
kernel shell from 3.772 | at 40 wt% carbonized
palm kernel shell to a minimum of 1.0294 | at 60
wt% carbonized palm kernel shell addition. The
decrease observed in absorbed energy can be
allotted to the increase in porosity in the samples.
Thus, according to [21], the capacity of a porous
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material in energy absorption can largely be
characterized by its plateau strength and porosity.
Fig. 7b shows clearly that the amount of water
absorbed by the composites increases with the
increase in the carbonized palm kernel shell content
of the samples. This suggests that the carbonized
palm  kernel shell is more hydrophilic in
comparison with the raw clay sample. In
adsorption, molecular attractions known as van
der Waals forces play an active part as well as
carbon being a porous adsorbent. The primary
factors influencing adsorption are adsorbent
characteristics, such as the size of interior surface
area, pore structure, chemical properties.

3.3. SEM/EDS of the Carbon Bonded
Refractory

The SEM/EDS microstructures of the carbon
bonded clay composites are shown in Figures 8-10.
Morphological analysis using SEM clearly show
difference in the morphology of the raw clay sample
(Figures 2 & 3) and its composites (Figures 8-10)
created by the use of activated carbon.

Vo Iy

.
3 'S
.

S| VEEYELE®
WD 9.2mm 12:07:08

0 1 2 3 4 5 i 7
Full Seale 290 etz Cursar: 0.000 ke

Figure 8: SEM/EDS Microstructure of the 40 %
carbonized palm kernel shell addition
The microstructure clearly shows that when the
carbonized palm kernel shell particle was added to
the raw clay samples, morphological changes in the

structure took place. The microstructure also
reveals that the size and shape of the particles vary;
however, they consist of porous irreqular shape
particles.

ull Scale 146 cts Cursor: 0.079 (11 cis) ke
Figure 9: SEM/EDS Microstructure of the 50 %
carbonized palm kernel shell addition

ey

g
4
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Figure 10: SEM/EDX Microstructure of the 60 %
carbonized palm kernel shell addition
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The EDS of the composite particles reveals that the
particles contain Ca, Si, O, Mg, Al, Fe, P with the
presence of C. The carbon presence is due to the
carbonization process. These elements confirm that,
carbonized palm kernel shell particles consists of
calcium carbonate in the form of calcite (CaCOs),
the carbonized palm kernel shell have carbon in
graphite form. It is therefore observed from the

SEM micrographs that Figure 8 reveals little

formation of pores. Figure 10 shows that the

samples contains many pores than samples A and

B. it could be seen that it comparatively contains

more element of carbon.

4. CONCLUSION

Clay bonded carbon refractory have been produced

and properties investigated. From the results

obtained, the following conclusions are drawn:

v" The major phases in the raw Ifon clay sample
are Kaolinite, Microcline, Muscovite/lllite,
Quartz and Plagioclase Albite.

v" The porosity of the sintered composite samples
as well water adsorption reduces with increase
in clay content.

v' The cold crushing strength, young’s modulus
and absorbed energy of the samples increases
with increase in clay content.

v The optimum combination of mechanical
properties is achieved in a sample with
composition of 40 wt% carbonized palm kernel
and 60% clay.

References

[1.] Chukwudi, B.C. 2008. “Characterization and

Evaluation of the Refractory Properties of Nsu

Clay Deposit in Imo State Nigeria”. Pacific

Journal of Science and Technology. 9(2):487-

494.

Aramide F. O. and Seidu S. O. Production of

Refractory Lining for Diesel Fired Rotary

Furnace, from Locally Sourced Kaolin and

Potter’s Clay, Journal of Minerals and

Materials Characterization and Engineering,

2013, 1, 75-79

Lee W. E. “Refractories” in Comprehensive

Composite Materials Vol 4: Ceramic, Carbon

and Cement Matrix Composites, edited by A.

Kelly and C. Zweben (Elsevier, 2000) Chap.

4.12, p. 363.

Yami A. M. and Umaru S. (2007).

Characterization of some Nigerian Clays as

[2.]

[3]

[4]

M COR 4 [October - December]
- Bulletin of Engineering Tome i _

Refractory Materials for Furnace Lining,
Continental ]. Engineering Sciences, pp. 30-
35.

Abolarin, M. S., Olugboji, O. A., and Ugwoke,

[5.1]
I. C. (2004). Experimental investigation on
local  refractory  materials  for  furnace
construction.  5th  Annual  Engineering
Conference Proceedings, (pp. 82-85).
Aderibigbe, D.A. 1989. “Local Sourcing of
Raw Materials and Consumables for the Iron
and Steel Industries in Nigeria- Challenges for
the Future”. Raw Materials Research and
Development Council of Nigeria (RMRDC).
55.

Adondua, S. 1988. “Indigenous Refractory
Raw  Materials Base for Nigeria Steel
Industries”. Journal of the Nigerian Society of
Chemical Engineers (NSCHE). 7(2):322.
Obadinma, E.O. 2003. “Development of
Refractory  Bricks For Heat Treatment
Facilities”. Journal of Science And Technology
Research. 2(2):13-17.

Folaranmi, J. (2009). Effect of Additives on the
Thermal Conductivity of Clay, Leonardo
Journal of Sciences (L]S) volume. 8(14): pp.
74-77.

Sohn J. W., Kim M. H., Sohn D. S., and Kwon
S. M. (2001). Production of granular activated
carbon from waste walnut shell and its
adsorption characteristics for Cuzp ion, Journal
Hazardous Material. Volume 85(3), pp. 301-
315.

Ekpete O.A. and Horsfall M. INR, Preparation
and Characterization of Activated Carbon
derived from Fluted Pumpkin Stem Waste
(Telfairia  occidentalis Hook F) Research
Journal of Chemical Sciences Vol. 1(3) June
(2011) p10-17.

[12.] Ahmadpour A. and Do D.D., The preparation
of active carbons from coal by chemical and
physical activation, Carbon 34 (1996) pp.47 1-
479.

Gimba C. and Musa, 1., Preparation of
activated carbon from agricultural waste:
cyanide binding with activated carbon matrix
from coconut shell, | Chem. Nigeria, 32, 167-
170 (2007)

Okieimen F.E., Okiemen C.O. and Wuana
R.A., Preparation and characterization of

[6.]

[7.]

[8.]

[9.]

[10.]

[11.]

[13.]

[14.]

| 139 |




- Bulletin of Engineering

[15.]

[16.]
[17.]

[18.]

[19.]

[20.]

[21.]

activated carbon from rice husks, J. Chem. Soc.,
32, 126-136 (2007)

Daud, W.M.AW. and Ali, W.SW.
Comparison on pore development of activated
carbon produced from palm shell and coconut
shell, Bioresources Technol. 93, 63-69 (2004)
Reed ]. S. (1995). Principles of Ceramic
Proceedings, John Wiley and Sons, New York.
Carty W. M. and Senapati U. (1998),
Porcelain-Raw Materials, Processing, Phase
Evolution, and Mechanical Behavior, Journal
of the American Ceramic Society, Vol. 81, No.
1, pp. 3-20.

Aramide  F.0. 2012.  Production and
Characterization of Porous Insulating Fired
Bricks from Ifon Clay with Varied Sawdust
Admixture. Journal of Minerals and Materials
Characterization and Engineering, 2012, 11,
970-975.

LiL.P, WuZzZ. G,LiZ Y., HeY. L. and Tao
W. Q.”Numerical Thermal Optimization of the
Configuration of Multi-Holed Clay Bricks
Used for Constructing Building Walls by the
Finite Volume Method,” International Journal
of Heat and Mass Transfer, Vol. 51, No. 3,
2008, pp. 3669-3682.

Ameh, E. M. and Obasi, N. W. (2009). Effect
of Rice Husk on Insulating Bricks Produced
With Nafuta and Nsu Clays. Global Journal of
Engineering and Technology, volume. 2
number 4, pp. 661-668.

Borode, 1.0., Onyemaobi, O. and Omotoyinbo,
J.A. (2000). Suitability of some Nigerian Clays
as Refractory Raw Materials, Nigerian Journal
of Engineering Management, volume. 3 pp. 14-
18.

‘ O [October - December]
Tome : =

=
= (mE
‘% |BE L
Z ow rr
|l (glg]
AT EE
- | ER
= | I EE
j-‘i did 17
= @ 13
- | aadE aEE 1070
f Saee sea =

-

‘\1“-:4:'&.:; THLE TR ] i 1I¥IH 4

ACTA Technica CORVINENSIS

BULLLTIN Or ENGINLERING

IS5N:2067-3809

copyright ©
University “POLITEHNICA” Timisoara,
Faculty of Engineering Hunedoara,
5, Revolutiei,
331128, Hunedoara, ROMANIA
http://acta.fih.upt.ro




PEBRE| Z
aa pEeR
alal

S CoBviniensis
@@|BULLETINGE| = =
G ENGINEERING] - -

SEEE @aa O000
IEeE as| N00OE

ONIATINIDNG 3O NLLTTIN
SISVANIAYY) BIMUYRL VLY

ACTATerhaia GRS fascicule]]

ial

noLose

-

I
[a¥]

ACTA TEHNICA CORVINIENSIS - Bulletin of Engineering
Tome VII [2014]

Fascicule 4 [October - Deceniber]
ISSN: 2067 - 3809

W*“—-.-.m-"""----»“v

1. Slobodan STEFANQOVIC, 2 Imre KISS,

3. Gordana BOGDANOVIC, 4+ Damjan STANOJEVIC

ANALYSIS OF FACTORS OF OCCURRENCE
OF TOXIC COMPONENTS IN OTTO ENGINE

1. Department of Mechanical Engineering, Higher School of Applied Professional Studies, Vranje, SERBIA
2 Department of Engineering & Management, Faculty of Engineering — Hunedoara,

University POLITEHNICA Timisoara, ROMANIA

3 Department of Food technology, Higher School of Applied Professional Studies, Vranje, SERBIA
* Department of Wood Technology,Higher School of Applied Professional

Studies, Vranje, SERBIA

Abstract: A significant portion of the pollution of the atmosphere, and increasing with the increase of their
number, a internal combustion engine. In addition to the requirements for the lower emissions of toxic substances
in the exhaust of internal combustion engines, we must not neglect the imperative of saving fuel. The combustion
of fossil fuels in internal combustion engines consumed more oxygen than the entire human population. Since there
is a direct correlation between the consumption of fossil fuels and oxygen consumption, it is expected that fuel

consumption will grow by 2.5 to 5% per year.

Keywords: toxic - gas components, combustion products, air, otto engine

1. INTRODUCTION

A significant portion of the pollution of the
atmosphere, and increasing with the increase of
their number, a internal combustion engine, which
is particularly evident in urban areas, areas of
developed  industry,  heavy  traffic  and
communication. One tone fuel combustion in the
engine, depending on the type of engine, control,
operating mode, the exhaust gases can occur 150-
800 kg CO, 7.5-40 kg NOx and 30-100 kg CH.

In addition to the requirements for the lower
emissions of toxic substances in the exhaust of
internal combustion engines, we must not neglect
the imperative of saving fuel.

Combustion products are composed of:

a) Non-toxic gas components, and

b) Toxic gas components.

2. MAIN NON-TOXIC GAS COMPONENTS
OF PRODUCTS OF COMBUSTION

Nitrogen (N») in the motor comes as a component
of air, and makes up about 70% of the content of
the combustion products. While in the gaseous
phase under normal conditions, it is non-toxic and
neutral.

Carbon dioxide (CO,) occurs after the complex
mechanism of combustion, and originates from the
carbon in the fuel. Its share in the combustion
products is 1-16%. During the combustion process
resulting water vapor (H,O) and its share in the
combustion products is 2-15%.
In the case when the engine is running with a rich
mixture (less air than theoretically necessary) in
the combustion products can be found hydrogen
(Hz). In case that the engine is running with the
lower quality in the the combustion products can
be found oxygen (O>).
In addition to H> all these ingredients are complete
combustion products, and they can no longer
ignite and combusted, so that they do not represent
a threat to the external environment and
emissions.
The physical and chemical terms, mechanism of
formation  for these components is very
complicated, but it can be simplified display the
following formulas:
C+ O—— CO2+ Q

2H, + 02 «<— 2 H, O+ Q

where: Q-heat liberated.

1)
(2)
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greenhouse effect. CO> emissions is directly
proportional to fuel consumption, because in many
countries there is a need for the introduction of
legislation in terms of CO2 emissions coming from
the exhaust.
3. MAJOR TOXIC COMPONENT OF
COMBUSTION PRODUCTS
Combustion in Otto engines feature undesirable
toxic ingredients:
v’ carbon monoxide (CO),
v’ nitrogen oxides (NOx),
v" unburned hydrocarbons (CH),
v’ odoriferous substances,
v’ lead (in case of use of fuels with ethyl),
v’ a compound of sulfur (if the fuel contains
sulfur).

3.1. Carbon monoxide (CO)
Carbon monoxide is the result of incomplete
combustion of hydrocarbon in fuel due to a lack of
oxygen in the combustion chamber. Theoretically,
in the case that the excess air ratio (A>1) in
combustion products does not  have carbon
monoxide because it’s combustion in the carbon
dioxide (CO,). Significant amounts of CO occur in
a rich mixture of the (A<1). The cause of the
presence of CO during combustion in exhaust gas
(stoichiometric and lean mixture) is a consequence
of the dissociation of carbon dioxide with a
maximum temperature of the work cycle. As for the
lean mixture the maximal temperature of duty
cycle is lower than the maximum temperature of
carbon monoxide (CO) is lower.
One of the lowest reaction formation and
combustion of CO is:

CO+OH+«— CO;+H (3)
Chemical reactions depends on the temperature.
Most likely reason for the appearance of the entire
exhaust gases at A> 1 is a relatively slow process of
transformation of CO into CO,, so that a sudden
drop in temperature during the expansion causing
freezing reaction started established at higher
temperatures. The presence of CO in the
atmosphere leads to its binding to the hemoglobin
in blood decreases, and its antioxidant properties.
This can be explained by the fact that the binding
affinity of the hemoglobin with carbon monoxide is
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Carbon dioxide (COy) is a gas that is not toxic, but
with 50% it participates in the occurrence of the

greater than to oxygen for about 240 times. CO
concentration of 60-120 ppm blocks 10-20% of
erythrocytes. With increasing concentrations of
CO, directly influences to the traffic safety because
it reduces the rate of reaction, affects drivers'
attention, decreasing the work ability of drivers.
Carbon monoxide can be oxidized to carbon
dioxide, which is why it requires a large activation
energy, so he usually stays in the atmosphere as
CO. On the other hand, the carbon dioxide is
under very high temperatures decomposes to
carbon monoxide and oxygen. In humans and
animals, carbon monoxide, block oxygen transport,
by  binding to  hemoglobin  to  form
carboxyhemoglobin. In the normal course of
breathing oxygen binds to hemoglobin, building
oxyhemoglobin.
However, the carbon monoxide has a higher
affinity to hemoglobin than oxygen. Lack of oxygen
has detrimental effects on the functioning of all
organs, especially the brain. Carbon monoxide is a
gas asphyxia, who quickly blocked hemoglobin,
which results in rapid suffocation. It is a
dangerous gas in enclosed spaces due to
accumulation.
The concentration of carbon monoxide by 50-60%
in the surrounding air is lethal, whereas 80% of
the current causing death. If the organism is
exposed to a longer period of low concentrations of
carbon monoxide produced chronic poisoning, the
symptoms of which are increased pulse, disorders
of respiration, blood pressure and reflexes.
In plants which are exposed for a long time to
higher concentrations of carbon monoxide is
negative effects occur.The adverse effects of carbon
monoxide on the plants to amplifyin the presence of
sulfur oxides and nitrogen oxides.
3.2. Nitrogen oxides (NOy)
Resulting from the reaction of nitrogen and oxygen
at high temperatures in the combustion process in
the engine cylinder. For the concentration of NOx,
in addition to high temperature the oxygen has an
important role. The process of oxidation of nitrogen
is carried out according to the following reactions:
1. Entering the nitrogen molecules react with
oxygen atoms.
N>+ O«——>NO+N-Q
(endothermic reaction)

4)
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2. Entry of the nitrogen atom in the reaction
with oxygen molecules.
N+O«—NO+0+Q

(endothermic reaction)
The second chemical reaction equilibrium constant
is small and the nitrogen oxides formed in this
reaction are insignificant. During the expansion,
and in extraction operation the resulting
atmosphere of nitrogen monoxide reacts with
oxygen giving the nitrogen dioxide:

2NO + O—— 2NO> (6)
Nitrogen dioxide is an odorless gas, red brown
color, soluble in water and as such gives a ''acid
rain''. Nitrogen oxides in contact with moisture
irritant effect on mucous membranes of eyes, nose
and respiratory tract.
Nitrogen oxide concentration in the area of the rich
mixture (A> 1), due to the increase in the
concentration of molecules and atoms, despite a
slight decrease in the maximum temperature of the
concentration of nitric oxide cycle and reaches a
maximum with impoverishment of the mixture
(A>1, 1) decreases the concentration of nitrogen
oxides occurs even excess oxygen due to a decrease
of maximum temperature cycles.
Nitrogen belongs to the essential elements, and is
one of four biogenic elements. Biogenic elements
(C, H, O and N) make up 95% of living matter,
and play a key role in the initiation and
maintenance of biological systems.
It is involved in the structure and the amino-acid
proteins, nitrogen bases, and nucleic acids.
Anthropogenic activity leads to the transformation
of nitrogen to oxides thereof that pollute the air.
The most important oxides of nitrogen are nitric
monooxide and nitrogen dioxide.
In the soil nitrogen is oxidized in the form of
inorganic nitrites and nitrous compounds and the
reduced form and in the form of organic
compounds, some of which are intermediarius in
the way of mineralization.
3.3. Nitrogen -suboxide (N>0)
Nitrogen - suboxideoccurs in soil by microbial
activity through denitrification, whereby they can
go into the atmosphere or the activity of other
microorganisms  converted to  mnitrate.  Its

()

concentration in the atmosphere is very small, only
a few ppm.
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Due to the physico-chemical properties and
durability of 20 years, reaches to multiple layers of
the atmosphere (the stratosphere). In the lower
layers of the atmosphere are in small
concentrations, so there is a risk from the
standpoint of pollution, but can easily converts
into nitrogen monooxide, which contributes to the

pollution of the atmosphere.
Table 1. The composition of the exhaust gases

Nitrogen from the air
CO: 1-16 Ideal product of the
combustion of liquid
H:0 2-15 and gaseous fuels
The acid from the air
0> 0-20 af A<1
Product of
Hs 0-6 combustion
CO 0-15 Combustion at A<1
Unburt hydrocarbons
CH 0-2 and formaldehyde
NO 0-0.5 Nitrogen oxides are
formed at high
NO3 0-0.05 temperatures
It comes from sulfur
coz 0-0.5 in the fuel
It occurs in the

Table 1(continuing). The composition of the exhaust
ases

Colorless
CO, Colorless Low acidic
Condensin
0 steam g
0, Colorless
H; Colorless
Inhalation
coO Colorless Odorless poison
White smoke, The main
CH blue smoke or causative
colorless smell
Heav
NO Colorless bloo
poison
The yellow- Coughing
NO brown to and 1rritate It damaces
3 reddish- the mucous | “p ng ¥
brown color | membranes &
Colourless
CO, | fHOMIIEES | Irritatin
the f/‘ormatlon odors g
of aerosols
Irritating to
NH; Colorless MUCOUS
membranes
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3.4. Nitrogen-monooxide (NO)

By biological path nitrogen monooxide is formed as

the oxidative product of metabolism of certain

bacteria.

Regarding the sources of anthropogenic pollution

of nitrogen monoxide distinguish:

v’ fossil fuels,

v’ then combustion in industry,

v’ production of electricity,

v’ operation of the internal combustion engine
(where the high temperature and pressure of
elements nitrogen oxidized to NO).

The concentration of nitrogen monoxide in the
exhaust emissions of cars depends on the type of
fuel, and driving mode (at higher speeds on the
open road, is higher emissions of NO).
Participation of total emissions of nitrogen
monoxide percentages like this:
v’ transport (30%),
v power plants (45%),
v industry and domestic furnaces (25%).
Nitrogen monoxide could be oxidized to nitrogen
dioxide, nitrate aerosol, and by photolysisto the
gaseous nitrogen.
3.5. Nitrogen-dioxide (NO2)
Nitrogen monoxide in the air maintains a short
time, because of the unstable and quickly subject to
oxidation by nitrogen dioxide in the presence of
ozone.
Nitrogen dioxide under the influence of sun rays
easily decomposed into nitrogen monoxide and
atomic oxygen, which by reacting with oxygen
produces ozone. If concentrations are not high,
these reactions are maintained at an optimum level
value of nitrogen monoxide, nitrogen dioxide and
ozone.

From the air nitrogen dioxide can be removed by

absorption into the soil through the diffusion, by

photolytic reactions, or in the form of the
compound produced in the secondary air. Of the

total annual emissions of nitrogen dioxide 50%

comes from transport, 44% of thermal power

plants and industry, 6% frees agriculture and
combustion of solid waste.

Nitrogen dioxide is a gas of a reddish brown color,

pungent odor (sensible already at a concentration

of 15 ppm), and is retained for about 3 days in the
air. Toxic to the live nature but more toxic than it

is his secondary compounds, nitric acid and nitrate
peroxy acyl (RAN). Although the half-life of
peroxy acyl nitrate for about 1 hour, he is highly
toxic to the plants.

Felling of nitrogen dioxide in the air is conducted
by the dry and wet deposition (nitric acid). Nitric
acid is stable in the gaseous state, and quickly
precipitate out of the sulfuric acid.

Since the nitrogen oxides emitted mostly by
transportation equipment, they are retained in the
surface layer of the urban environment.

4. UNBURNED HYDROCARBONS

Occur as a result of incomplete combustion at rich
mixture, and the unfinished combustion (fire
extinguisher) for stoichiometric and lean mixture
in Otto engines.

The largest portion of unburned hydrocarbons in
the Otto engines comes from the boundary layer
temperature, the gap between the piston cylinder
liner over the first compression ring from a narrow
zone displacement between the piston and cylinder
head. In a narrow zone near the walls, is large heat
losses, which leads to flame extinction.

Of all the hydrocarbon compounds in the creation
of aerosols allogeneic elements have major role.
They reacted with oxides of nitrogen, and under
the influence of sunlight form ozone and other
oxidants, all of them have adverse effects on the
body.

4.1. The smell of exhaust gases

The smell of exhaust gases derived from aromatic
components contained in the fuel and of the
individual components of incomplete combustion.
Compounds containing an intense smell are both
very poisonous, and the occurrence of smell is a
warning of danger, per intense scent stand out:

v Nitrogen dioxide,

v’ Partially oxidized hydrocarbons,

v The compounds of sulfur.

4.2. Lead (Pb)

In the exhaust gases lead comes from tetraethyl and
tetramethyl lead, which is added to gasoline as an
antioxidant agent. 75% of the lead products of
combustion amounts into the atmosphere, of which
one quantity deposited on the ground, and about
40% goes as fine airborne particles in the
environment, which in conditions of intense traffic
poses a risk to human health.
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About 25% of lead contained in the fuel is
deposited on the walls of the exhaust system, on the
walls of the space for combustion and oil for
greasing.

Lead found in the exhaust gases occurs in the
compounds of phosphorus, bromine, chrome. When
lead gets into the body disrupts the function of the
digestive system, neuromuscular system and brain.
Lead from the body is very difficult to remove and
can reach a dangerous concentration.

In the atmosphere reaches the combustion of liquid
fuels (additives), from refineries, production
processes of steel, lead, zinc, copper and
combustion of coal and wood.

Natural sources of lead dust, volcanic eruptions,
fires, vegetation, irrigation and flushing of sea
mining.

Lead particles are retained for about 10 hours in
the air of industrial and urban regions. It can not
be transported long distances, and thus is in
Greenland measured concentrations of up to 500
times greater than the natural level.

Lead found used in paint industry, installation,
batteries and defense industries. Half of the lead
produced is obtained by recycling.

The largest source of lead contamination is the
primary combustion of gasoline, because it is still
used as an additive.

4.3. Sulfur (S)

If in the fuel is sulfur (S), in the exhaust gas can be
found sulfur dioxide (SO2). It is a colorless,
encourages the creation of aerosols, and acid rain,
which has an impact on deforestation in the
country.

Sulfur in the fuel occurs in the form of combustible
and non-combustible. Combustible sulfur in the
form of sulphate, iron, calcium, in the course of
combustion turns into ashes. Combustion sulfur
occurs as the organic (within complex organic
compounds).

The presence of sulfur in the fuel is highly
undesirable because the sulfur is corrosive, and
their combustion products is harmful to living
world and create acid rain.

Large amounts of sulfur are used in the
vulcanization process in which the rubber is
transformed into a tire. Natural rubber by treating
sulfur loses its stickiness and becomes more elastic.
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This process takes place at a temperature between
100-150°C. Depending on the percentage of sulfur
is obtained soft or totally hard rubber.

A certain amount of sulfur is in the oil in the soil
gas (unprocessed oil and natural gas that is
obtained in certain regions contain large amounts
of sulfur. By their burning occurs sulfur dioxide
and refineries are required to remove the sulfur
from it). Sulfur contained in the pure form below
soil is dissolving in hot water steam and extracted
to the earth's surface it with compressed air. An
important source of sulfur is well as its compounds
that are found in industrial gases.

4.4. Ammonia (NH3)

Ammonia is a chemical compound of oxides and
nitrogen with molecular formula NHs. Under
normal conditions, ammonia is gas. It is poisonous,
corrosive to some materials, is characteristic odor.
Ammonia is used in the production of fertilizers,
explosives and polymers. Also ammonia is an
ingredient of some detergents for glass.

Liquid ammonia is also used as the solvent. Also
ammonia is used in cooling devices. Ingredient
with high toxicity resulting from the reduction of
NO in the catalyst. In the exhaust gases are
present in small amounts to 0.2%. Irritating to
eyes and mucous membranes of the respiratory
tract.

4.5. Soot

Particles of soot in the air badly affect to the health
of people who have problems with the respiratory
organs in asthmatics, patients with chronic
bronchitis or other. Carbon black is a collection of
various compounds that are found in the air. The
composition of the soot and varies depending on
the composition, carbon black may be a carcinogen
and irritating. The composition of the soot is
nowhere examined and it is mostly hydrocarbons.
During the combustion of different types of fuel in
the engines, in addition to release of the energy is
discharged and a large quantity of harmful
substances such as carbon monoxide, carbon
dioxide, sulfur dioxide, nitrogen oxide, soot and
ash.

In Otto engine, the appearance of soot is linked to
work with a rich mixture (little oxygen), whereas
under normal conditions of engine running soot
occurs in negligible quantities.
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Soot particles can absorb wvarious organic and
inorganic compounds that are products of
incomplete oxidation of fuel and lubricant, where
can be very toxic.
5. SOLUTION THAT REDUCES THE
AMOUNT OF ALREADY FORMED TOXIC
COMPONENTS
Neutralization of the content of toxic components
in the exhaust system of Otto engines can be
realized by installing thermal, catalytic and
combined reactor.
Depending on the application of appropriate fuels
these solutions can be divided into two basic
groups:
v' Systems which permits the use of fuels with
ethyl,
v Systems that require the application of unleaded
gasoline.
The principles of operation of both of these groups
are shown in the following figure I.
6. INSERTION OF AIR INTO THE EXHAUST
SYSTEM
Insertion of air into the exhaust system proved to
be effective in reducing the content of carbon
monoxide (CO) and hydrocarbons (CH). The
amount of air depends on the temperature of the
exhaust gas. If the temperature can be
advantageous to perform post-combustion of these
two components in the exhaust system.
The air in the exhaust inserts by a special
mechanical pump. The air is inserted as close to the
exhaust valve. Insertion of air is combined with
thermal insulation channels in the cylinder head
and exhaust system. Inserting the inserts in the the
special channel, create an insulating air layer,
which gives good results.
7. PROTECTION OF AIR POLLUTION
The overall objective is to prevent, reduce or
remove any pollution that degrades the
environment. Protection of air pollution in
residential areas can be achieved by zoning
measures, technical and technological processes, as
well as maintaining cleanliness of roads and public
spaces in neighborhoods proper clearing up of solid
and liquid waste.
Zoning measures to protect settlements from air
pollution include proper planning and zoning
settlements. Zoning protection measures goes back

to when the general planning of the entire region
selection of the winning features of the relief and
the wind rose for the location of settlements, in the
location in general and detailed urban plans are
extremely —important in terms of zoning
settlements and provide sufficient surface
vegetation. Particular attention should be paid to
the choice of location for a residential area as the
cleanest part of the settlements and industrial
zones as part of the settlement burdened with
pollutants. Proper planning of roads is very
important, both in relation to the wind rose, and in
relation to the frequency of traffic.
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Figure I. Overview of the system to reduce the content
of toxic components
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Figure II. Insertion of air into the exhaust system
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Technical and technological measures aimed at
improving combustion in furnaces, improvement of
technological processes of production, with the
lowest percentage of waste and emissions of air
pollutants. There are a number of technological
processes that may be used to protect the air.
Reducing carbon dioxide emissions can be
achieved:

selecting an oil which contains less of sulfur;
desulfurization of fuel and exhaust gases;
control the amount of air in the combustion;
reducing hydrocarbon  emissions in  the
transport and processing of fuels (petroleum
and its derivatives);

reducing carbon  dioxide emissions by
switching to closed production systems;
removing particles cyclones;

removing particulate filtration;

removing electrostatic sedimentation;
treatment of waste gas absorption;

catalysts to control emissions from cars; and
catalytic removal of NOx and SOz from
gaseous combustion products

8. CONCLUSION

The negative impact of traffic on people and the
environment, in the work is expressed through the
negative external effects of transport (accidents,
congestion, capture area, noise, exhaust fumes).
These negative effects caused occurrence of certain
costs which are defined as the external costs of
transport, that man has always avoided factored
into the budgets of other costs.

The presence of polluting substances in the air has
a number of direct and indirect impacts on the
health of all living beings in the biosphere and even
the material time. The overall objective is to
prevent, reduce or remove any pollution that
degrades the environment. Environment for a long
time been considered a natural treasure
inexhaustible resource that all claimants.
Atmospheric pollution by sulfur dioxide to the
fullest extent, is derived from artificial sources of
contamination (85% of total emissions), and that:
> combustion of fossil fuels,

> operation of thermal power plants,

> oil refineries, and other.

Once the clean air of the lower atmosphere, which
was one of the primary factors in the origin of life
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and in the human evolution, still has a tendency of
significant changes and begins to threaten human.
All combustion processes are accompanied by
oxygen consumption.
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