ERNGIOGIA
IOV

REVISTA CONSTRUCTIA DE MASINI - SERIE NOUA

e "Tehnologia Inovativa"
printed form: ISSN 2248 - 0420; ISSN-L 2248 - 0420
e "Tehnologia Inovativa"
online form: ISSN 2248 - 0420; ISSN-L 2248 - 0439

EDITOR: ICTCM — CITAf

041303 Bucuresti

Sos. Oltenitei nr. 103, sector 4, O.P. 8
Tel: 021 332.37.70/234

Fax: 021 332.07.75 / 021 332.31.95
E-mail: ictcem@ictcm.ro

Responsabil editor: Irina Radulescu

Responsabil difuzare: Ionut Dimache

INFORMATII, ABONAMENTE:

Revista este evaluatd CNCSIS la categoria B+, apare
trimestrial.

Abonamentele se fac direct, prin dispozitie de plata
sau mandat postal, trimis pe adresa revistei.

CONT - ICTCM:

nr. RO58 RNCB 0075 0352 1240 0001;
BCR sector 4

TIPAR: ICTCM - CITAf

COPYRIGHT 2003
Toate drepturile asupra acestei editii sunt
rezervate ICTCM - CITAf. Nu este permisa

reproducerea integralda sau partiala a articolelor din
revista ,Tehnologia Inovativa” fara consimtamantul
scris al editorului.

Opiniile exprimate in revistd apartin semnatarilor
articolelor, fard sa reflecte obligatoriu si punctul de
vedere al editorului.

Anul 63, Nr.3-4/2011

Din sumar

TEHNOLOGIE INOVATIVA /
INNOVATIVE TECHNOLOGY

ECOLOGIE INDUSTRIALA /
INDUSTRIAL ECOLOGY

ORGANE DE MASINI /
MACHINE ELEMENTS

ECONOMIE INDUSTRIALA /
INDUSTRIAL ECONOMY

MANAGEMENTUL DESEURILOR /
WASTE MANAGEMENT




ANUL 63 /2011 —NR. 3-4

TEHNOLOGIA INOVATIVA
REVISTA CONSTRUCTIA DE MASINI

COLEGIUL DE REDACTIE
Octavian BOLOGA - Universitatea ,,Lucian Blaga” din Sibiu
Olivier BONNEAU — Universitatea din Poitiers, Franta
Ion BOSTAN — Universitatea Tehnica a Moldovei
K.D. BOUZAKIS — Aristoteles University of Thessaloniki, Grecia
Doug BRANHAM - Lubrication Systems Company, Houston, Texas, USA
Dan BRINDASU - Universitatea ,,Lucian Blaga” din Sibiu |
Mircea CIOBANU - Universitatea ,,Stefan cel Mare” din Suceava
Valeriu DULGHERU — Universitatea Tehnica a Moldovei
Dan FILIPOIU - Universitatea POLITEHNICA din Bucuresti
Michel FILLON - Universitatea din Poitiers, Franta

Mohamed HAJJAM — Universitatea din Poitiers, Franta

Tudor ICLANZAN - Universitatea ,,Politehnica” din Timisoara

Nicolae Valentin IVAN - Universitatea ,, TRANSILVANIA” din Brasov
Gheorghe MOGAN — Universitatea ,, TRANSILVANIA” din Brasov

Ilie MUSCA - Universitatea ,,Stefan cel Mare” din Suceava

Nicolae OANCEA - Universitatea ,,Dunarea de Jos” din Galati

Dumitru OLARU - Universitatea Tehnica ,,Gheorghe Asachi” din Iasi
Juozas PADGURSKAS — Lithuanian University of Agriculture, Lithuania
Radu POPESCU — Academia Romana - INCE — CEIS, Bucuresti

Tudor PRISACARU - Universitatea POLITEHNICA din Bucuresti
Vasile PUIU - Universitatea din Bacau

Stanistaw PYTKO - University of Science and Technology, Krakéw, Poland
Alexandru RADULESCU - Universitatea POLITEHNICA din Bucuresti
Minodora RIiPA - Universitatea ,,Dunirea de Jos” din Galati

Lucian TUDOSE - Universitatea din Cluj

Thami ZEGHLOUL — Universitatea din Poitiers, Franta

TEHNOLOGIA INOVATIVA — Revista ,, Constructia de magini” nr. 3-4 /2011



% COMITET ONORIFIC
Gheorghe AMZA - Universitatea POLITEHNICA din Bucuresti

Niculae Napoleon ANTONESCU — Universitatea ,,Petrol si Gaze” din Ploiesti
Traian AURITE - Universitatea POLITEHNICA din Bucuresti

Gavrila CALEFARIU - Universitatea ,, TRANSILVANIA” din Brasov
Mircea COZMINCA - Universitatea Tehnica ,,Gheorghe Asachi” din Iasi
Emanuel DIACONESCU — Universitatea ,,Stefan cel Mare” din Suceava
Marian GHEORGHE - Universitatea POLITEHNICA din Bucuresti
Constantin ISPAS - Universitatea POLITEHNICA din Bucuresti

Valeriu JINESCU - Universitatea POLITEHNICA din Bucuresti

Aurel JULA - Universitatea ,, TRANSILVANIA” din Brasov

Constantin MINCIU - Universitatea POLITEHNICA din Bucuresti
Eugen PAY - Universitatea de Nord din Baia Mare

[ulian POPESCU - Universitatea din Craiova

Aurelian VLASE - Universitatea POLITEHNICA din Bucuresti

Ioan VOICA - Universitatea POLITEHNICA din Bucuresti

EDITOR
Oficiul de Informare Documentara pentru Industrie, Cercetare, Management
din cadrul

Centrului Incubator Tehnologic de Afaceri
S.C. ICTCM S.A. BUCURESTI

RESPONSABIL EDITOR
Irina Radulescu

REDACTOR
Irina Radulescu

WEBMASTER
Ramona loanid

TEHNOLOGIA INOVATIVA — Revista ,, Constructia de magini” nr. 3-4 /2011



CUPRINS

TEHNOLOGIE INOVATIVA / INNOVATIVE TECHNOLOGY

CAPABILITY OF ELECTROSTATIC CHARGING DEVICE FOR NON-WOVEN

MEDIA AIR FILTERS/

CAPABILITATEA DISPOZITIVELOR DE iNCARCARE ELECTROSTATICA

PENTRU FILTRELE DE AER CU MATERIALE NETESUTE pag. 5

Alexandra Rotaru*, Lucian Dascalescu**, Alexandru Radulescu®, Sorin Cananau*
*Faculty of Mechanics and Mechatronics, University POLITEHNICA of Bucharest, ROMANIA,
**CNRS - University of Poitiers —- ENSMA, IUT d’Angouléme, Angouléme, FRANCE

INNOVATIVE TECHNOLOGIES FOR ELECTRODEPOSITION
OF ZI-NI NANOCOMPOSITE pag. 9

R.Stancu', Gh. Badea’, G. Diacov’, A. Mihalcea®
'Scoala cu clasele I-VIII 162, Bucharest, ROMANIA, *S.C.ICTCM S.A , Bucharest, ROMANIA

PRELUCRAREA ADITIVA (PA) 5 5
NIRVANA, REVOLUTIE INDUSTRIALA SAU NUMAI TEHNOLOGIE LA MODA? pag. 15
Dragos Cirtu

ECOLOGIE INDUSTRIALA / INDUSTRIAL ECOLOGY
THE PROBLEM OF NOISE IN THE WORKING ENVIRONMENT pag. 19

D. Raicu, C. Carp-Ciocardia
University “POLITEHNICA” of Bucharest, Bucharest, ROMANIA

MANAGEMENTUL DESEURILOR / WASTE MANAGEMENT

RENEWAL OF THE MINING EQUIPMENTS PARTS /
RECONDITIONAREA UNOR SUBANSAMBLE ALE UTILAJELOR MINIERE pag. 27

Vlad Alexandru Florea
University of Petrosani, ROMANIA

DEZVOLTAREA UNUI REACTOR DE PIROLIZA A DESEURILOR DE

ANVELOPE UZATE BAZAT PE SOLUTIA CONSTRUCTIVA

A REACTORULUI DE GAZIFICARE/

DEVELOPMENT PYROLYSIS REACTOR OF WASTE TIRES, BASED ON

CONSTRUCTIVE SOLUTION OF THE GASIFICATION REACTOR pag. 31

Laslu Mihail Gabriel', Mihailescu Alin?, Sarbu Gheorghe3
" AIM, Bucharest, ROMANIA,

2 SAN SYSTEMS INDUSTRI Pitesti, ROMANIA,

’S.C. ICTCM S.A. Bucharest, ROMANIA

UNE NOUVELLE APPROCHE DU RECYCLAGE DES ENGINS ET DES MACHINES
INDUSTRIELLES pag. 35

Toumi Amor *, Alexandru Ridulescu ', Toumi Ezzeddine”
*S.A.B.R.A Produits de carrierres, Ksour Essaf — Mahdia, TUNISIE,
**Université POLITEHNICA Bucarest, ROUMANIE

TEHNOLOGIA INOVATIVA — Revista ,, Constructia de magini” nr. 3-4 /2011



10.

11.

12.

13.

14.

INSTALATIE PENTRU GAZIFICAREA ANVELOPELOR UZATE/
GASIFICATION PLANT FOR WASTE TIRES pag. 39

Laslu Mihail Gabriel', Mihailescu Alin’, Sarbu Gheorghe®
' AIM, Bucharest, ROMANIA, > SAN SYSTEMS INDUSTRI Pitesti, ROMANIA, *ICTCM, Bucharest,
ROMANIA

ORGANE DE MASINI / MACHINE ELEMENTS

ASPECTE PRIVIND OPTIMIZAREA PROFILULUI DANTURII ANGRENAJELOR
CICLOIDALE CU BOLTURI/

SOME ASPECTS REGARDING OPTIMIZATION OF TEETH PROFILE OF

CYCLOID GEARS WITH BOLTS pag. 45

Popovici Aristia-Ioana, Petrescu Florin, Sebacher Bogdan
Universitatea de Tehnica Constructii Bucuresti, Bucuresti, ROMANIA,

CONSIDERATIONS UPON CONTACT STRESS MODELLING
IN DENTAL ARTICULATOR PAIRS pag. 49

Florina Carmen Ciornei', Stelian Alaci’, Gheorghe Frunzi', Citilina Ciornei’, Ovidiu Rusu’,
Delia-Aurora Cerlinci'

'Suceava University, ROMANIA, 2¢Carol Davila” University of Medicine and Pharmacy, Bucuresti,
ROMANIA

PRISMATIC WORKPIECES CLAMPING ON A FIXING DIRECTION OF 45° pag. 55
Raluca Magdalena NITA', Nicoleta RACHIERU?, Adrian GHIONEA®,

!S.C. ICTCM S.A., Bucharest, ROMANIA, 2Faculty Mechanics and Technology, University of Pitesti,
ROMANIA, * Machine and Production Systems Department, University Politehnica of Bucharest,
ROMANIA

ANALIZA CU ELEMENT FINIT A NANOCOMPOZITELOR ELECTRODEPUSE /
FINITE ELEMENT ANALYSIS FOR ELECTRODEPOSITED NANOCOMPOSITES pag. 65

Leonard Teodoru , Valentin Mihailescu , Alexandru Ionescu, Gratiela Epureanu
Foundation Professor Constantin Popovici "Bucharest, ROMANIA

ECONOMIE INDUSTRIALA / INDUSTRIAL ECONOMY

EVOLUTION OF SMEs SECTOR AFTER 1990 pag. 71

Vizitiu Robert Florin, Alexandru Radulescu
University POLITEHNICA Bucharest, ROMANIA

WEB INFORMATION SYSTEM EXPLORATION FOR SMEs pag. 75
Ioan Piturescul, Aurel Marian®, Alexandru Ridulescu’, Gabriela Sinci*
L4NATIONAL INSTITUTE FOR SMALL AND MEDIUM SIZED ENTERPRISES, Bucharest,

ROMANIA, ?S.C. AMCAT S.R.L Bucharest, ROMANIA, *POLYTECHNIC University of Bucharest,
ROMANIA

TEHNOLOGIA INOVATIVA — Revista ,, Constructia de magini” nr. 3-4 /2011
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CAPABILITY OF ELECTROSTATIC
CHARGING DEVICE FOR NON-WOVEN
MEDIA AIR FILTERS
(CAPABILITATEA DISPOZITIVELOR DE
iINCARCARE ELECTROSTATICA PENTRU
FILTRELE DE AER CU MATERIALE
NETESUTE)

Alexandra Rotaru*, Lucian Dascalescu**,
Alexandru Radulescu*, Sorin Cananau*
*Faculty of Mechanics and Mechatronics, University
POLITEHNICA of Bucharest, ROMANIA,

**CNRS - University of Poitiers — ENSMA,
IUT d’Angouléme, Angouléme, FRANCE

The aim of this paper is to enhance the corona
charging process of non-woven filter media. The
effect of electric charge leads to better efficiency for
the air filters, so one of the purposes of this paper
was to verify the capability of the charging device.
The procedure used for measurement until now was
found not sufficient (to measure the potential at the
surface of the non —woven fabric only in one point),
because the results can be misleading, the surface of
the material being uneven. Thus it was developed a
new measuring method in continuous flow that had
good results and can be proposed in the future for a
production line of air filters.

INNOVATIVE TECHNOLOGIES
FOR ELECTRODEPOSITION OF ZI-NI
NANOCOMPOSITE

R.Stancu', Gh. Badea?, G. Diacov?, A. Mihalcea®
'Scoala cu clasele I-VIII 162, Bucharest, ROMANIA,
28.C.ICTCM S.A , Bucharest, ROMANIA

The directive 2000/53/EC was transposed into
environment Romanian legislation by HG 2406/2004,
that establishes priority measures that aimes thet
prevention of waste from end of life vehicles and
also, measures concerning recycling, reusing and
other forms of recovery of vehicles and their
components. This paper addresses to the development
of innovative technologies for the nanocomposites
synthesis, that will be used as an alternative to zinc
and zinc alloys deposits, that must be passivated with
hexavalent chromium and used in automotive
industry.

ADDITIVE PROCESSING (PA)
THE NIRVANA, THE INDUSTRIAL
REVOLUTION
OR ONLY FASHION TECHNOLOGY?

(PRELUCRAREA ADITIVA (PA)
NIRVANA, REVOLUTIE INDUSTRIALA
SAU NUMAI TEHNOLOGIE LA MODA?)

Dragos Cirtu

Today Imost every technical unmiversity, technological
institute or society from ndustrial developed countries
carried out ultiple Additive Processing activities.
Some of them have formed specialized laboratories or
production workshops, — which are specialized in
Additive Processing.

Some prestigious international onsultants believes
that implementation of Additive Processing bring
almost all parts of devices near to Nirvana, the
perfect  happiness  country. Other specialists
consider the Additive Processing (PA) as a new
industrial revolution, designed to amend deep
processing technologies of  parts and
subassemblies from almost every industry. Even
the most skeptical analysts consider Additive
Processing as a new technology, that is designed
to influence and to change the current industrial
technologies.

THE PROBLEM OF NOISE IN THE WORKING
ENVIRONMENT

D. Raicu, C. Carp-Ciocardia
University “POLITEHNICA” of Bucharest,
Bucharest, ROMANIA

The purpose of this approach is to underline the
danger concerning excessive exposure of the human
ear to noises that exceed the admissible level. In this
context, the paper suggests a case study regarding
noise levels in the student’s learning environment.

ASPECTS OF RECONDITIONING OF PARTS
OF MINING EQUIPMENT
(RECONDITIONAREA UNOR SUBANSAMBLE ALE
UTILAJELOR MINIERE)

Vlad Alexandru Florea
University of Petrosani, ROMANIA

In Romania, in certain economical domains, a
concern has been manifested in order to increase the
coefficient of renewed replacement parts value given
the consumption of the new replacements parts.
However, in mining industry, the consumption of
renewed replacements parts is situated much under
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the accomplishments obtained in
metallurgy and chemical industry.

Given this, we can jump the conclusion that one of
the major sources of decrease the cost of repairing is
the renewal of the damaged parts. To this the
advantage of decreasing the materials consumption
obtained by recycling the worn parts has to be added.

transports,

DEVELOPMENT PYROLYSIS REACTOR OF
WASTE TIRES, BASED CONSTRUCTIVE
SOLUTION OF THE GASIFICATION
REACTOR
(DEZVOLTAREA UNUI REACTOR
DE PIROLIZA A DESEURILOR
DE ANVELOPE UZATE
BAZATA PE SOLUTIA CONSTRUCTIVA
A REACTORULUI DE GAZIFICARE)

Laslu Mihail Gabriel', Mihailescu Alin?,
Sarbu Gheorghe®
! AIM, Bucharest, ROMANIA,
2 SAN SYSTEMS INDUSTRI Pitesti, ROMANIA,
3ICTCM, Bucharest, ROMANIA

Pyrolysis reactor will use some of the synthesis gas, a
product of pyrolysis, characterized by high calorific
value, comparable to natural gas. It will be heated to
500°C in an outdoor heat exchanger using a burner
fueled with syngas. The remaining gas will be cooled
synthesis by condensation to produce a liquid with
characteristics similar to the diesel or be burned
directly in a boiler or burner of a gas turbine. In both
situations can co-generate heat and electricity.

A NEW APPROACH TO RECYCLING
ENCINES AND INDUSTRIAL MACHINERY

Toumi Amor ", Alexandru Riidulescu ™,
Toumi Ezzeddine”
*S.A.B.R.A Produits de carrierres, Ksour Essaf —
Mahdia, TUNISIE, **Universit¢ POLITEHNICA
Bucarest, ROUMANIE

The article proposes a new approach to recycling
equipment and industrial machinery, taking account
of a case study for a production company that
produces stone-quarry in Tunisia. We analyze, in
terms of technical and economic, two variants of
thermal-machines: new and rebuilt. Finally, we can
conclude that for small and medium enterprises
(SMEs), the success of rebuilding old machines is a
form of an efficient and intelligent investment, which
can make the difference from their competitor.

GASIFICATION PLANT FOR WASTE TIRES
(INSTALATIE PENTRU GAZIFICAREA
ANVELOPELOR UZATE)

Laslu Mihail Gabriel', Mihailescu Alin?,
Sarbu Gheorghe®
' AIM, Bucharest, ROMANIA,
2 SAN SYSTEMS INDUSTRI Pitesti, ROMANIA,
3ICTCM, Bucharest, ROMANIA

ENER-PLAST project has proposed a new reactor for
gasification of waste tires which solves the main
technical barriers in the development of reactors.
Reactor development is based on the use of pulse jet
devices for high power reactor supply raw material,
for pneumatic transport of sand used to remove ash
from the reactor, heat exchange surfaces for cleaning
and filtering the tars from thermochemical process
for increasing reactions in active aria.

SOME ASPECTS REGARDING
OPTIMIZATION OF TEETH PROFILE OF
CYCLOID GEARS WITH BOLTS
(ASPECTE PRIVIND OPTIMIZAREA PROFILULUI
DANTURII ANGRENAJELOR CICLOIDALE CU
BOLTURI)

Popovici Aristia-loana, Petrescu Florin,
Sebacher Bogdan
Universitatea de Tehnicd Constructii Bucuresti,
Bucuresti, ROMANIA

This paper presents findings regarding the influence
of teeth correction, of profile dispacement on
cycliodal teeth geometry, characteristic of cycloidal
planetary gear with bolts and the effects upon the
portable capacity of gears.We analyzed the
relationship between the curvature radius of cycloid
tooth profile and the profile displacement, gear
transmission ratio and teeth profiling angle. Studied
cases are a combination of seven transmission ratio,
nine values of the teeth correction coefficient and
eighteen values of teeth profiling angle. This analysis
provide data regarding choising the displacement
profile in order to ensure high performance for
cycloid gears with bolts.
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CONSIDERATIONS UPON CONTACT STRESS
MODELLING IN DENTAL ARTICULATOR
PAIRS

Florina Carmen Ciornei', Stelian Alaci’,
Gheorghe Frunzi', Citilina Ciornei’, Ovidiu
Rusu’', Delia-Aurora Cerlinci’
'Suceava University, ROMANIA, %Carol Davila”
University of Medicine and Pharmacy, Bucuresti,
ROMANIA

A dental articulator is a mechanism which simulates
the temporo-mandibular joint. The articulator is
essential as it replicates the basic motions of the
upper and lower mandibles, both revolve and
translational motions. In the present paper the
stresses from an articulator TMJ modelled as a
bronze sphere into a cylindrical steel cavity are
analyzed by two methods, first applying the Hertzian

contact theory and then numerically, by means of

finite element analysis using the simulation module in
CATIA.

PRISMATIC WORKPIECES CLAMPING ON A
FIXING DIRECTION OF 45°

Raluca Magdalena Nita!, Nicoleta Rachieru?,
Adrian Ghionea®,

'S.C. ICTCM S.A. - Mechanical Engineering and
Research Institute, Bucharest, ROMANIA,
?Faculty Mechanics and Technology, University of
Pitesti, ROMANIA, * Machine and Production
Systems Department, University Politehnica of
Bucharest, ROMANIA

The paper analyse the way of applying the 3-2-1
principle of positioning — orienting of the work-
pieces in a device, on machine tools, considering the
particular case of a prismatic work-piece. For
establishing a relation between the value of the
cutting force and the necessary clamping force, were
taken into consideration the position of the locators,
the way of applying the clamping force, the way in
which the cutting force acts on the work-piece. Were
also determined the reaction forces on the locators
from the secondary plane when are located at
different distances from the end of the work-piece.
Are presented and analised the corresponding
variation graphics, for establishing the clamping
configuration which are not valid.

FINIT ELEMENT ANALZSIS OF
ELECTRODEPOSITED
NANOCOMPOSITES
(ANALIZA CU ELEMENT FINIT
A NANOCOMPOZITELOR
ELECTRODEPUSE)

Leonard Teodoru , Valentin Mihailescu ,
Alexandru Ionescu, Gratiela Epureanu
Foundation Professor Constantin Popovici

"Bucharest, ROMANIA
The article presents the finite element analysis -
multiphysics module of electrodeposited
nanocomposites experiments and simulation is
described for a simplified model, boundary
conditions for submodels, considered, the conditions
on which the submission process and views on cases.

EVOLUTION OF SMEs SECTOR AFTER 1990
Vizitiu Robert Florin, Alexandru Radulescu

University POLITEHNICA Bucharest, ROMANIA

The analysis of this paper is an introspection in
Small and Medium Enterprises sector development
since 1990, as well as the situation stands at
present. Also this paper shows a statistic regarding
number of SMEs founded every yearfor the past 15
years and the volume of foreign capital invested in
the SMEs sector in Romania since 1990.

WEB INFORMATION EXPLORATION
SYSTEM FOR SMEs

Gabriela Sinca ", loan Piturescu *, Aurel Marian ~,
Alexandru Riidulescu ™
* National Institute for Small and Medium Sized
Enterprises, Bucharest, ROMANIA,
email: inimm@inimm.ro
**University POLITEHNICA Bucharest,
ROMANIA, email: varrav2000@yahoo.com

This paper refers to the development of a WEB
information exploration system for SMEs used in the
PIMECIM project that aims to realise an integrated
platform for exploring the collaborative working
environment (CWE), based on a specific ontological
structure focused on manufacturing and services
SMEs needs. This platform aims to obtain relevant
documents for the user by using mechanisms specific
for the Google search engine.
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CAPABILITY OF ELECTROSTATIC CHARGING DEVICE
FOR NON-WOVEN MEDIA AIR FILTERS
CAPABILITATEA DISPOZITIVELOR DE INCARCARE
ELECTROSTATICA PENTRU FILTRELE DE AER

CU MATERIALE NETESUTE

Alexandra Rotaru*, Lucian Discalescu**, Alexandru Radulescu®, Sorin Cianiniau*

*Faculty of Mechanics and Mechatronics, University POLITEHNICA of Bucharest, ROMANIA,

e-mail: alexandra.rotarul 1 @gmail.com

**CNRS - University of Poitiers - ENSMA, IUT d’Angouléme, Angouléme, France,

e-mail: lucian.dascalescu@univ-poitiers.fr

ABSTRACT

The aim of this paper is to enhance the corona charging process of non-woven filter
media. The effect of electric charge leads to better efficiency for the air filters, so one
of the purposes of this paper was to verify the capability of the charging device. The
procedure used for measurement until now was found not sufficient (to measure the
potential at the surface of the non —woven fabric only in one point), because the results
can be misleading, the surface of the material being uneven. Thus it was developed a
new measuring method in continuous flow that had good results and can be proposed
in the future for a production line of air filters.

REZUMAT

Lucrarea de fata prezinta un studiu de capabilitate a procesului de incarcare
electrostatica prin efect corona asupra elementelor de filtrare a aerului, realizate din
materiale netesute din polipropilend. Incdrcarea electrostatici are drept efect
cresterea eficientei filtrelor de aer, prin imbunadtatirea randamentului de filtrare si a
cresterii duratei de viata. Metodele de masurare punctuald a potentialului de
Incarcare pentru materialele netesute sunt ineficiente i au o reproductibilitate redusa,
datoritd existentei pliurilor pe suprafata materialului. In lucrare se propune o metodi
originald, bazatd pe masurarea continud a potentialului de incarcare electrostaticad,
concretizatd prin proiectarea §i realizarea unui dispozitiv ce poate fi inclus intr-o linie
de productie.

KEYWORDS: statistical process control (SPC), capability, non - woven fabrics,
electrostatic filters, surface potential, corona charge

CUVINTE CHEIE: control statistic (SPC), capabilitate, materiale netesute,
filtre electrostatice, tensiune superficiala, efectul corona

1. INTRODUCTION

Non-woven  fabrics manufactured from
polymeric fibers are extensively used in air filters
in cars and in industrial equipments due to their
low cost and high dust-collection efficiency [1, 2].
The filtering characteristics were found to be
enhanced when the material is electrically charged
[3]. The air-born particles like dust, pollen, mold
and bacteria are attracted and retained by the
material from the passing air.

To the electrostatic charging process of non
woven materials can be applied a statistical method
for monitoring and control like Statistical Process
Control (SPC) which ensures that the process
operates to its full potential in producing compliant
products. One of its key instruments is capability.
The goal of the present paper is to calculate the
capability of the charging devise and to decide if
the machine is capable.
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Capability indices of the device (machine) are
calculated from data collected in a very short
period of time without any change in other factors
(labor, material, environmental conditions, the
method used).

For a symmetrical distribution, machine
capability is defined by comparing the tolerance
range and dispersion of data obtained.

2. MATERIALS AND METHODS

The experiments were performed in the IUT
Angouléme, QLIO Laboratory on samples of
polypropylene in ambient air (temperature: 18°C to
30°C; relative humidity: 30% to 70%).

The dimensions of the non — woven fabrics
were of 80 mm x 80 m (average fiber diameter 30
um as shown in the fig. 1).

Fig. 1. Microscopic view of non — woven
Polypropylene media

2.1. Corona charging process

The samples were charged using the negative
corona charge generated by a high-voltage wire —
type dual electrode facing a grounded plate.

The high voltage electrode consists of a
tungsten wire (diameter 0.2 mm) supported by a
metallic cylinder (diameter 26 mm), distanced at 34
mm from the axis.

The wire and the cylinder were energized from
the same adjustable high voltage supply (model SL
300 SPELLMAN). The distance between the wire
and the surface of the plate was 30 mm [4].

In the corona charging process, each sample
was moved at constant velocity on a conveyor belt
under the discharging wire for about 10 s.

Fig. 2. Wire type dual electrode

Legend: 1 — high voltage source,
2 - metallic cylinder,
3 — metallic rod,
4 - tungsten wire,
5 — non-woven sample,
6 — grounded plate

2.2. Measurements of the surface
potential

The surface potential was measured with
an electrostatic voltmeter (TREK model 341B,
equipped with an electrostatic probe model
3450) and monitored by an electrometer
(Keithley model 6514) which is connected to a
personal computer.

The processing of data was performed
using a virtual instrument, in LabView
environment [5].

Electrostatic voltmeter Electrometer
Trek 341B Keithley 6514
Trek 3418
® Q000001 V20 |

PROBE

Bs © 33888 L

Electrostatic probe] — Non-woven medic

|
Trek 3450 \

| ra v ‘ 4

l J_ o0

|| 3 mm

et ONUF

o ®

Grounded plate  Virtual instrument ( P.C. + Labview |

Fig. 3. Experimental set-up for measurement of the
surface potential
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3. RESULTS

From the previous conducted experiments in
electrostatic charging process of air filters, the
measurement method was made in one point on the
surface of the sample.

It was observed that the potential at the
material surface it is charged uneven as it can be
seen in the fig. 4. Because it is very uncertain were
the measured point might be, if it might be a
maxim or a minim, means it can’t describe the real
charging state of the material. For this it was
developed a new method in continuous
measurement.

This method consists in taking a number of
values of the potential at the surface of the sample
and calculating their average. This result will show
a more appropriate charge state of the material.

Potential distibution

8
w
=
I
2
=2

KV -05

Fig. 4. The uneven distribution of the
surface potential

For these experiments were made 30
measurements in the same environmental
conditions, relative temperature being 24.7 °C and
relative humidity 43.1%.

Because of the different number of values of
the potential at the surface of the sample it has been
chosen an equal one of 60 values.

After that it has been calculated the average
(X ) and the standard deviation (o).

0.7 -
-0.8 -

1 I | 1 1 | 1 1
0 25 50 75 100 125 150 175 200

Time

Fig. 5. Choosing a total of 60 values
and calculate their average

It was required a method to eliminate the
aberrant values of data processing from the
experiments, so it was used the Student test.

-z itza

Bl

=

Fig. 6. Elimination of the aberrant values through
Student test and keeping those who are inside the
interval

The condition to identify the aberrant values is:
|xi—)_c|>z-0' (D),

where z is a coefficient that depends on the number
measurements made:

0,435-0,862-a
z= - @),
1-3,604-a+3,213-a
and « is given by:
2n—-1
a= 3
4n @

In eq. (3), n represents the number of values
obtained from the experiments.
The standard deviation was calculated with the
formula:

1 < _
o= ﬁ;m—x)z @)

The average (X ) was calculated with the formula:

)_C:%Z":xi (5)
i=1

If the condition was satisfied, it means that the
value greater than Zo is aberrant. This is removed
and the test is repeated until other values are no
longer available, except the desired ones.

The control of certain industrial processes is
not necessary (when short term capability is
excellent) or possible (destructive control) to take
several consecutive values.
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To estimate the intrinsic variability of such a
process, we calculate a range slider on the values
obtained like in Fig 7.

L

e . G

o]

A

Fig 7. The sliding values interval

Of the 30 values were chosen intervals of 3
and for them was calculated an R (range):

R=Max{X,i=123}- Min[X,i =123} (6)

The capability of the machine can be expressed
through R, which is the average of the 28 groups
of three values, calculating the instantaneous
dispersion (D, ):

D, == (.

Capability of the machine is calculating using
the formula:

C,=— (®),

where 77 represents the tolerance interval and it has
been chosen 200 V.
The results are presented in Table 1.

Table 1. Values for the machine capability C
R D, C

a 1 m

0,0935 0,33 1,81

4. CONCLUSIONS

o The experimental study showed that the
method of measuring all the surface
potential values and calculating the
average led to a very good capability of
1.81.

e  The problem that was put at the beginning
was how it can be improved the
electrostatic charging process of filter
materials. Because the effect of electric
charge has a great influence, it was put to
question the capability of the charging
devise, which resulted to be excellent.

e Also with the introduction of statistical
process control that monitors and
determines the malfunctions will be able
to avoid production losses and contribute
to customer satisfaction.
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REZUMAT

Directiva 2000/53/CE a fost transpusa in legislatia romana de mediu prin HG
2406/2004 care stabileste masuri ce vizeaza cu prioritate prevenirea producerii de
deseuri de la vehicule scoase din uz precum si masuri privind reciclarea,
reutilizarea si alte forme de valorificare a vehiculelor scoase din uz si a
componentelor acestora. Prezenta lucrare abordeaza elaborarea unor tehnologii
innovative pentru sinteza unor nanocompozite care sa fie utilizate ca alternativa
pentru depunerile de zinc si aliaje de zinc pasivate cu crom hexavalent utilizate in
industria de componente auto.

ABSTRACTS

The directive 2000/53/EC was transposed into environment Romanian legislation by
HG 2406/2004, that establishes priority measures that aimes thet prevention of
waste from end of life vehicles and also, measures concerning recycling, reusing and
other forms of recovery of vehicles and their components. This paper addresses to
the development of innovative technologies for the nanocomposites synthesis, that
will be used as an alternative to zinc and zinc alloys deposits, that must be

passivated with hexavalent chromium and used in automotive industry.

KEYWORDS: electrodeposition, nanocomposites, innovative technology, zinc alloys

CUVINTE CHEIE: electrodepunere, nanocompozite, tehnologie inovativa, aliaje de zinc

1. INTRODUCERE

O preocupare de fond a UE in perioada actuala
este de intarire a sistemului de reglementare
referitor la securitatea generala a produsului prin
supravegherea pietei, informarea reciproca intre
statele membre si obligatia producatorilor de a
alerta autoritatile in caz de risc.

Directiva referitoare la tratamentul la sfarsit de
viata al autovehiculelor a fost transpusa in
legislatiile nationale a peste 10 tari din UE, prevede
eliminarea metalelor periculoase Pb, Cd, Hg, Cr®"
(cu anumite exceptii), inscriptionarea pieselor din
mase plastice, proiectarea subansamblelor astfel
incat sa fie facilitata dezmembrarea si sortarea. In
ultimii ani in Europa multe componente auto sunt
acoperite cu depuneri de aliaje de zinc care sunt
usoare satisfacand astfel si tendinta de reducere a
greutatii autovehiculelor.
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In prezent, in Romania, o serie de procese
tehnologice ale fabricantilor de componente auto si
autovehicule au un impact major asupra mediului,
acoperirile de  suprafata, prin  substantele
periculoase pe care le descarca, fiind cele mai
importante in acest sens.

Directiva 2000/53/CE a fost transpusa in
legislatia romana de mediu prin HG 2406/2004 care
stabileste masuri ce vizeaza cu prioritate prevenirea
producerii de deseuri de la vehicule scoase din uz
precum si masuri privind reciclarea, reutilizarea si
alte forme de valorificare a vehiculelor scoase din
uz si a componentelor acestora, in vederea reducerii
cantitatii de deseuri. In industria de componente
auto din Romania se folosesc depuneri de zinc
pasivat cu compusi de crom trivalent.



Aceste solutii de pasivare nu creeaza probleme
de mediu, dar rezistenta la coroziune a depunerilor
nu este satisfacatoare. Depunerile de aliaje pe baza
de zinc, desi din ce in ce mai utilizate in UE, nu
sunt aplicate in Romania.

Prezenta lucrare abordeaza elaborarea unor
tehnologii  inovative  pentru  sinteza  unor
nanocompozite care sa fie utilizate ca alternativa
pentru depunerile de zinc si aliaje de zinc pasivate
cu crom hexavalent utilizate in industria de
componente auto.

Astfel, aliajele de Zn-Fe si Zn-Ni au o foarte
buna rezistenta la coroziune in medii de ceata
salina, in timp ce aliajul Zn-Co are rezistenta mare
fata de atmosfera coroziva industrial, cu
concentratii mari de SO,.

Spre deosebire de aliajul Zn-Fe care, in urma
unui tratament termic la 120°C, isi pierde in parte
calitatile anticorozive, aliajul Zn-Ni prezinta chiar
si dupa un astfel de tratament o rezistenta la
coroziune foarte crescuta, mult superioara celei
zincului. Din acest motiv, acoperirile de Zn-Ni si-au
gasit utilizarea in industria auto, in special pentru
piese din compartimentul motor.

Avand in vedere aceste calitati ale aliajului Zn-
Ni, in prezenta lucrare s-a ales dezvoltarea si
testarea unor nanocompozite cu matrice metalica de
Zn-Ni. Rezistenta la coroziune a aliajelor Zn-Ni
deriva din potentialul anodic al acestora fata de otel.

Modul in care se realizeaza protectia
anticoroziva in pila metal de baza (otel in cazul
nostru)/acoperire protectoare este determinat de
potentialele lor standard.

Acest potential este dat de continutul de nichel
in depunere. Cu cat continutul de nichel din
depunere creste, potentialul de coroziune creste
pana la o valoare maxima. In acest domeniu,
depunerea este o protectic anodica similara cu a
zincului si a cadmiului. Acoperirea are un potential
mai electronegativ decat metalul de baza, ea jucand
rolul de anod si se v-a dizolva in mediul coroziv.
Viteza de corodare este cu atat mai mare potentialul
sau este mai electronegativ decat al suportului.

Dupa aceasta valoare maxima, depunerea
asigura otelului o protectie catodica, similara cu cea
a nichelului pe otel. Acoperirea v-a proteja doar ca
strat de bariera in fata factorilor corozivi, orice
discontinuitate a sa (pori, fisuri) permitand
dezvoltarea (corodarea)metalului de baza.

Continutul optim de nichel in aliajul electrodepus
este din aceste considerente, de 8-15%.[1,2]

O buna apreciere a acestei comportari se poate
face prin masurarea potentialelor de echilibru in
solutia coroziva, [3].

In urma experimentarilor realizate in cadrul
proiectului NANODEP s-au putut stabili fluxul
tehologic si tehnologiile de laborator  pentru
obtinerea unor depuneri electrolitice nanocompozite
cu proprietati predefinite (rezistenta la coroziune)
Zl’l-Ni-Aleg, Zn—Ni-TiOz‘
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2. CERCETARI EXPERIMENTALE

In scopul dezvoltarii tehnologiilor de laborator
programul de experimentari a urmarit:

. studiul influentei concentratiei ionilor de
Zn*" si Ni*', respectiv a raportului
concentratiilor lor, asupra compozitiei
aliajului depus;

. studiul oportunitatii  utilizarii adaosului
ICICM AN 31 si al influentei pe care acesta
il are asupra caracteristicilor depunerii;

. studiul  influentei  variatiei  valrilor
parametrilor de lucru (densitate de curent si
agitare) asupra compozitiei depunerii;

. controlul compzitiei chimice a electrolitului
si corectia acestuia;

. controlul caracteristicilor depunerilor
obtinute.

2.1.Aparatura si metode utilizate pentru
experimentari

Tabelul 1. Aparatura si metode utilizate pentru
determinari

Scop Metoda Aparatura
Stabilirea Voltametrie- Potentiostat-
tipului si curbe de galvanostat
concentratia | polarizare PGP 201-
substantei catodica Radiometer
complexante cuplat la
sia calculator cu
adaosurilor program de

prelucrare a
datelor
(VOLTALAB)

Determinarea | Spectrofotometrie | Spectrofotometr
compozitiilor | cu absorbtie u cu absorbtie

chimice ale atomica atomica
aliajelor

obtinute

Determinarea | Microscopie Microscop
grosimilor si | optica NEOPHOT - 32

structurii de
aliaj

Aprecierea Teste de ceata Camera de ceata
comportarii salina salina

la coroziune
a depunerilor

Aprecierea Teste la celula Celula Hull
influentei Hull
suspensie
asupra
aspectului
stratului
depuns la
diferite
densitati de
curent
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2.2. Electrolitii de depunere

Electrolitul de depunere a aliajului Zn-Ni si a
depunerilor nanocompozite, porneste practic de la un
electrolit de baza de zincare alcalina necianurica la
care se adauga o solutie concentrata ce contine Ni** ,
intr-o forma complexata astfel incat acesta sa fie
stabil in solutia alcalina si sa se codepuna cu Zn, [4].

Rolul substantelor complexante este acela de a
apropia potentiale de descarcare ale ionilor de zinc
si nichel (E°\*'= - 0,25V, E,*" = -0,76V) si de
asemenea, de a mentine stabilitatea chimica a
electrolitului.

La electrolitul de Zn-Ni dezvoltat s-a adaugat
suspensie de nanoparticule de ALO; si
nanoparticule de TiO..

Depunerile nanocompozite au fost realizate din
electrolitii de Zn-Ni prezentati in tabelul 2 si
suspensiile si nanoparticule din tabelul 3.

Tabelul 2. Compozitia chimica, conditiile si
parametrii de lucru pentru obtinerea depunerilor
de nanocompozite metalo-ceramice si metalo-
polimerice electrodepuse

. Compozitia Parametrii de lucru
Tip himi Concentra . _
depunere | Cmicada tia Temp, | Densitate, | Timp,
electrolitului oC A/dm? min
Oxid de 10-12
zinc (g/L)
Hidroxid de | 125-130
Zinc - sodiu (g/L) 18 - 27 30
Nichel Adaos AN | 3-12 25 a
31 (mL/L)
Complex de | 25-100
Nichel (mL/L)
Tabelul 3. Tipuri de suspensie si
nanoparticule utilizate
Tipul de Denumirea o
. .. Caracteristici Concentra
particule / | suspensiei . . .
. . particule/suspensie tia, ml/L
suspensie si firma
Nanoparticule 1051 20
Si 10% dispersie in
igma-
Al O, . apa
Aldrich pH=63
insolubil in apa
Sioma Nanoparticule 1051 20
gma- Densitate 3.9 g/cm’
Aldrich -
TiO pH=7
2 Insolubil in apa
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3. REZULTATE SI DISCUTII

3.1. Influenta concentratiei ionilor de
Zn*" si Ni**  din electrolit asupra
compozitiei depunerii

Figura 1 prezinta grafic dependenta dintre
concentratia Ni*" in electrolit si concentratia Ni*" in
depunere.

Se poate observa ca pentru a avea in depunere o
concentratic de Ni*' de 8-14 %, concentratia
procentuala a Ni*" in electrolit va trebui sa se afle in
domeniul 11- 25%.

Mentinand concentratia Zn** la 8-8,5 g/L
(analog cu baia de zincare) concentratia Ni*"
exprimata in g/L se v-a afla in domeniul 1-2,8g/L.

%%Mi in electrrolit

g 13 18 i3 23 33 38

%Mi in depunere

Figura 1. Corelatia dintre concentratia
Ni*" in electrolit si compozitia depunerii

3.2. Influenta variatiei valorilor

parametrilor de lucru

Pentru studierea influentei pe care o are adaosul
ICTCM AN 31 s-a utilizat un electrolit continand
2,1g/L. Ni*" (respectiv 18,8% Ni*"). Concentratia
adaosului AN 31 a fost crescuta progresiv.
Rezultatele sunt prezentate in figura 2.

S-a urmarit influenta pe care o au asupra
compozitiei depunerii, variatia valorilor densitatii
de curent si agitarea.

Densitatea de curent a fost variata in domeniul
0,5 — 10 A/dm? utilizand un electrolit cu 2,1 g/l
Ni*". Rezultatele sunt prezentate in figura 3.



% Ni in depunere
=
==
n

] 5 10 15 20

concentratie AN31 [mL/L]

Figura 2. Influenta concentratiei de
AN 31 asupra compozitiei depunerii

Se observa ca adaosul de AN 31 nu influenteaza
compozitia aliajului depus, dar uniformizeaza
depunerea, evitandu-se arderea depunerii la
densitati mari.

Depunerea isi pastreaza, pe un domeniu larg al
densitatii de curent (1-8A/dmp), compozitia care ii
asigura rezistenta la coroziune.

Agitarea este un alt parametru studiat. S-a
utilizat acelasi electrolit utilizat ca si pentru studiul
influentei densitatii de curent si s-au obtinut
depuneri cu si fara agitare la o densitate de curent
de 3 A/dmp.

Compozitia
urmatoarea:

-depunere fara agitare 12,8%Ni;

-depunere cu agitare 11,2%Ni.

Agitarea  influenteaza in mica masura
compozitia depunerii, in sensul cresterii usoare a
proportiei metalului ce se depune de preferinta
(zincul).

depunerilor obtinute a  fost

2Ni in depunere

]

wn
o
"

o

densitate curent [A/dmp)

Figura 3. Influenta densitatii de
curent asupra comporzitiei aliajului depus

In urma experimentarilor realizate s-au putut
stabili fluxul tehologic si tehnologiilede laborator
pentru obtinerea unor depunerilor electrolitice
nanocompozite cu proprietati predefinite (rezistenta
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la coroziune prezentata in tabelul 4) Zn-Ni-Al,O3,
Zn-Ni-TiO;,

In figura 4 este prezentat fluxul tehnologic
dezvoltat.

Operatia 6 din cadrul fluxului tehnologica este
cea de obtinere a materialelor nanocompozite
electrochimice cu proprietati predefinite (rezistenta
la coroziune).

Degresare chimica

l

Degresare electrochimica

|

Spalare rece

|

Decapare

|

Spalare

l

Depunere nonomcompozite
electrochimice

Spalare rece

l

Uscare

Figura 4. Flux tehnologic

de obtinere a materialelor
nanocompozite

cu proprietati predefinite



Tabelul 4. Rezultatele testelor de
coroziune in ceata salina

in the areas of

zn-eSolar technology/Photovoltaic

c.a épldating/Cooling/Ventilation

*Waste water treatment and management

What atte your benefits?

2 ¥Yeu-ean meet numerous potential co-operation

partriery in just one afternoon — save time and

money looking for the right partner.

? You can conduct targeted meetings. The idea is

ore Zn-Ni Zn-Ni-(10 g/L)TiO, | Zn-Ni-(20g/L)TiO,
eInsulation
24 c.a. 100% c.a.100% c.a.100%
48 c.a. 100% c.a.100% c.a.100% ca lﬁ)é/ﬁt rgcovery
c.bl pﬁt .
*bH10mass
72 c.a.100% c.a.100% c.a.100%
c.b. pet
96 c.a. 100% c.a.100% c.a.100%
c.b. pct
144 c.a.100% ¢.a.100%
168 c.a.100% c.a.100%
192 c.a.100% c.a.100%
216 c.a.100% c.a.100%
240 c.2.100% c.b.pct
c.b.pct
4. CONCLUZII

In urma experimentarilor de laborator s-a
dezvoltat o tehnologie inovative de obtinere a
acoperirilor nanocompozite cu matrice metalica de
Zn-Ni si nanoparticule de AlLO; si TiO,.
Depunerile  nanocompozite  obtinute  avand
urmatoarele caracteristici:

- Aspect — lucios, semilucios, uniform fara
defecte vizuale (basici exfolieri);

- Grosimea stratului - s-au obtinut acoperiri
cu grosimi cuprinse intre 15-29 pm pentru tipi de
depunere de 15-40 min.;

- Compozitia chimica a depunerii - s-au
obtinut depuneri de aliaj continand 11-13,5 % Ni, in
functie de parametri tehnologici;

- Structura depunerii — s-au obtinut depuneri
nanocrocristaline cu pori de suprafata si fisuri, fine
rare, care nu influenteaza aderenta stratului.

- Rezistenta la coroziune — datele sunt
prezentate in tabelul 4.
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Quick Info

Energy-efficient Construction

Event Type: Brokerage Events
Start Date: 2-Feb-2012
End Date: 2-Feb-2012
City: Graz
Country: Austria
Description:

Cooperation Event Energy-efficient
Construction
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that you present your innovative project idea,
technology or expertise online in advance of the
event and then request meetings with partners of
interest.

? The Enterprise Europe Network team,
themselves experts in international technology
transfer, will provide support at the event.

? The cooperation event takes place in line with
the fair ,,Hauslbauermesse Graz‘ — the biggest
construction fair in the south of Austria.

Where and when?

The Cooperation event takes place on

2 February 2012, 1pm — 5pm

at Messecongress Graz, Messeplatz 1,8010 Graz,
Austria

at HAUSLBAUER-Messe

Industrial Sectors:

e Construction

technology
e Materials technology
¢ ENERGY
e ENVIRONMENT
Name: Schmied
First Name: Gabriele
Telephone: +43 316 70.93.114
Fax: +43 316 70.93.94
Email: gabriele.schmied@sfg.at

(source:  http://www.enterprise-europe-
network.ec.europa.eu/publicwebsite/cale
ndar/viewdetails.cfm?EventID=2877 &ty
pe=future)
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Event Type: Brokerage Events

Start Date:  7-Feb-2012
End Date: 10-Feb-2012
City: Valencia

Country: Spain
Description:

The third edition of the TECHNOLOGY-
BUSINESS BROKERAGE EVENT: CERAMICA
INNOVA will be held in Valencia from 7th until 10th
February 2012, in the framework of the International
Trade Fair of Ceramics, Natural Stone, Bathroom
Equipment and Machinery: CEVISAMA 2012.

It will consist of an international platform to connect
companies and organizations from the ceramic sector,
making them meeting each other in order to share
innovative technological proposals and seek solutions
for new challenges.

In this occasion three complementary activities are
combined:

*Technology-Business Meetings: bilateral meetings
between entities with shared interests.

*Guided Tours: trip visiting a highlighted selection of
stands in the trade fair.

*Innovation Breakfast: round table with experts that
will debate current affairs, uncertainties and trends of
the ceramic sector

Areas of interest:

*Machinery and Equipment

*Systems and facilities

*Productive Process Management

+Architecture, Decoration and Interior Design
*Materials: Raw Materials, Tiles, Construction and
Advanced Ceramics

*Energy and Environment

Registration: Contact with EVENT
COORDINATION

THE PARTICIPATION IN THE EVENT AND THE
ENTRANCE TO THE FAIR ARE FREE

Deadlines:

20th January 2012: Sending of the registration form
31st January 2012: Request for bilateral meetings
Fair: CEVISAMA: Ceramic Tiles, Natural Stone,
Bathroom Equipment and Machinery - 30th
International trade show for ceramic tiles, surface
coverings, bathroom and kitchen equipment, raw
materials glazes, frits and machinery.
cevisama.feriavalencia.com
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EC Programmes:

Industrial Sectors: ¢ Industrial manufacture
Construction
technology

Materials technology
Chemical industry
ENERGY

ENVIRONMENT

(source:  http://www.enterprise-europe-
network.ec.europa.eu/publicwebsite/bem
t/home.cfm?EventID=2869)

Event Type: Brokerage Events
Start Date: 10-Feb-2012
End Date: 10-Feb-2012
City: Belgrade
Country: Serbia
Description:

FOODREX Fair, International Trade Fair For Food
Industry & Drinks which will be organized on
February 10th 2012, following the concept of the
leading world tradeshows represents the best place
to present your products to numerous visitors from
the entire region of southeast Europe!
FOODREX will bring together the following
categories: fresh food, frozen food, meat and meat
products, milk and dairy products, pastas and
bakery products, fruit and vegetable products,
organic food, confectionery products, spices and
food seasonings, fine food, water, drinks and
beverages and hot beverages.
Matchmaking at the FOODREX Fair, International
Trade Fair For Food Industry & Drinks is an ideal
event to make contacts and to prepare future business.
It will allow participants to get together with the most
promising business partners in pre-scheduled
meetings.

The Brokerage Event will enable its participants to
make fruitful contacts with potential business
partners. Individual bilateral meetings will be
booked in advance and will be pre-arranged and
assisted by Enterprise Europe Network Serbia staff.

EC Programmes:

AGRICULTURAL
AND MARINE
RESOURCES AND
PRODUCTS

Industrial Sectors:

(source:http://www.enterprise-europe-
network.ec.europa.eu/publicwebsite/bem
t/home.cfm?EventID=2798)



PRELUCRAREA ADITIVA (PA)
NIRVANA, REVOLUTIE INDUSTRIALA
SAU
NUMAI TEHNOLOGIE LA MODA? /
ADDITIVE PROCESSING (PA)

THE NIRVANA, THE INDUSTRIAL REVOLUTION

OR ONLY FASHION TECHNOLOGY?
Dragos Cirtu

inginer, Bucharest, ROMANIA, e-mail:drcirtu@yahoo.com.au

REZUMAT

In prezent aproape fiecare universitate tehnicd, institut tehnologic sau mare
societate din tarile dezvoltate industrial realizeaza multiple activitati de Prelucrare
Aditiva. Unele si-au format laboratoare specializate sau chiar ateliere de productie
specializate in Prelucrare Aditiva.

Unii consultanti de prestigiu international considera ca implementarea Prelucrarii
Aditive aduce prelucrarea pieselor de toate tipurile aproape de Nirvana, tara
fericirii perfecte. Alfi specialisti considera Prelucrare Aditiva (PA) drept o noud
revolutie industriald, menita sa modifice profund tehnologiile pentru prelucrarea
pieselor si subansamblurilor din aproape toate domeniile industriale. Pana si cei
mai sceptici analigti industriali considera Prelucrare Aditiva drept o noud
tehnologie menita sa influenteze si sa schimbe actualele tehnologii industriale.

ABSTRACT

Today almost  every technical — university, technological institute or society from
industrial  developed  countries carried  out multiple — Additive  Processing
activities. Some of  them  have formed specialized  laboratories or production
workshops, which are specialized in Additive Processing.

Some prestigious international consultants believes that implementation of Additive
Processing bring almost all parts of devices near to Nirvana, the perfect happiness
country. Other specialists consider the Additive Processing (PA) as a new industrial
revolution, designed  to  amend deep processing technologies of  parts  and
subassemblies from almost every industry. Even the most skeptical analysts consider
Additive Processing as a new technology, that is designed to influence and to change
the current industrial technologies.
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1. INTRODUCERE

In prezent aproape fiecare universitate tehnica,
institut tehnologic sau mare societate din tarile
dezvoltate industrial realizeaza multiple activititi de
Prelucrare Aditiva.

Unele si-au format laboratoare specializate sau
chiar ateliere de productie specializate in Prelucrare
Aditiva. Unii consultanti de prestigiu international
considerd ca implementarea Prelucrarii Aditive aduce
prelucrarea pieselor de toate tipurile aproape de
Nirvana, tara fericirii perfecte.
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Alti specialisti considera Prelucrare Aditiva (PA)
drept o noua revolutie industriald, menitd sd modifice
profund tehnologiile pentru prelucrarea pieselor Si
subansamblurilor din aproape toate domeniile
industriale.

Pana si cei mai sceptici analisti industriali
considerd Prelucrare Aditiva drept o noua tehnologie
menitd sd influenteze si sd schimbe actualele
tehnologii industriale.

2. CE ESTE SI CUM FUNCTIONEAZA
PRELUCRAREA ADITIVA

Deseori PA este denumitd  imprimare 3D,
intrucat functioneaza similar cu o imprimanta cu laser.
PA construieste obiecte solide prin suprapunerea unor
straturi  materiale, fiecare strat fiind desenat de
calculator.

Materia prima folositd de PA este pulberea ce
poate fi facutd din termopolimer, fie din metal, ce
poate fi aluminium, otel inoxidabil, titanium sau alte
materiale. Straturile pot contine chiar si mai multe
tipuri de materiale. Camera de imprimare este de
reguld incalzitd la 10 grade Celsius, sub temperatura
de topire a materialului, aceasta asigurand ca laserul
folosit pentru a topi rapid pulberea. in cazul
metalelor, aceasta pre-incdlzire elimind tensiunile
reziduale rezultate din prelucrarea lor.

Echipamentele ce opereaza software-ul, taie
modelul CAD in felii, grosimea acestora depinzand de
tipul de material folosit. Aceasta este de 0,lmm in
cazul polimerilor si 30 microni in cazul metalelor. O
lama montata pe un brat mobil imprastie pulberea pe
suprafata de sprijin a viitoarei piese, dupd care un
laser, de obicei de 200 W scaneaza suprafata
stratului, topind pulberea conform desenului CAD.

La atingerea grosimii dorite a stratuluii de material,
procesul de topire se intrerupe si urmeaza aceias
procedura pentru stratul urmator.

Alte masini folosesc raze electronice in locul
laserilor, intrucat acestea sunt mai puternice, transmit
mai multd energie si topesc mai repede pulberea
folosita. Cu toate acestea, piesele produse sunt mai
rugoase si necesitd o prelucrare ulterioara pe masini
unelte aschietoare si tratamente de eliminare a
tensiunilor.

2.1. Putina istorie

Tehnologia de PA a aparut in 1987, odatd cu
aparitia stereolitografiei (SL) sistemelor de imprimare
3D, fabricate de firma americand Rock Hill SC.
SLA1, primul sistem de PA comercializabil din lume
a fost predecesorul foartei populare masini de PA,
SLA 250. Aceasta masina a fost ulterior inlocuitad cu
noul tip de masina, Vyper SLA. In 1988, firmele 3D
Systems si Ciba-Geigy au dezvoltat si au inceput sa

comercializeze rasinile acrilat. In acelasi an DuPont a
dezvoltat masina si materialele pentru stereolitografie.
Dupa acestea, pe la sfarsitul anilor 80, firmele
japoneze NTT Data CMET si Sony Asahy Denka
Kogyo au inceput sa comercializeze variantele lor de
masini pentru stereolitografie. In 1988 Asahy Denka
Kogyo a folosit pentru prima data rasinile epoxi
pentru masina lor CMET SL, in 1990 - Electro
Optical Systems (EOS) din Germania a vandut
primul lor sistem de stereo litografie, denumit Stereos,
iar Quadrax (Portsmouth Irlanda) au incepand sa
vanda sistemul lor pentru rasini ugoare.

2.2. Avantajele PA comparativ cu procedeele
traditionale (substractive)

Creatie fara limite. Proiectantul devine total liber.

Prelucrarea traditionala (substractiva PS) impune
limite formei §i complexitatii pieselor de prelucrat,
limite ce depind de tehnologia utilizatd (turnare,
forjare, prelucrare prin aschiere si altele). Aceste
limite  ingradesc  capacitatea de creatie a
proiectantului.

in cazul prelucririi aditive se poate prelucra orice
formd de piesa care poate fi conceputd, utilizand
proiectarea  tridimensionald asistatd de calculator
(CAD). Nu exista nici o restrictie in ceea ce priveste
suprafetele interioare ale pieselor, ca in cazul PA.
Datorita libertatii totale ce o are proiectantul, acesta,
uneori Tmpreuna cu beneficiarul, poate crea mai
multe variante, pe care ulterior sa le testeze atit in
prelucrare, cat si in utilizare.
Reducerea numarului de piese dintr-un subansamblu
Nemaifiind limitat in privinta formei piesei,
proiectantul poate concepe obiecte care sd preia
functionalitatea ~mai multor componente ale
subansamblului intr-o singura piesa.
Micsorarea greutdtii pieselor si subansamblelor
Piesele concepute pentru PA pot beneficia de spatii
interioare de neconceput in PS si impreund cu
micgorarea numarului de piese pot contribui mult la
micgorarea greutatii subansamblelor.
Micsorarea consumului de material
PS presupune extragerea prin prelucrare, dintr-un
obiect mai mare a unui obiect mai mic, ramanand in
afara obiectului finit o cantitate de material, uneori de
greutate si valori foarte mari, fard a putea reutiliza
economic aceste ramasite. Studii recente au stabilit ca
in cazul PA, reducerea de greutate a materialelor
folosite este de 26 de ori fatd de PS.
La PA nu se folosesc SDV-uri
Spre deosebire de PS, unde se folosesc multe si
costisitoare SDV-uri, PA nu necesitd astfel de
elemente ajutatoare, prelucrarea pieselor facandu-se
prin suprapunere de straturi de material a caror forma
si dimensiuni este stabilitd si comandatd la executie
de calculator.
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Consum redus de energie

Lantul tehnologic in cazul PS nu e numai mult mai
lung decat cel al PA, dar si mult mai energofag. PS,
avand mai multe faze tehnologice in procesul de
executie decat PA, de la materia prima pana la
produsul finit §i consumul de energie este mult mai
mare.

Costuri reduse

Toate avantajele mentionate mai sus conduc la costuri
mult mai mici ale PA, fata de PS, cét si durate mult
mai mici ale PA, cu efecte economice Insemnate.
Firme de mare prestigiu au Inceput sa fabrice in serie
micd si mijlocie piese de mare raspundere. In acest
sens, o convingéatoare ilustrare o oferda EADS (Airbus)
Firma a produs prin PA 188 componente in 4
saptamani si le-a asamblat in 2,5 sdptdmani, ciclul
total de executie fiind de 6,5 saptamani.

Folosind procedee conventionale de PS, cum sunt
turnarea si prelucrarea prin agchiere (cu resurse
interne §i externe), , ciclul de prelucrare ar fi trebuit sa
dureze 9 sau mai multe luni.

Folosind PA, cu resurse interne ale firmei, costurile
totale ale pieselor prelucrate au fost de 25.000 dolari,
fatd de costurile calculate pentru executia acelorasi
piese de 800.000 dolari.

Aceste cifre reprezintd o reducere de 97% a costurilor
de productie si de 83% a duratei ciclului de fabricatie.
Fara exceptie, toti analistii industriali au ajuns la
concluzia cd utilizarea tot mai raspandita a PA se
datoreaza avantajelor sale economice.

Executie integrald a pieselor in cadrul firmei
producatoare

Spre deosebire de PS, la care in cele mai multe cazuri
se apeleaza la externalizari ale unor faze din ciclul de
productie, in cazul PA prelucrarea pieselor are loc
numai in cadrul firmei producatoare, micsorandu-se
atat costurile, cat si durata ciclului de prelucrare.

3. LIMITE SI DEZAVANTAJE ALE PA

Prelucrarea aditiva este o tehnologie relativ noud, care
nu s-a stabilizat ca utilizare stabila a hardware-lui,
cat si a software-lui. Aceastd tehnologie are insa si
limite ale folosirii ei cit si dezavantaje.care nu vor
putea fi modificate in viitor. Mai jos am prezentat
unele din aceste limite si dezavantaje.

e Timpii de prelucrare pe magina sunt lungi,
comparativ cu timpii de prelucrare PS in
productia de masa si de serie mare.

e Actualele masini folosite pentru PA trebuie sa
echilibreze doi factori antagonici, precizia de
prelucrare si viteza de prelucrare. Deseori se
prefera marirea vitezei de prelucrare in dauna
preciziei.

e Diferente semnificative de forma la prelucrarea
unor piese identice pe masini diferite.

e Operarea instalatilor de PA (masini i
computere), necesitd personal de inalta calificare.

e Multe din magsinile pentru PA, au o fiabilitate
redusa.

e Masinile oferite de diferitele firme constructoare
au o structura inchisa, care nu usureaza realizarea
unor variante de piese prelucrate.

e  Chiar si cele mai simple instalatii pentru PA costa
mai mult de 10.000 dolari, ceea ce impiedica
utilizarea lor pee scara largd pentru scoli.

e Desi In principiu procesele de PA pot utiliza
simultan mai multe tipuri de materiale, putine
sunt firmele producatoare care sa ofere masini
dotate pentru acest tip de prelucrari.

e  Materiile prime folosite pentru PA sunt mult mai
putin numeroase decat cele ce pot fi utilizate in
prelucrarile conventionale PS.

e Suprafetele pieselor prelucrate prin PA sunt
uneori insuficient de fine, necesitdnd prelucrari
ulterioare pe masini unelte conventionale.

4. DOMENII DE UTILIZARE ALE PA
SI PROGNOZE PRIVIND
DEZVOLTAREA LOR

4.1. Industria aeronautica

Este industria care are cea mai rapida dezvoltare
a utilizarii PA. Piesele cele mai frecvent executate
prin PA sunt cele de la motor, turbina, cat si cele din
interiorul cabinei. Principalele avantaje ale PA in
acest domeniu sunt costurile reduse in cazul unor serii
mici de fabricatie si faptul ca aceste costuri sunt
reduse chiar dacé piesele au o geometrie complicata.
Alte avantaje ce madresc atractivitatea PA pentru
aceastd industrie sunt capacitatea de a reduce
greutatea pieselor si usurinta cu care se pot face
modificdri de forma a pieselor prelucrate, foarte
necesare la realizarea cabinelor in diverse variante.
Analistii industriali prognozeazd o extindere a
folosirii PA la excutia pieselor de avion in urmatorii
2-3 ani, ca peste 10 ani sa devina o practicé obisnuita.

4.2. Autovehicule comerciale si de curse

De mai multi ani firme ca Toyota, Bentley, Rover si
Williams F1 folosesc PA pentru prelucrarea de piese
unicat si de serie micd, atat pentru automobilele de
Formula 1 cét si a celor comerciale, particularizate
conform cerintelor clientilor individuali. PA permite
executia economicad a pieselor, indiferent dacd sunt
complicate, unicat sau cu greutatea mult redusa.

4.3. Arhitectura

Arhitectii au inceput sa foloseascd tot mai mult PA
pentru a realiza §i prezenta diferite variante de
constructii foarte sofisticate, modele, executate din
materiale plastice. Costul lor relativ redus si
permisiunea de a imagina cele mai neobignuite solutii
arhitecturale atrag tot mai mult arhitectii dispusi sa
inoveze metodele de proiectare si prezentare.
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4.4 Industria militara

Multe din piesele diverselor “masini” militare sunt
complexe, scumpe §i necesare ca unicat sau pentru
serii mici si unele din aceste piese trebuie schimbate
destul de des. Aceste piese fac parte din produse ca
vehiculele aeronautice fara pilot, dispositivele usoare
ce se afld in ranita soldatilor, aparatura portabila de
alimentare cu electricitate si dispositivele mobile de
comunicare, spitale mobile si altele. Toate aceste
produse necesita piese de schimb realizabile in unicat
sau serie mica, unde PA este recomandabilad. Analistii
industriali prevad si pentru acest domeniu, ca in 10-12
ani industria militard va deveni un important utilizator
al PA.

4.5. Bunuri de larg consum

PA permite o inimaginabild varietate de forme si
dimensiuni ce pot fi realizate in mod economic,
testate pe piatd si la nevoie, modificate rapid.
Numeroase firme au inceput sa utilizeze PA pentru
executia de obiecte de iluminat, bijuterii, gemantane,
scaune si ochelari de soare. Industria producitoare de
pantofi a inceput sd utilizeze PA pentru executia
calcaielor de pantofi din titan si chiar sa fabrice
pantofi bazati pe relevarea formei picioarelor unor
clienti individuali. O totala libertate de creatie sta si la
dispozitia producdtorilor de bijuterii, unde caracterul
unic al bijuteriei are o mare importanta, ca si in cel al
executiei de pantofi, posete si multe alte obiecte a
caror forma depinde, in mod hotarator de moda.

5. IN LOC DE CONCLUZII

e Prelucrarea aditiva beneficiaza de multiple si
importante avantaje, In special pentru productia
de unicate si de serie mica.

e Aceste avantaje creaza posibilitatea utilizarii cu
success a PA in numeroase domenii.

e Ca orice noud tehnologie, PA mai are limite si
dezavantaje, care necesitd destul de multe
activitdti de cercetare experimentald,ceea ce
frineaza utilizarea pe scard largd, industriald a
PA.

e Numai tdrile si firmele ce incep in mod activ
implementarea PA in productie, vor putea
beneficia de avantajele economice ale
deschizatorilor de noi céi si procedee industriale.
in acest sens este demn de remarcat efortul
financiar considerabil practicat de organe
guvernamentale §i firme particulare din SUA,
Comunitatea Europeand, Japonia si China pentru
dezvoltarea utilizarii PA .

e iIn ciuda prezicerilor multor “Nostradamusi

industriali”, PA nu va elimina tehnologiile
conventionale si utilizarea masinilor unelte,ci va
functiona in paralel cu ele, chiar daca va
restrdnge in oarecare masura folosirea lor la

productia de unicate si de serii mici.

o Prelucrarea Aditivd poate fi considerati o
Nirvana pentru proiectanti, o revolutie pentru
executanti, dar si “tehnologie 1a moda” pentru
toti.
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THE PROBLEM OF NOISE IN THE WORKING
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REZUMAT

Scopul acestei lucrari este de a sublinia pericolul privind expunerea excesiva a
urechii umane la zgomote ce depasesc nivelul admisibil. In acest context, lucrarea
propune un studiu de caz privind nivelele de zgomot din mediul de invatare al

studentului.

ABSTRACT

The purpose of this approach is to underline the danger concerning excessive
exposure of the human ear to noises that exceed the admissible level. In this context,
the paper suggests a case study regarding noise levels in the student’s learning

environment.

KEYWORDS: Sound level, hearing, decibel, environment,measurement.

CUVINTE CHEIE: Nivel de zgomot, auz, decibel, mediu, masurare

1. NOISES — BASIC INFORMATION

The sound is produced by vibrating objects that
reaches the listener's ear as waves in the air or other
media. When we hear something, actually, our ear is
touched by the flowing vibrations of the air pressure.
The ear transforms the sound waves into electrical
impulses that reach to the brain, the place where the
sense of sound is formed. The ear gets used to the

sounds and, in time, we can understand their meaning.

1.1 Introduction to ears and hearing

The human ear is a complex structure, with an
amazing sensitivity (figure 1). The ear is responsible
not only for hearing, but also for the sense of balance
and movement.

1.1.1. The outer ear

The outer ear is made up of the pinna (or ear
lobe) and the external auditory canal. Both structures
funnel sound waves towards the ear drum (or
tympanic membrane), causing it to vibrate. The pinna
is also responsible for protecting the ear drum from
external damage.

1.1.2. The middle ear

The middle ear is a cavity filled with air that
contains the smallest bones of the human body -
malleus, incus and stapes. They are attached like a
chain to the tympanic membrane and convert sound
waves that makes the membrane vibrate into
mechanical vibrations of the three bones. The stapes
fill the oval window which forms the connection to
the inner ear.

1.1.3. The inner ear

In the inner ear, the auditory information is
processed by the cochlea, while the balance
information is processed by the semi-circular canals.
Along the entire length of the cochlea, which is filled
with liquid, there are small hairy cells. When sound
strikes the ear drum, the movement is transferred to
the footplate of the stapes, which presses it into one of
its fluid-filled ducts, through the oval window of
cochlea. The fluid inside this duct is moved, flowing
against the receptor cells of the Organ of Corti, which
are activated. They stimulate the spiral ganglion,
which sends information through the auditory portion
of the eighth cranial nerve to the brain.
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Figure 1. The human ear

1.1.4. Hearing

We hear by funneling sound from the
environment into the outer ear and causing the
tympanic membrane to vibrate. The vibrations of the
sound waves are turned into mechanical vibrations by
the ossicles. Those mechanical vibrations make the
oval window move back and forth, causing the
perilymph of the inner ear to begin wave-like
motions. The perilymph fluid motion is transferred to
the endolymph and the wave motion is transformed
into electrical impulses, picked up by the hairy cells
of Corti and sent to the brain via the cochlear nerve.

The round window is responsible for absorbing
the fluid wave vibrations and releasing any increased
pressure in the inner ear caused by the wave motion.

1.2 Noise characteristics

Noise is an unwanted or harmful sound. His two
main characteristics are frequency, measured in Hertz
(Hz), and intensity, measured in decibels (dB).

The human ear is able to detect frequencies
between 20 Hz and 20,000 Hz. Low frequency
produces a low-pitched sound and high-frequency
produces a treble sound. Sounds below 20 Hz
(infrasounds) and above 20,000 Hz (ultrasounds) can
cause discomfort and damage to the ear, even if they
cannot be actually heard.

When analyzing the workstation, the most
important characteristic of the noise is its intensity.

1.2.1. The sound intensity

The sound intensity is measured using the decibel
scale (dB). For example, the minimum value that can
be perceived by the human hearing is 0 dB; a whisper
will register an average of 10 dB on the decibel scale,
while the rustling of leaves will go as high as 20 dB.
Sound intensity is based on a logarithmic scale,
meaning that an increase by 10 dB translates into an
increase in intensity by a rate of 10. Thus, the sound
of rustling leaves is ten times more intense than the
sound produced by a human whisper.

The distance over which the sound can be perceived
depends on its intensity, which translates into the

average degree of the energy’s course over unit of
distance, perpendicular on the direction of spread.

In the case of spherical waves, which are known
to spread from a source point, the intensity varies in
inverse ratio with the square of the distance, on
condition that it loses no energy due to viscosity, heat
or other absorption effects. Thus, in a perfectly
homogeneous environment, a sound will be nine
times more intense at a distance of 1 unit from the
source point than at a 3 unit distance from the source
point. When talking about the sound propagation in
the atmosphere, any change of the wave or the
physical properties of the air, such as temperature,
pressure and humidity, leads to the decrease of wave
amplitude or its scattering.

Hence, we can state that the previously
mentioned law is not applicable in the practical
measuring sound intensity (in a real life environment).

Decibel is a logarithmic measure of the ratio of
two powers (1). It is used in acoustics, physics and
electronics. It is a tenth of a Bel (B).
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1.2.2. Sound levels
In order to take into account the ear’s sensitivity
to frequency, the intensity of noise at the workplace is
measured using the decibel scale, where 0 dB is the
threshold of audibility. Pain is feeled at the level of
140 dB. Among the typical noises, according to their
intensity, we mention the following (figure 2):
e Raindrops: 40 dB;
A normal conversation: 60 dB;
A classroom full of students: 75 dB;
Busy city traffic: 85 dB;
Hair dryer: 90 dB;
A rock concert: 105 dB;
A chainsaw: 110 dB;
Pickamer: 120 dB;
An airplane take-off: 130 dB;
Gunshot: 140 dB.

How Loud Is Too Loud?

Noise-induced hearing damage is related to the duration
and volume of exposure. Government research
suggests the safe exposure limit is 85 decibels for
eight hours a day. Some common decibel levels:

wmnhang

140
110 115 120
=
—1

Raindrops Mormal Busycity Hair Rock Chain- AniPod Jack- Gunshot,

dryers concerts saws  at peak hammers fireworks

volumes

conversation traffic

Sources: dangerousdecibels.ong; WSI resaarch

Figure 2. Common sound levels
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1.2.3. When noises become dangerous

There are four elements that determine the
harmfulness of the noise:

e Sound intensity(dB);

e Frequency (Hz);

e Periodicity — frequency of occurrence;
e Duration — the time it takes.

The noise level inside of a building will be lower
than outside, by about 10 dB, even when the window
is open. Sounds over 100 dB can be unbearable. A
single exposure to a noise of 140 dB can cause
permanent damage to the ear. With age, the hearing
gradually weakens, especially due to the decline in the
mobility of the ossicles, which become unable to
transmit vibrations to the inner ear.

Ear infections can affect the tympanic membrane
or can influence the osscicles’ activity. Any ear
problem requires a medical check. The various forms
of weakened hearing can be a result of the auditive
nerve damage.

1.3 The noise influence in the work

processes
Noise is a part of all types of activities (industrial
production, construction sites). It is also a problem in
crowded places (restaurants) or where the
communication is essential.

1.3.1. Noise pollution

Noise pollution represents the entire set of sounds
made by humans, animals or by equipment and
machines, which disturb daily activities.

Noise pollution refers to irritating or even
harmful levels of noise.

The factors that influence noise pollution are
already known: heavy traffic, machinery, loud music,
explosions and shooting.

1.3.2. Dangerous jobs

Excessive exposure to loud noise can lead to
hearing problems. To protect the workers, the EU
noise Directive 43/2003, establishes a daily exposure
limit (8 hours) to a noise level of 85 dB.

Even at low levels of noise, difficulties can
appear, if the work process requires a high level of
concentration.

Industries which will most likely involve noises are:
e Constructions;

Demolition or road repair;

Woodworking;

The processing of plastics (fig. 3);

Engineering;

Manufacturing of textiles;

Forging, pressing or stamping;

Paper or cardboard;

Canning or bottling;

Foundries.

Figure 3. Worker exposed to machinery noise
at the workplace

Tools and equipments that can lead to hearing loss
include:
e Hammer (figure 4);
Pneumatic tools;
Pickamer;
Dirills;
Gasoline saw;
Explosive sources (detonators, weapons).

Figure 4. Technological process harmful
to the hearing

Although it seems unusual, even educators,
dentists and classical musicians are at risk in terms of
noise at work.

Following a study on a sample of 6,000 workers
in a noisy environment, it was found that a job is
considered noisy if people need to raise their voice in
order to have a conversation.

1.3.3. Health effects caused by exposure
to noise
Protecting workers from the effects of noise can
be a difficult task, because there must be taken in
consideration the particular characteristics of noise in
the workplace and other existing risks.
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Noise can contribute to or can be a determining
factor for the following situations:

- Hearing disabilities (tinnitus, hearing loss);

- Ear damage, in combination with exposure to
oto-toxic substances (substances that can harm
the ear);

- Work stress;

- Increased risk of accidents at work.

Hearing loss caused by noise is the most common
irreversible occupational condition. It is usually
caused by prolonged exposure to excessive noise
(over 85 dB). Rarely painful, the damage is
nevertheless permanent.

The first symptom is usually the inability to hear
sharp sounds. If the noise exposure does not stop, the
hearing continues to be damaged and there is the risk
of not being able to hear less sharp sounds.

The phenomenon usually affects both ears and it
is permanent.

e The way in which noise affects the stress levels
of workers depends on a combination of factors
including: The nature of noise, including
volume, tone and its predictability;

e The complexity of the task performed by

worker;

The stress limit and physical shape of each
person, including fatigue.

Noise can lead to accidents by means of:
Disruption of verbal communication between
workers;

Masking the sound of imminent danger or

warning signals.

Noise affects not only hearing, but also other

parts of the body. It is now known that noise:

- Increases blood pressure;

- Has adverse cardiovascular effects, such as
changing heart beat;

- Increases breathing rate;

- Disturbs the digestive system;

- May cause stomach problems or ulcer;

- May create a negative impact on a developing
fetus and possibly contribute to pre-mature
birth;

- Can trouble sleep, even after the noise ceases;

- Increases the effects of factors such as drugs,
alcohol, carbon monoxide and aging.

1.3.4. Statistics regarding the risk of noise in
various sectors in the EU

e Agriculture, fishing and forestry - the leading
cause of hearing disorders is excessive noise

made by tractors and agricultural machines;
e Call Centers - more than one fifth of a call
center operators said they had suffered at least

one acoustic shock (exposure to loud noise);

e Constructions - 35% of construction workers
said they were exposed to noise half of their
working time or more;

e Education - more than half of teachers and
educators need to raise their voice in order to
communicate;

e Music — assistant masters to pianists are
exposed to 95 dB during rehearsals, and a
soprano to over 105 dB;

e Agri-food industry - noise levels inside the
milk bottling lines in the UK can rise up to 90-
95 dB;

e Iron and steel industry - in France, one third of
the cases of hearing loss are in the
metallurgical sector ;

e Transportation - over 10% of transport and
communications workers believe that their
health is submitted to a risk of hearing damage.

Hearing losses caused by noise represent one
third of all occupational diseases, more than skin and
respiratory problems.

2. SAFETY MEASURES
REGARDING THE PROTECTION
OF THE HUMAN WORKERS

If the average level of sound of a working day (8
hours) exceeds 85 dB, health protection measures
should be taken.

2.1. Recommended solutions to reduce
noise risks

Three steps are necessary:

- Performing a risk assessment;

- Taking measures to prevent or control risks;

- Regular monitoring and analyzing the
effectiveness of the implemented measures.

2.1.1. Performing a risk assessment
The method used for a risk assessment will
depend on the prevailing conditions in the workplace
and may include sampling individual exposure levels
of workers to noise:
o Identify various risks related to noise in
the organization;
e Asses how each worker is affected;
e Evaluation of already implemented
measures for noise control;
e Record and communicate the findings to
employees, explaining to them the
significance and their potential risks.

2.1.2. Taking measures to prevent or control

risks

The best way to reduce the risk is to eliminate the
noise source, if possible, for example by changing the
location of equipment.
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If removing the source of noise is impossible, then
one should try to reduce the workers’ exposure to noise:

e Insulation of the noise source;

e Noise reduction by means of: metal
suspensions or shock absorbers, reducing the
speed of working machinery, using belts
instead of noisy gears;

e  Perform a regular preventive maintenance;

If one cannot properly control the source, the
exposure of workers to noise can be reduced by
performing changes in:

e Place of work: by sound insulation;

e Organization of work: by insulating the noisy
work area or restricting access to the area ;

e  Working equipment.

Personal protective equipment (PPE), such as
(internal and external) earplugs, should be used as a
last resort solution, after having made all efforts to
eliminate or reduce noise emissions at source or in the
work environment.

Workers must be informed and trained to
understand and manage noise risks.

2.1.3. Supervision and periodic review of the
implemented efficiency measures

Depending on the nature of the workplace and
noise exposure level, health supervision and sound
control measures may be necessary. Workers have a
right to proper medical supervision in certain
situations, including preventive audiometric testing.
In such situations, one must prepare an individual
medical record and the information must be made
available to workers. Knowledge gained as a result of
health surveillance will be used for further risk

analysis and control measures.

3. MEASUREMENT OF
WORKPLACE NOISE

For occupational hygiene purposes, the sound
pressure level is measured to determine noise exposures.
Various instruments and techniques may be used. The
choice depends on the workplace noise and the
information needed. However, the first step is to
determine if there is a noise problem in the workplace.

3.1 Instruments used for measuring
noises

The most common instruments used for
measuring noise are the sound level meter (SLM), the
integrating sound level meter (ISLM) and the noise
dosimeter. It is important to understand the
calibration, operation and reading procedures of the
instruments used. The user's manual provided by the
instrument manufacturer provides most of required
information.

3.1.1. The sound level meter (SLM)

The SLM consists of a microphone, electronic
circuits and a readout display. The microphone
detects the small air pressure variations associated
with sound and changes them into electrical signals.
These signals are then processed by the electronic
circuitry of the instrument. The readout displays the
sound level in decibels. The SLM takes the sound
pressure level at one instant in a particular location.

To take measurements, the SLM is held at arm's
length at the ear height for those exposed to the noise.
With most SLMs it does not matter exactly how the
microphone is pointed at the noise source. The
instrument's instruction manual explains how to hold
the microphone. The SLM must be calibrated before
and after each use. The manual also gives the
calibration procedure.

3.1.2. The integrating sound level meter
(ISLM)

The integrating sound level meter (ISLM) is
similar to the dosimeter. It determines equivalent
sound levels over a certain measurement period. The
major difference is that an ISLM does not provide
data about personal exposures, because it is hand-held
like the SLM, and not worn.

The ISLM determines equivalent sound levels at
a particular location. It yields a single reading of a
given noise, even if the actual sound level of the noise
changes continually.

3.1.3. The dosimeter

A noise dosimeter is a small, light device that
clips to a person's belt with a small microphone that
fastens to the person's collar, close to an ear. The
dosimeter stores the noise level information and
carries out an averaging process. It is useful in
industry, where noise usually varies in duration and
intensity and where a person frequently changes
locations.
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Table 1. Guidelines for instrument selection

exposure

Type of Appropriate Result Comments
rMeasurement Instruments
{in order of
preference)
Personal noise 1) Dosimeter Dose or Most accurate for personal

equivalent
sound level

noise exposures

2% ISLM*

Equivalent
sound level

If the worker is mohile, it
may be difficult to
determine a personal
exposure, unless work can
be easily divided into
defined activities,

) SLM**

dBEAY

If noise levels vary
considerably, it is difficult
to determinge average
exposure. Only useful
when work can be easily
divided into defined
activities and noise levels
are relatively stable all the
time.

* 5LM stands for Sound Level Meter

#* ISLM stands for Integrating Sound Level Meter

4. CASE STUDY

As shown before, the problem of noise is a
serious one in various fields and sectors of work.

Thus, for a better understanding, we chose the
example of measuring noise in a public environment,
i.e. the faculty where we attend classes.

4.1 Measurement of sound intensity

The noise environment in which college students
work is represented by the college premises. Within
this space, students participate in various activities:
lectures, seminars, laboratories.

4.1.1. The difference in decibels between the
break and course time

With a noise measuring device, i.e. the sound
meter, we managed to register more than one value
during the progress of a course. In figure 5, the
average noise level is found in most front banks,
reducing in intensity by about 2-3 dB, as we depart
from the sound source (5-8 m).

63 dB 61dB

60dB 58dB

Figure 5. Noise in a classroom

During the break between courses, there was an
increase in noise level by 10-20 dB, leading to over
90 dB for brief moments.

4.1.2. The sound level in laboratories

Laboratories are practical activities of students in
Polytechnics and are often accompanied by more or
less powerful sounds.

For this reason, we performed a measurement
(figure 6) of the dB level of a machine-tool, from
different positions, with a view to establish a position
in which the noise is minimal and the handler can
accomplish their task.

Figure 6. Noise measurement
of a machine-tool in a laboratory

Comparing values in Table 2, we see that the
recorded noise levels by the sides of the machine-
tools are higher than in front or behind it.

Another observation is that these values increase
when the speed increases.
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It should be noted that, when measurements took
place, there was no press working. Otherwise, we
would have recorded much higher noise values.

Following these measurements, it follows that the
best working position, in terms of noise and the
possibility to accomplish the workload, is the front
position.

Table 2. Noise values at different speeds

Speed
500 1000 | 2000
50 rpm
) rpm rpm | rpm
Position
Front 69.3 67.8 73.3 78.3
Right 68 70.7 77.2 81.9
Left 67.4 71.4 77.1 82.2
Back 69.2 68.2 73 77.3

4.2 Measuring instruments

Measuring instruments used to determine noise
levels in the faculty, ie. the sound meter, is
manufactured by Rion company, model NL-15 -
Precision Integrating Sound Level Meter (figure 7).

It is very easy to use to measure noise levels in
an enclosed space.

Figure 7. Integrating Sound level Meter
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Figure 8. Measurement graph for classes and breaks
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Figure 9. Measurement graph on tool-machine
4.3 Results

After measuring noise levels in various places
where students work, it was found that noise levels
are within acceptable limits and present no health
risks for students (figure 8, figure 9).

CONCLUSIONS

The problem of noise is a very important topic
of debate in the field of ergonomics. Although this
problem is not very popular, it affects a fairly large
percentage of people in the labor market.

The results obtained by measuring the noise
levels in the student’s learning environment
demonstrates that this work place (the enclosed spaces
in faculty) insures good conditions in terms of sound
and does not represent a risk for their health.

REFERENCES

[1]. Gafitanu, M., Focsa, V., Merticaru, V., Biborosch , L.,
“Vibratii si zgomote”, Junimea, 1980, lasi.
[2]. Teodorescu Exarcu, I., Gherghescu, S., Ciuhat, 1., Soigan,
M., “Biologie — manual pentru clasa a XI-a”,
Editura Didactica si Pedagogica,1988, Bucharest.
[3]. Bara, V., Buzasiu, O., Costea, M., ” Simpozion tehnico-
stiintific”, 2005, Oradea.
[4]. Todea, A., "Boli profesionale in actualitate”, Editura Viata
Medicala Romaneasca, 2000, Bucharest.
[5].www.zgomot.protectiamuncii.ro/docs/Pachetul de informatii.doc
[6]. http://www.rockwool.ro/beneficii/acustica
[7]. www juridicconsult.ro/pdf/linkuri/Expunere Zgomot.pdf
[8].http://www.ccohs.ca/oshanswers/phys_agents/noise measurement.html
[9]. http://en.wikipedia.org/wiki/Ear
[10]http://www.medicinenet.conmy/script/main/art.asp?articlekey=21685

TEHNOLOGIA INOVATIVA — Revista ,, Constructia de magini” nr. 3-4 /2011 25



Quick Info

CeBIT Future Match 2012
Event Type:  Brokerage Events
Start Date: 6-Mar-2012

End Date: 10-Mar-2012

City: Hannover, fairground
Country: Germany
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With an exhibition area of roughly 450,000 m? (5 million ft*) and up to 700,000 visitors CeBIT is the world's
largest computer expo. Future Match 2012 (6-10 March) at the CeBIT in Hannover, Germany, is the 14th
edition of the international brokerage event organised by the Enterprise Europe Network.

Since 1999 Future Match has enabled exhibitors and visitors at the fair to find partners for cooperation, e.g. for
product development, research & development, joint ventures, manufacturing, marketing and/or licensing
agreements.

Companies, universities and research institutes in the ICT sector are again invited to use this unique opportunity
to establish new cross-border contacts for future cooperation at Future March 2012.

At www.futurematch.cebit.de you can register for only Euro 110 and establish valuable contacts during CeBIT
2012. Free entrance tickets to the fair are included.

For further information you can contact:

Matthias Wurch

Enterprise Europe Network

uni transfer/ Leibniz Universitdit Hannover
Tel: +49 511 762-5682
matthias.wurch@zuv.uni-hannover.de

Joanna Einbock

Enterprise Europe Network
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Tel: +49 511 762-5406
joanna.einbock@zuv.uni-hannover.de

Industrial Sectors: [0 INFORMATION TECHNOLOGY
[J Electronics, microelectronics
[J Information processing, information systems
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First Name: Matthias
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Fax: +49-511-762-5723
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RECONDITIONAREA UNOR SUBANSAMBLE
ALE UTILAJELOR MINIERE /

ASPECTS OF RECONDITIONING OF PARTS OF MINING

EQUIPMENT

Vlad Alexandru Florea

University of Petrosani, ROMANIA, e-mail: floreavladalexandru@yahoo.com

REZUMAT

In Romdnia, in anumite sectoare economice, s-a manifestat preocupare in vederea
ridicarii indicelui de crestere a valorii pieselor de schimb reconditionate fata de cel
al consumului de piese de schimb noi. Cu toate acestea, in industria minierd,
consumul de piese de schimb reconditionate se situeaza mult sub realizarile obtinute
in transporturi, metalurgie sau in industria chimica.

De aici, se poate concluziona ca una din sursele importante de reducere a costului
reparatiilor il constituie reconditionarea pieselor degradate. La aceasta trebuie sa
se adauge avantajul reducerii consumurilor de materiale,ce se poate obtine prin
reutilizarea pieselor uzate.

ABSTRACT

In Romania, in certain economical domains, a concern has been manifested in order
to increase the coefficient of renewed replacement parts value given the consumption
of the new replacements parts. However, in mining industry, the consumption of
renewed replacements parts is situated much under the accomplishments obtained in
transports, metallurgy and chemical industry.

Given this, we can jump the conclusion that one of the major sources of decrease the
cost of repairing is the renewal of the damaged parts. To this the advantage of
decreasing the materials consumption obtained by recycling the worn parts has to be
added.

CUVINTE CHEIE: piese de schimb,reconditonare,sudura oxiacetilenica

KEYWORDS: replacements parts, renewal, oxyacetylenic welding.

1. INTRODUCTION

The regular carrying out, in normal
circumstances of the productive activity, in the
framework of the mining units is conditioned, in a
large extent, by the way in which the replacement
parts required for the maintenance and repairing of
the immobile are provided.

The worn parts recovery and use after
renewal offers major economical advantages, leading
to the ensuring of a good working of the machines
and equipments from the endowment, simultaneously
with obtaining some major material savings.

An other aspect is the great weight of the
renewal processes with high energy consumption and
low productivity of production comparatively with
the situation from other industrialized states where
there are used processes as mettalisation, brazing etc.
with lower energy consumption.

2. RENEWAL OF THE MINING
EQUIPMENTS PARTS

For instance, the manual welding represents
in Romania 60% from the total of used processes,

ATEHNOLOGIA INOVATIVA — Revista ,, Constructia de magini” nr. 3-4 /2011 27



while in other countries is only 24%; also the In figure 1 there are given some components
welding under flux lay represents 18% by the belonging to mining equipments renewed by
processes of renewal of the worn parts. welding.

_ R T
-3’, 1 : w, e -—

b) Holder of

¢) Captive guide of the shearing machine
KSW 460
Figure 1. Renewed components

e P S o
a) Case of the self-aligning bearer the guide shoes

The annual expenses for repairing are . &
situated among 10% and 45% from the investment 7
value of the equipments, depending on the
economical branch we took into consideration; from
statistical data it comes out that up to 50% from the
amount of the general overhaul is spent on
replacement parts.
Nowadays, the worn parts with superficial
damages can be renewed by:
a. changing the initial dimension, respectively
processing at repairing dimension;
b. restoring the initial dimension, using as
processes: metallising, loading by welding,
galvanization, plastic deformation.

In mining, in the case of the parts having

integrity damages (figure2), the renewal is carried out Figure 2. Strong wear on part of conveyer TAGOR
by welding and brazing. 260/750

conveyor trough (1)cable guide(2);Eicotrack rack (3)

The analysis of the mining equipments and
installations worn components has allowed the
selection of those that shows economical interest for
renewal, as:

- hydraulic props and drums of the face powered
support;

- speed reduction unit of the flight conveyer;

- hydraulic pumps of the shearers;

- plunger pistons of the hydraulic aggregate for the
propping supply;

- shafts and gears for compressors and hydraulic
aggregate;

- wagon shafts;

- traveling wheels of the mine locomotive;

The hydraulic props removed from working
are disassembled and there are many components
kept for renewal:
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- pistons,

- telescopes,

- extension pieces,

- link pipe,

- superior and inferior supports,
- piston guides.

In the table 1 below there are illustrated for a

period of 16 months the high number of renewal
components in the case of the props:

Table 1. Number of renewal props

Component to be Type of the prop TOTAL
renewed SVI | SVJ | SVJ | SV] | SVI
160 | 224 | 250 | 280 | 315
Extension pieces - 305 | 210 | 190 - 705
Telescopes 206 - - - - 206
Link pipe 605 | 215 820
Inferior support 230 | 200 | 50 480
Pistons 150 | 248 | 110 508

In our country the most used method of
renewal is the loading by welding followed by
mechanical processing, very seldom are used the
chromium platting (usually for the parasite gears
from the shearer arms).

A high number of parts work in abrasive
media, that requires the use of the process of
renewal by deposition of hard metals.

The same process is used when the hard deposits of
some parts have to be recuperated.

In certain situation, on the worn work
surface of some parts is coated a hard metal
deposit, which initially has not existed, in order to
confer it an increased wear strength.

The most used hard metals at loading by
welding are those of "stellite” and “sormait”, the
hardness of the deposed lay, without any further
thermal treatment, is of 48 + 52 HRC.

This reality, as the typology of the worn
parts have established our orientation toward the
finding out of new materials with improved
properties concerning their wearing behavior.

It has been added the finishing touch of a
non-ferrous powders blending resulted from the
sintered metallic carbide wastes that may be used at
deposits on worn surfaces.

These blendings have been tested from the
balancing wheel of the KSM — types centrifugal
pumps used in mining (figure 3).

The process used for the wheel renewal
was the loading by oxyacetylenic welding, in two
deposits. The thickness of the deposit was of 2 mm,
and the hardness of 61 HRC.
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Figure 3. Balancing wheel

The consumption of the electrodes from
the metallic power blendings may be varied
depending on the destination of each part, being
followed the increase of the reliability
concomitantly with a lower cost of the renewed
part given the new parts.

The pump wheel work checking, by
underground testing (at Vulcan Mining Unit) has
underlined an increase of working life of 22 %
comparatively with the situation in that the pump
wheel is not covered by a deposit of hard material.

3. CONCLUSIONS

Extention of renewal and recycle over one
increase number of used parts of the mining
technological equipments (figure 4), represents a
real possibility to reduction of production costs
especially in case of underground coal mining.
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Figure 4.Renewal part of shearing machine
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Quick Info

Successful R&D in Europe - 4th European Networking Event
Event Type:  Brokerage Events

Start Date: 8-Mar-2012

End Date: 9-Mar-2012
City: Diisseldorf
Country: Germany

For the fourth time, the conference invites researchers and entrepreneurs from North Rhine-Westphalia and
partner regions in Europe to find new R&D partners

for FP7 projects. The series of events has been a great success with over 750 participants since 2009. The
networking event will be structured in parallel brokerage sessions focussing on five topics:

Information and Communication Technologies
Energy

Nanotechnology and Production Technologies
Life Science

People (focus on ITN/IAPP)

The event addresses especially small and medium-sized enterprises, research institutes and universities.
Participants are invited to become involved in established and new networks of researchers, entrepreneurs and
multipliers.

Giving a short presentation or finding a partner by talking to decision-makers opens doors for new FP7 projects.

Call for presentations is open until 17 February 2012 - More information on www.frp.nrw.de/network!

(Source: http://www.enterprise-europe-
network.ec.europa.eu/publicwebsite/calendar/viewdetails.cfm?EventID=2881 &type=future)
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REZUMAT

Reactorul de piroliza va utiliza o parte din gazul de sintezd, produs al pirolizei, caracterizat prin
putere caloricd mare, comparabild cu cea a gazelor naturale. Acesta va fi incdlzit la 500°C intr-
un schimbator de caldura exterior, folosind un arzator alimentat tot cu gaz de sintezd. Restul
gazului de sinteza va fi rdcit pentru a produce prin condensare un lichid cu caracteristici
apropiate de ale motorinei sau va fi ars direct in arzatorul unui boiler sau al unei turbine cu gaze.
In ambele situatii se poate co-genera cdldurd si energie electricd.

ABSTRACT

Pyrolysis reactor will use some of the synthesis gas, a product of pyrolysis, characterized by high
calorific value, comparable to natural gas. It will be heated to 500°C in an outdoor heat
exchanger using a burner fueled with syngas. The remaining gas will be cooled synthesis by
condensation to produce a liquid with characteristics similar to the diesel or be burned directly in
a boiler or burner of a gas turbine. In both situations can co-generate heat and electricity.

CUVINTE CHEIE: piroliza, gazeificare, gaz sinteza, reactor, co-generare, energie regenerabila.

KEYWORDS: pyrolysis, gasification ,synthesis gas, reactor, co-generation, renewable energy.

1. INTRODUCERE

Cresterea accelerata a populatiei globului (s-a
ajuns de curdnd la 7 miliarde), ca si dezvoltarea
economica a tuturor tarilor, au condus la o cerere mare
de combustibili fosili (de ex. in sec. XX s-au consumat
peste 875 miliarde de barili de petrol), cerere care va
consuma in curand rezervele cunoscute ale planetei.
Aceste fapte , dar si altele cum sunt gazele de serd,
acutizeaza problemele legate de incalzirea planetei, de
poluare ca si de necesitatea folosirii cu preponderentd a
resurselor regenerabile si a deseurilor.

Cu toate cad pana acum s-au facut multe
incercari de utilizarea pneurilor uzate pentru obtinerea
energiei electrice, nu s-a reusit incd sa se ajungéa la o
solutie definitiva, datorita complexitatii si multelor
dificultati care stau in calea ei.

Astfel se explica faptul cd, acum in Europa este
cunoscuta o singura instalatie care lucreaza la scard
semi-comerciala in UK si care prelucreaza 1500 t/an,
proprictatea  firmei ~ AUE  (Anglo  United
Enviromental).

Datorita continutului bogat in carbon, care face
din anvelopele uzate un potential combustibil
echivalent cu carbunii superiori, in prezent s-a
renuntat practic complet la degradarea naturala a
anvelopelor. Incinerarea anvelopelor uzate se face cu
aport de energie termica si cu eliberare de substante
toxice greu de contracarat.

Arderea in cuptoare de ciment sau cazane
energetice ridicd aceleasi gen de probleme ca si
incinerarea. De aceea se practicd folosirea acestor
deseuri in proportie limitata la 8-10% 1n sarja introdusa
in cuptor.
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Pentru folosirea acestui combustibil la
cogenerarea de energie electricd si termicd si a
concura cu combustibilii fosili, cdile adoptate in lume
sunt in principal: piroliza sau gazificarea.

Piroliza pneurilor uzate, figura 1, implica
degradarea termica in absenta oxigenului. Bucitile de
cauciuc sunt incalzite la 450-600 °C. Produsele finale
sunt gazul de sinteza (singaz), lichidul pirolitic (oil) si
carbunele contaminat cu cenuse (char). in reactorul
de pirolizd, ca wurmare a efectului cresterii
temperaturii, deseurile de cauciuc mai intdi se
plastifiaza, dupa care polimerii componenti se sparg
continuu in molecule mai mici. Acestea vaporizeaza si
ies din reactor. Acesti vapori pot fi arsi direct pentru a
obtine energie sau pot condensa intr-un lichid, oil,
care 1n general se foloseste pentru producerea
energiei. Unele dintre molecule sunt prea mici pentru
a condensa. Ele raman sub forma unui gaz care poate
fi folosit drept combustibil. Mineralele continute de
pneurile uzate care pot atinge 40-50% din masa
acestora (negru de fum in proportie de peste 90% ) se
indeparteaza ca atare. Pentru un proces bine condus,
piroliza pneurilor uzate este un proces foarte curat
care este aproape lipsit de emisii in mediu sau de alte
deseuri. [1].

Faptul ca negrul de fum produs este impurificat
cu cenusa si nu poate fi comercializat ca atare,
constituie principalul obstacol tehnic in calea
dezvoltarii unor astfel de instalatii. Solutia
constructivd ce este prezentatd in continuare,
inlaturard piedica prin insuflarea negrului de fum
amestecat cu cenusa intr-un reactor de gazificare a
acestuia si de obtinere a unui gaz de sinteza cu putere
calorica ridicatd care este amestecat cu cel obtinut in
procesul de pirolizd si este folosit la producerea
energiei electrice si termice prin cogenerare.

Anvelope uzate

»l R.eaclto'r o Conden- > G.azd:i
piroliza sator sinteza
Y Y Y
Carbune . | Energie sau
el ™. chimicale
A

Fig 1. Schema procesului de pirolizi
a pneurilor uzate

Gazificarea, fig 2, este un proces condus
spre a obtine in principal gazul de sinteza. Schema
procesului de gazificare este prezentatd in figura 2.
Pentru marirea randamentului de utilizare a
potentialului energetic al pneurilor, in materialul de
mai jos se propune o schema mixta, care constd dintr-
un reactor principal de pirolizd a deseurilor de
anvelope, obtinut prin dezvoltarea reactorului realizat
prin proiectul ENER-PLAST, si un reactor secundar

de dimensiuni mai mici pentru gazificarea negrului de
fum si carbonului rezultate in procesul de piroliza si
care altfel sunt greu de utilizat datoritd impurificarii
lor cu cenusa.

Anvelope uzate

Reactor de ' Energie Gaze
L g iy | Gaz sinteza - x_ x
gazeificare } electrica arse
«
Aerfabur ¥

Cenuse
2 : Groapa de
- gunal sau
cuptoare ciment
Fig 2. Schema procesului de gazificare
a pneurilor uzate

2. CERINTE TEHNICE

Reactorul de piroliza, (vezi schema din
fig.1.2.10), poate fi realizat prin dezvoltarea solutiei
constructive a reactorului realizat in cadrul proiectului
ENER-PLAST, pastrand totodata avantajele pe care le
confera aceasta solutie.

Realizarea instalatiei presupune construirea a
doud reactoare, unul de pirolizd si celalalt de
gazificare, de putere termica corespunzatoare scopului
propus si totodata, presupune a afla modul in care
energia continutd de pneurile uzate (sau mai precis,
exergia, adica cantitatea de lucru mecanic disponibil)
poate fi regasitd intr-o proportie cit mai mare in
singazul produs de cele doud reactoare. Acest
randament este relevant, deoarece pentru conversia
resurselor, deseu, este necesar un proces eficient care
sa concureze cu combustibilul fosil. Reactorul de
pirolizd va produce functie de necesitati, singaz si oil
in proportie totalda de 60-80% (masd) si 40%-20%
(masa) char.

In procesul de pirolizd se va obtine char sub
forma de negru de fum, impurificat cu cenusd, care
are o putere calorica mare, de cca. 30MJ/kg. Arderea
directd a negrului de fum impurificat ar produce si
compusi ai sulfului (SOx), oxizi de azot (NOXx),
hidrocarburi si alte gaze (unele acide, HCI). [2]

Se propune gazificarea la temperaturi de pana
la 500° C, intr-un reactor secundar mai mic identic ca
solutie cu cel rezultat din proiectul ENER-PLAST. [3]

In continuare se va descrie pe scurt
functionarea instalatiei de piroliza. (vezi schema din
figura 3).

Anvelopele tocate la dimensiuni de 25-50 mm,
sunt preluate cu un sistem de transport combinat melc cu
banda transportoare in buncdrul de alimentare din parte
superioara (poz.1 ). Buncérul etansat atat sus cat si jos cu
ajutorul unor zdvoare actionate pneumatic, alternativ,
reduce la minim eventualele scapari de gaze in timpul
procesului de umplere cu materie prima. In interiorul lui
se afla o serpentina de preincalzire a materialului pentru
eliminarea aerului din gramada de cauciuc din buncér si
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pentru eficientizarea procesului. Sub buncar un sistem
de tip “puls jet” face posibild alimentarea cu material
a reactorului de piroliza fara intreruperea functionarii
instalatiei.

Initializarea procesului se face cu un arzitor
exterior (poz.4), care la atingerea temperaturii de 500°
C in reactor se scoate din functiune, temperatura
mentinandu-se prin resurse proprii.

Gazul de sintezad rezultat (singazul) este
colectat la partea superioara, racit intr-un racitor cu
apd pana la cca 200° C, unde se separa oil-ul. O parte
din singazul rezultat este prelevat si folosit la
incdlzirea gazului care asigura caldura necesara
procesului de piroliza. Singazul incélzit este insuflat
prin tevile (poz.10) ale reactorului, asigurand
incalzirea materiei prime, dar si amestecarea,
omogenizarea ei.

Fractiunile solide rezultate se depun pe stratul
de pietris din josul reactorului, fiind antrenat de acesta
prin intermediul unei roti celulare cu un separator
magnetic (poz.15). Roata celulara asigura transportul
amestecului de cenusd cu reziduurile solide si
totodata, etansarea partii inferioare a reactorului si
separarea bucatilor metalice de sarma din compozitia
pneurilor tocate, spre a fi valorificate. Transportul
amestecului in ciclonul de sus, de separare al char de
pietrisul de transport pneumatic, se face de asemenea
cu un sistem de transport cu “puls jet”. In ciclon
pietrisul este separat de restul materialelor fiind
reintrodus in circuit, iar gazul cu celelalte suspensii
antrenate este trecut printr-o sectiune a filtrului cu
saci. Dupa purificare singazul se poate folosi ca atare
in motoare cu ardere interna sau instalatii cu turbine
cu gaz sau abur.

Tot la partea inferioara se afla inca un sistem “
puls jet”care trimite CO2 cu vitezd mare in zona de
reactic a reactorului, cu rolul de a omogeniza
amestecul din reactor, cu o ramificatic pentru
curdtirea intermitenta a racitorului de singaz. Pentru a
nu scadea puterea calorica a singazului acest puls jet
ca si cel de sub buncarul de alimentare, folosesc CO2
la 6 bar ca agent de transport si nu aerul la 6 bar ca in
cazul celorlalte dispozitive. Singazul dupa ce trece de
racitor si apoi prin filtru este apt de a fi utlizat.

Pentru marirea eficacititii instalatiei char-ul
colectat in filtru este trimis spre gazificare in reactorul
secundar (poz.13), iar dupa gazificare singazul rezultat
este amestecat cu singazul obtinut prin piroliza.

Noua instalatie mecano-energetici  va face
piroliza bucatilor de pneuri uzate, un deseu valoros
energetic, care creeazd probleme privitoare la
reciclarea sa prin alte metode.

Pe baza propriilor cercetari prin incalzirea
bucatilor de pneuri uzate intr-un vas inchis, in lipsa
oxigenului si ca urmare a calculelor efectuate, se
asteaptd ca in urma pirolizei sa fie obtinute
urmatoarele rezultate:

Produsele rezultate din piroliza vor fi cele din
tabelul 1.

Tabelul 1. Produsele rezultate din piroliza

Produsele ||Procente Continut
pirolizei ||% masa
Gaz de 10 - Hidrogen, CO, CO2, Metan,
sinteza 30 Etan, Propan, Propen, Butan,
Alte hidrocarburi, cca. 1% sulf
Oil 38 - Aromatice
55 Masa molara 300 - 400
Sulf (0.3 - 1.0%)
Aromatice, Altani, Alchene,
Chetone, Aldehide
Char 33- Negru de fum; >15 % cenusa
38 (ZnO) , 3 -5 % sulf

e Viteza de Incalzire a bucatilor de pneuri deseu:
cca 8-10 °C/min;
e Densitatea in vrac a bucitilor de pneuri deseu:
cca 450 kg/mc;
e  Temperatura finald a procesului de piroliza: 450-

600 °C;

e Compozitia singazului cald la iesirea din
reactorul de piroliza (la temperatura de 280 °Cy -
C0=0,12%, CO2=1,16%, > CH=54%;

Tabelul 2. Comporzitia finald a gazului de sintezd

Gazul Piroliza Gazificare cu aer
H2 19,9 7,6
N2 3,7 433
02 0,7 0,9
CO 3,0 12,0
CcO2 5,2 10,9
CH4 35,7 18,0
C2H4 9,7 1.4
C2H6 8,6 i
C3H6 5,3 13
C3HS8 1,8 ’
C4HS8 —

C4H10 6,2 3.8

e  Puterea calorica inferioara singazului rece:
15-38 MJ/Nmc (de la procesul de
gazificare la cel de pirolizd),

Tabelul 3. Analiza elementara a lichidului pirolitic (oil)

C% H %

N%

0% S%

85 10-11

0,5-1,5

0,8-1,2 1-2

e Puterea calorica inferioara a lichidului
pirolitic (OIL) : cca 42 MJ/kg;
e Punctul initial de fierbere: 100-140 °C;

380 °C

Importanta procedeului rezulta
cantitatea de pneuri uzate produsa. Iin

Punctul de fierbere a 90% din oil: 320 —

simplu din
raportul pe

2010 al ETRMA, care reprezintd 4,200 companii in
EU27, Roménia figureaza pe 2009 cu 49.000 tone

pneuri deseu.
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3. CONCLUZII

Privitd global, o instalatie modernd de piroliza
este o instalatie complexi. in cazul proiectului propus
ea poate fi impartitd in 3 subsectiuni mari:

e Depozitarea pneurilor uzate, madcinarea la
dimensiunile impuse;

e Piroliza si curdtarea gazului (alimentatorul cu
bucati de cauciuc, reactorul de piroliza,
preincélzitorul de gaz de sintezd, reactorul de
gazificare a carbunelui rezultat (char), racitorul
de racire rapidad a gazelor de sinteza, filtrul de
despréfuire finald a gazului;

e Sectiunea de producere a energiei cu turbind cu
gaze si generator electric / cu boiler, turbina cu
abur si generator electric/ cu motor termic si
generator electric.

Fata de celelalte solutii cunoscute, reactorul
propus se distinge prin:
a) Simplitate constructiva care duce la un pret de cost
redus;
b) Automatizarea principalelor procese incd din faza
de pilot si posibilitatea automatizarii complete, a
intregii instalatii, la intrarea in serie;
¢) Pornire rapida, sigura si usoard creand posibilitatea
opririi si repornirii reactorului la nevoie, fara
complicatii;

d) Eliminarea sigurd si continud a cenusii, zgurii,
carbunelui si metalului din reactor;

e) Eliminarea gudroanelor formate in recuperatorul de
cildura folosit la ricirea singazului pana la 200 °C,
prin suflarea suprafetei de schimb termic cu jeturi de
aer de mare viteza generate de un dispozitiv puls jet si
sub 200 °C, in filtrul de aer cu saci tot prin pulsuri de
aer generate de un alt dispozitiv puls jet montat pe
filtrul cu saci;

f) Alimentarea reactorului cu bucatile de cauciuc
realizata prin transport pneumatic cu CO2, sub
presiune, este reglabild, comandata automat si etansa
fata de mediul exterior; g) Flexibilitate pentru
utilizarea altor combustibili sau amestecuri ale
acestora.
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Fig.1.2.10 Schema instalatiei propuse

Fig. 3. Functionarea instalatiei de piroliza
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RESUME

L article propose une nouvelle approche du recyclage des engins et des machines
industrielles, en tenant compte d’une étude de cas pour une société de production de
produit de carriere et taille de pierre en Tunisie. On analyse, du point de vue
technique et économique, deux variantes des machines: nouvelles et réconstruites.
Finallement, on peut conclure que pour les Petites et Moyennes Entreprises (PME),
la réconstruction reussite des anciennes machines est une forme d’investissemnt
efficace et intelligente, qui peut distinguer de leurs concurrents.

MOTS CLES: recyclage, réconstruction, productivité.

1. INTRODUCTION

Le recyclage est un trés ancien procédés de
traitement de déchet, en réintroduisant dans le cycle
de production un produit composé de matériaux
d’un produit similaire, achevant son cycle de vie ou
réduit en résidu.

Depuis I’age de bronze, ou les objets usagés
en métal sont fondus afin de récupérer leur métal
pour la fabrication de nouveaux objets, le savoir
faire du neuf avec du vieux n’a pas cessé¢ de se
développer dans toutes les civilisations. Hélas, le
développement massif de I’industrialisation et de la
consommation a rendu la gestion des maticres
premicéres et des déchets industriels plus
compliqué.

Au début des années ‘70, le recyclage est
mis en avant par les représentants des partisans de
la défense de I’environnement qui progressivement
ont su sensibiliser les consommateurs par différents
moyens. En ces conditions, on impose la
primordialité du recyclage, afin de vivre dans un
environnement meilleur avec une réduction du
volume des déchets et la préservation des
ressources et réserves naturelles, [1].

Pendant nos jours, le recyclage est devenu
un signe de développement et une échelle de
classification de la modernit¢ des pays
industrialisés et méme un style de vie a la mode.

En pratique, le recyclage a pris plus le sens de
décomposition de ce qui est déja utilis¢é et de
reproduction d’un autre produit, fait des
composants déja dissocié¢. Le plus souvent, la
réconstruction des machines et des anciens engins

ou véhicules est pratiqué par les antiquaires. Mais,
dans certains domaines, ou dans le cas avec des
contraintes économiques imposés, on oublie que
ressusciter une machine vouée a la mort est une
forme de recyclage trés rentable et trés efficace, [2].

Donc, dans qu’elle environnement peut on
pratiquer ce genre d’approche, sous qu’elle
contraintes, et qu’elles sont les avantages et les
inconvenants de cette méthode?

2. LA RECONSTRUCTION
DES ANCIENNES MACHINES

Dans un monde ou ’automobile est devenu
indispensable pour notre vie courante, la
réconstruction de certains anciens modeles, pour
des fins sentimentales ou commerciales, a pris la
forme d’un savoir faire repandu dans certains pays
du monde.

Les cubains par example, ont été obligé de
vivre pendant la moitié d’un siecle avec les
automobiles qui ont surpassé les frontieres cubaines
avant 1’an 1959. Dans cettes conditions, la
population a survecu en réconstruisant les anciens
modeles, qui ont pris cette forme caractéristique,
qui donne une certaine authenticité a leur pays, [3].

En Amerique du nord, la restauration des
anciens modéles d’automobiles est un hobby qui
représante un marché considerable, bien mediatisé,
qui attaque une clientéle a grand revenus ou des
funs du haut niveau de compétition. En ce qui
concerne la réconstruction des anciens engins, cela
est carrément inexistante, car d’apres les lois de
comptabilité conformes, il est plus rentable pour
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une grande entreprise de s’en procurer du nouveau
materiel que de réconstruire les anciens outils
qu’elle possede, [3].

En Europe, il y’en a des gens qui preférent la
modification d’un certain mod¢le de voiture sportif,
d’autres la restauration des anciennes voitures de
luxe ou de collection, ou méme des anciens
vehicules militaires. Dans certains régions, comme
I’Italie par exemple, la réconstruction des anciens
engins représante un marché profitable, surtout
pour les machines de chantier, de construction et
d’agriculture, [2].

En Afrique ou en certains pays émergeant, la
réconstruction des vehicules et surtout des engins,
représante une necessité a la cause de I’adaptation
parfaite de certains outils avec I’environnement de
travail.

En genéral, la restauration des vieux engins
n’est pas vue en tant que forme de recyclage, alors
que’elle participe a reduire les decombrement des
anciennes carcasses et a reproduire un produit
competitif, a partir d’un tat de ferraille abandonné
ou vendu a un trés bas prix. Pour appuyer cet
argument, on a recours a ’expérience d’essayer de
réconstruire des machines anciennes et de comparer
leurs randements avec ceux des machines
nouvelles, qui fonctionnent dans les mémes
circonstances, [2].

3. ETUDE DE CAS

L’expérience se déroule au sein d’une
entreprise d’extraction de produit de carriéres en
Tunisie, qui s’est lancée dans le domaine des
produits de carriéres depuis le fin des années ’80.
Au début, on a commencé avec une machine de
taille et une chargeuse, et finalement 1’entreprise a
réussi se développer au cours des années et devenir
le leader dans ce genre d’activité.

Ses atouts ont été la qualité du produit, le
respect pour I’environnement et la capacité de
s’adapter aux besoins de la clientéle.

Aujourd’hui, I’entreprise est la seule parmi
les concurrents a avoir une licence de travail a
long terme, représentant la source de vie d’une
trentaine de personnes, ayant six machines de taille
de pierre, quatre chargeuses sur pneus, deux
tracteurs et un bulldozer.

En juin 2011, on s’est fixé comme objectives
a accomplir la réconstruction de deux machines de
taille de pierre, deux chargeuses a pneu, en
provenant du Japon, et un générateur €lectrique.

Avec le minimum des cofits, on a essayer de
reconstruire ces machines, en ayant plus au moins
les compétences des nouvelles.

Les sous-ensembles disponibles ont été:

- deux chéassis de machine de taille de pierre
avec des engrenages en bon état;

- un moteur en V (six cylindres), avec une
puissance de 46 kW;

- un moteur en ligne (six cylindres), avec une
puissance de 38 kW;

- deux chassis de chargeuses sur pneus;

- deux moteurs révisés et un moteur en bon état
de fonctionnement;

- deux équipements hydrauliques destinée a ce
genre de chargeuse;

- un groupe électrique avec un moteur essence
monocylindre défectueux, mais avec Ila
dynamo et en bon état.

3.1 La réconstruction des machines

La premiére machine (Figure 1) est plus
lourde que les autres machines. Elle a deux pompes
hydrauliques: une qui fait fonctionner le systéme
hydraulique et une qui assure le déplacement.

Fig. 1. La premiere machine avant la
réconstruction

La deuxieme machine est plus légére que la
premicre, plus rapide, mais moins stable. La
différence entre ce modéle et le modéle précédent
est que cette machine fonctionne avec un seul
distributeur et une seule pompe qui fait fonctionner
le moteur hydraulique et les vérins au méme temps.

En observant les autres machines déja en
fonction, on a pu tracer le plan structurel de ce
type d’engin (Figure 2).
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Fig. 2. Schéma structurel de la machine
de taille de pierre

Les étapes qu’on a poursuivi pour
réconstruire ce genre de machines, aussi les
problémes rencontrés, sont les suivantes:

1. vérification des engrenages et roulements de
la grande scie - denture excellente,
roulements bien protégés et en bon état ;

2. vérification de la compatibilit¢ du moteur
diesel disponible avec le support de la
machine — solutions constructives différantes,
nécessité d’un support supplémentaire ;

3. contréle de la grande poulie — problémes
d’inclinaison par rapport a I’axe ;

4. vérification de ’embrayage — déja monté sur
le moteur ;

5. changement de la pompe d’origine (débit 25
I/min) avec une nouvelle (débit 26.5 1/min) ;

6. montage des conductes et des tubes flexibles
hydrauliques

7. essai manuel de la boite de vitesse —
fonctionnement a 1’avant et Iarriere, le «High
and Low speed» ;

8. montage d’une installation électrique simple —
permet la vérification de la recharge des
batteries et le contréle du 1’huile du moteur ;

9. faire le plein de I’huile des engrenages dans la
boite vitesse, la boite du petit scie et la boite
de la grande scie ;

10. faire les tests finals avant la mise en marche
de la machine.

3.2 La reconstruction des chargeuses

La  premiére  chargeuse, production
japonaise, avec un moteur six cylindres en ligne et
une boite de vitesse allemande, était dans un état
tres critique (Figure 3).

Fig. 3. La premiere chargeuse avant
la réconstruction

D’abord, on a enlevé cette machine afin
qu’on puisse manipuler les ponts et les cardans, on
a enlevé la plaque du pont arriére défectueuse et on
’a réparé. Le support du pont arriére défectueux on
I’a rendu plane et on I’a soudé. Apres, on lui a
fabriqué une nouvelle bague en cuivre. La boite
hydraulique, qui avait la marche arriére
défectueuse, on 1’a ouvert et on 1’a réparé.

La deuxiéme chargeuse était dans un état
meilleur que la premiere : elle avait les roues, les
cardans et les ponts en bon état de fonctionnement.
Aussi, le moteur était révisé, mais la boite
hydraulique nécessitait une révision compléte. Elle
manquait les cables des manettes d’élevage, les
courroies, le ventilateur, le radiateur et
I’échappement.

Tout a été mis en place aprés avoir révisé les
boites hydrauliques.

3.3 La réconstruction du groupe électrique
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Le groupe électrique, composé d’un moteur a
essence (3000 trs/min) et d’un dynamo (500 V), est lié
directement au vilebrequin a I’aide d’un bout d’arbre
conique. Le probléme du groupe est que le moteur a
essence mono-cylindrique était tombé en panne et sa
réparation aurait couté le prix d’un nouveau moteur.

On a trouvé comme solution I’utilisation
d’un moteur Hatz mono-cylindrique diesel, qui
tourne a 2000 trs/min en plein régime. Ce moteur a
été 1i¢ a la dynamo par une transmission avec des
courroies trapézoidales. Afin que la dynamo soit
indépendante, on a fabriqué une plaque avec un
roulement et un para huile. Aussi, afin le moteur
travaille dans un régime bas et pas en plein régime,
on a commandé deux poulies en aluminium avec un
rapport de 1.75.

4. RESULTATS

Aprés la restauration de la premiere
machine, elle a passé de 1’étape chassis abandonné
(Figure 1) a I’étape machine productrice en parfait
état, avec une consommation modeste (Figure 4).

O B 4 ik
Fig. 4. La premiere machine apres la

réconstruction

En ce qui concerne la chargeuse, on peut
rémarquer la différence entre 1’état initial (Figure 3)
et comment elle est devenue apreés la réconstruction
(Figure 5).

Du point de vue économique, I’entreprise a
procédés aux essaies, pour définir les paramétres
caractéristiques des équipements. Les résultats
comparatives machines neuves — machines
réconstruites, concernant 1’estimation de la
consommation et les couts, sont présentés dans les
tableaux 1 et 2. En comparant les résultats
présentés, on peut remarquer:

- La consommation des huiles est meilleure
avec les machines réconstruites;

- La production des machines est un peu plus
bas, mais acceptable (environs 400 piéces de
moins);

- Les machines réconstruites coutent 33 fois
moins que leurs semblables neuves, en

évitant d’acheter un nouveau matériel et en
gardant une productivité trés acceptable.

Tab. 1. Caractéristiques économiques des
machines neuves

Consommation
Equipement huile, [litres] Production, | Couts,
aup Diesel | Huile | [Nbre.pcs] | [€]
Treat 2000 | SAE 46
Machine 1 30 0 3000 220000
Machine 2 60 0 3000 160000
Chargeuse 1 40 0 - 80000
Chargeuse 2 40 0 - 80000
Groupe elec. 18 0 - 3000
Total 204 0 6000 543000

Tab. 2. Caractéristiques économiques des
machines réconstruites

Consommation

Eaui huile, [litres] Production, | Couts,

quipement TRl | Huile | [Nbre.pes] | [€]

Treat 2000 | SAE 46

Machine 1 30 0.25 3000 3300
Machine 2 40 0 2600 2500
Chargeuse 1 40 0 - 4300
Chargeuse 2 40 0 - 3500

Groupe elec. 4 0 - 200
Total 174 0.25 5600 16000

5. CONCLUSIONS

® On remarque que ce genre de travail nécessite
une trés bonne connaissance et expérience dans
le domaine de fonctionnement des machines a
manipuler;

® La réconstruction des anciennes équipements
participe a diminuer I’encombrement produit par
les machines ferrailles;

® Ce procedé est trés rentable pour les entreprises
de production des carrieres et des grands
chantiers, qui utilisent une grande diversité
d’engins;

® Pour les Petites et Moyennes Entreprises (PME),
la réconstruction reussite de ses anciennes
machines est une forme d’investissemnt efficace
et intelligente, qui peut distinguer de leurs
concurrents.

BIBLIOGRAPHIE.
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REZUMAT

Proiectul ENER-PLAST si-a propus realizarea unui nou reactor pentru gazificarea
deseurilor de cauciuc care rezolva principalele bariere tehnice in dezvoltarea
acestui tip de reactoare.Dezvoltarea reactorului se bazeaza pe folosirea
dispozitivelor puls jet de mare putere pentru alimentarea cu materie primd a
reactorului, pentru transportul pneumatic al nisipului folosit pentru eliminarea
cenusei din reactor, pentru curdtarea suprafetelor de schimb termic si de filtrare de
gudroanele rezultate din procesul termochimic si pentru intensificarea reactiilor in
zona activd.

ABSTRACT

ENER-PLAST project has proposed a new reactor for gasification of waste tires
which solves the main technical barriers in the development of reactors.
Reactor development is based on the use of pulse jet devices for high power reactor
supply raw material, for pneumatic transport of sand used to remove ash from the

reactor, heat exchange surfaces for cleaning and filtering the tars from
thermochemical process for increasing reactions in active aria.

CUVINTE CHEIE: gazificare, gaz sinteza, reactor, co-generare, energie regenerabila.

KEYWORDS: gasification ,synthesis gas, reactor, co-generation, renewable energy.

1. INTRODUCERE

Milioane de anvelope uzate §i gramezi de
deseuri de pneuri (cca 6,5 milioane tone in tarile
industrializate) trebuie sa fie eliminate in special in
EU si USA. in Europa, anual, se produc cca 2,5
milioane de tone de deseuri de pneuri auto. in anul
2000, 30%, iar in anul 2003, 27%, din ele au fost
eliminate la groapa de gunoi. in acelasi an, 2003, 24%
au fost recuperate pentru energie, 25% au fost
reciclate ca material, 13% au fost resapate, iar 11% au
fost exportate. in urma aplicarii HG170/2004, in
2007, iIn Roméania, numai firma S.C. Eco Anvelope
S.A. a colectat cca. 25000 pneuri uzate.

Este adevarat ca se fac eforturi pentru a produce
energie termicd/electricitate din aceste deseuri, totusi
nu s-a realizat dezvoltarea unui plan sistematic de
utilizarea deseurilor si pentru a crea o strategie de
business pentru obtinerea electricitatii din acest deseu.
Avand 1n vedere ca in ciuda crizei din prezent in
urmatorii ani putem asista la o ,.explozie” privind
utilizarea autovehiculelor, problemele apérute se vor
acutiza.

Pe de altd parte puterea caloricdi mare a
pneurilor uzate de 35,6 MJ/kg, continutul mare de
carbon de cca 80-89%, recomanda utilizarea
energetica a acestui produs, iar necesitatea diminuarii
emisiilor de noxe si obtinerea de energie electrica
ieftind, recomanda ca valorificarea energetici a
acestor deseuri sa se facd prin gazeificare.
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in toata lumea s-au introdus acte normative

pentru a impulsiona si stimula activitatea de reciclare,
reutilizare, a acestor deseuri cu mare valoare
energetici. In Romania prin HG170/2004 se
stipuleaza: ,,Persoanele juridice care introduc pe
piata anvelope noi si/sau anvelope uzate destinate
reutilizarii sunt obligate:
a) sa colecteze anvelopele uzate, in limita cantitatilor
introduse de ele pe piata in anul precedent;
b) sa reutilizeze, sa refoloseasca ca atare, sa resapeze,
sa recicleze si/sau sa valorifice termoenergetic intreaga
cantitate de anvelope uzate colectatd”.

Procedeele termice de conversie a pneurilor
deseu sunt denumite global in literatura de specialitate
cu prescurtarea PGL (Pyrolise, Gasification,
Liquefaction), [1].

2. CERINTE TEHNICE

Piroliza implica incélzirea materialelor organice in
absenta oxigenului pentru a le descompune in compusi
organici mai simpli. Cand deseuri organice (de exemplu,
anvelope uzate) sunt intermediari de sinteza, produsele
rezultate din proces includ char, oil si gaze. De exemplu,
piroliza poate converti deseurile de lemn 1in char si a
unui gaz cu putere calorica scazuta.

Gazificarea substantelor organice are loc 1n
conditii de lucru in care oxigenul trebuie sa se gaseasca
sub cantitatea stoechiometric necesard pentru oxidarea
materialului. Gazificare implicd uscarea si piroliza
materiei prime, si oxidarea char-ului solid in regim de
temperatura ridicata pentru a obtine monoxid de carbon
(CO si H2 in stare gazoasd). [2] La inceputul anilor
1980, industria de gazificare a deseurilor a fost vazuta ca
o solutie promitatoare. Procesele de gazificare au
maximizat efectul raportului carbon-hidrogen. Mai mult,
gazul produs a fost adecvat pentru utilizarea in cazanele
existente.

Tab.1. Compozitia de baza a pneurilor vs. destinatie

Lichefierea este  procesul de  conversie
termochimicd a substantelor organice solide intr-un
lichid similar produselor petroliere. Lichefierea implica
in mod normal producerea unui lichid compus din
molecule grele intr-un flux de gaz pirolitic. Lichidul are
proprietati similare, dar nu identice, cu cele ale
combustibililor pe baza de petrol. In esenta, lichefierea
este manipularea procesului de piroliza, pentru a produce
un lichid cu caracteristici similare combustibililor pe
baza de petrol (de exemplu, pacura).

Constructia si compozitia de anvelope poate varia
considerabil, in functie de destinatia acestora. Tabelul de
mai jos (tabelul 1) prezinti compozitia de bazd a
pneurilor functie de destinatia lor: pentru autoturisme si
camioane / autobuze. Desi aceste tipuri diferite de pneuri
au diferite parti de cauciuc natural si sintetic, fiecare are
in compozitie aproximativ 60 %- 70 % materiale
provenite din cauciucuri recuperabile. Tabelul arata de
asemenea ca aproximativ 70 la 80 la sutd din anvelopa
deseu este compusa din materiale ce contin carbon si au
un potential care poate fi convertit folosind un proces de
conversie termochimicd. Cele mai multe din aceste
materiale cu carbon sunt in prezent recuperate prin
conversia in produse din cauciuc.

Componenta principald anorganica a anvelopei
este de otel, care poate fi recuperat inainte de a utiliza
anvelopa intr-un proces termochimic sau poate fi
reciclat ca produs rezidual in cenusd. O altd
componentd importantd a anvelopelor uzate este
sulful, care poate fi un contaminant in unele procese
alternative.Compozitia pneurilor, functie de destinatia
lor 1n procente, este:

e Pneuri pentru autoturisme: 35% cauciuc natural,
65% cauciuc sintetic

Pneuri pentru camioane/autobuze: 65% cauciuc
natural, 35% cauciuc sintetic.

Compozitia Cauciuc
Cauciuc | Cauciuc | Carbon | Otel |  Sulf Insertii recuperabil*
natural | sintetic | (char) (mediu) | umpluturi,acceleratori
Pneuri autoturisme 14 27 28 14- | 128 16-17 6070
15
Pneuri 27 14 28 14— 2.5 16-17 60-70
Camioane/Autobuze 15

Tab.2. Comparatia pneuri fatd de carbune

Analiza finald (procente in greutate)

Tipul de combustibil | Puterea Carbon | Hidrogen | Oxigen | Azot | Sulf | Clorine | Cenusa

calorifica

MJ/kg
Pneuri autoturisme 36,85 89,48 7,61 <0,01 | 0,27 | 1,88 0,07 3,9
Pneuri camioane 34,82 89,65 7,50 <0,01 | 0,25 | 2,09 0,06 5,5
TDF 36,50 89,51 7,59 <0,01 | 027 [1,92] 0,07 4,2
Carbune bituminos 31,75 75,8 5,10 8,20 1,50 | 1,60 | Nelistat 7,8

TEHNOLOGIA INOVATIVA — Revista

»Constructia de magini” nr. 3-4 /2011 40



Tabelul 1 prezinta o analiza finald pentru pneuri
de autoturisme fatd de pneuri de camion / autobuz,
inclusiv comparatii TDF (Tire Derived Fuel) si
carbune. Aceastd analizd include si puterea calorifica
a combustibilului (o componenta esentiald a oricarui
proces termochimic este puterea calorificd a
combustibilului), componentele elementare in
procente, cenusa reziduala de asemenea in procente.
Asa cum se aratd in tabel, anvelopele prezinta
aproximativ cu 10 la 15 la sutd mai multd energie
decat carbunele la aceeaSi cantitate masica.
Comparatia finald pneuri fatd de carbune este
prezentatd in tabelul 2.

Astazi, eliminarea deseurilor pneurilor uzate
reprezinti o problema considerabil. in starea lor de
deseu pneurile sunt foarte greu degradabile si ocupa
un spatiu substantial. Oricum ar fi eliminate, pe/in,
interiorul suprafetei gropii de gunoi, ele ocupa o mare
capacitate a acesteia. Existd de asemenea pericolul de
incendiu cu degajarea unui fum toxic. Distrugerea lor
prin ardere pe situri deschise nu este de acceptat
datorita fumului toxic. Arderea lor in incineratoare,
consumd o cantitate de energie substantiald pentru
aducerea si mentinerea lor in starea potrivita arderii,
creeazd mari cantitati de cenusd §i necesita sisteme
sofisticate de filtrare a substantelor toxice periculoase
ce se degajd in cantitati mari (metale grele, in special
zinc, pulberi fine, oxizi de sulf, inclusiv pericolul
degajarii de dioxine si furani datoritd temperaturii de
ardere de peste1200°C ).

Aceleasi probleme apar si la arderea lor in
cuptoare de ciment, var, in cazane, etc., unde, in
general, procentul de introducere a cauciucului este,
din cauza poluirii, de max. 20% din sarja. in plus, in
cazul arderii acestor deseuri in cuptoarele fabricilor de
ciment 1n final se obtine numai energie termica si nu
electrica.

De aceea, 1in toatd lumea, obtinerea
combustibilului derivat din pneurile uzate (TDF-Tire
Derived Fuel), este in acest moment cea mai
importantd piatd pentru recuperarea deseurilor de
pneuri. In afari de arderea directd cu problemele ei,
prezentate mai sus, ca o alternativd mai prietenoasa
fatd de mediu in toatd lumea se cerceteazd
dezvoltarea unor tehnologii si instalatii de recuperare
energetica a pneurilor uzate prin pirolizd si prin
piroliza urmatd de gazeificare.

Asa cum s-a aratat, piroliza pneurilor uzate
implicd degradarea termica in absenta oxigenului.
Pana acum, in ultimul deceniu, in lume, au fost
propuse peste 30 de proiecte, au fost depuse pentru
finantare, proiectate, patentate, licentiate sau probate,
insad niciunul nu a dovedit incd un succes comercial
deplin. Greutatile principale in cale dezvoltarii acestor
tehnologii sunt §i economice §i tehnice: costul
investitiei este ridicat, iar produsele pirolizei nu au o
valoare suficientd pentru recuperarca rapidd a

investitiei si de asemenea ele trebuie sa intre In
concurentd cu produse de fabricatie curentd, recte cu
combustibilii fosili in cazul utilizarii lor ca resurse
energetice. Principala problema, a obtinerii negrului
de fum de calitate corespunzitoare din carbunele
rezultat in procesul de piroliza a blocat in ultimii ani
acest procedeu. Astazi, in Europa, functioneaza numai
o singura instalatie de procesarea pneurilor uzate care
opereaza pe baze semi-comerciale. Montatd in UK,
aceasta instalatie prelucreaza 15000 t/an pneuri uzate
si este proprietatea firmei AUE (Anglo United
Environmental).

Piroliza urmata de gazificare este un proces
condus spre a obtine ca principal produs gazul de
sintezd. Prin gazificare carbunele pirolitic este
transformt in gaz de sintezd in prezenta unui volum
controlat de aer/abur, care este insuficient pentru a
permite combustia. Acum, In lume existd relativ
putine procese de gazificare dedicate pneurilor uzate.
Una din ele este tehnologia Krupp Polzsius care
incorporeaza procesul de gazeificare a pneurilor intr-
un proces de fabricare a cimentului. Gazificarea cu
scopul de a produce gaz de sintezd din deseurile
pneurilor de cauciuc si conversia lui in electricitate,
reprezintd cea mai putin cercetatd tehnologie, dar este
tehnologia acceptatd public ca avand cel mai mare
potential ca alternativa ecologica fata de incinerare.

Piroliza conventionali a pneurilor uzate
Procesul de baza in toate tehnologiile folosite in
prezent este comun:

B Bucitile de cauciuc sunt incélzite la 600-

800°C in absenta oxigenului;

B Produsele finale sunt gazul de sintezd
(singaz), lichidul pirolitic (oil) si carbunele
(char);

B Lichidul pirolitic (oil) este utilizat, fie direct,
drept combustibil in cazane, fie ca materie
primd pentru combustibili prin distilarea
acestuia, de asemenea, ca materie prima
pentru fabricarea negrului de fum;

B Carbunele (char) este folosit in prezent la
fabricarea negrului de fum sau a carbunelui
activ. S-a ardtat mai sus cd datoritd
impurificarii si acest procedeu Intdmpind in
prezent greutati care sunt principala cauza a
blocarii dezvoltarii acestor instalatii. Se
studiazd astdzi folosirea acestui carbon
pentru regenerarea solurilor saracite;

B Gazul de piroliza in prezent este ars, dar in
proiectul propus se propune utilizarea lui in
amestec cu cel obtinut prin gazeificare drept
combustibil In motoare sau turbine cu gaz
pentru producerea energiei electrice;

B Otelul continut de pneuri, de asemenea, este
recuperat.
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Proiectul ENER-PLAST si-a propus realizarea
unui nou reactor pentru gazificarea deseurilor de
cauciuc care rezolva principalele bariere tehnice in
dezvoltarea acestui tip de reactoare.

Dezvoltarea reactorului se bazeaza pe folosirea
dispozitivelor puls jet de mare putere pentru
alimentarea cu materie primd a reactorului, pentru
transportul pneumatic al nisipului folosit pentru
eliminarea cenusei din reactor, pentru curatarea
suprafetelor de schimb termic si de filtrare de
gudroanele rezultate din procesul termochimic si
pentru intensificarea reactiilor in zona activa.

Ideea a aparut in 2005 odata cu realizarea supapei

puls jet de 4°” destinata desprafuirii sacilor filtrelor de
gaze industriale.
Sistemul supapa puls jet integrata in rezervorul aer
comprimat este deosebit de puternic. Lucreaza la 2-6
bar trimitdnd jeturi scurte de ordinul 120-160
milisecunde, de aer comprimat, cu mare viteza care
pot fi utilizate si pentru transportul pneumatic in
reactoarele de piroliza/gazificare. Intrarea supapelor
in functiune, durata pulsului si intervalul de timp
dintre pulsuri sunt comandate de un automat de timp.

Fig. 1. Ansamblul reactorului ENER-PLAST(1)

Bariere tehnice si modul de depisire a acestora
Cea mai importantd piedicd in calea raspandirii si
dezvoltarii gazificatoarelor cu biomasa si alte deseuri,
o constituie formarea gudroanelor (tar). Se apreciaza
ca formarea lor incepe la scdderea temperaturii sub
400 °C'si devine intensd sub 200 °C. [3]

- FEliminarea gudroanelor formate la racirea
singazului pana la 200 °C se face in schimbatorul de
caldura, are loc prin suflarea suprafetei de schimb
termic cu jeturi de aer de mare vitezd generate de un
dispozitiv puls jet;

- Sub 200 °C, intr-un filtru de aer cu saci tot prin
pulsuri de aer generate de un alt dispozitiv puls jet de
mare putere montat pe filtrul cu saci. Eficienta
dispozitivelor puls jet, produse de unul dintre
parteneri, in curatirea diverselor suprafete de diferite
materiale lipicioase este un fapt demonstrat. Gradul

de filtrare al singazului, la iesirea din filtru, este de
min. 99,9%;

O altd piedica este calitatea cenusei si tendinta ei
de a se sinteriza si topi.

in cazul gazificatorului propus, patul de cauciuc
fluidizat se sprijind pe un strat de nisip circulant, care
transportd cenusa si carbunele ramas netransformat,
descendent, datorita gravitatiei si ascendent de la baza
reactorului la un ciclon cu ajutorul unui dispozitiv
puls jet de transport pneumatic prin pulsuri de aer
comprimat. In ciclon are loc separarea nisipului de
cenusa si carbunele impur cu continut de cenusa,
(charcoal), formate 1in procesul da gazificare.
Eliminarea sigurd si continud a cenusei, zgurei si
carbunelui  (char) netransformat, inldtura pericolul
topirii si Intaririi acestora in reactor.

Alimentarea cu materie prima

Etansarea prin sistemul de alimentare, in sensul
evitarii scurgerilor de singaz in mediul exterior
raméne o problema complicatd si greu de rezolvat la
instalatiile industriale.

Fig. 2. Ansamblul reactorului ENER-PLAST(2)

Presiunea aerului comprimat care se destinde in
ejectorul puls jet poate fi de cca 6 atm, suficienta
pentru a insufla bucatile de cauciuc din buncar, cu
viteza mare in reactor. Buncarul de alimentare este
izolat fatd de mediul exterior prin doua zavoare etanse
actionate pneumatic si comandate automat pentru a
realiza etansarea alimentarii buncérului fatd de reactor
in timpul Incarcarii buncarului si a sistemului fatd de
exterior In timpul alimentarii reactorului din buncdr.

Alimentarea cu auciuc este deci, reglabila,
comandata si etansa fatd de mediul exterior rezolvand
complet problema alimentdrii continue a reactorului
fara scapari de singaz in mediul exterior.
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Separarea bucitilor de metal din componenta
pneurilor se face cu ajutorul rotii celulare prevazute

cu un separator magnetic.
By, {

Fig. 4. Reactorul de gazificare cauciuc in timpul
probelor

Emisia puternica de abur se datoreaza apei
rezultatd 1n proces precum si a celei din pietrisul din
instalatie si din cauciucul alimentat.

Fig. 5. Emisia de abur

3. CONCLUZII

Fatia de celelalte solutii reactorul
propus, se distinge prin:
Simplitate constructiva care duce la un pret
de cost redus;

U Automatizarea principalelor procese inca din
faza de pilot si posibilitatea automatizarii
complete, a intregii instalatii, la intrarea in
serie;

U Pornire rapidd, sigurd si usoard creand
posibilitatea opririi si repornirii reactorului la
nevoie, fara complicatii;

U Eliminarea sigurd si continud a cenusei,
zgurei si carbunelui (char) netransformat,
care inldtura pericolul topirii si intdririi
acestora in reactor;

U Eliminarea gudroanelor formate la racirea
singazului in recuperatorul de caldura folosit
la ricirea singazului pana la 200 °C, prin
suflarea suprafetei de schimb termic cu jeturi
de aer de mare vitezd generate de un
dispozitiv puls jet si sub 200 °C, in filtrul de
aer cu saci tot prin pulsuri de aer generate de
un alt dispozitiv puls jet montat pe filtrul cu
saci;

U Alimentarea reactorului cu bucati de max.
25 mm, de materie prima, este reglabild,
comandatd automat si etansa fatd de mediul
exterior;

U Flexibilitate  pentru  utilizarea
combustibili sau amestecuri ale acestora.

cunoscute,

altor
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Quick Info

Event Type: Brokerage Events
Start Date: 21-Mar-2012
End Date: 21-Mar-2012
City: London
Country: United Kingdom
Description:

Enterprise Europe South-EastUK is organising a B2B MatchMaking Event during Ecobuild, the biggest event
in the world for sustainable construction.

With the one-to-one pre-arranged meetings, exhibitors and visitors can find potential commercial and
technology partners from all over Europe. To arrange the most suitable, effective meetings, view the online
catalogue which contains profiles of each attendee.

Thematic focus of the Brokerage Event:

- Sustainable design

- Progressive and efficiency eco-technologies

- New building material and technologies

- Systems and equipments using energy from alternative sources (Solar panels, heat pumps, equipment for
cooling and recuperation of heat, wind turbines, etc

To register and become a partner visit www.ecobuild.b2b-match.com

EC
Programmes:
Industrial e Construction technology
Sectors: e ENERGY
e ENVIRONMENT
e  Waste management

(source: http://www.enterprise-europe-network.ec.europa.eu/publicwebsite/bemt/home.cfm?EventID=2850)
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REZUMAT

asupra geometriei danturii cicloidale, caracteristice angrenajelor planetare cicloidale cu
bolturi §i a efectelor asupra capacitdtii portante ale angrenajului. S-a analizat relatia
dintre raza de curbura a profilului dintelui cicloidal si deplasarea de profil, raportul de
transmitere al angrenajului si unghiul de profilare a danturii.Cazurile studiate sunt
rezultatul combinatiei a sapte rapoarte de transmitere, noud valori ale coeficientului de
corectie a danturii §i optsprezece valori ale unghiului de profilare a danturii.Analiza
efectuata ofera date privind alegerea deplasarii de profil astfel incat sa se asigure
performante sporite reductoarelor cicloidale cu bolturi.

ABSTRACT

This paper presents findings regarding the influence of teeth correction, of profile
dispacement on cycliodal teeth geometry, characteristic of cycloidal planetary gear with
bolts and the effects upon the portable capacity of gears.We analyzed the relationship
between the curvature radius of cycloid tooth profile and the profile displacement, gear
transmission ratio and teeth profiling angle. Studied cases are a combination of seven
transmission ratio, nine values of the teeth correction coefficient and eighteen values of
teeth profiling angle. This analysis provide data regarding choising the displacement
profile in order to ensure high performance for cycloid gears with bolts.

KEYWORDS: cycloid gear, cycloid teeth, cycloid profile, cycloidal corrected profile,
epicicloide generation

CUVINTE CHEIE: reductor cicloidal, dantura cicloidala, profil cicloidal,
corijare profil cicloidal, generare epicicloida

1. INTRODUCTION
boltﬁﬁ . satellite
. . wheel

Cycloidal planetary gear with bolts, the main
tribological coupling of planetary transmission with
bolts, is composed form satellite wheel with cycloid
teeth and fixed wheel with bolts placed equdistant
(figure 1). [1]

This mechanism is considered a special case of
cycloidal gear; the teeth are made by cycloid curves,
each wrapped up.

Figure 1. Cycloidal gear with bolts [1]
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In practice, the teeth profile of satellite wheel is
shortened epicicloide, described by a generator point
located on the mobile centroid, in this case the teeth
are uncorrected (figure 2.a) or outside the mobile
centroide, attached to it - corrected teeth case (figure
2.b).

homokinetic
coupling bolts

Figure 2. Gears with:
a) uncorrected teeth; b) corrected teeth [1]

It can be distinghiushed the following effects of
corrected cycloidal teeth:

- increasing the bolts diameter of the transversal
homokinetic coupling;

- the distance between the axis decreases;

- increases the portable capacity of gear.

In consequence the profile dispalcement, as a
result of teeth correction, controles the performance of
panetary gear with bolts (transmited power,
efficiency, durability).

This article presents analysis results of the
influence of profile displacement (teeth correction) on
cycloid tooth geometry and on the efforts state of
contact pressure, for different transmission ratios.

2. GEOMETRIC ELEMENTS OF
CYCLOIDAL GEAR WITH BOLTS.
CORRECTION OF TEETH

The geometrical elements of cycloidal gear with
bolts (figure 3) are:
- equdistant disposal radius of fixed wheel bolts, R, ;

- bolt radius of fixed wheel, 7, ;
- fixed centroid radius, 7, ;
- mobile centroid radius, 7, ;

- distance between the axes, 4= Ob -0y4;

- number of teeth with cycloidal profile, z, ;

- bolts number, z,;

- the transmision gear ratio (planetary gear), i, ;
- teeth correction coefficient, &

- profiling angle, ¢, .

Figure 3. Cycloidal profile generation scheme [2]

Teeth correction coefficient is defined by the
relation [2]:

£ = R, -1,

R

b

)

If R, =r correction coefficient is &£=0,

corresponding gears are considered without profile
dispacement (uncorrected).

In corrected gears case correction coefficient is
0<&<l1.

The curvature radius p, of the theoretical profile

is calculated considering the parametric equations of
cycloid profile, with the relation:

2
doy, doy, 5
o dx, _dzyo _ dy, .dzxo .

d(DHa dgglzia d¢Ha d(”zla

,3/2

where (x,,y,) are current coordinates of generating

point (figure 3). [3]
After performing the calculation will result the

equation:
{1+(1—§)2 —2(1—§)cos(z"(p}’“ H

Zy

(2, +1)(1—§)cos(zaz¢"ﬂ']—zb (1-¢) -1

b

Py =R, A

Curvature radius p of the effective profile is

different for the two parts of the profile: concave and
convex.
For the concave part:

P=pPytHh )
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