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COB1503 MACRO-TO MICROESCALE HEAT TRANSFER: THE LAGGING 
BEHAVIOR 

Rohcrt D. Tzou 
Departlltellt 11( Meclulllica/ mtd !lero.vpace btgineeri11g 
University of'Missouri-Colwu/Jitt. Colwu/Jia, M065211, US!I - E-mail: tzou@riscl.ecll.lllissouri.edu 

Thcrmal lagging is a physical phcnomcnon in hcat transport bccomcs pronounccd as thc phys

ical scalc and/or transicnt time shortcn. Thc rcsulting phasc-lag conccpt cxtcnds thc macroscopic 
approach that is familiar, and probably more palatablc, to practicing cnginccrs to accommodate thc 
thcrmalizalion and rclaxntion behavior in small-scalc heat transpor!. Severa! seis of experimental 
rcsulls, including fcmlosccond ultrafast laser hcating on metal films, fast-lransient heat transpor! in 
amorphous materiais, heat propagation in supcrfluid liquid hclium, and cnergy dissipation in sand are 
revisitcd to rcvcal thc insufficicncics in the cxisting models and thc nccd for a more rcfincd approach. 
The dual-phase-lag model thcn follows, aiming ai accuratc dcscriptions of lhe salient fcaturcs that 
reflect lhe interweaving bchavior or thennalization and rclaxation in these cxperiments. Physical 
meanings or phasc lags are summarizcd, with cmphasis on the intcrrclations with the existing macro
scopic and microscopic modcls. Lagging bchavior in rapid thcrmal oxidation in silicon dielectrics is 
demonstrated. which appcars as thc counlcrpart o r thcrmal lagging, but occurs in mass transpor! with 
time dclays duc to spccics diiTusion :md chcmical rcactions. 

Kcywords: Tlremrallagging, rela.ratimt, tlremw/ization, plwse lags, 11/Ícrosca/e 

COB1504 CONSTRUCTAL THEORY: FROM ENGINEERING TO SHAPE AND 
STRUCTUREINNATURE 

Adrian Bcjan 
1.!1 . Jone.\ l'rofes.wr of' Meclullliutl E11gilteeri11g, Duke Ullil'ersity. NC 27708-0300. US!I. 

This is a rcview of two ncw and imponant dcvclopmcnts in thcrmal sciencc. First. there exist 
fundamental optima in thc constitution and opcration of flow (non-cquilibrium) systems, man-madc 
and natural. Thcsc optima can bc idcntificd bascd on thc simples! modcls that still rctain thc csscntial 
featurcs of thc real systcm. Examplcs are thc spatial alloeation of hcat transl'er arca in a power plant, 
and the temporal optimiz<Jtion ol· on & o!T processes. Thc sccond dcvclopmcnt is that the enginecring 

mcthod of modeling and optimization has bccn cxtcndcd to natural systcms, animatc and inanimatc 
(c.g. lrcc nctworks). This stcp has bccn namcd construetal thcory for rcasons givcn in Scetion 3. The 
objective o r such work is to prcdictthc macroscopic spat ial and temporal structurc (organization) that 
is everywhcrc. lt is to injcct a dose of dctcrminism (thcory) in a ficld that until rcccntly considcrcd nat
ural structurcs to bc non-dctcnninistic: rcsults of chance and ncccssity. Thesc dcvclopmcnts bring to 
mind thc adv icc le!'t to us by J. W. Gibbss more than onc hundrcd yc:trs ago: 

"Onc o r thc principal objccts of thcorctical rcscarch in any dcpanmcnt o r knowledgc is to find 
the point of vicw from which the subjcct appcars in its gr~atcst simplicity". 

Kcywords: Constructal, Fmctal, Sel(orgatii::ing, Non~eqttifibriwll tltenl/odyttwnics 
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COB1507 MATHEMATICAL MODEL FOR PIEZOELECTRIC MOTORS: AN 
EXAMPLE OF MECHA ~RONIC MODELLING 

Peter Hagedorn 
Departmenr 11{Applied Meclumics, Darmswdr Universiry ofTecluwloJ.:y. Gemtwty 

Traveling wave ultrasonic motors have reccnlly becn attracting considerablc attcntion: they are 
beginning to replace at least in ccrtain arcas small elcctromagnctic motors. This dcvclopmcnt has been 
made possible by recent advances in powcr clcctronics, material rescarch anel digital contrai. which allow 
utilizalion ofthe piezoelcctric etTect for low power motors. ln thesc motors thc mcchanical energy is gen
erated with frcquencies of thc arder 40kHz via piezo-elemcnts producing elas ti c wavcs in a stator, which 
usually has approximately thc fonn of a circular plate, a ring ora thin walled cylindrical tube. The rotor 
is then driven by a stator via contact forces. With an extremely simple mechanism, frequcncy reductions 
of I : 40 000 anel more are obtained betwccn the stator vibration anel the rotor motion. As a consequence, 
one can work in the 40kHz range on the electrical si de, while a low frcqucncy of rotation is obtained on 
the mechanical sidc, as is clesirable for many applications. Travcling wavc ullrasonic molors combine 
featurcs such as high holding and driving torquc, low speed, etc., whic h makc them extremely attractive 
anel promising for many applications. ln many cases thcy can bc used clircctly without an intennediate 
speed reducer. This papcr addresses the problem of mathcmatical mocleling of ultrasonic travcling wave 
motors anel the recent advances obtained in this ficlcl. 

Keywords: Ultrasonic Morors, Piezoeletric Motors, Traveling Wave Motor.1· 

COB1508 VIRTUAL MEASUREMENTS lN EXPERIMENTAL STRUCTURAL 
ANALYSIS 

Randall J. Allemang 
Srrucrural Dynwttics Re.çearcll Laborarory (UC-SDRL). Universiry of Citu:intwti 
Cincinnari, O/tio 45221-0072. U.S.A. E-Mail: Randaii.AIIetllllll/!, @ UC. EDU 

One of thc most interesting advances in experimental structural analysis overthe past twenty 
years is thc extensive use of linear transform<itions to formulatc virtual measuremenls. Simply statcd, 
virtual measuremenls are linear transformations of physical measurements where certain characteris
tics of the data are prcscrved or enhanced. ln experimental structural analysis, virtual measurements 
result from linear transformations that are based upon thcoretical estimates of the modal vectors, 
experimental estimates of the modal vectors and/or vectors dcrivcd from singular value decomposi
tion (SVD) or eigenvalue decomposition (ED) of analytical or experimental information. Principal 
force analysis, the enhanced frequency response function (eFRF) and Kalman filtered arder tracking 
are cliscussed as examples of the use of virtual measuremcnts in experimental struetural analysis. 

Keywords: Virtual, Measurements, Experimental, Structural, A11alysis 

COB1509 MECHATRONICS, A POWERFUL CONCURRENT ENGINEERING 
FRAMEWORK 

Hendrik Van Brussel 
Karlto/ieke Universireir Leuven. Divisilm PMA , Ce/esrijnenlaan 3008. B-3001 Hever/ee, 
e-mail: Hendrik. VanBru.ue/@mecil.kuleuven.ac.be 
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Mechatronics is emerging as a concurrent-engineering thinking framework in the process of 
designing complex machines. lt is argued that mechatronics can be defined as the sciencc of motion 
control. The ditlerent steps in the evolution from smart machines to intelligent autonomous systems 
are discussed and illustrated with many cxamplcs, mainly taken from the author's rcsearch experience. 

COB1510 ASSESSMENT OF ADV ANCED ALLOYS AND COMPOSITES UNDER 
FATIGUE LOADING 

Paul Bowen 
Sclwol ofMetal/ur)iy mrd Materials/IRC in Materiaisfilr Higlr l'erfilmrwrce 
Applications, The University li{lJirminglwm. Ediibaston. flirminl!lram IJ/5 2TT. UK 

The assessmcnt of many advanccd alloys and composites when subjected to cyclic loading is 
one criticai arca in their development. Moreovcr, such issues will often determine the widespread 
application, or othcrwise, of these materiais in load bearing componcnts and structures. ln some cases 
life prcdiction can be based on rclativcly simple extcnsions to existing conccpts applied to conven
tional metallic alloys, but for many cases altcrnativc approaches may bc requircd. This prescntation 
will addrcss current arcas of intcrcst within ccramics, intermctallics, CMCs and MMCs. lt will illus
trate a number of crack-tip shielding phenomena with detailed and spccific examples taken from : (i) 
fibre reinforced titanium MMCs; (ii) g based and a2 bascd monolithic titanium alluminidcs; (iii) 
monolithic tatanium alloys; (i v) partially stabilised zirconia; (v) particulate rcinforccd silicon carbide; 
and (vi) fibre reinforced GCMCs. ln many of thcse examples fracture mechanics concepts such as the 
effective stress intensity factor range, and the maximum stress intensity factor applicd over the fatigue 
cycle, are extremely useful if micromechanisms of local crack extension are to bc rationalised, eluci
dated and quantified. The evaluation of such micromcchanisms of local crack extension can be aided 
markedly by in-situ crack growth observations and examples will be considered within the presenta
tion. Where possible, if detailed micromechanisms of crack cxtension can bc combined with numcri
cal analysis of cffcctivc local stresscs and/or effectivc local strcss intensity factor ranges, then a com
plete dcscription of thc proccss is possible and life prcdiction models may be developcd. Although 
thc approach outlined abovc is of clcar scicnlific intcrcst, and will bc explored in dctail, in many 
instances it will bc far too involved to gain wide acccptance in engineering design against fatigue. ln 
addition, K or DcltaK based philosophies will oftcn bc inappropriate. Problcms with their application 
to advanced alloys and compositcs include: stecp crack growth resistance curves (monolithic and par
ticulate reinforced materiais); Lhe absence of singlc, dominant cracks (fibre reinforced ceramic com
posites); and non-unique crack length - load - strcss intensity factor relationships for bridged cracks 
even when dominant matrix cracks are produced (fibre reinforced titanium composites). Such situa
tions may necessitate the use of simpler total life (S-N based) concepts where the accurate determina
tion of local stresses in servicc will be criticai to lhe enginecring use of these materiais. Thcse issucs 
will also be considered. 

COB1511 ENSINO DE ENGENHARIA FACE A SOCIEDADE 

Giorgio E. O. Giacaglia 
Professor Vi.fitmlfe. Divi.wio de Eni!enlwria AerolllÍ!tlica - ITAICTA. Seio José dos Campos/SP 
Professor Colaborador, Dep111 de Eni!enlraria Mecânica. Univer.~idade de Taubaté, Taubaté/SP, flrasil 
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A organização dos Cursos de Engenharia tem padecido de uma incrível scqüência de mal 
entendidos. A nível ele Mestrado c Doutoramento, sorrc elo erro histórico ele se ter instituído uma rorma 
ele pós-graduação copiada ·'in totum" do sistctila nortc-amcric;mo, cm cima ele uma rorma ele gradu
ação ele estilo c origem tipicamcntcs europeus. o que, aliás, é a hasc ele nossa cultura. A Reforma 
Universitária deu um passo cm dircção ii "americanização" ela graduaçüo. scmcstralizando as disci
plinas c organizando a universidade cm Departamentos. sem cntrctamo aliviar a carga horClria nem 
flcxihilizar os currículos, para lhe dar o toque final da citada "americanização". Esquecem, os planc
jadorcs dessas rormas c rcrormas sucessivas, que nossa hasc cultural nüo pode ser alterada nem por 
Decretos c nem por Portarias, resultando assim numa grande incongruência do sistema de ensino da 
Engenharia. A atualidadc mostra uma situação empresarial que, novamente exige uma rcrorma, pre
visível já faz tempo, mas que caminha a passos tão lentos que, no momento de sua "decretação", será 
certamente ohsolcta, a menos que leve cm conta a dinâmica das tecnologia c, portanto, cuide ela lkx
ihilização c, de certa forma, da universalização dos Cursos. Nesse sentido, desejamos apresentar algu
mas idéias que surgiram de nossa atuação no ensino, na administração c na prática da Engenharia nos 
últimos anos. tanto no país como no exterior. 

COB1515 PARTICLE WEIGHTED SCHEMES FOR CONSERVATION LAWS, 
RECENT DEVELOPMENTS AND APPLICA TIONS 

Jean-Paul Vila 
Mot!ténwtitfll<'.l' fWUr l'lllllustrie etlo 1'/iysilfuc, UMR 56.JO. CNRS-U/'S-INS!I 

DéfWI'/e/1/ellt de Génie Mot/iénwtitflll' 
/NS!I, Co111plexe Scientifique de Rongueil. 31077 '/iw!ouse Cedex .J. Fmnce. enwill·i!o@lllifJ.llf>S-Iise..fi" 

ln lhe last tcn ycars ncw Particlc Wcightcd mcthods ror Partia! DiiTcrcntial Equations havc 
hccn introduccd. Thcrc is a lot of applications in thc ficld of Fluid dynamic, and wc must quotc Yortcx 
and Yortcx likc mcthocls for inviscicl Euler cquations and Navicr Stokcs cquations. PlC (Particlc in 
Ccll) mcthods are also wcll known in thc l'icld or comprcssihlc gas dynamic. Togcthcr with Yortcx 
mcthods thcy use a spccil'ic numcrical or scmi-analytical mcthods to compute diiTcrcntial tcrms such 
as prcssurc tcrms: 

- Grccn kcrncls for Vortcx mcthods 
- particlc grid coupling for PIC mcthocls. 

Kcywords: P([r/icle weig!tted, partia/ diffáentia/ I'IJUations, vorte.r 11/et/wds, PIC lllet!tod.1· 

VIBRA TION MEASUREMENT BY LASER DOPPLER TECHNIQUES 

Nicola Paonc & Enrico P. Tomasini 
Unil'ersittÍ di !lncmw. /Jipartintel//11 di Me,·cwlim 

Via 13recce lliandte. I. 60131- !lncona- !tú/ia. 00397!7.21N.JlJONSOI, F-nlllil: nico/u@nlt'ltf>l.cineca.it 
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TEMA 11 - Energia Eólica 

COB63 CONSTRUÇÃO DE U M ROTOR EÓLICO COM TRÊS PÁS DE 
MADEIRA I CONSTIWCT/ON OF A WIND ROTOR WITH THREE WOOD
EN BLADES 

Francisco .José Simões & .Jor)!e R.J. Sercy Lopez 
Núcleo de Ene1-,.:iu (NERGJ. CeJIIm de Ciél/(:ius e Teuwlogiu- UFI'IJ - Cu111pinu Cirande 
!\v. Aprígio Veloso. sln - CEI' 58109-970 Cmnpinu Gmnde. 1'/J. /Jmsi/- 1~·- nwi/: nerg@dee.ufj>b.br 

Thc construction of a 5 m diamcter, thrce bladed horizontal axis wind rotor is presented. Thc 
blades are made of laminated wood and they have their pitches controlled by a synchronised centrifu
gai devicc. Simple solutions are employed to allow rotor fabrieation in small workshops with com
mon machines. 

Kcywords: Energia eólica, rolo r eólico, mélodos de fabricaçiio I Wind energy, wind rolo r, .fabrica
limz melhods. 

COB1144 INFLUENCE OF STEADY VERTICAL WIND PROFILES ON WIND 
TURBINES CYCLIC LOADING ANO STABILITY 

.Janardan Rohatgi, Issac Barbosa Viera Filho 
Departlllllen/o de Engenlwriu Menlnicu. Cenlro de Tenwlgiu e Cieociêncius. Unil'ersidade Federal de 
l'emamlmco, CD' 50. 74 1-000 Reei/i•, /Jmsil - E-Mui/: )llllllrdun®nJ)(/.11/jJe.br 

This papcr analyscs the inrluence of steady w ind shcar (vertical wind pro file) on lhe wind tur
bincs structural stability. The wind spced, in general, increases wilh altitude (up to about 500 to 1500 
m) above the carth's surface. However. for wind turbincs. the altitude is limited to about 120m at thc 
most bccausc bcyond lhis levei thc cost of lower hecomcs prohibitivc. ll should be emphasized that 
wc are ta lking ahout th~.: wind turhin~.: 's rotor diameter of the ordcr of 15m or more. Hence, the wind 
speed at the ~.:xtreme points of lhe rotor disc, considcring perpendicular to the upwind would certain
ly bc different magnilllde. rcsults into wind sh~.:ar. The latter would cause cyclic load 1/revolution. This 
paper describes very brierly th~.: equations of blade motion that determine the dynamic stability. This 
equation then is used to estimate th~.: load duelo wind sh~.:ar. We have assumed a linear shear profile. 
Thc ctlcct of il is estimatcd to calculate thc bending momcnts. A step by slep procedure is shown so 
as to havc a real fecl of lhe complcxity involved in it. 

Keywords: Wind brergy, Wind Turbines, /Jynm11ic S!abilily, Wind Slrear, Cyclic loaditrg. 

COB1145 MODELAGEM DE TURBINAS EÓLICAS CONTROLADAS PELO 
PASSO E POR "YAW" I WIND TUIWINE PITCH AND YA W CONTROL 
MODELL/NC 

Armando Mcdcirus 
Grupo de t .'nergio l:'ií/iu r, UFI'UCTG!OEMF:C - /\1•. 1\nlil. H,;/io Riunos. s. n. 50.740-530 Recifdi'L /Jmsil 
1\n/i}nio M. N. l .inw, Cursino /J. .loco/Jino & F. ./. Si111íies 
UFI'JJICCT/DEE- ;\ 1'. 1\J!r(~io Velo zo.882- 58.109-970 CoiiiJ!inu Grande!PB. /Jrasil 



- a o; t 

ABSTRACT Til 

This work presents the modelling of wind tur(Jines operating above rated power. The new con
troller is designed to make the system operate closy to the rated power by actuating on the blade pitch 
and on the yaw devices, simultaneously. Regarding the design of the controller, it is necessary to lin
earize the rotor torque function with respect to the rotor velocity, w, the pitch, q, and the yaw angle, 
d, around the steady state. The direction and velocity of the wind are considered random variables. 
Then, the closed loop representation of the wind turbine can be approximated, in the frequency 
domain, by a second order function. The optimal controller gain is also obtained by three different 
methods that lead to close results. 

Keywords: Turbina eólica, Wind Turbine Pitch Contra/, Controle pelo passo da pá, Regulagem por 
"yaw", Yaw Power Control. 

COB1280 TURBINA EÓLICA OHM-30KW - CARACTERIZAÇÃO DA CURVA 
DE POTÊNCIA I WIND TURBINE OHM-30KW - POWER CURVE CHA
RACTERIZATION 

Everaldo Feitosa, Alexandre Pereira, Maria Eliza Barros & Pedro Rosas 
Grupo de Ener~ia Eólica, Deparramento de En~enlwria Mecânica, Centro de Tecnolo~ia e Geociências, 
Universidade Federal de Pernambuco, Cidade Universitária, 50.740-530, Reci(e, PE. Te/.: (Oí/1) 453-2975 Fax.: 
(Oí/1) 271-í/232 E-mail: windcefller@npd.ujjJe.br 

An experimental 30 kW wind turbine OHM-30 has been installed in the Brazilian Wind 
Turbine Testing Center. The main aim of the projcct is development of special wind turbines for mod
erate wind. This paper presents the first part of thc project involving the measurement of the power 
curve of the turbine OHM-30 according to I.E.A. (lnternational Energy Agency). Severa! modifica
tions in the turbine rotor and control stratcgies are emphasized. 

Keywords: / . turbina eólica I wind turbine 2. curva de potência I power curve 
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TEMA 12 - Energia Solar 

COB47 ANÁLISE NUMÉRICO-EXPERIMENTAL DA DISTRIBUIÇÃO DE 
TEMPERATURA EM UM RESERVATÓRIO DE ÁGUA QUENTE I 
NUMERICAL-EXPERIMENTAL ANALYSIS OF TEMPERATURE DISTRIBU
TION lN A HOT WATER STORAGE TANK 

Rejane de-Césaro-Oliveski, Arno Krenzinger, Horácio A. Vielmo & César W. M. Prieb 
PROMEC- Pro~ rama de Pâs-Graduaçiio em En~enharia Mecânica- UFRGS -Porto Ale~re 
Rua Sarmento Lei/o, 425- CEP 90.050-170 R. S., Brasil- E-mail:dece.wro @vortex.ufr~s.br 

This work presents a numeric-experimental analysis of temperature and velocity fields inside 
a hot water reservoir in transient conditions. lnitially the tank is at an uniform temperature and there
after subject to a slow cooling at ambient temperature. A finite volumes method is applied in order to 
perform this analysis, with a bidimensional model in cylindrical coordinates. The program is continu
ously fed by 14 polynomials, which prescribe the tank wall temperature. These polynomials vary with 
the tank height and have time as argument. They were originated from experimental tests on a tank 
with an aspcct ratio (height/diameter) close to unity. The temperatures of the walls and the center were 
measured by means of iron-constantan thermocouples. Errors caused by contact resistance and by the 
thermocouples themselves were also analyzed, with satisfactory results. Numerical tests show an 
excellent agreement between theoretical and experimental results . 

Keywords: Análise numérico-experimental, armazenamento de calor, energia solar, convecção tran
siente I Numerical-experimental analysis, lzeat storage, solar energy, transient convection 

COB506 MODELO PARA SINTETIZAÇÃO DE DADOS DE RADIAÇÃOSOLAR 
EM SEQÜÊNCIAS COM INTERVALOS DE 5 MINUTOS I METHOD 
FOR SOLAR RADIATION DATA SYNTHESIZING lN SEQUENCES WITH 
INTERVALS OF 5 MINUTES. 

Arno Krenzinger 
Departamento de En~enliaria de Materiais I Grupo de Estudos Tirmicos e Ener~éticos- PROMEC I Universidade 
Federal do Rio Grande do Sul, Rua Sarmento Leite, 4251208 CEP:90.050-170 Porto Ale~re RS 

This work presents a method to generate sequences of solar radiation data in intervals of 5 
minutes with the use of a computer program. The data are generated starting from information of 
hourly horizontal global solar radiation values, date and local latitude. The method was developed 
with exclusive interest in simulations of solar systems being more important for photovoltaic applica
tions than for water-heating simulating. It is very important that the frequency and the intensity of vari
alion of the radiation have some similarity with measured data. The effort was concentrated in finding 
a simple method, that didn't demand many input data but that could correspond to a behavior waited 
as typical in most of the places. The results were compared with measured data and there was obtained 
very good agreement. 

Keywords: Energia Solar, Radiaçiio Solar, Seqiiências de Dados, Simulação de Sistemas Solares 
Solar Energy, Solar Radiation, Meteorologic Data Seqtúmces, Solar Systems Simulation 
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COB735 VENTILAÇÃO NATURAL INDUZIDA POR ENERGIA SOLAR: 
ANÁLISE TEÓRICA E EXPERIMENTAL I SOLAR ENERGY INDUCED 
NATURAL VENTILA TION: THEORETICAL AND EXPERIMENTAL ANALYSIS 

Lurdes Zuninu & Akir de Faru Orlando 
!Jeportalllellfo de Eugeulwrio Mccâuiw. I'UC- I< io. /( Marquê.1· de S. Vic:eu/e 225. Nio de Jaueim 
CEI' 22453-<JOO. /Jmsil. e-lllui/ qfiJ @>flJ<'C.fmc:-rio./Jr 

The inl'luence of dillerent architectural elements on the performance of a solar energy induced 
natural ventilation system has been experimentally studied. lt is basically composed of a chimney, a 
solar energy ai r collector and architcctural elements on thc top of the chimney to protect it from out
side. A vertical screen, placed between the chimney top and its horizontal cover was found to be the 
most eiTcctive element, as far as the ai r l'low is concerncd. A venetian blind was found to have the best 
perJ'ormance when its slats are set inclined 60o to the chimncy wa ll , upwards. The cover was neces
sary to induee a highcr natural ventilat ion. The designo r the collector entrance W<lS found to be impor
tant for better performance. Finally, a simulntion procedure was used to predict lhe natural ventilation 
dcvice undcr diiTcrent insolation leveis. 

Keywords: Naturol Ventilation. Solar !:'nergy, Chi111n ey ef/i'ct, A ir Collector I Ventilaç(io Natuml, 
Energia Solar, E(eito Challliné. Coletor f!({ro Ar 

COB7SO ESTUDO DO ESCOAMENTO LAMINAR EM SISTEMAS AERO
SOLARES I LAMINAR FLOW ANALYSIS OP S'OLAR-AIR SYSTEMS 

Marco A. dos S. Bernardes, M<Írcio Fonte-Bua Curtez, Ranuín M. V alie. 
Def){tl'l!lltleJI/o de J:ugeulwrio Mcniuiw. Uuil'nsidade Fedem/ de Miuos Cem is 
t\1'. ÂJI/Ôflio Carlos. 6627. CEI': 31270-<JO/. fie/o Hori:ou te-MG. IJNAS/L- L::-uwil: Jlllll'l:o@omculo.lu:. ufil/g./Jr 

Solar Chimneys are devices used to convcrt solar encrgy into thennal and electrical cnergy. 
Thesc dcvices are built with a transparent radial canopy covering lhe ground anda chimney posi tioncd 
at its centcr. ln lhe preselll work, lhe thermal hydrodynamic behavior ol· air in l'rce convcction in a 
Solar Chimncy was theorctically analyzed to vcril'y lhe geomctrical and operalional el'l'ccts. Thc math
cmatical modcl formulation was perl'ormcd considcring laminar rlow and prcscribcd boundary condi
tions. The visualization of lhe l'low and lhe temperature prol'iles wcre allowcd by lhe use ol' Finitc 
Volume with CJcncralizcd Coord inates. CJcomctrical variations wcre introduccd in a hasic cnnt'igura
tion to vcri fy lhe systcm performance undcr variations o r geomctrieal parameters. Three gcomet rieal 
paramctcrs wcre cvaluatcd throughout simulation: lhe canopy/ground distance, lhe canopy/chimney 
conncclion shape anel the chimney shape and cross scction. The results indicated that thc hest pcrl'or
mance was achieved with curvcd canopy/chimney conncction shape and chimney conic shapcd. 

Keywords: Clwminé Solar, Volu111es Fi11itos em Coordenadas Genemlizadas, Cotlt>ecçcio Natural, 
Energia Solar. Fontes Altemmil'{{.\' de E11ergi({ I Sol({r C!Jillllle\', Finite Volume Metlwd with 
Ge11emliz.ed Coorditwtes, Free Co/1\'ectiotl, Solar l:'nergy, Nenewoble J:'nergy Sources 

COBS84 THERMAL EFFICIENCY OF A SOLAR COOKING SYSTEM WITH 
STORAGE I EFICIÊNCIA TÉRMICA DE UM SISTEMA DE FOGÃO SOLAR 
COM ARMAZENAMENTO DE CALOR 

Maria Eugênia Vieira, Carlus Antfmiu Silva (;omes & Raimundo Nonato Pereira Teixeira 
La/)(lra/lÍrio de E.11ergia Solar i\ flliwda. Cen tro de 'Já:nologia. IJ/oco 710. U11irer.,idw/e Federal do Cearcí 
CEI' 60455-760 Forlilfew. Ceara. /Jm; il -L-mail: cugenio@/es. llfi ·. hr. corlos @le.l'.ltli:. hr. JlllllliW 0.l fcs. 11fi:.br 
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The thennal performance ora solar natural circulation heating system that uses an oil as the 
working lluiel. a llat plate solar collector, anel a storage tank has been stuelieel ror the ambient conelitions 
in Fortaleza. To determine the system elliciency, each componcnt is moelcled separately. To estimate the 
total mass llow rate through the collector. lhe total rrict ional pressure drop is set cqual to the pressure 
gain elue to the elillerence in density in the two vertical portions or the circuit. ln the analysis, the flow 
was consielcrcel laminar because or lhe low velocities expcctcel. The results show lhe numerical values 
ror total mass flow rate through the circuit and castor oil prcsentcd lhe best perrormance, that is the high
est values ror collector heat remova! r,H;tor. when comparcd to cotton and soy oil. 

Keywords: Solar cooker, .fi({/ 11l({fe col/ector I Fogíio solar, coletor de f!lucu f!lunu 

COI3SSS ANALYTICAL ANO EXPERIMENTAL STUDY OF A STILL TYPE 
SOLAR DJSTILLER I ESTUDO ANALÍTICO E EXPERIMENTAL DE UM 
DESSALINIZADOR SOLAR DE TANQUE 

Maria Eugênia Vieir·a, Claudia Alves de Lima & Ledmara Duque Estrada 
La/)()mtrírio de loúngirl Solar 1\fJ/iuula. Centro ele 'fá·nologia . Unil ·ersidacle Fedem/ do CearlÍ 
CD' 60 . .J55-7óU Forta/e;.a - Ce- !Jmúl- 1:-nwil: <'llgeJIÍII @Ies.uli-./Jr 

This work presents a procedure to estimate the thennal elliciency ora still type so lar distiller 
to procluce potable water rrom salty water. At present. the general moclel is based on the simultaneous 
so lution of thc energy balance equations ror lhe water in lhe tank and the transparent cover. Thesc 
equations are written as functions of the thennal variahles, the ambient variables such as the intensity 
of soi<.Jr radiation. amhient temperaturc, wind spced. and thc construction materi ais and climcnsions or 
thc clistiller. This nurncrical model a!lows thc simulation of the thermal performance of the solar dis
tillcr so that mon: units may be developed and built taking into consideration the local ambient vari
ables and resources. The thennal c!Ticiency is calculated as the ratio o r the energy used in the evapo
ration process to the total incident solar radiation . 

Keywords: Solar tunk, dist iller, desulination I tunqne solar, destilador, dessulini::udor 

COBSS7 THERMAL ANALYSJS OF AN EV ACUATED TUBE SOLAR COL
LECTOR lN FORCED AND NATURAL CIRCULATJON FLOW I 
ANÁLISES TÉRMICAS DE UM COLETON SOLA!? DE TUBO EVACUADO 
EM ESCOAMENTO NATUNAL E FORÇADO 

Maria Eu~ênia Vieira, Heloisa llcatriz Cordeiro Moreira & Glcidson Santos do Nascimento 
Lal}(lrut!Írio de l:'ncrgiu Solar !lplinulu. Centro ele Tecn ologia. /Jioco 7/U. C111111111S do l'ici - U FC 
CU' 60.J55-7ó0 - Fouule:-.ll. llm?.il- 1:-llluil: Cllgcniu ([,)ufdJr llwloi.l'll @les.ufi·.hr 

A n cvacu<ltcd tube solar collector is a heat exchanger that converts radianl solar energy into 
heat. lt is made o r an absorber pi ate placed in a gl:1ss tuhe. Thc space inside the tube is evacuatcd to a 
prcssure of 10-04 to 10-0(J Torr. Thc cvacuation n:duccs c\>nvection losses fromthe plate, which may 
be coated with a selective surracc. Thi s work presents a numerical modello determine the thcrmal elli
cieney of thi s collector operating in rorccel anel natural circulation flows. ln forced flow. the energy 
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balance equations for the absorber plate and the .glass tube are used to estimate the collector heat 
remova! factor. ln natural circulation, with water vapor as the working fluid, a model developed for a 
solar thermal siphon circuit is used. The thermal efficicncy values found for both operations under the 
ambient conditions in Fortaleza wcre high and indicated thc possibility of applications insolar refrig
eration systems. 

Keywords: SEvacuated tube, solar collector, solar heat pipe I Tubo t:vacuado, coletor solar, tubo de 
calor solar 

COB1453 ANÁLISE TEÓRICO-EXPERIMENTAL DE UM LEITO DE PEDRAS 
DE GRÊS-DO-PARÁ PARA FINS DE SECAGEM I THEORETICAL
EXPERIMENTAL ANALYSIS OF A STONE BED ABSORBER WITH CRÊS
DO-PARÁ FOR DRYING PURPOSES 

Fábio Nogueira Batista e Severiano da Silva Lima Filho 
Departamento de En~enlwria Mecânica- Universidade Federal do !'ará - V FI' A 
CEI' 66075-900 !Jelém do l'arú. !Jmsil - E-Mail: slinw@wnazon.coJII.hr 

This work prcscnts a numerical and experimental study to cvaluate some paramctcrs of the heat 
transfer in a stone bcd solar collector- The outlet tcmpcraturc and humidity. The numcrical analysis is 
based on the equations obtained by lhe energy balance using thc concept of lumped formulation and 
fourth order Runge-Kutta's method applied to this non-linear case. The results are then compared to an 
experiment and were considered satisfactory for design purposes. 

Keywords: Dt)'ing sistem, solar energy, stone bed absorber, Runge-Kutta ~~ method, lumpedformulation. 
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TEMA 13 - Energia Nuclear 

REPRESENTAÇÃO DOS SISTEMAS AUTOMÁTICOS DE CONTROLE 
E DE PROTEÇÃO DE ANGRA I I S!MUL;\T/ON OF THE ANGRA I CON-
7ROL AND PROTECT!ON .S'YSTEMS 

Ronaldo C. Hor~-:es & Aníbal N. (;ehrim 
Comissúo Nucionul de !:'ncrgiu Nudeur (CNI:N). Coordt'llil("tio de !<("(l/ores 
Nuu (jenerul St•rcriuuo 'JIJ · Sulu -1/'J/t\. 2229-1-'JOIJ. Nio de .luucirn. lU. !lrusil. f:"-mail: nnruldo(wnrelt.gtll".hr e 
onihal <!1" nJell. gfJ\".hr 

Tht: rollowing aulolllalic COillrol systcms lor Angra I Nuclear l'owç:·Pianl ( NPP): rod C<llllrol sys
lClll. stcam gcncrator icvcl L·ontroi \)'Slt:m. li:cdwalcr llypass va lvc ::olllro! \)'stcm. j1I"C\surizcr prcssurc 
control sys1cm and pressuri zer levei cor11rol system and also lhe i"ollowing pro1cction syslern: ovcrtcm
peraturc. ovcrpowcr. prcssurizer low pressurc. prcssurizer high prcssure. pn:ssurizcr high watt:r leve i. low 
prirnary coolanl J"low :md lmv-low stc:1111 gencrator waler levei werc sirmrlaled with lht: RELAP.5/Mod2 
codc. The papcr shows lhe resu lts or three 1r:u1sients : a) a ten percent step load change. h) a rivc pt:rcenl 
per minute mmp load change. ;111d c) pump coastdown. Salisractory qu;mtilalivc and qualit ;rt ivc rt:sults 
werc ohlained whcn comparing lhese resu lts wi th lhe '"setpoinl study '" ;1nd I 'S AR results. 

Keywonls: C()/rtml Sn!t•rn. l'mlnlion Srs!c ·rn. Nuc!mr l'oll"er 1'/um. 1\ng m I. RI:L;\P5/Mod2 Cr){/e 
Sislnnll de Con!mlc. Si.11crnu dt• l 'ro lcciio. Us inll Nrrcleur. Cúdigo N/:'L\1'5/Mm/2 

C0ll75 COMPORTAMENTO TERMOIURÁULICO DE VARETAS AQUECI
DAS ELETRICAMENTE DURANTE TRANSITÓRIO DE FLUXO 
CRÍTICO DE CALOR I THENMi\I_HYJ)RtHJLIC /JEH,W/01? OF ELEC-
7RICALLY f/E;\ TED IWD DURINC ;\ CR/1'/C!IL HD\ T FLUX TR;\NSIENT 

Rita de C:íssia Fernandes de Lima & l'l'dro Carajilescov ':' 
/)qmrlumcnto de Fngcolwria ~ J cninint . llnin·rsidtlt!<' Fcdc·ruf de t•cnu fllliJ/Ic·o - : \1 ·. i \ nrd 1/é/io Ranws. sin. 
51!7-11!-531! Nccijc. !'!:". llnrsil 
1-." -lllll il:ritalilllll('-'111/'d.u!t>< ". hr 
'''/)<'/Nir/11111<'11/o de• l:"ngculraria Mcníninr. Unil"asidadt• 1-ó/cru/ Flrlllllllt"I/Se'- Nna /'asso da l'círria./56. :C.../2/Ii-
2-/0 Ni!aái. lU. llmsil 
1:"-nrtril: l'"clnN·C!.•1e·a,r.n!rl'r 

ln nuclear reaclors . thc OLTtrrTencc or criticai ile;ll J"lu x leatb to Iúci rod ovcrl1catrng wrlll clad 
ru sion aml radioacti ve producl s kakage. To predict lhe ctlccls or suc il pilenorncnon. expcrirnents are 
pcrrorrncd using electrically heatcd rods lo sirnulale opcr<llional ;md an:idcnlal conditions or nuclear 
rucl rods. ln lhe prest'lll work . a thcorelica l ;rnalysis o!" lhe dry ing ;md rcwelling i"rorll propagation is 
pcrrorrned during a criticai ile;rl flux CXperirllCill. Sl arting Witillilc appiiL'<IliOil or ;r siope or eiel"lricai 
power rrolll Sleady slaiC l'OIIliilioll. ;\ fkr lhe Ol'CliiTellL"C or n itic;JI he: rl f"ilr x. lhe dry ing rront propa
gatioll is pn:dieted. At"lcr ;r kw sceonds. ;r powcr·nn is L·onsrdcred ;md lhe' rcwellini-! lront heilavior is 
analytic all y ohscrved. S!udies done wi th sevcr:il v;liucs o!" coo larll mass t"lmv r<rle slww til;rt til is v:Jri
ahle ilas more influcnL·c onthe dryi ng rrorll ' c loci ty lilan or1 tilc r\:\\"L'Il rng or1c. 

Keywords: Crilinrl lrnrl .flrn. I"I'II "CII illg .fronl. drri11g jiwll. ilranrullrrdrilltiit·.,, 111111/CI"/nl! 1"1/llllfulitJI:. / 
Fl11.ro cnúco de · cu for . .fi-e III<' dt · rnnnllrmne•rllo. jn•rlft' dt· sn :unrcnro. lcmroidmlllicu. Slllllliu\·ein llllrrwnár. 
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TEMA 14- Conservação de Energia 

COMPARAÇÃO DOS SISTEMAS DE COLHEITA MANUAL E 
MECANIZADO ATRAVÉS DA AVALIAÇÃO ENERGÉTICA E 
FINANCEIRA PARA CULTURA DE CANA-DE-AÇÚCAR (Saccharum 
spp.) I COMPARISON OF MANUAL AND MECHANICAL HARVESTING 
OF SUGAR CANE (SACCHARUM SPP.) BY ENERGETIC AND FINANCIAL 
EVALUATION 

Maria Márcia Pereira Sartori & Alcides Lopes Leão 
Departtuncnto de Ciências il111hienwis. Fucu/d({(/e de Cit~ucia.1· !lgroulÍIIIicus -UNES!'- /Jotuw111. S.!'. /Jmsi/ 
Cl:"f' 18.600-000 /Jo/11CII/11. S.!'. /Jmsi/ - h"-uwil: jrsartori@.wrfitet.cm/I./Jr 

The sugar canc crop rcprescnts an cnormous potcntial for energy, duc to its phytomass exccss 
lcft on thc fields, which is bu rnecl as a way to case lhe manu;l l harvcsling. M ost of this cnergy eould 
bc utilized if ehanges are made in the harvesting pracli ce. such as using meehanical harvesting instead 
of manual. 

T he presem study had lhe objective to show lhe viability of subsliluting manual harvesting 
wilh burning in the fields, by mechanical harvesting (green cane), wilh a beller cnergy recovery from 
its residues and nel income. For lhe ca lculations wc w;cd thc gross cal orifi c value and the Brazilian 
currency (Rea l), at an cxchangc rate of approximately R$1 =US$1. 

The resu lts showed that this changc in harvcsting proccdure is cconomical and cncrgcticall y 
more ciTicient. For manual harvesting thc encrgy consumption was found to bc 39,725.96 Mcal/ha 
(I 66,292.87 x I 03 J/ha) <ll ;1 cost of R$113.ú2/ha. For mcchanical harvesting thc cncrgy consumption 
was 19,063.32 Mcal/ha (9,799.06 x I 03 J/ha) at R$61.9l:Vha. With thc utili zation of thc rcs idues it was 
obtained 312,21l:i.4 (1306,946.22 x l o:l) ;md 435 ,263.2 (ll:i22,011.76 x 103) M cal/ha (J/ha). 1.304.90 
and 1.574.70 R$/ha. respec ti vcl y. Thc soc ial aspects of rclocation of thc manual labor is not consi
dcred in this papcr 

Keywords: CU/l(t-de -upícar, !Jionwssa, collteita, nliío-de-o!Jm, !Jaguço, Jnecanizaçr/o I sugar cane; 
bagasse; tl leclwJJ ical-!w Jvcst i11g; lllilllllal-ha JTest Í11g; him1ergv; biontass 

COll760 NUMERICAL SIMULATION OF THERMAL STORAGE ON ENCAP
SULATED PHASE CHANCE MATERIALS 

Carlos Eduardo Leme Núhrc~:a and Ser~:io Leal Bntga 
IJeJill l"fllll ll' II/IJ de Engen /wrio Meu)nico 
l'ontifi"r:io Unil'<'.l"idocle Cutálica do Nio de .lmtl'im -Nua Morqui's de Stlo \liceu/e. 225, 22-153- lJOO- Nio de .laueiro 
c{{(/ultl(.'!l cen trtJiJI .co111.1Jr mui s/1Jmga@111et·.JIIII"-rir>.in· 

Thcrmal storagc 011 e11capsulated plwsc cha11gc materiai s (pcm) is u11der co11sidcratio11. Thc 
phasc cha11gc (solidifi c01 tio11/mclling) process is approxi matcd by a quasi-stationary model. which is 
sol ved togethcr with lhe onc-dimensional tra11sport cqu ;1tio11. Results me show11 by thc cvolutio11 of lhe 
11011-dimcnsional ou tlet tempcr:lturc through 11o11-dime11siona l time. 

Keywords: Thennal s/flrage, illl<'lll heat. enettfJ.w/a ted f'hasr dwnge 111ateria / 
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ESTIMATIVA 00 POTENCIAL DE CONSERVAÇÃO DE ENERGIA 
EM INTALAÇÕES DE BOMBEAMENTO/ ESTIMA TE OF THE ENERGY 
POTENTIAL CONSERVATION lN PUMPING SYSTEMS 

Edson da Costa Bortoni 
DEE!UNESI' ~ Uui1·ersidode J;.,foduol l'au!islll. CFJ': 12500~000 GuamliiiRIIellÍ ~ SI' - !Jmsi! ~ E~uwi!:/}() r

loui @,feg. uue.I'J>.I>r 

Geraldo Lúciu Tia~o Filho & Hcncditu Cliíudio da Silva 
DMULHI'CH/EFU ~ l c'smlo Federal de lóugmlwria de f laju/IIÍ, .17500-00() lft(jui>IÍ - MG - /Jmsil ~ E~mail: 

tiago @iem. rmg.br 

lt's unusual thal a pumping sislcm works with just onc fi xed condition ol· flow and pressure. 
Thc processes th~1t work with centrifugai pumps have, in general, a variable consumplion and in lhe 
case of necessity of changing the llow, in normal syslems, is neccssary to act in the conlrol valvc, 
which will change the sistem curve hccausc of lhe introduction of adctional l'riction losses in the insta
lalion. Meanwhile, it will cause a unnccessary energy consumplion. Anolher way to change the now 
of a pumping syslem is lhrough the varialion of lhe pump speed, using a variahle speed driver that has 
less consumplion o r energy and presenls a series o r advantagcs ove r lhe throtting valve, duc the agrce
mcnt hettwen lhe pump caractcri sti cs and the instalalion caractcristi cs and thc optimizatiun of the pro
j cc l point. Bascd in lhi s considerations , this work presents a melhodology that pcrmits to est imatc the 
rea l saving cnergy potential in centrifugai pumps drivcd hy const<ml speed electrical motors. lt' s donc 
through lhe detcnnination and analysis of lhe grafic caraclcristics, providing in this way , data for a via
bility economic anal ysi s with less riscs and uncertainty. 

Kcywords: Conservaçcio de energia. holflbas centr(filgas, inswlaçiíes de bolllbealf/ento I Energv con

ser vo tion, centri{ilglfltl lfllf/ >.1', f'lllllfÚilg svsleJns. 
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COB36 

TEMA 15 - Mecânica dos Fluidos Ambiental 

ANÁLISE DIMENSIONAL AUXILIANDO NA IDENTIFICAÇÃO 
EMPÍRICA DO COMPORTAMENTO DE MODELOS NUMÉRICOS I 
DIMENSIONAL ANALYSIS HELPING lN THE EM PI R/CAL IDENTIFICA
TION OF THE BEHA VIOUR OF NUMERICAL MODELS 

Alex Maurício Araújo 
Departamento de Engenharia Mecânica- UFPE- Grupo de Mecânica dos Fluidos Ambiental- GMFA I UFPE
Av. Acad. Hélio Ramos, .m - Cidade Universitária - CEP 50741-530 Recife-PE, Brasil - E-mail: 
49AMA@NPD.UFPE.BR 

There are severa! engineering problems in which the development of numerical models still 
does not have a firm basis on universally accepted concepts. The literature about numerical mod 
els from the transient-advection-diffusion equation reveals mismatches of terminology and even of 
concepts of applied mathematics. Dimensional analysis may help some numerical modelling, sim
ilarly to physical modelling. This methodology has been applied to a tluid transpor! problem and 
the results clarified the region identification where the numerical model presents a good perfo
mance. 

Keywords: Dimensional Analysis, Identification, Behaviour, Numerical, Mudeis. I Análise 
Dimensional, Identijicaçlio, Comportamento, Modelos, Numéricos. 

COB308 CONTROL OF GASEOUS POLLUTANTS EMISSION WITH EGR 
(EXHAUST GAS RECIRCULATION) AND CATALYTIC CONVERTER 

Fernando Silva de Araújo Porto (1), Jens Mann (2), Dietmar Ueberschar (2), José Antonio 
Perrella Balestieri (3) & Nazem Nascimento (3) 
I Faculdade de Engenharia Química. FAENQU/LI DEMAR. Caixa Postal/16, Lorena SP Brasil CEP 12600-000 
telej(1x (012) 553 3006 e.nwil: jiilor@eu.ansp.br - subject: Fernando Porto. 
2 Fachhochsclwle Darmsllldt. Facllbereich Maschinenbau - Scllôjf'erstrasse 3 - 64295 Darmstadt Deutscflland I 
Gernumy- te/e.filx (06151) 16R957 
3 Faculdade de Engenharia de Guaratinguetâ. FEGI Universidade Estadual Paulista. UNESP- Caixa Postal 205 
Guaratinguetâ SP Brasil CEP 12500-000 tele.f(lx (012) 532 2466 e.mail: perrel/a@feg.unesp. br , 
nazem@ feg.unesp. br 

Study of gaseous pollutant emission from engine tests simulating real work conditions, using 
spark point manually controlled and exhaust gas recirculation in di verse proportion leveis. The objec
tive of this present work is to re-examine the potential of the EGR conception, a well-known method 
of combustion control, employed together electronic fuel injection and three-way catalytic converter 
closed-loop control ata spark ignition engine, verifying the performance characteristics and technical 
availability of this conception to improve pollution control and fuel economy. The pollutant em issions 
under operational conditions si mulations were analysed and compared with the expected by concern
ing theory and real tests performed by EGR equipped engines by factory. 

Keywords: Exhaust Gas, Erhaust Gas Pullwalll Emissiun, Spark lgnition Engine. Pollution Control, 
EGR, Exlzaust Gas Recirculation 
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COB717 CONTRIBUIÇÃO DAS EMISSÕES VEICULARES, NA QUALIDADE 
DO AR ATMOSFÉRICO DA REGIÃO METROPOLITANA DE PORTO 
ALEGRE I CONTRlBUlTION OF THE VEHlCULAR EMlSS/ONS, lN THE 
QUAL/TY OF THE ATMOSPHERlC A/R OF THE METROPOL/TAN 
REGJON OF PORTO ALEGRE 

Luciano Caldeira Vilanova, Pedro Mello, Djalmar j. Melchiors & Diocles Dalávia 
Programa de Pâs-r.:raduaçüo em Engenharia Mecânica, Escola de Engenharia- UFRGS- Laboratório de Motores 
da UFSM 
Laboratório de Mmores- REFAP- Rutl Sarmento Leite, 425- CEP 90050-170 Porto Alegre, RS, Brasil- E-mail: 

The Diesel vehicles of de fleet of Porto Alegre City were chosen to roall at typical streets of 
the City . A gas fraction of the exhausted of thesc vehicles was collected and analised at the end of 
the road . Yehicles that employ gasoline an alcohol were analised according to Padronized Tests. 

Keywords: Emissões, Emission, Air Qualily, CO, C02, HC, NO, 

COB737 UMA METODOLOGIA PARA AVALIAÇÃO DA CAPACIDADE DIS
PERSIV A NA ATMOSFERA DE UMA REGIÃO ESPECÍFICA I AN 
ALTERNATIVE METHODOLOGY FOR EVALUATlON OF ATMOSPHERlC 
DlSPERSION CAPAClTY lN A GlVEN REG/ON 

Paulo Ribeiro Netto, Aristóteles Alves Lyrio & Rogério Silveira de Queiroz 
Departamento de Engenharia AmiJienflll, Univenidade Federal do EspíriTO Santo- UFES- Vitória, Campus de 
Goiabeiras- Av. Fernando Ferrari S/N- CEP 29060- 970 Espírito Sal!lo, Brasil 

ln the present work a methodology for determination of atmospheric dispersive capacity in the 
convective boundary Jayer in a given region during daytime, has been developed. lts main objectives 
are to define the necessary steps to gather the parametric equations that are dispersed in the literature; 
and to develop an easy-to-use and efficient set of algorithms. This process has been followed to refine 
the Gaussian dispersion model which is used to relate a source's emission strength to its resultant, 
downwind atmospheric concentration. The model uses as input the incoming solar radiation ; temper
ature distribution; and wind speed and direction , as mcasured in strategic points to characterize the 
field in terms of typical gradients. The arca under study is also characterized in terms of thc topogra
phy of the region. An application of this mcthodology was donc for the Metropolitan Vitoria Region 
(RMV), situated in the state of Espírito Santo-Brazil. 

Keywords: Convective Boundary Layer, Solar Radiation, Heat Flux, Atmospheric Stability, 
Convective Velocily Escale I Camada Limite, Radiação Solar, Fluxo de Calor, Estabilidade 
Atmosférica, Escala de Velocidade Convectiva 

COB1371 NUMERICAL MODELLING OF FLOW AND DISPERSION OVER 
COMPLEX TERRAIN I MODELAGEM NUMÉRICA DO ESCOAMEN
TO E DA DISPERSÃO EM TERRENO COMPLEXO 

Fernando'f.Boçon 
Departamento de Engenharia Mecânica - UFI'R 
CP / 9011- CEP 8 153 1-990- Curiliba- PR- Brasi/-1:'-mai/: boi·on@demec. ufjJr.br 
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Clovis R. Maliska 
Depar!WIICII/11 de Engenlwria Meul11ica - UFSC 
CP 476- CE!' 88040-900- Floria"'ípo/is- SC - /Jip.ül- /:·-111ai/: lllaliske~([;\,·itllllet:.u{vc.hr 

Duc to thc complcxity ol· some topography drivcn atmosphcric flows, it is somctimcs not pos
sible to accurately preclict pollutant transport on the basis of sparse wind field measurcmcnts. A pos
siblc solution is lhe mathcmaticalmodelling of both the rlow anel pollutant transpor!. ln order to ovcr
come shortcomings ol· the conventional k-E turbulence moclel ror this kind of flows, a more general 
moclel of environmcntal flows, a modified k-E, is adopted. This non-isotropie model is derived from 
lhe algebraic stress model including wall proximity ellccts. The modified k-E is implementecl in a three 
dimensional code. Once the l'low is resolved, lhe predieted velocity and turbulence fields are interpo
lated into a seeond grid anel used to solve the concentration equation. To evaluate the model , various 
steady state numerical solutions are compareci with di spersion experiments which were conductecl at 
the wind tunnel ol· Mitsubishi Hcavy Industries, in Japan. Severa! C<lses ol· dispersion uncler neutrally 
stratiried atmospheres over llat and hilly tcrrain are compareci and discussed. Vertical profiles of con
centration are shown anel compareci. 

Kcywords: Aunospheric dispersion, .flmv over hills, nwdijied k-e. 1111/llerical simulation I Dispersiio 
atrno.vférica, escomne/ltu sobre nrorllanlws, k-e 1//odifiurdu, sirnulaçiio nunrérica 
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TEMA 16- Engenharia de Petróleo 

ANÁLISE DE SENSIBILIDADE APLICADA A AJUSTE DE 
HISTÓRICO DE PRODUÇÃO I SENS!TIVITY ANALYSIS APPLIED TO 
HISTORY MATCHINC 

Denis José Schiozer, Au~-:usto André Vieira Machado 
DEI' - FEM- UN/C;\M/'. Caixa l'osta/6122. 13083-970- C'iiiiiJ>illas/SI', Fo11e (019)239</916. denis@depjelll.lllti

CtiiiiJ>.br 

An important slep lowards a good rescrvoir eharaclerization and therefore a good produc
lion prcdiction is obtained wilh history matching where the reservoir model is corrected until simu
lation result s match obscrved data. Duc lo eomplex rcscrvoir characteri stics and high number of 
parameters, thcre is no fully automatic history matching modcl rcported in thc litcrature. Howevcr 
there are many 1cchniqucs that can be used to improve lhe proccss. This work aims an automation 
of some of thcse techniques by ereating indexes lo facilitale some deci sions and, mainly, by crcat
ing a methodology to make an aulomatic sensibility analysis to quantify the influence of some para
meters in the matehing process. 

Kcywords: Sensitivitv Analysis. Re.\·e1voir Súnulation, llistorv Matching, Paml/el Conlpllling I 
Análise de Sensibilidade, Sinwlaçiio de UeserPa/IÍrios, Ajuste de Histúrico, ComplllaÇllo Paralela 

COB241 PARALELIZAÇÃO EXTERNA DE SIMULADORES NUMÉRICOS DE 
PETRÓLEO I EXTERNA L PARALLELIZATION OF NUMERICAL PETRO
LEUM .SIMULA TONS 

Scr~io HcnriiJUC Guerra de Sousa & Dcnis José Schiozcr 
Caixa l 'os lilf (J/22- Dt'JWI"IIIIII I' II/O de L'11gen lwria de l'etrúleo. Facultfude de l:'llgellflllriu Meulllit :u- UNI
C;\MP - CEI' 13083-970 - Ctll iiJ>illas - Súo l'uulo - l!msi/- E-muils: sllgs@deJ>.Jém.lulicaiiiJI.br & 
delliJ @det>fell l.liiiÍCIIIII/' ./JI' 

One of the most importam stcps o r pelroleum reservoir charactcri zation is history matehing 
which rcquires severa! simulations to adjust the rescrvoi r model. Extenwl parallclization or reser
voir simulators is an important too! in the aulomation o!' this type or melhodology whcre simula
tions can be distributed to a network of workstations. signifieantly rcducing lhe total cxecution time. 
This work shows ( I) the importance and the advalllages of externa! parallclization in CPU intensive 
applications anel (2) a routine (MPS) lhat was dcvcloped lo di strihute the runs over a nctwork of 
workstations using the software PVM (Parallel Virtual Machine). Result s are shown for three dif
ferent networks, varying lhe number ol' simulations and works t ~llions. There is a great number of 
appli cat ions of this lcchnique in reservoir simulation. Any applicmion which requires se vera! sim
ulations can benci'it from externa! parallel izalion. A rouline to manage ali simulations is very impor
tant to make lhe best use o r a nel work. 

Keywonls: 1~\tcmaiJI(/m//e/ cmllf>uting. PVM, f/{1/'l/1/ek.atirm, Black-Oil r ese/WJir sin111latiou, conl

fJlllaç:iio pamlela extema. flllmlclizoçilo, si111ulaçtio de reserl'lltririos de J>etróleo 
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COB242 OTIMIZAÇÃO DE PARÂMETROS DE PRODUÇÃO PARA MINI
MIZAR OS EFEITOS DE CONE DE ÁGUA I OPTIMIZATION OF PRO
DUCTION PARAMETERS TO MINIMIZE WATER CONING EFFECTS 

Marcelo M. Kikuchi (Unicamp/ Cenpes- Petrobras) & Denis J. Schiozer 
Unicamp- E-lllllii:JIIllS.Hlnt@cenpes.petriJbras.cont.br; denis@dep.feJII.llllicmltp.br 

Water production contrai is a difficult task and therefore has been extensively studied. lt is 

charaeterized by a fast growing in water praduction, drastically reducing oil praduction. This con
trai can be made by many techniques, the most common being: (I) changing the water-oil mobil
ity ratio by using polymers and surface-activc agcnts and, (2) using artificial barriers to obstruct 
the water flux. Howcvcr, thc cost-bcncfit ratio of thcsc techniques is not always favorable. 
Somctimcs, the only way to contrai the water coning is by the control of the praduction parame
ters. The objective of this work is to dcvclop an optimization rautinc to find the best values of pra
duction rate and complction interval in order to maximize an objective function which represents 
the nct prcscnt value of oil production. Thc methodology used for this optimization is an itcrative 
pracedure with separated optimization of production rate and completion interval, resulting in a 
computer program which uses a reservoir simulator to optimize the objective function by succes
sive simulations. This methodology was tested in two water coning prablems found in literature, 
showing good rcsults. 

Keywords: Cone de Água, Otimizaçlío, Simulaçiio de Reservatório, Water Coning, Optimization, 
Reservoir Simulation 

COB260 MODELING AND PERFORMANCE OF PIG-LIFT 

Odair G. dos Santos, Francisco .T. S. Alhanati & Sérgio N. Bordalo 
Depto. de En);enlwria de Petrtíleo, Faculdade de Engenharia Mecânica- UNICAMP 

Cx.Postal6052, CEP 13.083-970 Campinas SP, Brasil- E-mail:/}()rdalo@dep.fem.ullicwnp.br 

Artificial lift is used in petralcum praduction when the energy of the reservo ir is not cnough 
to sustain the flow of oil in the wcll up to the surface with satisfactory economic return. The gas
lift is a widely used method of artificial li fi; in some cases, the continuous gas-lift (CGL) is not effi
cient, and onc must implement the intermittcnt gas-lift (IGL), for which there are different design 
options. There are some empirical and qucstionable rules of thumb to choose betwcen the CGL and 
IGL, but almost no material exists in the litcraturc for the selection among the diffcrent intermittent 
gas-lift designs; furthermorc, thcrc are no published modcls or behavior studies of thcir dynamics 
to help in thc selcction and design of IGL systems. This work presents a model to study the novel 
IGL WITH PIG. ln this systcm, a foam-pig separatcs the oil and gas flowing in thc well, to prevent 
fall-back of oil; a double column is used insidc thc well. This paper presents samplc rcsults for some 
conditions of thc petroleum reservoir. This work can aid the engineer in thc detcrmination of the 
optimum valucs of the operational parameters, and in lhe choicc of the IGL design for particular 
field conditions. 

Keywords: petrolewn, artificiallift, gas-lift, compU/e r simulation, production optimization 
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COB261 MODELING AND PERFORMANCE OF INTERMITTENT GAS-LIFT 
WITH PLUNGER 

Odair G. dos Santos, Francisco .J. S. Alhanati & Séq~io N. Bordalo 
Deplll. de Elzf{elllwria de Pemíleo. Faculdade de E11ge11lwria Mecâ11ico- UNICAMP 
Cx.Postal 6052. CEP 13.083- 970 Campi11as SP. Brasil - E-lltail:borda/o@dep..fimt.ullicamp.br 

Artificiallift is used in petroleum production when the cncrgy of thc reservoir is not cnough 

to sustain the flow of oil in the wcll up to the surface with satisfactory cconomic retu rn. Thc gas
lift is a widely uscd method of anificiallift; in some cases, the continuous gas-lift (CGL) is not effi
cient, and one mu st implement the intermittent gas-lift (IGL), for which there are different design 

options. There are some empírica! and questionable rules of thumb to choose between the CGL and 
IGL, but almost no material exists in the literature for the selection among the different intermittent 
gas- lift designs ; furthermore, there ure no publ ished models or studi es of their dynamics to help in 
the selection and design of IGL systems. This work presents a model to study the IGL WITH 
PLUNGER. ln this system, a solid plunger separates Lhe oil and gas flowing in the well, to prevent 
fall-back of oil. This paper presents sample results for some conditions of the petrol eu m reservoir, 
and for variations of the operational parameters. This work can aid the engineer in the determina
ti on of the optimum values of the o perational parameters, and in the choicc of the IGL design for 
particular field conditions. 

Keywords: petroleum, art({icialliji, gas-lift, compute r simulation, production optimization. 

COB262 MODELING AND PERFORMANCE OF INTERMITTENT GAS-LIFT 
WITH CHAMBER 

Odair G. dos Santos, Francisco .J. S. Alhanati & Sérgio N. Bordalo 
/Jepw. de Engenltaria de Petrúleo. Faculdade de Engettlwrio Mel.'llttica - UNICAMP 

Cx.Posw/6052, CEP 13.083-970 Cumpi11us SI', Brasil- E-llwil:bordolo@depfem.utiÍClllltfJ.br 

Artificial lift is used in petroleum producti on whcn the encrgy of the reservoir is not 
enough to sustain the flow of oil in the well up to Lhe surface with satisfactory economic return. 
The gas- lift is a widely uscd method of artificial lirt ; in some cases, the continuous gas-lift (CGL) 
is not efficicnt , and one must implement Lhe inte rmittent gas- lift (IGL), for which there a re differ
e nt design options. There are some empírica! and questionable rules of thumb to choose between 
the CGL and IGL, but almost no material exists in the literaturc for the selection among the dif
fercnt intermittent gas-lift design s; furthermore, there are no publi shed models or behavior studies 
of their dynami cs to help in thc selection and design of IGL systems. This work presents a model 
to study the IGL WITH CHAMBER. ln this systcm. a chnmber is used to nccumulate o il at the bot
tom of the wcll. Thi s paper prcscnts samplc rcsults for some conditions of lhe petro leum reservoir, 
nnd for vnriations of Lhe opcrational parnmctcrs. This work can aid the cngineer in the dctermina
ti on of thc optimum valucs of the operational paramcters, and in th e choice of the IGL design for 
particular ficld conditions. 

Kcywords: pelrolewn. arlificiallifi, gas- 1({1, COtllfllller simulalúm, production oplitniza/Üm 
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COB263 MODELING AND PERFORMANCE OF CONVENTIONAL INTER
MITTENT GAS-LIFT 

Odair G. dos Santos, Francisco .J. S. Alhanati & Sérgio N. Bordalo 
Depto. de E11Mellilllria de Pemíleo. Faculdade de E11gellllllria Mecâniw- V NICAM!' 

Cx.Posta/6052. CEP 13.083-970 CamJiilws SP. Brasil- E-mail:bordalo @dep..fem.unicliiiiJI.hr 

Artificial lift is used in petrolcum production whcn lhe energy of lhe rcscrvoir is not enough 

to sustain lhe tlow of oil in the wcll up to the surface with satisfactory cconomic rclllrn. The gas-lift 
is a widely used method or artifieiallift; in some cases, the continuous gas-lift (CGL) is not efficicnt, 

and onc must implementthe interrnillcnt gas-lift (lGL), for which thcrc are diiTerent dcsign options. 
There are some ernpirical and qucstionablc rulcs of thurnb to choose bctwccn thc CGL and IGL, but 

almost no material cxists in thc litcraturc for lhe selection among lhe ditlcrcnt intermittent gas-lift 
dcsigns; furthcrmore, thcrc are no publishcd modcls or studics ol· thcir dynamics to help in thc selcc

tion and dcsign of IGL systc ms. This work prcscnts a modclto study lhe CONVENTIONAL IGL. Thc 

IGL works in cyclcs, and each cyclc is made of stagcs that follow transient flow processes. Vertical 

two-phase tlow occurs in thc wcll. This papcr prcsents sample rcsults for typical conditions of the 
petroleum reservoir, and for variations of the operational paramcters. This work can aid thc engincer 

in the determination of the optimum valucs of the opcrational parameters, and in the choicc of the IGL 

design for particular ficld conditions. 

Keywords: petroleum, artificiallifi, gas-lifi, complller sinw/atilm, production optimization 

COB524 EFEITOS DA CORRENTE ELÉTRICA CONTÍNUA NA RECUPERA
ÇÃO DE PETRÓLEO I EFFECTS OF DIRECT ELECTRICAL CURRENT 
lN PETROLEUM RECOVERY 

Rosane Oliveira Mota 
PETROBRAS- E&P-IJA. A1 •. Anti111io Carlos Magallules. 1113. Sala 433 
CEP.: 41856-900 Salvador. /J/1.. /Jrasil- fo'-mail: ro.\·ane@ep-/)(lyet rohms.c:ol/l.f>r 

Euclides .T. Bonct & Osvair V. Trcvisan 
Depar/amen/0 de Engenlwria de Petrrí/eo, Fw:uldade de Engenllllria Mec:t1nico- UN!CAMP- Coixo Posto/6052 

CEP.: 13081-970- Campinm, SP. /Jmsil- /c-mail: lrevisall @colwllbia.dep..felll.llllicwllf!./n· 

Thc aim of thi s work was to invcstigatc thc ellects of applying a dircct clcctric:~l ficld 

and to mcasurc its s ignificance in oil recovcry through clcctro-osmosis and/or phys ica l-chemi
cal modifications on clay s tructurc duc to thc elcctrochemical trcatmcnt.A scrics of laboratory 
cxperimcnts was conducted with linear porous media saturated with oil and watcr.Yalucs for thc 

coeffieicnt of elcctro-osmotic pcrmeability for porous media in dilkrcnt water saturation stages 
are also prescntcd.Rcsults are prcscntcd as graphics such as oil recovcry curves, rclative perme
ability curves and production water-oil ratio curvcs.ln the results, it may bc notcd thc beneficial 

effect of thc elcctrical current in additional oil rccovery and in thc production water-oil ratio 
rcduction. 

Keywords: Hlectro-osmosis, Oil RenJI'erv, Direct CwTelll 
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COB531 TRANSFERÊNCIA DE CALOR EM OPERAÇÕES DE INJEÇÃO EM 
POÇOS I HEAT TRANSFER lN WELL INJECTJON OPERATIONS 

Flávio Medeiros Júnior! & Osvair Vida! Trcvisan2 

I PETROBRAS I E&P-RNCE- Av. Interventor Mário CdJJu1m. 27íi.J. /Jiow IJ- Sala 4íi.,Bairro: Nazaré 
CEP 59.074-600 Nawl- RN, Brasil - ~o·-11wil: .fmj@ep-mc:e.petrobms.com.br 
2 Departamento de E11~;enlwria de Petr!Íieo. Faculdade de En~;enlwria Mecânica- UNICAMP- Bartio Geraldo 
CEP IJ.Oí/.3-970 Ciu1111inas -SI'. Brasil- E-mail: trel'isw/@dep.fem.ullicwllp.br 

Fluid temperaturc is an importara parameter in production or injection wclls. This paper pres
ents an analytieal solution, in Laplace space, to the liquid tcmperaturc in injection opcrations. The 
model proposed for the hcat transfcr along the column incorporates heat aceumulation ( in lhe eol-umn 
and in the annulus) to the heat exchange hctween the wellbore and the semi-infinite surround-ings. The 
problem was solved hy Laplace transforms and thc Stehfest's algorithm is used to invert the solution 
to real domain. Results show that the liquid temperature is very sensitive to the injee-tion llow rate 
and the short time behaviour is atTected by heat accumulation in the column and the annulus. 

Keywords: Heat Transfer; We/1 Cornplelion: We/1 Operatirms: Liquid Flow. Tran.1j'erência de Calor; 
Completaçcio de Poços; Operaçiies em Poços; Fluxo de Líquido 

COB1118 MODELO MATEMÁTICO SIMPLIFICADO PARA DEPOSIÇÃO DE 
PARAFINA EM OLEODUTOS I SIMPLIFIED MODEL FOR WAX DEPO
SIT/ON lN 0/L DUCTS 

Sérgio Balthar Pereira da Silva, Paulo Laranjeira da Cunha Lage e Cirus Macedo Hackenberg 
Programa de En~;enlwria Química. COPPE. Universidade Federal do Rio de Janeiro 

CEP 21 .945-970 1/1111 do Fwultio. Rio de Janeiro. Bnuil - E-mail: l'aulo @pe<I.COfiJie.ufij.br 

A simplified numerica l modcl to predict thc wax dcposition inside pctrolcum ducts is dcvel 

opcd bascd on the eonscrvation cquations of mass, encrgy and chemieal speeies. The rnodel considcrs 
the radial mass tlu xcs of ali mixture components and thc phusc change at the duct wall due to heat 
remova! by the surroundings. A thennodynamic model for the phase change at the wall is utilized with 
melting temperatures and enthalpies for cach of thc mixtures component s given by ex isting eorrela
tions. The modcl is able to prcdict the transicnt hchavior of thc cllcctivc duct diametcr along nll duct 
length. 

Keywords: wax deposition, hea! wul11ws.\· transfà, deposiçclo de parqflrw, transferência de calor e 
massa 
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TEMA 21- Termodinâmica 

COB65 DESIGN AND DEVELOPMENT OF A CONTINUOUS CORK STOP
PERSDRYER 

C.M.C.T. Pinho & A.M.S. Santos 
Departamento de En~:enlwria Mecânica e Gesllio Industrial. F.E.U.P. 
Rua dos Bra~:as, 4099 PORTO CODEX. Portu~:al- E-mail: ctp@fe.up.pt 

The drying of cork stoppers is a technological process commonly used in the stoppers manufac
turing industry. Until recently no systematic scientific approach had been undertaken in the study of the 
drying kinetics of cork stoppers. An historical account of the sequence of steps followed in the design 
and erection of a new continuous dryer comissioned to the university is presented. The short time period 
required for the implementation of the new dryer lead to a twin path approach of the problem. A funda
mental study of the kinetics of the drying process of slim fixed beds of eork stoppers was simultaneous
ly accompanied by a study of the drying of batches of stoppers, as received from the industrial washery 
process. Data from this preliminary analysis were used in the design of the new dryer whereas data from 
the fundamental study were used in lhe final adjustment of dryer working conditions. Analysis of the 
behaviour of the dryer in the industrial environment showed a satisfactory performance and although lhe 
actual energy consumption is two and half times larger than the latent heat of water vaporization, exper
imental results are of the sarne order of magnitude of those found in lhe wood drying processes, which 
were used as references dueto the Jack of experimental data on industrial drying of cork. 

Keywords: Cork stoppers drying. Industrial dryers 

COB317 ANÁLISE TERMOECONÔMICA DA COGERAÇÃO DE ELETRICI
DADE A PARTIR DO BAGAÇO DE CANA EM UMA USINA DE SÃO 
PAULO I THERMOECONOMIC ANALYS/S OF ELECTRICITY COGENER
ATJON FROM SUGARCANE BAGASSE lN A SÃO PAULO PLANT 

Suani Teixeira Coelho 
In stituto de Eletrotécnica e Ener~:ia da Universidade de Süo Paulo (IEEIUSP) 
Av. Prof Almeida Prado. 925- 05674-010- Süo Paulo. Brasil- E-mail: .Hilllfi @iee. usp.br 
Silvio de Oliveira Junior 
Instituto de Pesquisas Tecnolá~:icas de Stio Paulo ( IP7]-Escola Politécnica da USP 
C.P. 7141, 01064-970- Süo Paulo- Brasil- E-mail: olivsilj@dce03.ipt./Jr 
David Zylbersztajn 
Secretaria de Ener~:it1 do E.,ado de Süo Paulo- IEEIUSP 
Rua Bela Cintra, f/47- 01415-000- Süo Paulo- Brasil 

Despi te the advantagcs of cogeneration process for sugar/alcohol plants, as well as for clcctric 
sector and the whol e Brazilian society, lhe protocol signed betwccn the Government of São Paulo 
State and this industrial segment has not yct achieved its statcd objectives. Besides other difficulties, 
one of the main problems is the sale' s price of clectric ity. This papcr intends to contribute to such di s
cussion, by adapting thermocconomic analysis to cogeneration proccss in a sugar/alcoho l plant of São 
Paulo. Exergy-based costs of process steam and clectricity are cvaluated for diiTcrent configurations. 
from existing estimates of surplus electricity and corresponding investmcnts. "Equality", "cxtraction" 
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and "electricity-as-by-product" methods are utilized, the adopted configurations corresponding basi
cally to Rankine steam cycle (currently commercialized in Brazil). Generation costs are calculated and 
compared to current electricity purchase's price proposed by the utililies, leading to the discussion of 
mechanisms to improve a large scale cogeneration program in São Paulo State. 

Keywords: Cogeraçcio; bagaço de cana; exergia; análise termoeconômica/Cogeneration; sugarcane 
bagasse; exergy; themweconomic cmalysis. 

COB330 CARBONATO-APATITA: ANÁLISE TERMODINÂMICA DA SUA FOR
MAÇÃO E COMPORTAMENTO DURANTE O SEU AQUECIMENTO 

Tsuneharu Ogasawara 
COPPEIUFRJ PEMM, Caixa Posta/68505 -11/w do Fundeio, 21945-970- Rio de Janeiro/lU. (021 )2807443, oga
sawat@metalmat.uf'rj.br 
Mizue Ogasawara 
UFSCm!Centro de Ciências Biolôjiicas e da Smíde/Depto. de Enf'emwgem, Caixa Posra/676. 13565-905- Seio 
Car/os/SP. (016)2712081 

The paper inlended to givc thc sciencc and tcchnology of hydroxyapatite production and usage 
the suitable equilibrium diagrams capablc to show clcarly thc conditions under which carbonateapatite 
can result as a transformation product of the former apatite; that knowledge is highly valuable to 
understand the behavior of the hydroxyapatitc coating mctallic implant biomaterials in human tluid 
body solution. Thercforc, free cnergy of the carbonateapatite at 25'C was estimated from similarity 
between the formation reaction of thc hydroxynpatite from beta-tricalcium phosphate and calcium 
hydroxide and of the carbonateapatite from bcta-tricalcium phosphate and calcium carbonate. The 
molar entropy and heat capacity at constants pressure of lhe carbonatcapatitc wcre dctcrmined through 
cstimation conventional methods cvcrywhcrc availablc. Thcn , potcntial-pH diagrams of thc Ca-C-P
H20 systcm at 25 and IOOOC havc bccn calculatcd and drawn using the Computing Software 
Chemislry for Windows 2.0 from Outokumpu Oy, Finland, as liccnscd to lhe COPPE/UFRJ. ln the 
following, activity-pH diagrams havc bcen drawn at thcse two tcmpcratures and analyzed. Thc con
ditions of the stability of the carbonateapatite have been wcll set up. 

Keywords: carbonateapatite, hydroxyapatite, bone and dental implmllmaterial, hydroxyapatite coat
ing on metal implants, then-nodynamic wwlysis 

COB502 ANÁLISE TÉCNICA E ECONÔMICA DE SISTEMAS DE 
COGERAÇÃO PARA UM LATICÍNIO DE PEQUENO PORTE I A 
TECHNICAL AND ECONOMICAL ANALYS!S OF A COGENERATION SYS
TEM FOR A SMALL LAT/C/N/0 PLANT 

Antonio Pantalena, José Luz Silveira & Luiz Roberto Carrocei 
Departamento de Enerjiia. Faculdade de EnJienharia Mecúnica - UNES!'- Gua;·otÍIIJiUetâ 
CEP 12500·000 GuaratinguetlÍ. llmsil - E-mail: joseluz @jeg.u,te.w/Jr & wrrocci@.feg.unesp.br 

ln ali part of lhe world, the neccssary improvemcnl'of cnergy conscrvation and lhe search of 
new energy gencralion technologies hccamc priority atlhe sciencc . in lhe engineering and ror lhe gov-
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ernment; usually having preoccupalion with the fulure 's environment. Then, lhe rational utilization of 
thc energy ware exiled cogencration ' s tcchnologies. ln Lhe last ycars are geuing a great intercsting by 
cogcneration system because the incrcase of lhe fucl s cost, lhe hardncss to gct more efficicncy at con
ventional thermoelctrics, lhe possibility of reduclion of the energy costs likc the increasc of gain and 
compctitively of your products in world markct. This article can makc an lcchnical and economic ana
lyzcs of use of cogeneration's systcms of one Iacticinio small plant in thc Vale do Paraíba arca, state 
of São Paulo. This researchcs, looking for the utilizalion of steam and gas turbincs. Both results of this 
cconomical analyscs show models of two tcchnologics turbines lhat supply gains. 

Keywords: Análise Técnica e Económica, Cooperativa de Lmicínios, Cogeraçlio, Custos de 
Produçlio de Vapor, Custos de Pmduçlio de Eletricidade, Tecluúcal mui Economical Analysis, 
Laricinio Cooperalive, Cogeneratüm, Productive Costs o{ Steam, Productive Costs 1~{ Electricity 

COB535 A SEMI-ANAL YTICAL MODEL FOR CYLINDRICAL ICE STORAGE 
UNITS 

Luís Edson Saraiva 
Faculdade de Enge111111ria e i\rquitetum - Unil'ersidude de /'asso Fundo 
CEP 99001-970- Passo Fundo, RS. Bmsil- fo'-nwil: suraiva@.fi:ar.up(tcile.!Jr 

Kamal Abdel Radi Ismail 
Departamento de E11genlwriu Térmica e de Fluidos- FEM - UNJC!\MI' 
Cuixu Postu/6122. CEI' 130R3-970- Cwn11illlls. SI'. Brasil - E-muil: kamal@fem.wliwlllll.br 

The objective of this paper is lo prcscnt a simplificd scrni-analylical rnodcllo prcdict lhe lhcnnal 
pcrformance of cylindrical phase-change lherrnal energy slorage unils. Thc physical rnodel is composed 
of an insulatcd vertical tank of cylindrical geornclry into which is grouped a sct of tubes through which 
a rcfrigcrant passes, arranged in hexagonal form around lhe seventh central tube. The phase-change 
material (PCM) used is water and the rcfrigcrant is a watcr-clhylene-glycol solulion at low tcmpcrature. 
During thc charging proccss (late night time) refrigeram circulation provides ice. This ice is lo be uscd 
during the discharging cyclc when waler circulating provides cold waler for a ir conditioning application. 
Thc semi-analytical model is hascd upon one- dimensional formulalion of lhe phasc-change hcat trans
fcr problcm assoeialed with an encrgy balance equation belween lhe lurbulcnt tlow and lhe PCM. Thesc 
coupled equations are solved by an integral approximalion melhod. Results including solidified mass, 
thermal encrgy stored and temperature profiles are also prcsented and discussed. 

Keywords: Themwl energy storage units, ice stomge units, J!lwse- clwnge materiais, conjuga/e heat 
transfer 

COB541 A V ALIAÇÃO TERMOECONÔMICA DE UM SISTEMA DE COGERA
ÇÃO DE INDÚSTRIA PETROQUÍMICA I THERMOECONOM/C ANALYSIS 
OF A COGENERA TION SYSTEM OF A PETROCHEMICAL POLE 

Ednildo Andrade Torrcsl ,2 & Sílvia Azucena Nebra2 
I Eswla Politécnica/DEQ/L.ENIUFBa Rua 1\ri.ftides Novis. 2 Fedemrlii!-Sa lt•ador-/Ja CEI' 40210-630, 
Doutorando do DEIFEMIUNIC!\Ml' edllildo@jem.wlicui!II'·!Jr 
2 Departamento de b1ergia - Faculdade de Engenharia Mecânica - UNIC!\MJ> - CP 6122 - CD' 130R3-970 
Campinas- SP sanebra@.fem.unicamp.br 
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This papcr is a study o!· a real systcm o!· cogeneration ata Petrochcmical Pole. The analyscd sys
tem has five boilers, four steam turho-generators and one gas turbine operating in a combined eyclc with 
total capacity of 202 MW of elcctrical powcr and 2100 t/h of stcam for the process. Splitting the cogen
eration process into subsystems, the exergy of each one of lhe energetic !luxes is calculated. lt is pre
sented the exergetical balance of cach subsystem as well as lhe global one. The cfficiency of second Jaw 
of lhe thennodynamic of each subsystem is showed and compared, identifying where and why the toss
es and irreversibilities occur. The thennoeconomic costs of each one of lhe lluxcs are calculated, and the 
conclusions about the cogeneration process are obtained. 

Keywords: Exergy. Thermoeconomics, Petrochemical, Cogeneratio11 , E11ergy. l~xergia, 

Termoeconomia, Petroquímica, Cogeraçào, Hnerfiia 

COB73S ANÁLISE EXERGÉTICA DE SISTEMAS DE COGERAÇÃO E CICLOS 
COMBINADOS I EXERCY ANALYSIS OF COCENERATION SYSTEMS AND 
COMBINED CYCLES 

Silvio de Oliveira Júnior 
Instituto de Pesquisas Tec:nohígh:as do /:'st. de S<io l'aulo e Escola l'olitéc:nic:u da USI' 

CEI' 01064-970 Süo l'uulo. S. I'. !Jmsil - E-nwi/: olil·silj@dceOJ.it't.!Jr 

This paper prescnts a general methodology to cvaluatc thc cxergy use in cogeneralion and 
combined cycle plants, as well as to relate the overall exergetic efficiency of the plant to the efficien
cies of each modulc/set of equipmentthat compose the plant. The objective of this methodology is to 
quantify lhe thennodynamic performance of the plant and to characterise the inlluencc of each mod
ule/sct of equipment of the plalll in the overall exergy consumption. The exergy analysis developed 
for cogeneration and combined cycle plants evaluates lhe excrgy c!Ticiency and the exergy destroyed 
in each sct of equipment , and lhe overall cogencration and combincd cycle plants performance. The 
importance of each set of equipmcnt in the overall excrgetic e!Ticiency is quantiCied by lhe use of lhe 
factor f, dcfincd as lhe rclation betwecn lhe consumed exergy in a particular sct o!· cquipment and thc 
consumed cxcrgy in lhe plant. With lhe factors ri (for cach set of equipmcnt) and the cxergctic ciTi
ciencics hi (for cach set of cquipmenl) il is possible to establish an cxpression that relates the ovcrall 

cxcrgetic etTiciency to the factors fi and the exergctic eiTicicncics hi . This exprcssion is useful to char
acterise the importance of each sct of equipmenl inlhc overall cxergctic cfficicncy and to indicare pos
sible ways of oplimising the pcrfonnance of the plant. Thi s methodology is employed to evaluate and 
oplimise lhe pcrformance of a cogcneration plant composcd by a gas turbine, a Rankine cycle and an 
absorption chi! ler. 

Kcywords: cogenemtion, cotnhined cycle, e.rergv wwlvsis 

COll779 A SIMPLIFIED THEORY TO ASSESS THE HURNING CHARACTER
ISTICS OF A SLICK OF OIL ON WATER 

José L. Torero 
Deparrlllel/t of' Firc l'roteoion J:'ngincerin~. Uni1•ersity of' Murylmul. Colle~e Park. MD20742-303/ , USA-E
l/la i 1.)1 wrero@ e11g.wlld.ed11 
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An experimental technique has been developed to systematically study the ignition, tlame spread 
and mass burning characteristics of liquid fuels spilled on a water bed. The final objective of this work 
is to provide a too! that will serve to asscss a fuels case to ignite, to spread and to sustain a tlame, thus 
helping to better define the combustion parameters that affcct in-situ burning of oil spills. 

Keywords: ln-situ buming, oil spills, mass buming, flame spread, ignition 

COB912 PERSPECTIVA ECONÔMICA DO GÁS DE MADEIRA PARA 
GERAÇÃO TÉRMICA NO NORDESTE I WOOD GAS!FJCATION ECO
NOM!CAL ANAL!SYS FOR THERMAL POWER GENERAT!ON lN NORTH
EAST OF BRASIL 

lberê Luiz Nodari, Sanderval Portela & Thamy Cristina Hayashi* 
Departamento de Temolo~;ia Mecânica - CEFET/BA - R. Emídio dos Salllos. sln. Barballw. Salvador, BA CEP: 
40300-010. 
E-mail: ilmo@sl'll.COIII.br 
*Departamento de Engenltaria Química -Universidade Fedem/ da Baltia 

This paper presents rcsults of wood gasification economic analisys concerning thermal power 
generation through combined cicies. Comparison is madc bctwcen thc gas production costs and oil bar
rei price. ln shOit term, wood gasitication technology and gas turbinc combined cicies association is not 
economically competi tive. ln near future, however, the environmental conccrn, through criation of penal
ties like the carbon tax, proposed by the European Comission, can makc use of power forests more fea
sible, allowing application of neutral C02 emission lechnologies. One important contribution to solve 
this issue involves lhe BIG-GT project (Biomass lntegrated Gasificalion Gas Turbine), sponsored by 
international organizations associated with local cnterprises. The first demonstration plant using this 
technology will be installed in Brazilian state Bahia. 

Keywords: Wood gas(fication. Combined cicies. Carbon nellfral emission processes. Renewable 
energy./ Gase(ficaçlio de madeira. Ciclo combinado. Energia alternativa. Emisslio neutra de carbono 

COB1097 ANÁLISE EXERGÉTICA COMPARATIVA ENTRE UM FORNO ROTA
TIVO COM PREAQUECEDOR DE QUATRO ESTÁGIOS E UM COM 
PREAQUECEDOR E PRECALCINADOR I COMPARAT!VE EXERGETJC 
ANALYSJS BETWEEN A ROTATY K!LN W!TH A FOUR-STAGE PREHEATER 
AND A ROTARY KILN W!TH A PREHEATER ANDA PRECALCJNER 

Rogério .José da Silva 
DeparTamento de Engenharia Meuínica, Escola Federal de Engenharia de ltajubú- EFEI 
CEP 37500-000- lli(jul"í-MG. Bmsil- E-mail: rogerio@ielll.efei.rmg/Jr 
Sílvia Azucena Nebra 
Deparlamento de Energia. Fac. de En~;. Mecânica- Universidade Eswdual de Campinas- UNICAMP 
CEP 13081-970- Campinas-SI', /Jmsil- E-mail: swzebm@fem.unicamp.br 

This work presents lhe resulls of a comparalive exergclic analysis of planls of clinker pro
duclion for lhe cemenl Porlland manufacluring. Thc firsl inslallalion is com pose of thc rotary kiln wilh 
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a four-stage preheater and the othcr of a rotary kiln with preheatcr anda precalciner. ln this analysis 
it is utilized the conccpt of rational etTiciency defined by Kotas, considering the exchange of the exer
gy between Lhe current of the solids and the current of the gases, as well as the transference of the mass 
between the solids and gases. Through of the calculus of the irreversibilities generated in each step of 
the process, the Grassmann's diagram correspondent obtained, comprising the burning of the fuels in 
the rotary kiln burner and in the prccalciner. 

Keywords: Exergy; Cemelll Plmzts; Rational E,'[flciency; Exergetic Analysis; lrreversibilities I 
Exergia; Fábricas de Cimento; Eficiência Racional, Análise Exergética, Irreversibilidade 
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TEMA 22· - Radiação 

COB53 ESTIMATING ABSORPTION AND SCATTERING COEFFICIENTS AND 
INTERNAL SOURCE TERM lN A RADIA TIVE TRANSFER PROCESS 1 

Stephan Stephany*, Haroldo Fraga de Campos Velho*, Fernando Manuel Ramos* & Curtis D. 
Mobley** 
*Laboratório A.uociado de Colllf'lltaplo e Matemúticallpliwda (LI\ C) lmtituto Nacioual de Pesquisas Espaciais 
(/Nf'E), Caixa Postal 5 15. CEI' 1220 1-970 - Silo José dos Cllmpos (SP), IJRIISIL, e-mail: 
[steplwn.jenw/l(fo,lwroldo]@la c.iupe.br 
** Sequoia Scientific, lnc., 9725 SE 36th Strect, Suite 308 Mercer /sland, Wll 98040, USA, e-mail: 
11/ob/ey@ sequoiasci.uJIII 

A reeonstruetion teehnique for estimation of inherent optieal properties (IOPs) and biolumines
eenee sources in natural waters from in situ irradiance data is prcsented. Thc inverse problem is formu
lated as a nonlinear constrained optimization problem, assuming that lhe bioluminesce nce unknown pro
file can be representcd by a sum of di stributed gaussian sources. The objective function is defined as the 
square Euclidean norm of the differenee vector between experimental and computed data. The associat
ed direct problcm is tacklcd with the Hydrolight 3.0 code, which uses lhe invariant imbedding theory. 

Keywords: ln verse problems, inherent optical properties, bio/uminescence sources, invarimll imbed
ding meilwd, radiative transfer equation 

COB234 THERMAL RADIA TION lN COMBUSTION SYSTEMS 

.José Bezerra Pessoa Filho 
Divisüo de Sistenws Espacillis. C /'11 / /nstituto de ller01uíwica e E.1paro. 
CEI' 12228-904 Stio José dos C limpos, SP. /Jmsil- E-111ail: )b[J@ase2.iae.cta.br 

A numerical procedure for solving the nongray radiative transfer equation (RTE) in two
dimensional cy lindrical participating media is presentcd. Nongray effects are treatcd by using a nar
row-band approach. Radiative emission from CO, C02, H20, CH4 and soot is eonsidered. The solu
tion procedure is applied to study radiative heat transfer in a premixed CH4-02, laminar, fl ame. 
Temperature , soot and IR-acti ve specics molar fraction di stributions are allowed to vary in the axial 
direction of thc flame. From the obtained results it is poss iblc to quantify thc radi ative loss in the 
flame, as well as the import ance of soot radiation as compared to gaseou s radiation. Since the solu
tion procedure is developed for a two-dimensional cylindrical geometry, it can applied to other com
bustion systems sueh as furnaces, internal eombustion engines, liquid and solid propc llant combustion. 

Keywords: Radiation, participating media, tumgray gases, combustio11 

COB264 CONSTRUÇÃO E ENSAIO DE UM CORPO NEGRO PARA 
OPERAÇÃO A BAIXAS POTÊNCIAS TÉRMICAS I CONSTRUCTION 
AND TESTING OF A BLACK BODY OF LOW THERMAL POWER 

Alan C.B. Rocha, George S. Marinho, Leônidas Hildchrand Jr., Renê A. Carvalho* 
*Instituto de Física de Süo Carlos. Departamento de Engenharia Mecfinic:a. f:sco la de Engenharia de Süo Ca rlos 
- EESC I USf' . ll v. Dr. Carlos /Jotellw 1465- Stlo Carlos- SI'- limsil. CEI'- 13560-250. 
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A cavity capable of working as a black body radiator was built and tested. Whereas most com
ercial systems work with the cavity body fixed to the core of a heated cylinder, lhe new device is 
directly heated by mcans of clectric resistors fixcd along its externa! surface. Thc elcctric rcsistors are 
heated by a highly stable dc-powcr system, which allows thc cavity to rcach te mperatures of thc arder 
of 250oC. Constructcd in a conc-typc shapc, the cavity has the back wall shaped with a large number 
of small pyramids, forming groovcs. lts internal surfacc is roughly machincd, fonning a trap of baf
flcs to radiation , wich !caves thc cavity alkr mulliplc rellections through a uniquc small opening at 
the top of thc cone. The main advantages of the system are its low cost and the simplicity of assem
blying. Emissivities as hig h as 0.96 wcrc mcasurcd. 

Keywords: Black hody, Jhermal cavily, emissivily, pyromeler, 1hemwl radiation. Corpo negro, cavi
dade Jérmica, emissividade, pirôme/ro, radiaçüo Jérmica 

COB265 DETERMINAÇÃO EXPERIMENTAL DA EMISSIVIDADE DE UM 
TROCADOR DE CALOR DE BAIXA POTÊNCIA TÉRMICA I EXPE
RIMENTAL DETERMINATION OF THE EMISSIVITY OF A LOW THERMAL 
POWER HEAT EXCHANGER 

Alan C.B. Rocha, George S. Marinho, Leônidas Hildebrand .Jr., Renê A. Carvalho* 
''' lmlitulo de Ff1·ico de Stlo Carlos. !Jetwrtamento de F.ngen!wria Meoinica. Escola de Engenharia de Stlo Carlos 
- EESC I USP. Av. Dr. Carlos /Jo!ellw. I.J65- Stlo Carlos -SI'- Bmsil. CEI' - I 3560-250. 

Thc emissivity of a tlat plate type heat exchanger was experimentally determinated by means 
of a compared temperature method. Two kinds of surface finishing were studied: naked aluminum , 
and black painted . ln both situations, the plate was submited to thrce heating power regimes: 8.7, 24.5 
and 47.9W, which correspond to surface tempcratures of aproximatclly 45,70 and 120oC, rcspectiv
elly. The temperature distribution was measured by means of an infrared pyrometer and by thenno
couples. By adjusting of the emissivity selector of lhe pyromcter thc plate emissivity was determincd. 

Keywords: Emissivily, lzeat exclwnger, natural convectüm, pyromeler, i/termal radialion. 
Emissividade, trocador de calor, convecçüo tWlltral, pirômelro, radiaçüo térmica 

COB699 GERAÇÃO DE ENTROPIA EM SISTEMAS RADIANTES DE TUBOS 
ALETADOS I ENTROPY GENERAT/ON lN TUBE AND FIN RADIATING 
SYSTEMS 

Mareio Hueno dos Santos c Sergio Mourão Saboya 
La/Jorall5rio de !ntegmçào e Testes, LIT -INI'l:'- Av. dos Astronaulas, !75R CEI' 12227-010 Süo José dos Campos, 
/Jrasil- E-mail: bueno @lit.inpe.br 
Departamenlll de Energia. Divisüo de Engenlwria Mec:ânica-Aeroii<Ílllica - !TA - Süo José do.v Campos CEP 
12228-900 Süo José dos Campos, Brasil - E-mail: saboya@mec.illl.cltl.br 

The cntropy generation minimization method is applied to tube and fin radiative systems. The 
malhcmatical modeling of the systcms lead to a non-linear integro-differcntial syslems of equations, 
whieh is sol ved numcrically . The entropy gencration in the fin is computed. Thi s is obtained as result 
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of the thermal analysis of the system which gives the fin temperature distributions and the radiative 
heat transfer rates. Examples of optimized design are considered and discussed. 

Keywords: Entropia, Irreversibilidades, Minimizaçcio, Aletas e Radiaçlio I Entropy, lrreversibility, 
Minimization, Fin and Radiation 

COB881 ESTIMA TION OF MONTHLY DIFFUSE SOLAR RADIATION USING 
ÃNGSTROM'S EQUATION LINEAR COEFFICIENT I ESTIMATIVA DA 
RADIAÇÃO DIFUSA MENSAL USANDO O COEFICIENTE LINEAR DA 
EQUAÇÃO DE ANGSTROM 

Modesto Antonio Chaves, João Francisco Escobedo & Reinaldo Prandine Ricieri 
Deparfllmento de Ciêncim Am/Jienlllis. Faculdade de Ciências ll~roníimicm- UNESP- !Jotucatu- CEP I R6 10-
000- !Jotutacu, !Jrazil 
E-Mail: modesto@surfilet.com.ln 

A method to cstimate the diiTuse solar radiation using the Ànsgtrom's equation linear coeffi
cient is presented. The method was validated by comparison with data from the Solar Radiation 
Station of UNESP, Botucatu , SP, Brazil (22o54' South; 48027' Wcst). Relative errors ranged from 
2.71% to 29.86%, when estimated values were compared with measurcd data. We concluded that thc 
method permits to cstimate monthly diffuse solar radiation , with good precision, under climatic con
ditions in with monthly frequency of clcar, partially cloudy and cloudy days is roughly the sarne. 

Keywords: Solar Radiatioll - Di[/ítse Radiation - Radiation Modeling - Estimation of Radiation -
iingstrom 's Models I Radiaçlio Solar - Radiaçcio Difusa - Modelagem de Radiaçâo - Estimativa de 
Radiaçcio - Modelo de ii.ngstrom 

COB883 MODELO DE ESTIMATIVA DAS IRRADIÂNCIAS GLOBAL E 
DIFUSA EM COBERTURA DE POLIETILENO I MODEL TO ESTIMA TE 
GLOBAL AND DIFFUSE RADIAT/ON lN POLYETHYLENE COVERAGE 

Valéria de Almeida Frisina & João Francisco Escobedo 
Deparrwueuto de Ciêucias llmbieutais/FCA/UNESP/!Jotucatu/SP. CEI' 11\603-970; CP 237; TEL (0/.J) R21 3RR3; 
FAX (014) 821 3438 

This paper describes lhe rcsults obtained from corrclalions bctwcen global and diffusc radia
tion inside polyethylene coverage. During 40 days, global (G) and diffusc (D) radiation werc mea
suread outside (ex) and inside (in) polycthylenc greenhouse (100 mm), for four specter conditions: 
open sky, partially cloudy, cloudy and the sum of lhe three prcvious conditions. The global radiation 
was measured with pyranometers and the diffusc radiation, with pyranomctcr bclow shadow rings. 
Thc data aquisition system consisted of a CAMPBELL 21 X elatalogger and a 486 DX2 microcom
puter, programeel to operate in I Hz frcqucnce anel store average of 5 minutes. The following rcsults 
were obtained: Gin = 4.13 + 0.79 Gcx; Din = 45.53 + 0.7 I Dcx . Thc best corrclations found to lhe 
global radiation (Gin x Gex) were, in oreler: clouely sky days (R2 = 98.53%), opcn sky (R2 = 96.45%) 
anel partially cloudy sky (R2 = 94.07%). The best correlalions to thc diffuse raeliation (Din x Dex) 
were: clouely sky (R2 = 96.52%), open sky (R2 = 78.93%) and parlially clouely sky (R2 = 71.7R%). 

Keywords: global atul diffuse radiatiun; polyethylene gree11hottse I radiações global e difusa, estufa 
de polietileno 
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COB1187 GERACÃO DO TERMO FONTE A PARTIR DA TRANSMISSÃO DA 
RADIAÇÃO ÓPTICA EM TECIDOS HETEROGÊNEOS I EVALUATION 
OF THE HEAT SOURCE THROUGH OF THE RADIATION OPTICAL 
TRANSMISSION lN HETEROGENEOUS TISSUES 

Paulo M. C. Gomes e Tarcísio P. R. Campos 
Departamento de Enf!.enlwria Nuclear. Escola de Enf!.enharia- UFMG 
Av. do Contorno 842. go Andar, Centro- flelo Horizonte. MG. CEP: 30.110- 060 E-mail:.fóton@cce.ujillf!..br 

The application of the optical spectrum on medicine has been increasing. The relevance of 
optical properties of laser radiation on tissues and their thermodynamic consequences are extremely 
important to understand and optimize surgical process. ln this context, analytical and computational 
models for photons transport on tissue joined to the heat transport through tissue are required. A sim
plified model of tridimensional photons transport is proposed with the goal of setting upa methodol
ogy of photons flux calculus inside a tissue with high scattering coefficient. 

Keywords: global Laser, Plwtons Transpor!, Heat Transpor!, Finite Element, Tissue/Laser, 
Transporte de Fôtons, transporte de Calor, Elementos Finitos, Tecido 

COB1188 GERACÃO DO TERMO FONTE A PARTIR DA TRANSMISSÃO DA 
RADIAÇÃO ÓPTICA EM TECIDOS HETEROGÊNEOS I EVALUATION 
OF THE HEAT SOURCE THROUGH OF THE RADIATION OPTICAL 
TRANSMISSION lN HETEROGENEOUS TISSUES 

Paulo M. C. Gomes e Tarcísio P. R. Campos 
Departamento de El!f!.en1wria Nuclear, Escola de Enf!.en1wriu- UFMG 
Av. do Contorno 842, go Andar, Centro- flelo Horizonte. MG. CEP: 30.110- 060 E-nwil: jiJfon@cce.ufiuf!..b 

The application of the optical spectrum on medicine has been increasing. The relevance of 
optical properties of laser radiation on tissues and their thermodynamic consequences are extremely 
important to understand and optimize surgical process. ln this context, analytical and computational 
models for photons transport on tissue joined to the heat transport through tissue are required. A sim
plified model or tridimensional photons transport is proposed with the goal or setting upa methodol
ogy of photons !lux calculus inside a tissue with high scattering coefficient. 

Keywords: Laser, Pho:ons Tmnsport, Heat Tmnsport, Finite Element, Tissue/Laser, Transporte de 
Fótons, transporte de Calor, Elementos Finitos, Tecido 

COB1425 ANÁLISE DO MÉTODO DE ORDENADAS DISCRETAS: DISCRETI
ZAÇÃO ANGULAR I ANALYSIS OF THE DISCRETE ORDINATE 
METHOD: ANGULAR DISCRETIZATION 

Luís Mauro Moura, Dominique Baillis & Jean-François. Sacadura 
Institui des Sciences Appliquées de Lyon- CETH!Líl'IM, ESA CNRS 5008-20. Av. Albert Einstein bât. 404-69621 
Villeurbanne Cedex- Fmnce E-mail: luis@ibjfünsa-lyon..fi·- IÚis@lmpt.u{:w:.br 
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This work prcscnts a numcrical analysis ofdiffcrcnt scls of quadraturcs involvcd in a discrete 
ordinatc mcthod uscd to solve thc Equation of Réidiativc Transfcr (ETR). Two ditTcrcnt quadratures 
are derived from thc classical Gauss and Radau oncs, wilh lhe imposed condition of salisfying key 
half-moments of the radiative intensity. This sct of quadraturcs are obtained lhrough a simple transla
tion in the Gauss or Radau full-range scheme [-1, I] to the half-range 10. 1]. These quadratures are com
pared to cases previously analyzcd by Fiveland ( 1985, 1987) for a slab of isotropic conservati v e scat
tcring or absorbing-emitting gray mcdium. The results obtained with lhe lwo ncw set of quadratures, 
for the net radiative 1lux and lhe incident energy to different range of oplical lhicknesses and the S2, 
S4, S6, S8, SI O, S 12 ordinate sets, show a good accuracy). 

Keywords: radiaçüo térmica, ordenadas discretas, meio semirransparente, quadrarura I radiative 
heat tran4"er, discrele ardina/e merhod, semitransparent malerials, quadrarure 

COB1427 PREDICTION OF DIRECTIONAL SPECTRAL EMITTANCE OF AN 
ABSORBING AND SCATTERING CERAMIC MATERIAL AT HIGH 
TEMPERATURE 

Rogério Lopes; Luís Mauro Moura; Agnés Delmas & Jean-François Sacadura 
Cen/re de T!ten11ique de Lyon- CETHIUTIM- 20. !lvenue !1/bert Ei11stein (!Jâ!..IO.t) 
69621 Villeurbanne Cedex · Fm11ce ·E-mail: ro;;erio@i!Jjj:ç.iJwt-!yoll..fi· 

Direclional spectral emittance of an absorbing and scattering isothcrm ceramic material 
(AI20 3) is predicted using a radiative model based on the discrete ordinates method associated to 

the control volume technique to solve the radiativc transfer equalion. The absorption (Qa) and scat
tering (Qs) efficiencies for incident radiation upon spherical parlicles of aluminum oxide are calcu
lated from the Mie thcory for a temperaturc range from 1200°C to 2020°C, the parlicle radius lying 
from IOJ.Im to 50J.1m, anda range of wavelengths from 2J.1m to 6J.1m. These calculations are based 
on literalure values of the complex index of refraction (i'í = n - ik) at high temperature for the 
monocryslral of sapphire (Al 20 3). lndependent scattering assumption is used. The limit of inde

pendent scattering theory is verified for a particle volume fraction ranging frorn 0.3 to 0.7. The spec
tral normal emittance of AI 20 3 at high ternperature is calculated incrcasing thc thickness to identi

fy the 'infinite thickness'. Calculations are performed and analyzed for different particle radius and 
rnedium ternperatures. 

Keywords: F:mittance, semitransparent media, cerwnic marerial, higlz lempera/ure, discrele ordi
nates merlwd 

COB1428 ESTUDO DE SENSIBILIDADE DE PARÂMETROS NO ACOPLAMEN
TO CONDUÇÃO-RADIAÇÃO/ THE SENSIVITY STUDY OF lN COU
PLING CONDUCTION-RADIA TION 

Zaqueu Ernesto da Silva*, Michel Laurent & Dominique Ballis 
*Lqboraltírio de Energia Solar - UfjJb e Centre de Tlten11ique de Lyo11 20. ;\v. ;\/bert l:instein 69.621 -
Vil/eurbanne - Frwzce 
E-mail: dasilva@cetltil.in.\·a-lyon..fi" 
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This paper prcsents lhe fcasibility of the cstimation of radiative and conductive properties 
from a laser tlash mcthod. A sensivity study of the coupling radiation/diiTusion parameters is per
formed. The solid is emissive, nbsorbing and scaltcring semi-transpnrcnt. The study nllows to detect 
the parameters thnt can be estimated simultaneousfy from lhe back surfaee temperature rise. The 
Levenberg-Marquardt method is used to determine the parameters. 

Keywords: acoplamento, conduçiío, radiaçào, método inverso, método .flash/ coup/ing, conduction, 
radiation, ineverse method, .flash metlwd 

COB1429 MÉTODO DAS ORDENADAS DISCRETAS ASSOCIADO A FORMA 
INTEGRAL DA EQUAÇÃO DE TRANSFERÊNCIA DE RADIAÇÃO 
EM GEOMETRIA RETANGULAR UNIDJMENSIONAL I DISCRETE 
ORDINATES METHOD ASSOC/ATED TO INTEGRAL FORM OF THE 
RADIA TIVE TRANSFER EQUATION lN THE UNIDIMENSIONAL RECTAN
GULAR GEOMETRY 

Zaqueu Ernesto da Silva*, Michel Laurent, Dominique llallis & Severino Rodrigues de Araujo* 
' Lobomlário de Ener,.;ia Solar - Ujj1b l' Centre de Thermique de Lyou 20. I\ v. 111/Jert Einstein 69.62 I -
Villeurbwme - Frauce 
E-mail: wqueu@les.ufjlb.br 

Discrete ordinates method is utilized to solve radiative transfer equation in the integral form 
for analysis of one-dimensional planar enclosure with absorbing, emilting, and either isot ropically or 
ani sotropic<Jll y scattering medium. The main characteristic ol· lhe technical is lhe computing or lhe 
average intensity of the control volume. To validate the formulation s. one problem test is considered 
and their results are compared with exact solution . 

Keywords: técnica, radiaçâo, .fámw integral, ordenadas discretas, relangular teclulique, radiatio11, 
integral fonn , discrete orditwtes, rectangular 
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TEMA 23 - Convecção 

COB256 CONVECÇÃO NATURAL EM CAVIDADE VERTICAL COM FONTES 
DE CALOR DISCRETAS MONTADAS EM UMA DAS PAREDES I 
NATURAL CONVECTION ON A VERTICAL CAVITY WITH FLUSH MOUNT
ED HEAT SOURCES ON A LATERAL SIDE 

Tito Dias Jr., Eduardo Yoshinori Ronda, Ricardo Alan Verdú Ramos 
Departamento de EnJienharia Mecânica - Faculdade de EnJienlwria de Ilha Solteira - UNESP 
CEP 15385-000- Ilha Solteira-SI', Brasil- E-mail: titodias@feis.unesp.br; ramos@fei.umesp.br 

ln this work, the natural convcction effect on lhe flow and lhe heat transfer in a vertical cavi
ty with two discrete heat sources located on lhe left adiabatic wall is numerically studied. Laminar, 
two-dimensional and steady tlow has been assumed. lt has been used the Boussinesq approximation 
and the physical properties have been considered conslant. The finite volumes melhod has been used 
to discrete the governing elliptical equations. The numerical solution has been obtained by the SIM
PLE (Semi-Implicit Method for Pressure-Linkcd Equations) algorithm. A grid test was carried out and 
a more refined mesh was used near the heat sources rcgion and wilh smooth space progression after 
that. The intluence of the power distribution, spacing between thc heat sources and cavity aspect ratio 
have been investigated. An analysis of lhe average Nusselt numbcr of thc two heat sources was real
ized to verify the improvement of lhe heat transfer cocfficicnt. 

Keywords: Co11vecção Natural, fontes de calor discretas, cavidade vertical, método de volumes fini
tos I Natural convectio11, discrete heat sources, vertical cm,ity, Jinite volumes metlwd 

COB532 ANÁLISE TEÓRICA E EXPERIMENTAL DA TRANSFERÊNCIA DE 
CALOR EM PLACAS DE CIRCUITO IMPRESSO FORMANDO 
CANAIS VERTICAIS ABERTOS I THEORETICAL AND EXPERIMENTAL 
ANALYSIS OF THE HEAT TRANSFER lN PR/NTED CIRCUIT BOARDS 
FORMING OPEN VERTICAL CHANNELS 

Ana Cistina A velar & Marcelo Moreira Ganzarolli 
Departamento de Ener~-:ia, Faculdade de EnJietJiwria Mecânica- UNICAMP- Campinas 
CEP 13083-970, Campinas, Brasil- E-mail: Jianza@jem.unicamp.br 

This paper analyses the influence of steady wind shear (vertical wind prorile) on the wind tur
bines structural stability. The wind speed, in general , increascs wilh altitude (up to about 500 to 1500 
m) above the earth ' s surface. Howcver, for wind turbines, the altitude is limitcd to about 120m at the 
most because beyond this levei the cost of tower becomcs prohibitive. lt should be emphasized that 
we are talking about lhe wind turbine's rotor diameter of the order of 15 m or more. Hence, the wintl 
speed at the extreme points of the rotor disc, considering perpendicular to the upwind would certain
ly be different magnitude, results into wind shear. The latter would cause cyclic load 1/revolution. This 
paper describes very briefly lhe equations of blade motion that determine lhe dynamic stability. This 
f:quation then is used to estimate the load dueto wind shear. We have assumed a linear shear profile. 
The effect of it is estimated to calculate lhe bending moments. A step by step procedure is shown so 
as to have a real feel of the complexity involved in it. 
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Keywords: Transferência de calor, Canais verticais, Convecção 11atural, Convecção forçada, Placa 
de circuito impresso I Heat tran"1jer. Vertical challnels. Natural convection, Forced convection, 
Printed circuit board 

COB709 CONVECÇÃO NATURAL EM REGIME TRANSITÓRIO NO INTERIOR 
DE CAVIDADE POROSA I TRANSIENT NATURAL CONVECTION lN A 
POROUS CA VITY 

Paulo Maria & Jorge Llagostera 
Departamento de Ener}iilt, Fawldade de En;:enlwriu MeL'llllica- Uniwmp- Cttixa Posw/6122. CEP 13083-970 
Campinas, SP, Brasil. 
E-11tail : puulom@jem.utticamp.br, llll}.:IJst@_(em.IIJticlllltp./Jr 

A numerical simulation on transicnt natural convcction occurring in a square porous cavity is 
reported. The bottom wall of the bidimensional cavity is heated while the upper wall is cooled, both 
maintained at constant temperaturcs. The finite volume method was applied. Thc applicability of the 
Darcy model was assumed. Thc transient regime is examined for severa) intensities of the buoyancy 
effects dueto fluid tcmperaturc variations. The transient tluid flow and hcat transfer characteristics are 
studied and compared to other results. Global Nusselt numbers are reported for the heated and cooled 
walls. Aspects of the 1luid flow and tcmperature ficlds are illustratcd by eontour maps. 

Keywords: Convecçiiu natural, regime tra11sitório, cavidade porosa, modelo de Darcy I Natural con
vection, transient analysis, porous cavity, Darcy model 

COB718 CONVECÇÃO NATURAL TRANSITÓRIA TURBULENTA NUM 
RECIPIENTE CILÍNDRICO VERTICAL I TRANSIENT TURBULENT 
NATURAL CONVECTION INSIDE A VERTICAL CYLINDER 

Paulo Vatavuk & Marcos M. Pimenta 
Departamen/11 de En;:enlwria Mecânica. Escolu Politécnica - Universidade de Slio Paulo 
CEP: 005508-900, Siio Paulo, Brasil E-mail: pvatavuk@usp./Jr 

Natural convection of a liquid insidc a vertical cylinder is solved numerically. The tlow is 
caused by the unifonn heating of the lateral wall. ln spite of the practical importance of this problem 
very few results are available for the turbulent flow, which is thc subject of this work. The turbulencc 
model previously used by Ince & Launder, to study the problem of natural convection inside a rec
tangular cavity, was transformed into cylindrical coordinates and applied to the problem. This low 
Reynolds number model acccpts a laminar as well as a turbulent solution. So, as the tlow is initially 
laminar, it would be necessary in some instance to cause thc transition. This difficulty was avoided by 
considering that in the initial condition the tluid was static but had a high turbulence intensity. This 
technique was not completely successful becausc the initial turbulent intensity had a phase effect in 
the solution. 

Keywords: COtlllecçcio Natural - Modelos de Turbulência - Dinâmica dos Fluidos Complltacional 
Natural Convection- Turbulence Models- Computational.Fiuid Dynamics 
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COB719 CONVECÇÃO NATURAL TURBULENTA DE METAIS LÍQUIDOS 
EM CAVIDADES FECl-IADAS I NATURAL CONVECTION OF LIQUID 
METAL /NSIDE A CLOSED CA VITY 

Luiz Joaquim Cardoso Rocha & Angela Ourivio Nieckclc 
Deparlllmento de Engenharia MeCl1nica - l'on ti/fcia Un il'ersidade CotiÍ/ico do Rio de Jwtcim 
CEP 22453-900- Rio de Janeiro/lU- /Jrmil - E-mail: nieckefe@meqntc-rio. br 

At the presem work , natural convecti on of liquid metal inside a closed cavity is examined, 
based on the Boussinesq approximation. The upper and lower cavity walls are adiahatic, while the ver
tical walls are at uniform and different temperatures. When the Prandtl number is low, the transition 
from the lamin ar to the turhul ent regime occurs for a Raylei gh number approximately equal to I 05 . 
Therefore, the laminar and turbulent reg imes are examined. The turbulencc modcl selected was the 
two differential cquation low Reynolds numbcr LRN k-e model. The problem was numerically solved 
by the finite volume method, based on the Power-law interpolating scheme. The prcssure-velocity 
coupling was solveu with the algorithm SIMPLEC. The soluti on o btained was validated comparing 
with some experimental and numerical results availablc in the lite rature. The effect of the Rayleigh 
and Prandtl number in thc tlow fi e ld was examined. 

Keywords: Convecçlio Natuml - Metal Líquido - Escoamento Lnminor!Turbulento I Natural 
Convection - Liquid Metal - Lmninar!Turbulent Flmv 

COB775 LOCALLY-COUPLED NUMERICAL SOLUTION OF THERMALLY
DRIVEN CA VITY FLOWS 

Marcelo .T.S. de Lemos 
Departamento de Energia. lnstiluto Tecno!tígico de Aero/1/Íutica-CTA 
12228-900 - Süo José dos Campos. SP, Brtl.çif- E-mail: mlemos @!et:.Wl/.colll .br 

This work reports a numerical inves ti gation on buoyancy-induced tlows occurring in enclo
sures of small aspect ratio. The numerical method used consists of the control-volume approach anda 
new block-implicit smoothing opcrator. Governing equations are written in terms of the so-called 
primitive variables and are recast into a general form. ln the proposcd mcthod a li govcrning cquation 
are rclaxed loeall y, at the sarne time, in contras! with commonly uscd segregated sche mes. The cffect 
of the Rayleigh numbcr and aspect rat io on tempe rature and veloeity patterns are presenteei. 

Keywords: Coupled Solvers, Laminar Flow, Numerical Metlwds 

COB797 ANAL YSIS OF AXIAL FLUID CONDUCTION EFFECTS lN THER
MALLY DEVELOPING FLOW lN TUBES 

Ana Cristina Rocha de Castro, F. Scofano Neto & R. O. C. Guedes 
Deparlamento de Engenharia Mecânim e de Ma/criais. ln.Hituto Militar dt! En)ienlwria 
Praça General Ti/nírcio 80, CEI' 22290-270 l?io de Janeiro. lU, /Jrasi!. 1:'-Mail:ime.,4f,'m @epq.ime.e/J.!Jr 

Thi s contribution addresses the internal forced convecti on problem in a circular duet includ
ing axial tluid conduction effccts. The problem is modeled by taking under consideration the "two-
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rcgion" modcl which avoids the prescription of the inlct tcmperature pronle. The mathematical for
mulation is handled by lhe Generalized Integral Transform Technique and special consideration is 
given to the slug flow condition. The results are focused on the axial distribution of bulk and wall tem
peraturcs and Nussclt numbers ovcr a range of suitable Peclet and externa) Biot numbcrs. 

Keywords: Forcecl Convection, Eigenjitclion l:.J.pansion, Analytical Solution, Slug Flow 

COB798 CONJUGATED HEAT TRANSFER lN PARALLEL PLATE CHAN
NELS SUBJECTED TO A PRESCRIBED FLUX AT THE WALL 

R. C. de Araújo, R. O. C. Guedes & F. Scol'ano Neto 
Departamento de En~:enl111ria Mectinica e de Materiais. lmtiruro Militar de En~:enlwria- /ME 
Praça General Ti!Jlircio RO, Rio de Janeiro. RJ. 22290-270- E-mail: d4~:uedes@epq.i/lle.eb.br 

Conjugated convective-conductivc hcat transl'cr in laminar tlow insidc a parallel-plates chan
nel subjectcd to prescribcd wall hcat flux is invcstigatcd . Thc Generalizcd Integral Transform 
Techniquc is used to handlc thc mathematical formulation and results are prcsentcd in tcrms of the 
dimensionlcss parametcrs govcrning thc problcm. 

Keywords: Forced Conveclion, Thennal Enlmnce, f:'igenjirc/Üm E.1pansion, Conjuga/e Problems 

COB904 CONJUGA TE HEAT TRANSFER TO NEWTONIAN FLUIDS lN 
DUCTS BY FINITE ELEMENTS 

.José Karam Filho 
Laboratório Nacional de Co/1/fllllaçüo Cienr(jica (LNCC/CNPq-Brazi/) 
Rua Louro Muller 455, BotafÚJ.:O, Rio de Janeiro, lU. 22290-160, Brazil. e-11wil: Afi@alpllll.lncc.br 

Nisio C. Lobo Hrum 
l'roJ.:ralllll de f:n~:. Mecânica- COPI'EIUFIU. Cidade U11il•ersirúria. C. 1'. 6R503, Rio de Ja11eiro. RJ. 2 1945-970. Brazil 

ln thi s work , wc analyse conjugare heat transl'er problems to Newtonian tluids in ducts by an 
SUPG finite elemcnt method. Thc case of prcscribcd tempcraturc at the outsidc su rfacc wall is con
sidered, as well as radial and axial conduction cffccts in both tluid and solid. Heat fluxes are calculat
ed by a post-proccssing tcchnique and numcrical rcsults are' prcscntcd. 

Keywords: Conjuga/e conveclion-d([fusion hea/ lransfer, finile elemenl, posl-processirzg method, 
SUPG-mellwds I Tran.çferência conjugada de calor por conFecçüo-difirsiío, elemenlosjillilos, mé!odo 
de pós-processamento, mé10dos S U PC 

COB1124 CONVECÇÃO NATURAL TRANSIENTE EM CAVIDADES 3D I 
TRANSIENT NATURAL CONVECTION lN 3D CA VITIES 

Paulo Martins Tollini & Antonio Cesar Pinho Brasil .Tunior 
Departamento de EnJ.:enlwria Mecânica . Faculdade de TecHoloJ.:i<l -' UnB - /Jmsília 
CEP 70.910-900 Brosília. Brasil- C-mail: hrasil@ewll.llllh.br 
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The transient heat transfer by natural convection in a tluid confined into a completely filled 
3D cavity (H= 165 mm, L= 95 mm, W = 65 mm) is analyzed here. The tluid is initially ata temper
ature T fi , and ata given time, ali walls are heated to T b , greater than T fi . Heat is propagated by 
natural convection into the enclosure, until its complete thermal equilibrium. The problem is analyzed 
by numerical simulations and experimental measurements, for diffcrcnt valucs of the initial Raylcigh 
number. The numerical simulations are performed using the finite element mcthod for 3D natural con
vection tlow problems. Temperature profiles during the heating process, thc llow visualization of the 
convective patterns. a discussion of the topology of the tlow into the cavity and thc mixing problem 
resulted from the natural convective effects, are presentcd. Practical rclations for the Nussclt number 
into the cavity are proposed. 

Keywords: Natural convectio11. Heat trwz.~fer. Convecçcio Natural. Tran.~ferência de Calor 

COB1236 NATURAL CONVECTION lN THE EVAPORATOR REGION OF 
HOUSEHOLD REFRIGERATORS 

Ricardo Hernandez Pereira e Angela Ourivio Nieckele 
Deparrmelll o(Mec:lumical En}iineering. Prmriflcia Uni versidade Catrílicrt do Rio de Janeiro 
CEP 22453-900- Rio de Janeiro- RJ- Brazil- e-mail: nieckele@mecpuc-rio.!Jr 

The buoyancy induced convection of ai r in the evaporator rcgion of household refrigerators is 
investigated numerically. The problem formulalion accounts not only for body forces duelo temper
ature gradients, but also to thosc due to moisture nonuniform concentration. ln this way thc whole 
problem is governed by two dimcnsionless and independent body force parameters, Grashof numbers, 
related to temperaturc and moisturc concentration nonuniformity. Results were obtained for different 
combinations of thermal and conccntration Grashof numbcrs, while the problem gcometry rcmained 
unchanged. For a variety of operating conditions, that is , Grashof numbers, streamlinc patlern, tcm
perature and moisture concentration fields are shown. Emphasis is given to overall values of Nusselt 
and Sherwood numbers. that allow for estimation of the scnsible hcat cxchange and rate of a ir dehu
miditlcation between the evaporator and refrigerator cabinet. 

Keywords: Nawral Convection, Simularion, Rl~ji·igeratiorz, Evapomtor 

COB1286 ANÁLISE TEÓRICA DA CONVECÇÃO FORÇADA LAMINAR TRAN
SIENTE EM DESENVOLVIMENTO SIMULTÂNEO EM PLACAS 
PARALELAS I THEOR!CAL ANALYSIS OF THE TRANSIENT LAMINAR 
FORCED CONVECTION FOR SIMULTANEOUS DEVELOPING FLOW lN 
PARALLEL PLATE CHANNELS 

M. J. Medeiros, C. A. C. Santos, S. Kakac* & S.Cheroto* 
Coord. Prís-Graduaçüo em Eng. Mecúnim-CT I UFPB-Joüo Pessoa- PB 5R090-900- Brasil 
(*) /Jeparramenr ofMec:luuzical Engineering - Universiry o(Miwni- Coral Glabes-Firírida 33124. USII 

Transient laminar forced convection for simultancous devcloping llow between parallel plates 
is studied by aplying the generalizcd integral transfonn tcchnique. A fifth kind boundary condition for 
the energy equation is used and an auxiliar complex problcm is gencrated. Thc results for the Nussselt 
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number and bulk temperalure are compared with other publications in arder to validate the technique 
used in this work. 

Keywords: Transient Forca/ Convection 
Boundary Condition 

Generalizec/lntegral Tran.~form Technique Fifth Kind 

COB1289 ANÁLISE TEÓRICA DA CONVECÇÃO NATURAL LAMINAR NUMA 
CAVIDADE POROSA CONSIDERANDO O EFEITO DA POROSI
DADE VARIÁVEL I THEORICAL ANALYSIS OF LAMINAR NATURAL 
CONVECTJON INSIDE A RECTANGULAR CA VJTY POROUS CONDIDER
ING THE EFFECT OF VARIABLE POROSITY 

.Jesus Marlinaldo Medeiros+•, Francisco Marcondes++, Carlos Antônio C. Santos• & José 
Maurício Gurgel* 
(+)Escola Técnica Federal de Ser!iipe/UNED- Aracaju- SE 49056-260 
(++)Labora/lÍrio Computacional em Térmiw e Fluidos- LCTF-DEM-CCT-UFPB- marco!lde@lctft!fiJ/J.hr 
(*)Laboratârio de Ener!iill Solar- LES-CPGEM-DTM-UFPB- m/Jml@/es.r!fiJb.hr- /ilfl'!iel@les.ujjJh.br 
58059-900 Joüo Pes.ww - PB - Brasil 

A numerical study is peri'ormcd on slcady two-dimensional natural convection inside a rec
tangular porous enclosure with unirorm internal heat generalion. The boundary conditions were: Two 
isothermal walls al same lemperaturcs, lwo horizontal adiabatic walls. The effects of non-uniform 
porosity are taken into consideration in the momentum equation. The governing equations in lerms of 
lhe primitive variables are solved by lhe finite volume method. The coupling velocity- pressure was 
treated by PRIME algorithm employing staggered grids. The results are presented in terms of the 
isotherms, stream functions and Nusselt number with and without uniform porosity . 

Keywords: Natural Convection - Porous Medium - No!l-Darcia!l Model - Variable Porosity -
Convecçcio Natural- Meio Poroso - Modelo não Darciano- porosidade variâvel 

COB1372 FORCED CONVECTION AIR COOLING OF A 112 ATR PROCESSOR 
BOX - AN EXPERIMENTAL STUDY 

V. Srinivasa Rao*, R. Raghunathan*, K. Rajaiah*, K.S. Gauham** & K. Srinivasan** 
* E-mail: ra!i!Ht @ade.emet.ill 
* Scielllists. Aeronautiwl Deve!opment Estab!islullelll, /Jan!ialore-560 075, ilulia 
** Depr of'Medwnical Ell!i/i. lndia11 lnstirure of'Science, Bllll!ialore-560 012. ilulia 

Wind tunnel studies have been carried out to evaluate lhe forced conveetion air cooling 
requirements of a 1/2 ATR processar box designed for air-borne applications_ Yarious leveis of heat 
flux are simulated at the PCB levei in the box using resistance element heating. Pressure drop, tran
sient heating and cooling curves are analysed anda set of performance curves involving the time con
stants and steady state excess operating temperatures are obtained. 

Keywords: Processors, Convectioll, A ir cooling, Time constanl, Sieady state excess operating tem
perature 
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COBI420 VERTICAL PLATE lN RELATIVE MOTION TO A PARALLEL AIR 
STREAM 

M.V. A. BianchP, O. H. G. Branco2, .J.V.C. Vargas2 & R. Viskantal 
1 Heal Transfer Laboralory. Sclwol o( Meclwnical EngineerinJ<, Purdue Universily, Wesr Ut/ityelle. lN 47907-
12fifl USA 
2 Depar/allle/1/o de Engenharia Menlnico. Universidlllle Federal do l'arwuí 

Heat transfer from a surface in motion relative to eithcr a stationary or moving fluid occurs in 
many materiais processing applications such as hot rolling, cxtrusion, drawing, and drying. ln thi s 
study, an analysis has bccn carried out to predict convcctivc transport occurring in thc laminar air 
boundary layer on a continuous vertical surfacc which moves in parallcl or in counterllow with respect 
to the free stream in the presence of gravity. Numerical rcsults obtaincd with thc local non-similarity 
mcthod based on boundary layer assumptions are comparcd to numcrical rcsults from a complete for
mulation. Predictions for thc local skin friction and heat transfcr are madc for diffcrent configurations 
of the relative position of the surfacc and thc free stream. The comparison allows for the establish
mcnt of cri teria on whcn thc use of boundary laycr assumptions is an acccptablc approximation. Ncw 
rcsults are prcsentcd with the complete formulation using thc finitc clcmcnt mcthod. 

Keywords: Moving plate, laminar regime, .finite element melhot! 
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TEMA 24 - Condução 

COB288 TWO-DIMENSIONAL SIMULATION OF HEAT CONDUCTION lN 
ORDERED COMPOSITES WITH A THERMALL Y -CONDUCTING 
DISPERSED PHASE 

Manuel Ernani de Carvalho Cruz 
Departmmt of Meclullli<:a / En;;ineerin;;. EEICOI'PE/UFRJ, C/' 68503. CEI' 21945--970 Rio de Janeiro, RJ. Brazil 

ln thi s papcr wc cxtcnd a finitc--cl emcnt--based mcthodol ogy to simulatc two--dimensional 
heat conductio n in ordered compos ites wilh a thermally--conducling dispersed phase. The method of 
homogeni zation is emplo ycd to derive the continuous cell problcm and an expression for the effective 
thermal conductivity. Finitc elcment s are uscd for numerical solution of the cell problcm. Ou r formu
lation is applicable to both ordered and random compositcs; howcver, here we only compute the effec
tive conductivity of the forme r, and vali date ou r results against well--known analytical soluti ons to lhe 
sarne pro blem. Future researeh will extend lhe currenl implementation to random composites, which 
model real composite materiais more closely. 

Keywords: Heat Conduction; Finite Elements; Themzal Composites; Ordered Media; Numerical Metlwds 
I Condução de Calor; Elenwntos Finitos; Cmnpósitos Térmicos; Meios Ordenados; Métodos Numéricos 

COB299 SOLUÇÃO VIA TRANSFORMADA INTEGRAL PARA PROBLEMA 
DE CONDUÇÃO DE CALOR EM CHIPS COM ENCAPSULAMENTO 
PLÁSTICO I AN INTEGRAL TRANSFORM SOLUT/ON FOR THE HEAT 
COND UCTION PROBLEM lN PLAST/C ENCAPSULATED CHIPS 

L. B. Dantas, H. R. B. Orlande , R. M. Cotta and M. D. Mikhailov 
PEM/COPPEIUFIU. Cidade Universitúria, Cx. l'osw/68503. CEP 21.945- 970 Rio de Janeiro, RJ- E-mail: hei
cio @serv. com.ufij.br 

ln thi s papcr we study lhe stcady-state hcat conduction proble m involving a plastic cncapsu
lated chip. The two-rcgion probl e m is solved as a singlc-rcgion onc, by assu ming pcrfect contact 
between the chip and the cncapsul ant. Thc Class icallntcgral Transform Tcchniquc is uscd for the solu
tion of thc prescnt problcm, by using a two-dimensional au xili ary eigenvalue proble m. The 
Ge neralized Integral Transfonn Technique is thcn appli cd for the solution of such eigenvalue prob
le m. Results are prcsented for a typical tcst-casc. 

Keywords: Integral Transfonn Tecluúque, Plastic r:/l(:apsulated Chips, Heat Conduction / Técnica de 
Transformaçclo Integral, Chips com Encapsulamento Plástico, Conduçclo de Calor 

COB324 ESTIMADOR DE UMA FUNÇÃO OBJETIVO DE CORRELAÇÃO NA 
MEDIÇÃO SIMULTÂNEA DE PROPRIEDADES TÉRMICAS I SIMUL
TANEOUS THERMAL PROPERTIES ESTIMATION US/NC A CORRELA
TION OBJECTIVE FUNCTION ESTIMATOR 

Sandro M. M. de L. e Silva, Gil mar Guimarães & Man:us.A.V. Duarte 
Departamento de F:n;;enlwria Mecânica. Universidw.le Federal de [Jber/ândia- UFU - Uberlândia 
CEP 38400-902 UberlâiU/ia . MG. llmsil - E-mail: JiJ; IIima @ujil .br. metre1•e/@ uji.1.br 
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ABSTRACT T24 

This paper describes an experimental technique to measure simultaneously the thermal diffu
sivity and thermal conductivity of nonmctallic materiais. Thermal properties are estimated by using 
parameter estimation techniques with measured surface heat llux and temperature histories on only 
one surface of a perspex sample. ln addition the golden section optimization technique is used with 
the parameter estimation for minimizing two different objective functions. Each of lhe thermal prop
erties is estimated in a different way. The diffusivity estimation uses a correlation function estimator 
between the heat tlux and temperature while a square function error of experimental and estimated 
temperatures is the objective function used for determining the conductivity. A comparison with the 
guarded hot plate method indicates a deviation of 2.1% of the thermal eonductivity. 

Keywords: Estimação de Parâmetros, Medição de Propriedades Térmicas, Condução, Problemas 
Inversos, Otimizaçüo. Parameter Estimation, Thennal Properties Measuremellls, Heat Conduction, 
lnverse Problems, Optimization 

COB905 

Scalon, V .L. 

APLICAÇÃO DO MÉTODO DE ELEMENTOS FINITOS EM PROB
LEMAS DE MUDANÇA DE FASE COM PROPRIEDADES FÍSICAS 
DEPENDENTES DA TEMPERATURA I F/NITE ELEMENT METHOD 
APLICATION lN PHASE CHANCE PROBLEMS WITH TEMPERATURE 
DEPENDENT PHYSICAL PROPERTIES 

Depto de En,;enharia Mecânica- FET-UNESP-Bauru. Enwil: sca/on@bauru.wzesp.br 
Padilha, A. 
Depto de En,;enlwria Mecânica- FET-UNESP-Bauru. Email: padilha@bauru.wzesp.br 

Ismail, K.A.R. 
Depto de En,;. Térmica e de Fluidos- FEM-UNICAMP. Enwil: kamal@(ent.unicamp.br 

This work studies a solidification process with temperature-dependent physical properties for 
the solid region. Is developed a numerical unsteady model based upon an enthalpic approach and the 
finite element method. The obtained numerical results compare well with an analytical solution for a 
semi-infinite body and obtained experimental results. 

Keywords: Mudança de Fase/Phase Clwnge; Elementos Finitos/Finite Element; Método 
Entálpico/Enthalpic Metlwd 

COB1228 ESTUDO DE TÉCNICA PARA SOLUÇÃO DE PROBLEMA INVERSO 
DE CONDUÇÃO DE CALOR BIDIMENSIONAL I STUDING OF TWO
DIMENS/ONAL IHCP TECHNIQUES 

Frederico Romagnoli Silveira Lima & Gilmar Guimarães 
Departamento de En,;enharia Mecânica. Uni1·ersidade Federal de Uber!tÍ!tdia, Bloco JM, Campus Sal!la M!inica 
CEP 38-400 089 Uberlândia M. C. - E-nwil: ,;,;uinw@z!fit.br,Tonwgtzol@ufit.br. 

This work treats techniques for solving inverse heat conduction problems (IHCP) related to 
tools used in maehining. The surface heat tlux can be estimated from experimental and calculated tem-
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perature data. An evaluation of boundary conditions of metal cutting indicates the complexity of the 
thermal problem and a 3-D analysis is necessary. However, in a first study, the use of a simplified 
hypothesis enables two-dimensional (2D) analysis initially. The heat source due the machining 
process was simulated numerically to permita great flexibility in the analysis of the technique used. 
The results of the 2D analysis are presented in severa) graphics. ln this case, the linear imposed heat 
transfer history varies with time and position and the heat appeared to bc lost latcrally. Thc evaluation 
of results indicates the cases that thc methods can be applicd succcssfully. 

Keywords: ln verse problems - parameter estimarüm - heat cmuluctimz - two-dimensional- cutting 
I Problemas inversos- estimaçiio de parâmetros- conduçiio de calor- bidimensional- usinagem 
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TEMA 25 - Ebulição e Condensação 

COB247 TURBULENT WAKE OF AN AXISYMMETRIC BLUFF BODY 

Philippe P. M. Menut*, .Joel Delvillc** & .J;tcques Horée 
fn stitul de Mécanique des F/uides de Toulouse, ENSEEfHT-fNPT- U/?1\ CNRS 005, Al/ée C. Sou/a, 3 1400 

Toulouse. Frwz ce. 
* Presei/! address: Meclwnical En~;inee rin~; Pro~;ralll- PEM I COPI' I~ I UFIU. CP 68503, CEI' 2 1945-970. Rio 

de Janeiro, Brazil. 
** CEATI LEA- CNRS 191 - Uni1·ersité de l'oitiers, 43 rue ['!lérotirollle, 86036/'oitiers, Fmnce. 

This work deals with thc aerodynamic bchavi our of ncw wind sensor balloons wh ich are 

to be uscd to evaluate with high precision thc atmosphcri c concliti ons hc forc Arianc V launches. 

Due to the high complcx it y o f thc systcm, wc unclcrtook an ex perimental anal ysi s of a model sit

uation . The diagnostic mcthods uscd in vol ved global anel loca l detcc tion hy hot wire measurement 

techniques. The Strouhal number of the vortex shedding remains around 0.2 even in a three

dimensional axi symmetr ic conrigurati on. A spatio-temporal correlation analysis of the data anel 

the application of the POD reveals a strong influence of the drag transilion over the near wake. 

The periodic component of thc near wake shows, in thc subcriti cal range, a high levei of coher

ence which strongly decrcases ovcr the transition. The coupling of lhese rcsults wilh lhe shape 

evolution contrihute lo a hcucr knowledge anel control of thc stahilily in high altitude o f th ese 

new balloonss. 

Kcywords: Axisymmetric bh(/J body, Turbulenl wake, Tmnsirirm. Coheren t strttctures, H o/ wire mea

surement 

COB271 CONDENSAÇÃO PELICULAR SOBRE TUBOS INCLINADOS 
ANISOTÉRMICOS I FILM CONDENSAT!ON OVER ANISOTHERMAL 
!NCL/NED TUBES 

Figueiredo, Antonio Macdowcll & Aldélio Hueno Caldeira 
Progranw de Engenlwrio Men/11 ico, COI'f'EIUFIU - CP 68.503 CU ' 2 1.945 Rio de Joneiro - E-111ail: 

alllrl(@ serv.co/11.1(/ij.IJr 

A model is presentcd for the steady laminar film flow o f a newtonian liquid condensing from 

a steady snturated vapor over the non-isothermal externa! surface of an inclined luhe. The analysis 

results in a uni versnl and non-dimensional semi-analilica l solution in rcspcct lo Ra and Ja numbcrs and 

the duct inclination. T hc wall tcmpcrature variation must be gi ven as a function o r the angular pos i

tion. Calculalions are prcscntcd for a cosinc local tempcraturc distribution. The resulls are exprcsscd 

in lerms of thc dimensionless local film thickncss, local and avcraged Nusselt numhcrs, and the tem
pcrnture dislrihulion pararnctcr. Thc film thickness is found to dcpend significantly on the temperatu

ra non-uniformity , whereas thc ciTcct on thc averagc Nusscl t numhcr dcpcnds on lhe intcnsi ty of thi s 

temperaturc vari at ion. 

Keywords: lnclined Tubes, Fillll Condensation, CollllensaiÚ!Il 
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COB537 A MODEL FOR THE ICE CRYSTAL GROWTH lN LAMINAR 
FALLING FILMS 

Kamal A. R. Ismail & Musa M. Radwan 
Departamento de Engenharia Tér111ic:a e de Fluidos- FEM - UNICAMP Caixa l'ostal6122, 
CEP 13083-970- Ca111pilws (SI') - /Jrasil E-11ulil: kamal@fem.unicamp.br 

A finitc volume numcrical code has bccn dcvelopcd lo numerically approximate lhe rate of ice 
cryslal growth in a lami nar falling film fl owing down a cooled vertical plale. The governing energy 
equation contains the phase cncrgy as lhe source lerm. Enhancemcnt of heat transfer duc to suspend
cd ice cryslals is accounlccl for in lhe use of cffcclive values of lhcrmal coneluctivity, viscosity , lher

mal eliffusivily, and specific hcat as funclion of volumetric concenlration of ice crystals in the falling 
f ilm. Nusselt numbcrs, overall hcat transfcr coeiTicients betwecn thc fluiel anel cooleel plate, anel ice 

crystal growth rate were calcul alcel for eliiTcrcnt film thicknesscs with anel without axial eliffusion. 
Nusscll numbers anel ice crystal growlh rate were found to be elepcnelent on film Lhickness. Axial elif
fusion effects were found to be negligible for largcr film thickness (large llowratc). 

Keywords: Energy storage, heattran4er enhancement 

COB1137 MODELO NUMÉRICO PARA PREVISÃO DE INSTABILIDADES 
MORFOLÓGICAS NA SOLIDIFICAÇÃO DE LIGAS BINÁRIAS I 
NUMEI?ICAL MODEL TO EVALUATE MOI?PHOLOGICAL INSTABIL/TIES 

DURING SOL/DIFICATION OF BINA RY ALLOYS 

Romulo Heringer Ferreira 
Departamento de Física. U11iversidade Federal do F;spíriro San/o - 29060-900 Vilfíria, E.)' - E-mail: 

romulo @cce.ufes.hr 

Alvaro Toubes Prata 
Departamenlo de Engenharia Mecúniw. Universidade Federal de San/a Ca!arina - 880-10-900 Flori(lluípolis, SC 
E-11util: prara@ nrva.L({.\·c.br 

A numcri ca l modcl is proposeel to explore heat anel mass transfer during the unielirectional 
solielification of binary mctallic alloys in presence of morphological instabilities. Thc basic hypothe
sis aelopteel in lhe work is lhat lhe most important ctlect in the transpon of cnergy anel chemical species 
eluring the solidification is the increasing in the soliel liquiel interface arca. With this hypolhesis in con
junction with the linear stability theory proposeel by Mullins anel Sekerka, as well as the conclusions 

of Langer anel Muller-Krumbhaar rclalcd to the critcrion of marginal stability, lhe instability effect was 
incluelcel at thcrmal anel solutc balances across Lhe soliel liquiel interface. The energy anel solute trans

por! cquations were solveel simultaneously for both soliel anel liquiel regions using the finite volume 

methoelology. Thc present moelel allows to preelict interface vcl ocity, enlhalpy anel solute fielels, as 
well as the primary elenelrite arm spacing. 

Keywords: alloy solidification, frear wul11wss tran.~fer in solidification, 11Wt1Jiwlogical instabilities, 
dendrite growth I solid(ficaçiio, instabilidades morfológicas, 'crescimento dendrírico 
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TEMA 26 - Compressores 

COB313 ESCOAMENTO DE ÓLEO E REFRIGERANTE PELA FOLGA RADI
AL EM COMPRESSORES ROTATIVOS DE PISTÃO ROLANTE I OJL 
AND REFRIGERANT FLOW THROUGH RADIAL CLEARANCE lN 
ROLLJNG PISTON COMPRESSORS 

José Luiz Gasche, Álvaro Toubes Prata* & Rogério Tadeu da Silva Ferreira* 
Departamento de Engenharia Mecânica, Faculdade de Engenharia - UNESP - Ilha Solteira 
CEP 15.385-000 -Ilha Solteira-S?, Brasil- E-nwil:gasche@fei.ulllesp.br 
*Departamento de Engenharia Mecânica- NRVA. UFSC 
CEP 88.040-900- Florianâpolis-SC. Brasil- E-mail prata@nrva.uj.';c.br. rogerio@emc.ufsc.br 

ln this work, important points associated with the leakage of the refrigerant gas through the 
radial clearance in rolling piston compressors are discussed. This leakage is the main cause of volu
metric efficiency loss. The principal characteristic of this leakage tlow is its transient behavior since 
the chamber compression pressure, the absolute tangential velocity of the piston surface and the radi
al clearance, ali vary with time during lhe compression cycle. These parameters must be determined 
by modeling the gas compression process and the piston dynamics, and by knowing the pump geo
metric characteristics. Another important aspect in this flow modeling is related to the nature of the 
leaking fluid: a mixture composed by oil and dissolved refrigerant. As this mixture flows through a 
low pressure region, the dissolved refrigerant separates from the oil, forming bubbles, so that the mix
ture shitis to a new equilibrium condition, anda two-phasc flow is creatcd. Also foam may form in the 
flow due to the large numbcr of bubbles. Following this discussion, the importance of the inertial 
forces in the tlow is analyzed and a first model to calculate the oil and refrigerant flow through radi
al clearance is presented. 

Keywords: Compressor (Compressor), Refrigeração (Refrigeration), Refrigerante (Refrigerant), 
Óleo (Oil), Folga (Clearance) 

COB346 FORÇA AXIAL ATUANDO NUM DIFUSOR RADIAL DEVIDO AO 
MOVIMENTO SÚBITO DA PALHETA I AXIAL FORCE ON THE FRONTAL 
DISK OF A AXIALLY FED RADIAL DIFFUSER WITH MOV!NG BOUNDARY 

Carlos F. E. Alvesl,* , Washington Braga Filho' & Carlos A. Thompson2 
1 Departamen/0 de Engmftaria Mec<i11ica. PUC-Rio - Rua Marques de Stio Vicente. 225 
CEP 22453-900 Rio de Janeiro. Brasil- E-mail: wbraga @rdc.puc-rio.br 
2 Celllro Universitário Augusto da Motta - Rua Paris 72 
CEP 21041-020 Rio de Janeiro. Brasil- E-mail: ctlwntpson@opeltlink. com.br 

This paper reports preliminary numcrical results of some aspects of the axially fed radi al flow 
between parallel disks. Particularly, thc charactcristics of the ax ial force on a situation in which the 
frontal disk is suddenly movcd lo a ncw location (closer or further apart) is studied. The tlow is 
assumed incompressible, lam inar and isothermal. 

Keywords: compressor; mdial jlow; jinite volume; moving grid; space conservation I compressores; 
escoamento radial: volwnesfinitos; .fi"Oilleims móveis; consen•açlio de espaço 
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TEMA 27 - Refrigeração e Bombas de Calor 

ANÁLISE DO ESCOAMENTO EM TUBOS CAPILARES ADIABÁ
TICOS CONSIDERANDO O NÃO-EQUILÍBRIO HIDRODINÂMICO E 
TÉRMICO ENTRE AS FASES 

A. L. Seixlack 
Depto. de Engenharia Mecânica - FEISIUnesp- Ilha Solteira - SP - Brasil- E-mail: andre@dem.feis.unesp.br 

A. T. Prata e C. Melo 
Depto. de Engenharia Mecânica. NRVAIUFSC- Floriaruípolis- SC- Brasil- E-mail: melo@nrva.ufsc.br 

This work presents a model to simulate the refrigerant flow through capillary tubes, used as 
expansion devices in refrigeration systems. The governing and constitutive equations, the boundary 
conditions and the simplifying assumptions are presented and discussed. The two-fluid model, con
sidering the hidrodynamic and thermal non equilibrium between the liquid and vapor phases, is 
applied to the two-phase flow region. The pressure profiles and the mass flow rates given by the model 
are compared with experimental data and a good agreement is shown. 

Keywords: Capillary tubes, two-phase .flow, two-.fluid model. Tubos capilares, escoamento bifásico, 
modelo de dois fluidos. 

COB73 EQUAÇÕES CONSTITUTIVAS PARA TUBOS CAPILARES E O SEU 
IMPACTO SOBRE O DESEMPENHO DO PROGRAMA CAPILAR I 
CONSTITUTIVE EQUATIONS FOR CAPILLARY TUBES AND THEIR 
IMPACT ON THE CAPILAR PROGRAM PERFORMANCE 

Cláudio Melo (**), Carlos Boabaid Neto (*), Rogério Tadeu Da Silva Ferreira (**) 
(*)Escola Técnica Federal de Swlla Catarina I UnED-SJ 
(**) Universidade Federal de Santa Catarina I Depto. de Engenharia Mecânica I NRVA 
CEP 88040-900- Floriwuípolis- SC- E.nwil: me/o@nrva.uj.Çc.br 

This work presents a second version of a numerical model to simulate adiabatic capillary 
tubes. The constitutive equations employed in the first version of the modcl are replaced by new ones, 
derived from experimental work on capillary tubes. Comparisons with experimental data reveal that 
the second version predicts more accurately the refrigerant flow through adiabatic capillary tubes. 

Keywords: Capillary tubes, Expansion, Refrigeration, Tubos capilares, Refrigeraçüo 

COB740 CIRCUITO PARA ENSAIOS DE EVAPORADORES I EVAPORATORS 
TEST RIG 

Marcelo Bianchi(a) & Silvio de Oliveira .Jr(a, h) 

(a) InstituTo de Pesquisas Tecnolúgicas de Sào Pau lo (/PT)- Av. Proj: Almeida Prado, 532- Cidade UniversiTária 
- CEP 05508-901- Siio Paulo- E-mail: mabaet@it>t.br · 
(b) Escola Polirà·niw da USP- Deparran1enro de Engenharia Mecânica 
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This paper dcscribes an expcri'mental <tpparatus for tcsting cvaporators of rcsidential air 
conditioning systems. ln this test rig it is possiblc to determine the overall heat transfer cocffi
cient, prcssure loss (of air and rcfrigerant ~ides) and rcfrigcrating capacity as function of dif
ferent operating conditions (air llow rate, refrigcrant flow rate, cvaporating tcmpcrature, quali
ty at the evaporator inlet). This test rig can be utilizcd to characterize the performance of evap

orators of room conditioncrs employing different types of refrigcrant fluids and hcat cnhance

mcnt surfaccs. 

Keywords: evaporator test rig, room conditioners 

COB874 ESTUDO DO ESCOAMENTO DE REFRIGERANTES ATRAVÉS DE 
TUBOS CAPILARES- UMA REVISÃO CRÍTICA I A CRITICISM ON 
THE STUDIES OF THE FLOW THROUGH CAP/LLARY TUBES 

Marco A. S. de Paiva, Flavio A. S. Fiorelli, Alberto H. Neto, Otávio de M. Silvares 
Instituto de Pesquisas TeCitiÍJ;icas de Süo Paulo (!PT)- Av. l'n1[: Almeida Pmdo. 532 CEI' 05508-90/- Süo Paulo. 

E-mail: mpaiva @ipt.br 
Escola Politécnica da USP - Departll!llento de En!(enlwria Men1nica 

Some important aspccts conccrning thc mathcmatical modclling and numcrical simulation of 
thc tlow through capillary tubes, as treated by severa! researchers, are usually not prcsentcd in dctails 

on published papers. This papcr prcsents the phcnomcna, paramctcrs and variablcs that mostly gov

erns the tlow, performing some insights into them. 

Keywords: Capillat)' tubes, two-plwse .flow, re.fi·igeration, mathematicalmodellinf:, simulation 

COB901 VALIDAÇÃO DE UM MODELO PARA SIMULAÇÃO DE SISTEMAS 
DE AR CONDICIONADO COM TERMOACUMULAÇÃO I VALIDA
T/ON OF A MODEL FOR S!MULATION OF THERMAL STORAGE A/R 
CONDITIONING SYSTMEMS 

Osvaldo .José Venturini, Eli silva & Manuel da Silva Valente de Almeida 
Escola Federal de Elt!(enlwria de ltajubâ- Departamento de EnJ;enlwria Mecânica 
CEP 37500-000 ltajubú- MG Bwsi/ E-mail: venlllrill @iem.efi!i.rntl(.br 

This work prescnts a model for computational simulation of dircct icc-storagc air condition
ing systcms. The model dcvelopcd is bascd on the thcrmodynamies quasi-steady equilibrium process. 
The rcsults of the simulation are compared with experimental data obtaincd in thc ai r conditioning 
Jaboratory at EFEI. 

Keywords: Ar condicionado, termoacwuulação, modelo, simulaçiio e validaçiio I Air conditioning, 
themwl swrage. model, simulation mui validation 
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COB1140 MODELO DINÂMICO PARA A LUBRIFICAÇÃO DE PISTÕES EM 
COMPRESSORES ALTERNATIVOS DE REFRIGERAÇÃO I DYNAM
JC MODEL FOR PISTON LUBRICATION lN REFRIGERA TJON RECIPRO
CATING COMPRESSORS 

.Julio Romero Santos Fernandes 
GCS - Sisreuws Fluido Di/1(/micos. t:MB/?1\EU. 12227-901 Süo José dos Campos. SP - E-mail: 
f.iess{d@elllbraer.nllll.br 

Alvaro Toubes Prata 
Deparrau1e11111 de E11ge11lwria Mecâniw , U11i1·ersidade Fedem/ de Sa111a Carari11a - RRO.J0-900 Floriwuípolis, SC 
-E-mail: prara@llrva.trf.';c:.br 

Fabian Fagotti 
Divisüo de Pes11lli.1·a Menl11ic:a e Mareriais, f:'M BR!I CO. f/92 19-90 I Joillville. SC - E-mail: 
pesqmec (g) embraco. co111. h r 

A numerical simulation of thc piston movement insidc the cylinder of a reciprocating com
pressor is pcrfonncd. Thc compressor considcrcd here is a small hcrmet ic compressor cmployed in 
domcstic rcfrigcrators. For the problem fonnulation both the axi81 and the radi al piston motion is con
sidered. ln opcration, thc piston moves up and down along thc axis of the cylindcr, but the radial oscil
latory motion in lhe cylindcr borc, dcspitc bcing usua lly small, plays a vcry important role on the com
pressor performancc and rcliability. Thc forces acting on thc piston are thc hydrodynamic force due 
to the pressurc build up in the oil film (lubricalion ciTects), the force due to lhe connecting rod, the 
vi scous force associated with the rclativc motion betwecn thc pisto11 and oil, and the force exerted by 
thc gas on the top of lhe piston. Ali corrcsponding momcnts are also i11cludcd in the problem formu
lation of the piston dynamics in ordcr to determine the piston trajcctory. vclocity and acceleration at 
each time stcp. Thc results explore the etTccls of severa! dcsign paramcters and opcration conditions 
on the stability of lhe piston. its scaling performa11ce a11d friction losscs. 

Kcywords: pis1o11 dynarrtics, pi.l'lrm lubricllfion, sealing, compressor operalion I dinâmica de pislão, 
lubriflcaçcio de J!isliio, vedaçiio, OJiemçüo de compressores 

COB1284 SIMULAÇÃO DE UM REFRIGERADOR ADSORTIVO REGENERA
TIVO UTILIZANDO REJEITOS TÉRMICOS I SJMULATION OF AN 
ADSORPTION REFRIGERATJON REGENERATED BY REJECTED HEAT 

.José Espínola .Jr+, .Jesus Marinaldo Medeiros# & José Maurício Gurgel" 
(+)Escola Técnica Fedem! de Ser[.iipe/UNED- !lracuju- SE -19056-260 
(#) UFP/J/CTICI'GEM/LioS' 
(*) UFPB/DTM/CI'GEM!Luborur<irio de LÍil!rgia Solar. E-lllail!'urge/@ /es.ujjJ/J.br. 58059-900Joc/o Pessoa- PB- Bmsil 

This rcsearch prcsc11ts numcrical simulatio11 anda l:.llcr dimcnsioning tcchnique for a refriger
ation systcm baseei 011 solid sorption, taking adva11tagc of lhe rcjcctcd hcat of a stationary internal com
bustion motor for rcgcncralion. Thc fu11ctioning is bascd on a chemical rcaction bctwecn lwo com
pounds, one in solid form and thc othcr in liquid fonn or vapor. Thc choicc of thc frigorific pair 
depc11ds 011 thc dcsircd working tempcrature for evaporalion and also the max imum tcmperature at 
which thc adsorbcnt can bc rcactivatcd. ln ordcr to analyze thc influc11cc of thc frigorific pair, as wcll 
as thc optimizatio11 of thc protolypes. it is nccessary to construcl a mathcmatical model which rcprc
scnts corrcctly lhe opcration ol· a real systcm. ln this modcl, lhe hcat cquations are solvcd within thc 
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porous medius coupled to thc form of heat generation relative to the mass transportation. Computation 
methods will be used to solve in finite differences. 

Keywords: Re.frigeration - solid adsorption -· porous medius - active carbon - metlzanoll Adsorçcio 
sólida - carvcio ativado - re.frigeraçclo - leito poroso - metanol 

COB1423 SISTEMA FRIGORÍFICO A ADSORÇÃO UTILIZANDO CARVÃO 
ATIVADO-METANOL COM REGENERAÇÃO POR ENERGIA 
SOLAR I ADSORPTION SOLAR COOL/NG SYSTEM USING ACTIVATED 
CARBON-METHANOL 

Antonio Pralon Ferreira Leite 
Depar/ll/1/ento de EnJienlwria Mecânica, Cenlro de Ciências e Tecnolojiia- UFPB 
CEI' 58.109-970 Campina Grmu/e-1'13, Brasil- E-1uail: pralou@IC({zdjlb.br 

An analytical moclcl of a new-conccption of solid sorption solar cooling systcm and its numcr
ical simulation are prcscntcd. This model accounts instantaneous heat and mass transfers in each com
ponent of thc machine, during a wholc charactcristic avcragc day of cach month. Thc innovation of 
the machinc consists in the use of a honcycomb TIM's covcr for the solar collector and multi tubular 
configurations for lhe reactor and thc cvaporator. Thc performancc of the machinc is cvaluatcd utiliz
ing mcteorological data for onc rcgion of Brazil closc to the cquator, for thc hottest six months. The 
results are compared with thosc obtaincd by modeling the system with a singlc cover solar collector 
and those from an experimental study of a prototypc with usual componcnts rcalizcd in Tunisia. Thc 
average net solar COP for Lhe six months was 0.13 for thc TIM covcr system , corrcsponding to an ice 
production going from up to 7 to I O kg per day per square meter of collector surface, respectively for 

March and Decembcr, with solar irradiations of 20 to 23 MJJm2. 

Keywords: Adsorption, Solar Cooling, Activated Carbon-Metlzanol, Nwnerical Sinwlatio11 I 
Adsorçüo, Refrigeraçao Solar, Carvao Ativado-Metanol. Simulação Numérica 
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TEMA 28 - Combustão 

COB306 TERMOQUÍMICA DOS PRODUTOS DE COMBUSTÃO UTILIZANDO 
PROPRIEDADES TERMODINÂMICAS OBTIDAS DA MECÂNICA 
ESTATÍSTICA I TERMOCHEMICAL OF COMBUSTION PRODUCTS 
US/NG THERMODYNAMIC PROPERTIES OBTAINED OF STATISTICAL 
MECHANICS 

Carlos Alberto Rocha Pimentcl 
Instituto de E11Menlwria Aeronáutica- IEA, Instituto Tecnoilíl{ico de Aeronáutica- !TA 
CEP 12228- 900 Süo José dos Campos, SP Brasil - E- mail: car/osal@aer.ita.cta.br 

José Nivaldo Hinckel & Jorge Koreeda 
Divisão de Mecânim Espacial e Ctmtrole. b1stituto Nacirmal de Pesquisas Espaciais - INPE 
Av. dos Astronautas 1758. Caixa Postal 515 CEP 12201-970 Süo José dos Campos, SP Brasil
E- mail: llinckel@sif.ima.dem.inpe.hr 

This work presents the rcsults of an analytical model and a compuler program to obtain ther
mochemical properties of combustion products in a liquid rocket motors, using the method of statisti
cal mechanic to calculation thcrmodynamic propertics of the species. The equations of statistical 
mechanics and thc techniquc of minimization of Gibbs frec energy are used to cal cu late the thermo
chemical functions and lhe cquilibrium chemical composition. Thesc methods are applied to the cal
culation of equilibrium propcrties of the combuslion products in liquid rocket motors for differcnt pro
pellant pairs, 0/F ratios and chambcr prcssurcs. The results obtaincd from this method are compared 
to those of NASA SP-273. 

Keywords: Combustion products - equilibrium chemical compositüm - statisticalmeclwnics - mini
mization of Gibbs free energy - liquid .fitei I Produtos de combustcio - Composiçclo em equilíbrio 
químico- Mecânica estatística - Minimiwçcio da energia livre de Gibbs- Combustível líquido 

COB323 INCINERAÇÃO DE RESÍDUOS SÓLIDOS DE SERVIÇOS DE SAÚDE 
UTILIZANDO O BIOGÁS DE ATERROS SANITÁRIOS I MEDICAL 
WASTES INCINERATION WITH UTILIZATION OF THE BIOGAS GENER
ATED FROM SANITARY LANDFILLS 

Celso Luiz da Silva 
Departamento de Engenharia Mecânica, FET I UNESP- /Jrwru/BN- E-lllllil: c:elsos@azul.bauru.wlesp.br 
Enric Velo 
Deparlanlelllll de Máquinas y Motores Térmicos. ETSEflJ I UI'C- BarcelonaiES 
0/\028- Av. Dial{mwl. 647, 7". Barcelona. EsjJllllll- E-mail: ew-ic:@nllnl.upc.es 

This paper takcs considcralion about the utilisation of thc biogas generated from sanitary 
landfills as a support encrgy sourcc on medical wastcs incineration processes. The data from similar 
incinerators currently operating in Brasilian cities and data bibliography has uscd. The results of the 
prcsent study shows thc volume o r lhe biogas ncccssary for operating system as function of the habi
tants number. 

Keywords: lncineraçclo -Biof:CÍS- Resíduos- Combustclo- Etiergia- lncineration -Medical Wastes 
Combustion - Energy 
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COB525 CONSIDERAÇÕES SOBRE- A RELEVÂNCIA DOS 3Ts NA INCINE
RAÇÃO DE RESÍDUOS ORGÂNICOS I CONSIDERATION CONCEN
NING ON THE 3T's S/GNIFICANCE lN THE ONGANIC RESIDUES INC!
NERAT/ON 

.José Claudio Moura & Moacir .José llul'o 
Deptlr/1111/l'lllo t!e /'rlll:essos Químicos. Flll:uldude de l:'ngenllllrio Químico- V NICAM/' 

CEI' 13083-970 Cumpinos. l lmsil- E-nroil: lllllllrti @ .fetf.Wiietllllf>.l>r 

We diseuss the 3Ts (Tcmperature, Residcnce time and Turbulcncc) real importance on the 
organic compounds incineration. trying to show that thc temperature importance over X50°C, after 
thennal dccomposition (Pyrolysis) and panial comhustion of thc organic componds, the carbon 
monox ide comhustion dcl'ines lhe ligh temperalllre nccds . But, arround 01 ooe, 2 seconds ot' rcsidcnce 
time puts the conversion ovcr thc l'our nines (99.9() %) pall crn l'ixcd hy the prescnt regulation, NB-
1265, for incineration pcrl'onnancc. ll' we :Jilcnd thcse conditions , the principal goal on incineration ol' 
organic componds is altained by the hest turhulcncc. 

Keywords: lncirwmçüo, lnrJwrrftncia dos 3T's, i\/JNT NJJ 1265, l'irá!i.l·e , Monáxido de carbono. 
lircinemtion, 11vmlisis, 3T'., Corubustion, ABNT NJJ 1265, Car!JOrr nrmw.lide 

COB540 SISTEMA DE COLETA E ANÁLISE DE GASES E ALCATRÕES DE 
GASEIFICADORES I A LAIJONATORY TYPE TA!? GAS AND PANTICU
LATE SAMPL!NG UNIT 

Ricardo De Lenn Perei.-:1, Caio Glauco Sánchez 
/Jejl/11'//lllll'/1/o de J:'llgenlroriu'f'émriur <'de Fluídos. Focu/dude de l:'ngenllllrio Medinicu. UNICAMI'. Colllj>inos. 

SI', Coi.w /'os/111 6088, 13083-970 ~:·-nlllil: urio @Ji•nr.rurinllllj>./Jr 

A laborawry type tar and paniculate sampling unit has becn designcd for quantitati ve asses
mcnt or contaminant in biomass bascd produccr gas. Dcvclopmcnt of cllicicnt clcaning systcm is an 
important facet or hiomass gasification tcchnology. 

Keywords: lsocinetic .WIIIflliug unit, Tar. Gaseification, Cas clmuing I Amostragem i.wciuética; 
Alcotriio; Lirnpe:a de gás; Cosei(icaíiío 

COB1113 MODELO SIMPLIFICADO PARA A VAPORIZAÇÃO DE GOTAS DE 
COMBUSTÍVEL EMULSIFICADO I SIMPLIFIED MODEL FOR VA/10R.
IZATION OF EMULS!F!ED FUEL /JIWPLE7:S· 

Luiz Fernando Teixeint Leite & Paulo Laranjeira da Cunha Lage 
l'rog/'/111/ll de Engellflllriu Quí111im. C0/'1'!;-UFIU-IIIIll do Fu11dtlo 

CU':?/. 945-970 1//ru do Fr11uhio. /Jmsil - 1:·-ullli l: J>llltfo (ª\f'l'lf.CIIJ>Jit'.ll/ij.l>r 

A modcl J'or lhe vaporization o!' emulsil'icd J'ucl droplcts h as bccn dcvclopcd hy assuming tran
sicnt-d illusi vc hcat transpor! ;md constant liquid composition wi thi n thc druplet. For the g;IS-phase, 
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thc cxtcnded film theory has heen usetL The model is used to simulate de vaporization of watcr-in
hexadecane emulsion droplets in order to study the microexplosion phe11omena. lt has heen shown 
that. although some trends are well predicted. the inrtue11ce o r thc initial mass fractio11 of water 011 the 
rclative time for thc occurrencc or microcxplosion is wrongly prcdicted by lhe modcl. Thc reason 
seems to be thc inconsistency or thc constam liquid composition hypothesis. 

Kcywords: E11wls(fled .fite/, lllicmexplosion, SIIJierheated elllllision, droplet vaporiz.ation I 
Comlms/Íl•el emulsificado, lllicme.rp!o.l'lio, Cllllllsâo SIIJII'I'(I{jliCCida, \'OJ!Orizaçâo de gotas 

COB1241 CONTROLE DAS EMISSÕES DE NOX EM MOTORES DIESEL 
MARÍTIMOS I NOX EMISSION CONTROL lN MAI?INE DIESEL ENG INES 

Alexandre Teixeira P. Alho 
!Jepal'lal//e/1/o de Eugeulwria Nam/. Cs.:o/a th• ' ' ''geulwria- UFIU 

Silvio Carlos A. Almeida 
Uepamllneuto de Eugmluma Mccúuicu. Lw:ola de /o'ngenlwria - UFIU- CEI' 2 I. 9-15-970. 1//w do Fuudüo, Rio 
de Janeiro. Bmsil 

E-uwil: allw@peuo.<:nt'l'"·''fi')./Jr 

ln recent yea rs, an increasing awarcness or the contribution or marine exhaust emissions to 
atmospherie pollution has been observed, with particular attention 011 the emissi on of nitrogen 
oxides, NOX. This concern is rel'lccted in the high priority established by the lnternational 
Maritime Organi1.ation (IMO), as well as several countries. in the implementation of restrietions 
on emi ssions from marine sourccs. This paper di scusscs the princi pal aspects related to NOX emis
sion control or marinc diese l engines. Some or thc conlrol methods developed hy enginc builders 
are rcviewcd w ith rcspect 10 thci r ellicicncy and rcla ted problems on engin~: op~:ration. f.'uturc 
prospccts of ~:ach proposcd solutinn ar~: cvaluat~:d in v inv or social demand ror more r~:strictiv~: 
ernissions limits. 

Kcywords: Diesel, Cmubust<io, l:úJissiies, Coutmle, Poluiç:lio I Diesel, Co111úustion , Eulissiuns, 
Conlml, l'ullulion 

COB1243 AN ANALYTICALLY GENERATED GRID FOR DROPLET-STREAM 
COMBUSTION PROBLEMS 

Alhino .J.K. Lci.-oz Lambda & Rogcr H. Rangel 
Def!llr/lllent o/Mecltallicolwlll 1\em.IJNWt< f11ginari11g. lln11·cr.l'i ty ofCo/ifomia. /n •it te -- ln·ine. C!\ '}2()97-3975 US!\ 

Th~: present work describ~:s the devclopment o!' a discrctizing grid i'or th~: numcrica l study or 
droplet stream comhustion probkms. Th~: small and largc length sca le ph~:nom~:na associatcd with the 
pn>c~:ss ar~: addr~:ss~:d by splitting the physical domain i111o near and far-i'ield subdomains. Within thc 
inner suhd-omain , cxpr~:ssions prev iously developcd for droplet-stream vaporization studies are used 
allowing the devclopment of appropriate finite-dillcrcnce expressions and control or grid poinl distri
hut.ion. Analytical cxpression are dcv~:lop~:d and applied to thç outer subdomain coordinale system in 
order lo match th~: inner andou ter grids along thc subdomain interface and to prop~:rl y addr~:ss the out-
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tlow boundary conditions using a regularly spaced grid. The proposed extension of the numerical 
approach previously used is made necessary by the singularity prescnt in the coordinate transforma
tion which becomcs important as high aspect ratio domains are studied. The singularity affects the 
results leading to nonrcalistic velocity profíles at thc droplet surface. Quasi-steady and transient 
results, which indicate interaction effects presem over a broad range of interdroplet distanccs, are also 
presented. 

Keywords: Combustion, Vaporiz:.ation, Phase-Change, Numerical Methods, Grid Generation 

COB1247 FRENTE DE CHAMA: MODELAGEM E PESQUISA DAS CARAC
TERISTICAS DETALHADAS I FRONT OF FLAME: RESEARCH AND 
MODELING OF DETAILS CHARACTER/STJCAS 

lckhakova Raissa, Denise Knorst, Abdulline Airat 
Mestrado em Modela~:em Matenuítica- UN/JUI. CD 560 98.700-000 ljuí!RS. Brasil. E-mllil: infi'~:m@super.uni
jui.tcile.br 
Departamento de ciências térmicas KGTU. CP 420111 Kawn/Tatar.Htlll. Rtissia, Enwil: 
llllliiiiOV@kaidlll.ksll.ras.ru 

The present work propose a form of lhe lhermal model equations that not use the boundary 
conditions on the - "hot" limit. Onc too apply the exponential form of lhe chemical kinetics equa
tions.The corresponding algorilhm and program are invariant to reagent medium. The numerical 
results to fuel: CH4 + air; C:1H8 + air are shown. 

Keywords: Frente de chama, modelo térmico, substâncias intermediárias, e/l/a/pia I Front of jlame, 
thermalmodel, intermediate substance, entalpia 

COB1249 PESQUISA TEÓRICA DOS ESCOAMENTOS QUIMICAMENTE 
DESEQUILIBRADOS EM TUBEIRAS SUPERSÔNICAS I THEORETI
CAL RESEARCH OF UNEQUIL/BRIUM CHEMICALLY FLOW lN SUPER
SONICS NOSSELS 

Krioukov Viktor, Trinos Tanls 
Meslrado em Modela~:em Mlltenuítica - UN/JUI .CP 560 98700-000 ljuíii?S. llmsil. E-mail: krillkov@.wper.uni
jui.lclie.!Jr 
Deparlamenlo de Ciências Térmicas - KGTU, CP 420111 Kazan/ Tatanlwl . RLissia. E-mail: 
trilws@kaidla.ksu. ras. ru 

The present work study the model of the unequilibrium chcmieally current in supcrsonic nos
sei.The advantage of this model is the possibility to calculate the proprieties of thc currents as much 
gaseous as condensed phase. One describe the algorithm and program that are invariant to reagent 
medium . The numerical results to many fuel are shown. 

Keywords: Tubeiras, escoamento, cinética química, modelagem. I Nosse/s, current, chemical kine
tic, modeling 
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COB1410 UNSTRUCTURED ADAPTIVE GRID FLOW SIMULATIONS OF 
INERT AND REACTIVE GAS MIXTURES 

Heidi Korzenowski 
Instituto Tecnolôgico de Aeronáutica, CTAIITAIIEA. S.J. Campos, SP -lieidi@aer.ita.cta.br 
Luis F. Figueira da Silva 
Laboratoire de Combustimz et de D'etonique, CNRS. Poitiers, France- da-silva@lcd.wziv"poitiers.fr 

João L. F. Azevedo 
Instituto de Aeronáutica e Espa,co, CTAIIAE/ASE-N, S.J. Campos, SP- azevedo@ase2.iae.cta.br 

An adaptive, unstructurcd grid, tlow simulation capability is applied to the calculation of high 
speed, compressible flows of inert and reactive gas mixtures. ln the present case, the tlowfield is sim
ulated using the 2-D Euler equations which are discretized in a cell centered based finite volume pro
cedure on unstructured triangular meshes. Interface fluxes are calculated by a Liou flux vector split
ting schcme which has been adapted to an unstructurcd grid context by the authors. Physico-chemical 
properties are functions of thc local mixturcs composition, tcmperature and pressure, which are com
puted using the CHEMKIN-11 subroutines. Computational results are presentcd for the case of pre
mixed hydrogen-air tlow over a 2-D wedge. ln such a configuration, combustion may be triggered 
behind the oblique shock wave and transition to an oblique detonation wave is eventually obtained. lt 
is shown that the solution adaptive procedure implemented is able to accurately define the important 
wave fronts. 

Keywords: Gas Mixtures, Reactive Flow, Unstructured Grid Methods, Finite Volume 
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COB334 BANCO DE TRABA.JO 2D PARA EL DESARROLLO DE SUB-MODE
LOS DE MOTORES DE ENCENDIDO POR CHISPA 

Gino Uclla & S Cordincr 
Diparrimento de lngegnerio Mecconico Uni1·ersito di Roma "Tor Vergoto" Via de/lo Ricerca Sc:icntifica 00133 
Roma/to/ia. E-mail: /Jel!o @utol'mJ.it 

Gabriel Dcfranco 
Lahoratorio de Máquinas Térmicas. Facultai/ de lngeniería U.N.L.P. /11•. I y .f7 La 1'/alil 1900 1\rgentina. 
E-mail: Rhdejran@volw. ingllllip. edu.ar 

A 20 linitc volume modcl has hecn developed as a workheneh ror suh-models dcvclopment 

for combustion, turbulence and wall interaction in spark ignition engines combustion modeling. ln 
particu lar diiTcrent rormul ation of the cddy brcak-up model ror turbulent premi xed combustion havc 

becn eastcd in the 20 framework in conjuction with standard k-cpsilon and k-epsilon-RNG turbulcncc 

models formulation. Thc simpl iricd 20 rormulation rcsul ts p<lrticularly suited for model assessmcn t. 
Numerieal results h:1ve been then compared with experimental results varying the basie uperational 

parameter (i.e. air/fuel rati o and RPM) . ln cylinder pressure data have been recorded ror a 1242 Fiat 

MP! engine in dillerent opcrating conclitions. Prcssure data and calculated heat rclease rate have bccn 

compared with numerical prcdictions. Evcn in the 20 simplit'ied approach results scem to bc on good 
accordance with thc experimcnts and the the fundament al hehaviour o r the combu stion mudei is cor
rectly described. 

Kcywords: molor de comlmstitÍil inlema- modelo muliidimensional de simulacúín de II/Olor- mode
lo turlmleiUo - mo/or de encendido por chispn - muílisi.1· decOJnlmslion 

COB337 SISTEMA PAnA ME.JORAn LAS CARACTERISTICAS DE AURANQUE 
DE LOS MOTORES DIESEL EN LA ALTURA 

Guillcrmo Lira Cacho, Nicolai l'atrakhalscv & Jorge l'oncc G. 
Seu:iiÍn de l'osgmdo. Ftl(:llltod de lngenierío Meccínico - Unii'('I'Sidud Nacicnw/ de lngenieríu 

i\ v. Túpac i\nwm 210- Rímac. l..ima-i'l'I'IÍ - E-mail: lllllsterJim @ulli.edll.f'l' 

Se presentan los fundamentos teóricos de un sistema para mejorar cl arranque de los motores 
diesel en la altura, que int:luye una válvula especial, denominada RNO, utilizada para introduci r líqui

dos inllamables a hl l ínea de alta prcs ión dei sistenw de inyección, y así reducir el período de retraso 

dei encendido durante el <JJTanquc. Complementariamcnte, se propone cl método de desconex ión par

cial de cilindros para evi tar que el motor se apague después de arrancar. También, se presentan los 
resultados experimentalcs dei tiempo de arranque, utili za ndo líquidos inllamables, en un banco de 
pruebas con simulación de altura estrangulando la admi sión. 

Kcywords: Armnque en .fi'íó, ollum, J!CI'Íodo de rclmso dei encendido, vclocidod críl ico, I'Óivula 
RND, descone.riá11 de cilindms. líqnidos Íl (/lmnahlcs 
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COB518 IDENTIFICAÇÃO DE DETONAÇÃO EM MOTORES DE COMBUSTÃO 
INTERNA- PROCEDIMENTO EXPERIMENTAL 

Luiz C.D. Arhoés, Alessandro B. de S. Oliveira, Fernando .J.R. Neves & .João N.S. Vianna 
DejJlll'lllllll' ll/11 de l :úgelllwrio lv/enlllic'/1 - 1-itcu/dude de Tenwlogio - U11/1 
CD' 709/ 0-900 11rusí/io - 11rusil /o--1111111: oless0>.,·et})('II.\'.<'IIIII.III//J./Jr 

This work prescnls lhe resulls oi' lcsls aimed at developi11g a mclhodoiogy ror lhe correct idcnli
ficalion anel analysis or knocki11g in intcnwl combus1io11 c11gincs duri11g laboratory tcsling. Thc instru
mcntatiol1 layout. and tcst mclhmls uscd are prcsc11tcd. <IS wcll as the rcsulls obtaincd for gasolinc cngincs 
\)r di ITerem eapacities. Thc objectives or the lesls Íl1cludcd lhe idcl1tillcaliol1 or block vibratÍOI1 frcqucl1-
cics causcd by knocking, lhe dclcrminalion o r thc optimum position on thc cngi11e block ror thc knock sen
sor, and lhe analysis o r the inrluence or engine speed and ignition adva11ce on the inte11si1y o r knocking. 

Keywords: Molon.•s. /)ewnoçiío. Sensores, Vibmcclo, Pressiío 

COB727 SOBRE A ESCOLHA DE SISTEMA DE CONTROLE DO VETOR 
EMPUXO DE MOTORES OGUETE A PROPELENTE LÍQUIDO I ON 
THE CHOOSE OF TI-/E THIWST VECTOH CONT/WL SYSTEM OF L/QUID 
P!WPELLANT IWCKET ENGINf}) 

Alcxandr Alcxandrovich Kozlov, Toshiaki Yoshino, Adalhe•·to Pacífico Comiran, Mário Niwa 
/)il'isiio de l'mJ>III.wio- C'JJ\.Ji\E- CU' 12228-9().) Stio José dos 1'11111/JOS. 11rusil 

;\This papcr dcscribes an analysis 011 thc suitability or dillcrcnt typcs or thru st vector control 
(TYC) system to bc applicd to liquid rockcl c11gines ol· open cyclc schcmc. ll prov idcs dcscriptio11 o r 
clillcrent typcs o r cxisling Russi<lll cngines and the TYC lllCihods lha! is utilii.Cd in thcsc systems. ln 
particular. detailcd analysis is co11ductcd 011 lhe propulsio11 systcm usi11g liquid oxige11/kcroscnc pro
pclla11l S on thrce dillcrc111 opcn cyclc co11i'iguratio11s, aimi11g lhe scco11d stage oi' YLS-2 launchcr. 
Thcsl~ coni'igurations <lrc: a) onc lurhopump fccding rour J'ixcd comhuslion cllambcrs. with the altitude 
control forces provided hy i'our vernicr nozzlcs cxpclli11g g<lscs rrom the turhinc ; h) onc turbopump 
fccdi11g four rixed COI11hUSlÍOI1 dwmhers, with lhe C011lro) forces providcd hy four gimballing COill· 

bustion chamhcrs ICcded hy indcpcmlcnl lurhopump: and c) l'our <IUlonomous gimballing engincs, 
cach onc having its own turhopump and comhustion chambcr. 

Kcywords: J'mtml.w/o líquido, tllolorjiJguele. conlrole de o/ilude, conlrole do vetor l'lllflll.ro, veículo 
/ançodor I liquid pmpu!sion , rocket engine, ollitude contml. lhmst l'ector contml. /owtch l'ehicle 

COB72!) EXPERIMENTOS BÁSICOS SOBRE MOTOR FOGUETE A PROPE
LENTE LÍQUIDO I lli\SIC EXPER!Mr'NTS ON L/QU!D PROPELLANT 
IWCKET ENGINE 

Mário Niwa, Marco Aun";lio da Cunha Alves, Carlos Roberto Arantcs Viei1·a & Roberto dos 
Passos Yidal 
fll slilut!l tle ,1erti111 Íifllu; e l:'spuco. C('! tiro FéntinJ ;\cmesf"'ciul. /i\I:!C/1\ 
Cio'!' 12228-<J().J Sti!l .lo.l'<; tios C<IIIIJHJ.I', SI'. llmsil -- 1:·-/J/IIil: nill'<l(o>i;·onet .cnm./Jr 

S7 



I 
'~ 

I 

Al3STRACT T29 

The use of the technology of liquid propellant rocket-engine in the next phase of the Brazilian 
Space Program is a need. This technology includes complcx and multidisciplinary nature problems, 
still new for our country. Considcring thc broad variety of rcquircd spccialization, more researchers 
from industries, universities and research centers should be devoting their efforts to rclatcd fields for 
the success of the Program. Fundamental studics on injcctors and atomization, ignition, combustion of 
spray, combustion under high pressure environment, are some of the ficlds that necd to be conducted 
more exlensively. ln this work, an asscmbly of simplc conccption, composed by a test module anda 
small engine, was constructed and tested, in arder to demonstratc a practical way to perform basic 
studies. The preliminary results show that lhe assembly is operational and allows to conduct severa! 
kind of expcrimcnts. 

Keywords: Propulsão líquida I liquid propulsion, motorj(Jguete I rocket-engine, propelente líquido I 
liquid propellant, combustão de spray I combustion of spray 

COB729 PROPULSÃO LÍQUIDA NO BRASIL I LIQU!D PROPULS/ON lN BRAZIL 

Mário Niwa & Toshiaki Yoshino 
Instituto de Aeronáutica e Espaço. Centro Técnico Aeroespacial. IAE/C7i\ 
CEP 12.228-904 Süo José dos Ca111pos, Bwsil- E-111ail: niwa@iconet.co/II./Jr 

The knowledge already accumulated on technology of solid propellant rockct-cngine allows 
Brazil to develop propulsion systcms for small launch vchiclcs. To obtain commercially feasible class 
vehicles however, the inelusion of stages with liquid propellant rocket-engine becomes a neeessary con
dition. lt is a complex teehnology that involves long-tenn big volume investment. Therefore, initial 
planning should be earefully prepared in arder to direct the development activities in an effective way. 
ln this work, it is intended to give contribution in this direction, analyzing some fundamental aspects for 
assimilating the new technology. lnitially, main advantages and disadvantages that each of propulsion 
systems, liquid and solid, adds in a vehicle are discussed. Finally, contlguration options for the next 
Brazilian Launch Vehicle are discussed for directing lhe activities for capability development. 

Keywords: Propulsão líquida I liquid propulsüm, motor.foguete I rocket-engine, propelente líquido I 
liquid propellant, propelente sólido I solid propellant 

COB903 CONFIGURAÇÃO DE SISTEMAS DE COGERAÇÃO CONSIDERAN
DO A SENSIBILIDADE DO INDICADOR DE VIABILIDADE I CON
FIGURATION OF COGENERAT/ON SYSTEMS CONS!DERING THE VIA
BILITY INDICATOR SENSIBILITY 

André Ramon Silva Martins & Luiz Augusto Horta Nogueira 
Departa111ento de Engenharia Mecânica. Esw/a Federo/ de lingenlwria de ltaju/Jú - EFEI- ltaju/Jâ 
CEI' 37.500-000 lwju/Jú, Bwsil- t:·-111ail: 11/nurtins@ia.ljei.rlllg./Jr 

Cogeneration has becn appointed as an important alternative lo supply lhe increasing dcmand 
of eleclricity in Brazil. Evcn tough this technology presents high thermodynamic ctTiciency, not 
always is cconomically meritcd, depending basically on lhe load factor and fuels and clectrical ener
gy prices. So it is worthwhile to develop good analysis tools for fcasibility studics. ln this paper one 
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presents a improvcd methodology to evaluate the pay-back time of industrial cogeneration plants, 
determining the encrgy balance through convolution of thermal and electrical load curves and allow
ing to estimate thc cconomic indicator in two scenarios. Thc diiTercnce of pay-back time in thesc sce
narios can be used as risk indicator of a particular cogeneration configuration, assisting the decisor to 
select the proper capacity and best levei of supplemcntary hcnt to be ndoptcd. 

Keywords: Cogeraçüo, Modelagem Térmica, Otimizaçüo de sistemas Térmicos. I Cogeneration, 
Thermal Modellillg , Themwl Systems Optimisotirm 

COBllOO A METHOD FOR CALCULATION OF FORCES ACTING ON THE 
GAS TURBINE BLADES WITH FILM AND EFUSION COOLING 

Vojin Grkovic 
Faculty ofTedmical Sciences. P.O.Box 55. 21121 Nol'i Sad. Yufioslavia. Fax No. (+)3Rt 21 350775 

Mnin tcchnical solutions for air cooling gas turbines blades are shortly described in the pnper. 
The analytical procedure, based on lhe certnin assumptions, for cnlculntion of whirl and axial forces act
ing on blades with film and ciTusion cooling is givcn in detnil. Thc analogous procedures for calculation 
of torquc nnd powcr are also presented. Thc proccdures are based on thc impulse law and on Lhe specif
ic propcrties of the cooling proccss and bladc surfacc. Thc consequenccs of 111m nnd/or effusion cooling 
on velocity diagram are prcscnted and discusscd in dctail. For a bladc with effusion cooling and for a 
blnde with film cooling are givcn excmplilicd calculation of tangential and axial forces. Thc conse
quenccs of film nnd ciTusion cooling on the degree o!' rcaction nre also analyzed and the results nre prc
sented. We can gencrally concludc that, undcr introduccd assumptions, thcre is small , but important 
increase of moment and forces dueto film and effusion cooling, compared to no cooled blades. 

Keywords: Gas turbines, Cooling of gas turbine h/ades, Force on gas turbine blade 

COB1146 COMBUSTION CHAMBERS FOR ST ARK IGNITION ENG INES 
FUELED WITH NATURAL GAS 

Fernando L. J. de Castro 
Deparwmento de Enfienlwria Mecânica. Escola Politéc"llica - USI' 
CEP 05508-900 Cidade U11iversitâria .. ASO .. - S1lo Paulo - SI'. /Jrasil. e-mail: .flcasrro@usp.br, 
castro@ meclt.ubc. ctt 

Robert L. Evans 
Departmenl o(Medwnical Engineerillfi. Fll(:ulty o(Applied Sciences- University (I( British Columbia 
V6T IZ4 Vancouver. BC- Canada. e-mail: evans@medt.ubc:.ca 

This paper descrubes a ncw four-valve cyinder head for the Hydra research engine. This cylin
der head was built for a research project on the new chnmbers for heavy duty spnrk ignition engines 
operating on naturnl gas, conductcd nt the Depnrtcnt of Mechnnicnl Engineering, Unversity of British 
Columbia, Canndn, The new four-vnlve cylinder head will allow thc determination of the optimum 
levei of turbulencc inside the combustion chnmbcr, wich originatcs from intnkc-generntcd swirl and 
tumble gns motion nnd their effects on the combustion process in engines fueled with nntural gns. 

The results of research on lhe optimization of a "fast, lcan-burn" combustion system for spark
ignited naturnl gas engines that meet emission regulations without the use of exhaust gns clean-up 
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equipment are also presenled. A family of "squish-jel" pislons was developed and lesled over a wide 
range of air-fuel ralios using full-load operaling eondielions; lhese resulls are presenled and diseussed. 

Kcywords: .fóur-l'{i/\11' cvlinder heud, squish-jel clwlllbers, spmk ignition engines 

COlll274 OESIGN OF A RETROFIT FOR HEA VY OUTY DIESEL ENG INES TO 
LIMIT PARTICULATE MATTER EMISSIONS 

A.F. Romero Lópcz, G. Ar;ímhula Cosío, G. Hcrnándcz Bautista, .1. Tcutlc García, R. Pcch. 
Deparlal/te/1/o de Meuínica. Térmica y Fluidos. lnsriruro de lngenierfa. UNIIM O.J5/0 !vh'xico D.F .. 
Te/.: (5) 622-8142 Fax (5} ó!ó-289.J e-mail: afi'/@.,-er,·i<lor.tnlilllt.tll.r 

A prcliminary design of a Diesel parlicles filler syslem for hcavy duly vehicles is presented. 
The system consisls o r lwo ceramic calalyzed rillers connecled in parai lei, so lhal is possihle lo regen
erate one of lhem while lhe olher is in operalion. The regeneralion (cleaning) process is carried oul 
through the injection ora hot ai r t'low in inverse direclion to lhe filtering process. 'T'he ai r is hcated hy 
a lhcrmal encrgy storagc devícc (Thermal lnertia Device. TID). The system has a control and moni
toring electronic circuil hased on a mícro-controllcr. 

Kcywords: Regenemtion, Monitoring, Diesel Purticulure Filtering, TID 

COB1300 POWER GENERA TION SYSTEMS USING FLUIDIZEO BEO COM
BUSTION ANO GASIFICATION 

Nikolai Khartchcnko 
lnsrirurefilr /o'nergv lo'ngineaing. Tecftniwl Uni1·ersil\' o( llcrlin. 
Marchsrr. /8. 10587 Berlin. (;emutU\'- F-llwil: nik(cll/J/lmn.jl;/O.ru-/Jer!in.de 

The rwo types of pressurized l'luidized bed comhustors (PFBC). the huhhling PFBC and lhe 
circulating PCFBC plants. are now umlergoing further developmenl with lhe aim lo increase ellicien
cy, reduce emissions, improve availabilily, and lhus lo facililale lhe commercializalion or lhis lech
nology. This papcr rcviews lhe progress and highlighls lhe problems in lhe dcvelopmenl of hyhrid 
cycle power planls bascd on pressurized l'luidizcd bed combuslion and gasificalion. Hybrid cycle 
power planls show significanl improvemenl in energy convcrsion ellicicncy, and csscnlial rcduclion 
in S02 and NO, emissions. They have higher elliciency lhan inlcgrated gasificalion combinecl-cyclc 
power planls. Thc sccond generalion PFBC coai planls largel 50 <y,, clliciency. 

Kcywords: Pressurized.fluidi::.ed bed cmn/)[fs/or, hrhrid cycle powerplunt, /JGCU, e111issions corllro! 

COB1301 NO,-EMISSIONS CONTROL TECHNIQUES FOR COAL-FUELEO 
POWER PLANTS ANO GAS TURBINE-BASED COMBINEO CYCLES 

Nikolai Khartchcnko 
lnslifllfejilr Energy Fngineering. Tedlllicol Unil'ersiry o(llerlin. 
Marcftsfr. 18, 10587 !Jer!in. Gemwny · 1:-lllllil: nik@!Jllmn..f!JIO.ru-herlin.de 
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Advanccd lcchniqucs ror NO,-cmissions conlroluscd in coal-fuelcd power planls and gas lur
bine-based combined cycles are discussed. The in-lürnace NO, conlrol reduces lhe NO, formation or 
emissions during combuslion by using slaged combuslion. reburning. flue gas recirculalion. low NO, 
burners (LNBs). anel olher melhods. The NO, cmissions reduclion in lhe range ol· 40 to 60% is 
achieved wilh LNBs, 20 lo 25'Yn with the burners-m1t-of-servicc melhod. 15 to 25% by using overfire 
ai r. up to 15% due lo low cxcess ai r. and y y,, by biased firing. ln addition, the paper discusses mulli
pollulanl emissions control methods. Thc recenlly devcloped processes for simullaneous S02/NO, 
remova! fealure high remova! elliciency for lhe 1wo pollulanl species. Tlws. in the SNO,-process 96<;Jf, 
S02 and 94% NO, remova! is achievcd whcn burning coai with 3.4% sulfur. 

Kcywonls: l11)imwce NOr reduction , staged co/11/mstion, rehuming, lllltfti-f!OIIuwnt e111issions con.

lrof, lmv NUr bumers 

COB1430 ANÁLISE TÉRMICA E ECONÓMICA DE TUR131NA A GÁS DE 
CICLO ÚMIDO I THERMAL AND ECONOMIC ANALYSIS OF THE 
HUMID A/R TURIJINE CYCLE 

Marcus Vinidus Rihciru Francu, Marco Antí'min R. Nasdmcnln & Luiz A. Horta Nogueira 
/Oscola [Cedem/ de f:'ngenlwriu de illtjulllí - f:FU. 1\1'. /1./'.S. /300. fluiul"í. MG. CU' 37500-000 - fo'- 11111il: 
lllliH:o@iew.e.féi.nng.hr 

This work presenls thcrmodynamics simulation and economic analysis of lhe Humid Air 
Turbine cyclc ( HAT) opcralion. ln lhis cycle hot walcr from intcrcoolcr and rccupcralor is mixcd with 
ai r from thc compressors in lhe cvapor;~lor, it is 1hen sent to thc gas turbine combuslion chamber and 
expanded along wilh the comhustion gases. A compuler program was dcvclopcd lo simulale lhe lher
modynamies behaviour on design poim givcn by the spccific rucl consumption, lhennal ciTicicney 
and specific nel work as function of turbine entry tcmpcralurc and ovcrall pressure ratio. After thcr
modynamics simulalion, an economic anal ys is was carried oul for power plant or 30MW with rucl 
cost o r 3,5 US$/GJ, which prcscntcd cncrgy gcneralion cost as a l'unction of lhe load factor of powcr 
plant for dillerenl interest rale and des ign philosophy. The rclurn rate or inveslment has bccn calcu
lalcd laking into account to scll cncrgy <ll úO US$/MWh. Thc economic parametcrs havc indicaled lhat 
cconomic viability of thc investmcnt , in sccncry whcrc cleclric cncrgy cost is sold. is ovcr 60 
US$/MWh. ln addilion, the rcsulls or lhe HAT havc hccn compcrcd lo lhose or Simplc Cycle, 
Combincd Cycle. Slcam lnjccled Gas Turbinc <llld lntcrcooled Slcam lnjccled Gas Turbinc. 

Kcyw01·ds: Themwl [>oll 'el' Svstent. t!te f lumid A ir Tur/Jiue crcle, f:'cmwmic Analvsi.1· of' T!temwl 
Syslem I Ciclos de fJOtí'ncia. Ciclos /IA 1: Análise licoi/(JJ/Iicu de Sistema.1· de Pott;ucia 

COB1431 ANALYSIS ANO DIAGNOSIS OF THE OPERATION PERFOR
MANCES OF A STEAM POWER PLANT 

Andrca LazzarcUo, Alarico Macor·, Alhcrlo Mirandola & Anua Stoppato 
lJef>III'IIIICIII o{ Mcc!wniutl l :'ttgill l'l'I'ÍIIg, U11in•r sit1' o{ /'{1(/ol'/1 - l 'ÍII \leneúo. 1 
35/31 f'lltilll'll, ftllf.l'- f :'· /1/i/Í/ : IIIÍI'll ([.•l t/iiii.IIIIÍf)(/.il ' 

Franco Dunatini 
foNO. Sp.!l. - F!temw/ Nesewclt Ce111er - l'ill ll11tlreo /'i.l'l/1/11, 120- 56122 f'i.l'll. lwll' 

61 



ABSTRACT T29 

A new exergetic and exergoeconomic method for the diagnosis of energy systems operation is 
presented and discusscd. The calculation of S!Jitablc indicalors, showing the deviations of the fuel con
sumplion from the cxpected onc, helps thc analyst or the operator identify the machines or the devices 
responsible for the malfunction and lhose "victims" of the malfunction itself. The method , applicd to 
a big-size steam powcr plant, proved to be useful in locating the origin of malfunctions and their 
effects on the overall performances; anyhow, it is shown lhat some experience is needed by lhe oper
ator, because the results must be interpreted in the light of both thc knowledge of the plant operation 
and the theoretic bases of the diagnostic procedure suggesled by the authors. 

Keywords: On fine diagnosis, exergy analysis, exergoeconomic analysis, computer code 

COB1432 PERFORMANCE AND GAS-DYNAMICS OF PROPULSION SYS
TEMS WITH A SEPARA TE SOURCE OF ENERGY 

Fernando de Souza Costa & João Andrade de Carvalho Jr. 
Laboratório Associado de Coml!ustüo e Propulsüo - LCPI/NP E, CEP 12630-000, Cx. Poswl 01. Caclioeim 
Paulista. SP. Brozil 
E-mail: femando@ ya/Jae.cptec.inpe./Jr 

A new improved approach is developed to analyzc altcrnativc propulsion systems with an 
additional power source, such as augmentcd catalytic, nuclear and electrical propulsion systems. The 
performance characteristics are calculated in terms of time of flight, power density, characteristic 
velocities and specific impulses. The effects of propell ant dcnsity, tankage weight and the stagnation 
enthalpy of propellants are considered. A simplified model of lhe thruster gas-dynamics is employed 
to determine lhe mass tlow rates and the power input to lhe propellant. 

Keywords: Electrical Propulsiun, Nuclear Propulsion, Petfomumce, Gas-Dynamics, Mass Efficiency 
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TEMA 31- Sistemas Hidraúlicos e Pneumáticos 

COB178 MODELAGEM LINEAR E NÃO LINEAR DE UM SERVOMECANIS
MO ELETRO-HIDRÁULICO COM VÁLVULA PROPORCIONAL I 
LINEAR AND NON-LINEAR MODELLING OF AN ELECTRO-HYDRAUL!C 
POS/TION SYSTEM WITH PROPORTIONAL VALVE 

Arno Bollmann 
Dep. de EnKenharia Mecânica. LaboraTório de SisTemas Hidráulicos e PneumáTicos- UFSC 
Caixa Poswl476- 88040-900- Florimuipolis SC- e-mail: bol/mann@porTadigcom.br 

Pedro Luís Andrighetto 
DeparramenTo de TecnoloKia- Campus Panambi- UNIJUÍ 
Caixa Posra/14- 98280-000- Pmwmbi RS- e-mail: pedro@deTecunijui.Tche.br 

ln this work is presented a comparison betwccn the linear and non-linear modelling results to 
an electro-hydraulic position system controlled by a proportional hydraulic valve. This system was 
built and the experimental results are compared with both models simulation to obtain their experi
mental confirmation and to identify advantages and disadvantages of these modclling strategies. 

Keywords: Hydraulic systems modelling; Proportional valves; Fluid Power Contrai; Com rol Valves; 
Hydraulic position servo system 
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TEMA 32 - Escoamentos Compressíveis e Incomprcssíveis 

COll236 SUPERSONIC FLOW OVER A SPIKE-NOSED llODY OF REVOLUTION 

Algacyr Morgcnstcrn .Ir. 
/)i1·i.wio de Sisreuws Espaciais - CTA/Iusriruro de Aero/l(íurim e I:Sj){t('O 
CEP 12228-90-J Seio José dos CcurtJWS. SI', /Jrosil- ,,._lllllil: u/g({(:yr@use-u2.ioe.cru.hr 

Thc unstcacly, viscou s, supcrsonic rtow ovcr a spikc-nosccl body of rcvolulion was numcrical
ly invcsligalcd by solving lhe Navicr-Slokcs cqualions. Thc timc-aeeuratc computations wcrc pcr
formcd employing an implicit algorithm bascd on lhe second-order time aecurate LU-SGS sehcmc 
wilh lhe ineorporalion of a subitcration proecdurc lo maintain time accuraey. Sclf-sustainccl oscilla
tions for a Maeh numbcr of 3.0 anel Reynolds number of 7.X7 x I ()ófm were observed in thc numeri
cal eomputations, for a spike lcngth to shoulder height ratio of 1.74, confinning lhe experimental 
rcsult. The numerieal resuil predictecl eorreetly lhe di serete frequeney range as well as lhe souncl pres
sure intensities. The llow strueture is also presenteei and cli seussed. 

Kcywords: wzsleady.flmv; supersonic.flow; spike-rwsed body; tirne-accurote comtmlations; Newton

like subiterotions 

COll335 PRESSURE-BASED SOLUTION FOR THE RADIAL STOKES 
FLOWS: V ALIO A TION ANO PROPERTIES 

.Jáuhcr C. Oliveira and Cristina H. Amon 
Medwuical Eugineering Depar/111<!111 - Comegie Mellon Unil ·er.üry. l'illsburgiJ. I' A 15213 
1:'-lllai/s: jo2p+ @oudreiV.ntw.edu wul cmnon+ @wulrewclllu.edu 

A nove! pressure-ba sed methodology is proposecl and implemented lo approximate the 
solution of lhe partia! cliiTcrcnlial equalions lhat model radial Slokes flows between two parallcl 
clisks. Eigenf'unelion expansions and Grccn's funelion reprcscnlalions are eombined to obtain 
dircelly lhe prcssurc distribulion for a varicly of inf'low boundary eondilions. The veloeity ficld is 
aceurately reeoverccl from lhe prcssurc distribulion. This methodology was implcmcnlcd numeri
eally and validatcd wilh hoth exacl solulions and numcrieal spcetral clcmcnt rcsults. By exploring 
lhe anaiylieaJ eharacteri SlieS of lhe lllClhod, WC CXll'aCl addilionaJ informalion 011 lhe behavior Of 
lhe so lulion in lerms o i. lhe inflow funelions and wc prove rigorou sly lhe existenee and uniqueness 
or solulions. 

Keywords: pressure-lmsed, me/ia/ Stokesflmv, Grem 's.fiurctions. eiger!fÚnclions 

COB545 DIRECTED-ENERGY AJR SPIKE INLET AT MACH 10 WITH 15-25 
kW ARCPOWER 

P.G.P. Toro, H.T. Nagam;ltsu, LN. Myrabo 
/)epomrre/11 o{ Meclwnicul Engineering. tiemnouricol Ltrgineering c111tl Mecluutics. l?en.ueloer l'olyteclrnic 
fmrc/11/e , Troy. NY 12180-3590 - USA. wrop(iflrfli.etlu. llllgCI/Ithl!.!l i]Ji.et!u. lttym!J/@rpi.edu 
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The use of thermal energy as a means or enhaneing rlight performance of blunt bodies at 
hypersonic specds is invcstigatcd. Thc "Dircctcd-Energy Air Spikc" (DEAS) inlct eonccpt praposes 
the bcamed transmission of concentrated encrgy forward ol· a moving vehiele in ordcr to change lhe 
bow shock configuration from a dctachcd normal (strong) shock wavc to an obliquc, parabolic-shapcd 
(weak) shock wave. This ncw approach provides low aerodynamic drag and heating. or also derlects 
lhe oncoming air illlo an annul:1r hypcrsonic inlct. The comprcsscd inlet air can cither bc acceleratcd 
to produce thrust or dccelcrated to cxtract onhoard electric powcr. A 6-in. diameter hlunt hody modcl 
wa s f'abricated anel prcssure transducers are installed at its surf'ace and cquiprcd with 6-in. long slcn
der plasma torch at the stagnation point. This modcl has hccn installed in thc RPI 24-in. diameter 
Hypersonic Shock Tunnel anel used to Jest the Direcled-Energy A ir Spike concept. Pitot pressurcs have 
bccn measured ar lhe maximum diamctcr annular region o r lhe hlunt hocly. Surfacc prcssure anel pitot 
rake pressure surveys as well as lhe Sehlicrcn photographs will be presented for Mach numbcr I O with 
15-25 kW powcr at thc tip of the spikc. 

Kcywords: Direc!ed-f:'nergy !\ir S/1ike ( /JE!IS), H)'Jiersonic F/oH'S, Hrpersonic veilicle 

COll693 NUMERICAL SIMULA TION OF TWO-DIMENSIONAL llOUNDARY 
LAYER SEPARATION CONTROL/ SIMULAÇÍÍ.O NUMÉRICA DO CON
TROLE DA SEPAI?AÇÍÍ.O DE UMA CAMADA LIMITE BIDIMENSIONAL 

Nnrherto Man~-:iavacchi, Grc~-:nry Hcrnandcz, Thilo Sdwenl'cld, Franck Nicnud 
CERFACS. 42 <ll 'ellll<' Gust<ll'l' Coriolis. F-31057 'J'oulouse. Fmnce 

''' Currcntly 111 NACMJ-COI'I'UUFR.I. C11i.w l'osw/ 685/ó. CU' 219-15-970. Rio de .!11neiro. lU. 11múl. E-11111il: 

norilerro@wc.u{ij./n· 

The contrai or the separation on two-dimcnsional boundary laycrs at low Mach numbers is 
analyzed by timc-accurate numerical solutions o r the comprcssihle Navicr-Stokes equations. The con
trol stratcgy is hascd on lhe application of a variahle suction/hlowing in thc proximity of lhe separa
tion. Open-loop unstcady suction/blowing actuations show the sensitivity or the now to lhe control 
stratcgy. A simple closed-loop proportional control has bcen implcmcnted, thatuses a tangential shcar 
strcss sensor for thc feedback control, and Jhat contrais the normal vclocity at thc actuator position. 
Parallcl numcrical simulations wcrc pcrf'ormccl with thc A YBP library on a 32-proccssor Meiko CS-
2. and on a 4-processor IBM SP2. Rcsults show the ctTcctivencss of thc control approach in stabiliz
ing the flow anel suppn::ssing the pcrimlic shcdding of vorticcs. 

Kcywords: Actil'e control, boundarv layer sepamtion, tlltlllerical sillwlation./ Controle ativo, sepa
m çüo de cm11ada limite, si11111faç'iio nwnérica 

C0ll716 OBTENÇÃO DE MODELO DE PERDAS DE PRESSÃO TOTAL EM 
COMPRESSORES AXIAIS I MODELUNC OF TOTAL PRESSURE LOSS 
lN AXIALS COMPNESSONS 

Júlio Santana Antunes, M:1ria de F:ítima Castro Lacaz S:mtus 
n eparllllll<' lllo d<! Ma lemática- J-'acult!at!e de L'ltge111wrio - UNI:'.'if'- (;uumtillgue[(í 

CEP 12500-IJIJ() Guamti11guerâ. /lmsi/- L'-11111il: sanlllna!.ii'feg.liiWIJI.hr. 
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T32 

The paper prescnts simulations of cascade llows using thc two-dimensional Navier-Stokes equa
tions. An implicit, approximatc factorization mcthod which allows the simulation of tlows regardless of 
the speed regime is adopted. Spatial discretization of the governing cquations uses a central ditTcrencc 
algorithm. Boundary conditions are implemcnted bascd on anc-dimensional characteristic relations for 
the Euler equations. Numerical tests are performed for tlows in axial compressors with DCA profiles. 

Keywords: Navier-Stokes, Compressores Axiais, Simulaçâo Numérica, Escoamento Compressível, 
Diferenças Finitas Navier-Stokes, A.xials Compressors, Nwnerical Simulation, Compressivel Flow, 
Finites Differences 

COB1227 ESTUDO ANALÍTICO DOS FENÔMENOS TRANSITÓRIOS OCASIO
NADOS POR GRANDES BOLSAS DE AR CONFINADAS NOS SIS
TEMAS HIDRÁULICOS 

Carlos Augusto de Carvalho Magalhães, Rodrigo de Melo Porto & Hans George Arens 
Departal/lenlo de Hidráulica e Saneai/tenTo, Escola de Eltl{enlwria de Süo Carlos - EESC- USP 
CEP: 13.560-250- Caixa Postal 539- Süo Carlos, Bmsil- E-111ail: cacnwl{af@sc.usp.br 

The tlow in a hydraulic installation can be affected by various conditions such as starting or 
stopping the pumps or turbines and the changes in the valve setting. During such conditions, there arise 
situations in wich pressures and velocitics in pipes can bc dctermined by mathematical models in order 
to verify if their extreme v alues are within the admissible range. One of the reasons for the transient 
behavior is the prcsenee of air confined during these alterations. When thc pipes are not properly 
designed o r if it is not completely full o r a ir bleeding, large amounts of a ir may be confincd in thc sys
tem. Pockets of air can cause severe transient bchavior if such pockcts deslocate from one place to the 
other giving ri se to local acceleration and consequently large velocities and pressures. The higher pres
sure may be of the order of 15 times the static pressure in the system. Thus, this paper eonsiders prat
icai and safe procedurc (rigid or elastic models) that permit calculation of transient pressures given 
that there is no analytieal solution available. This study also conducts a sensitivity analysis on the var
ious factors involved in the problcm. 

Keywords: air pockets; hydraulic transients; waterhammer; bolsas de ar; transientes hidráulicos 

COB1405 MODELAGEM DA TECTÓNICA DE PLACAS NA CROSTA TER
RESTRE I MODELLING OF PLATE TECTONICS ON EARTH'S CRUST 

Roger Matsumoto Moreira 
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R. Paço da Pátria, !56, b!. D, si. 505 CEP24210-240 lU IJmsil- E-111ail: rol{er@lablllfl.colll.ufij.br 

Antonio Fernando Teles da Silva 
Laboratório de Mecânica dos Fluídos. PEM/COPPt/UFRJ & Instituto de Matenuítica/UFRJ 
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A simplifíed modclling of the intcraction bctween thc continental lithosphere and the 
asthenosphcrc underncath it is proposcd; in this modcl lhe lithosphcre is considercd as a rigid slab 
moving over and onto a viscous laycr, that rcprcsents thc asthcnospherc. The asthenosphere, laying 
underneath the lithosphcre, is rcprcsentcd as a lluid of vcry high viscosity; also thc thinner lithospheric 
layer forming lhe occan tloor layer has hcen suprcssed, leaving in its placc a free surface. The tran
sient Stokes flow resulting from the translation of the rigid slab is modclled and solved by a Boundary 
Integral cquation based on Lorcntz reciprocai thcorem. 

Keywords: Mol'imento de placas tecti!Hicas I Plme teelonics, escoamento de Stokes I Stokes flow, 
Método da Integral de Contamo I Bowzdary Integral Metlwd 

COB1406 THE GENERATION OF NONLINEAR WAVES BY A PISTON-TYPE 
WAVEMAKER 

.Julio Tomas Aquije Chacaltana 
Dpto. Mecâlliw Cmllpulllciolllli, CNI'ql Luboratorio Nuciolllll de CoiiiJ1llfliÇlio Cielltíficu 
CEP 22220-/60 R. Louro Miiller, 455. lU -/Jmúl: juliotuc@ufplw.lncc.br 

Antonio Fernando Teles da Silva 
L.ab. Mec. Fluídos, PEM/Coppe/ UFIU & !IISt. de Matenuítica!UFRJ, 
CP 68503 CEP 21945-970. Rio de Janeiro, lU- Braúl:.fimwllifo@labmfl .com.ufij.br 

The generation of largc amplitude wavcs by a wavc-maker in a canal is simulated with a 
Boundary Integral numcrical codc. The code is based on Potential Thcory and the free surface bound
ary conditions, dynamical and kinematical are takcn as complctely nonlinear. Results allow for assess
ments of experimental and theoretical work. Short and long wavcs are gcnerated according to the ana
lytic motions. for thc wavc-makcr, derivcd in lhe classic work of Urscll, Dean and Yu 1959, bascd on 
linear approximalions. 

Keywords: Piston-type Wal'e-maker, Nonlinear Boundary Conditüms, Wa ve generation 
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TEMA 33 - Escoamentos em Meios Porosos 

RESFRIAMENTO POR TRANSPIRAÇÃO: INFLUÊNCIA DA ESPES
SURA E COMPRIMENTO DA PAREDE POROSA E DA RADIAÇÃO 
TÉRMICA INCIDENTE I TRANSP!RATION COOL!NG: THE /NFLUENCE 
OF THE POROUS WALL THICKNESS AND LENGTH AND OF THE INCI
DENT THEI?MAL RAD/ATION 

Geraldo Augusto Campolina França & Rita Célia Macicl Mendonça Neves 
Deparrwnenlo de !;ngenl/ilria Meninica- UFMG. IIv. llnltinio Corlm .6627 -CEI' 31270-0/U /Jelo florizon le, MG, 
IJmsil- 1:.'-nlllil: _/i-mJca @l'esper.demec.ufing.br 

Jean Claude Rodet & André Lallemand 
lllslilu/ Na timwl des Scie11ces Âf'l'licJUées de Lyon - INSIIIUC/JI .. Ce111re de T!JNIIÚIJll<' de / ,_\'011 - CETI-1/L -20. 
m •e11ue 11/!Jerrl:insrei!l - 69621 Villeurbanne Cedex ( Fmnce) l .yon. !-"ronca - E-mail: IJ.illl@cetllil.inw-lyonji 

ln this work, some theoretical and experimental results related with the air transpiration cool
ing of a porous wall are presenteei and anal yzed. The channel test has a lcngth of 2 mcters and a rec
tangular section 0,2 high by 0,5 wide. A porous plale wilh a porosity ur 30'Yo and dimensions 
0,6mx0,3mx0,003 is installed in the hottom wall of the channeL The Reynolds numbcr at the edge of 
the porous pi ate is always grcatcr than 2x I 05. Thc anal ysis show that neither the length no r lhe lhick
ncss of thc porous wall modi fy greatly lhe cooling eiTiciency when the a ir hlowing rate is equal o r 
greater than 0,01 . On the other hand, the experimental results show thal thcrmal radiation may rcduce 
in more than 50% the transpiration cooling eiTicieney. Furthermore, the fresh air injeetion has a little 
cl'fect on the cooling ol· the impenneable pi ale upstream the blowing region. 

Keywords: Tmnspiration - Porous 1val/ - Cooling - lnjection I Transpiraçiio - Parede porosa -
Resfriamento - lnjcçiio 

COB75~ ESTUDO DA MOVIMENTAÇÃO DO LEITO DE INERTES EM 
SECADOR ROTATÓRIO I STUDIES OF INEI?TS IJED DYNAMICS lN 
!WTARY DRYER 

Mauro Marques Burjaili 
Departliiii<' IIIO de l:'llgellflllria Quimica- UFU- Uberhi11dia- Cl'f' 38.J00-902- Uberliln dia. M(;- E-11111il: llllllbur
juili@t(fil.br 

Thco Gucnter Kicckhusch 
Depurlllllll'lllo de Ter/1/ofluidodinúmicu - l·ilc/1/dll(/c de Engml!uria Qllíllfica- UlliCIIIIIJI- Cu111pinus- Cl'f' 130RI-
920 - Cu111pinus, SI' 

Studies of thc bed behaviour of a rotary dryer packcd with inerls. utilized to drying pastelike 
materiais. was pcrformed as a funclion of rotalion and geometrical paramelcrs of lhe internal parts o r 
tilc equipmcnt, like the width. thiekness. numhcr and inclination o r longitudinal flighl s, hy rilm record
ing, made for a better visualization or lhe bed dynamics, composed by pol yethylcne and ceramic 
spheres. 

Kcywords: Rotorv Drrcr; lkd of' Incri.\' Uelwviour; Drring in Incri Ued; Pastelike Ma/criais I Secador 
Rotatório; Colllpor/Olllento de Leito de Inertes; Semge111 em Leito de In ertes; Materiais PasiOsos 
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COB1093 RECONSTRUCTION OF 3-D PORE STRUCTURE BY THE TRUN
CATED GAUSSIAN METHOD USING FOURIER TRANSFORM 

Liang Zhirong, Celso Peres Femandes, Fúhio Santana Magnani & Paulo Cesar Philippi 
l.alumuário de Meios l'om.1·os e l 'mJ!I·icdades 'J'crlllo/f.,icas de Maleriais. DeJ)(II'/1111/elllll de Enl'ellilllrill 

MeciÍIIicu. Ulli\'crsidlllle Fedem/ de Smlla Calarina. 880.JO - 900 r/orianáJ)()/is. SC. !Irusil - E-11111il: 

liang @ !IIIJ>l.uf.vc. l>r 

The purpose or reconstru cted porous med ium is lo simulale invasion processes of fluids 

and determine imporlant petrophysical and rescrvoir cngineering propcrties such as penncability . 

eapill ary prcssure and relati ve permcability curves. ln lhi s papcr, wc improve lhe truncated 
Gaussian method ror rcconstruclion o r porous media using Fourier transform. The mcthod is based 

on the idea that an arhitrary complcx pore structurc can bc descrihed hy lhe v alues o r a phasc func
lion al cach poinl inlhc porous media. lf lhe pore strucl ure is stati stically homogencous, it can bc 
describccl by lhe porosily and corrclalion funclion, whi ch are mcasu rcd from 2-D binari zccl image 

of Lhin scction o f lhe sample. l f correlali on fu nct ion o f Gauss l'icld is posilive-definite. corre
sponding Gauss field can he found. Sincc Fourier transfonn of correlation fu nction is powcr spec
lrum of lhe fi cld and lhe phase anglc does not allectlhe correlation struclllres . thcnthc Gnuss fi eld 

can be gcncralcd by using Fouricr transform. i\n algorithm, which is a nicc sp lit-radix. n-dimcn
sional and fast-Fourier tran sform is used. A t las!, lhe 3-D porous media are generated using the 

lruncatcd Gaussi an mclhod. Thc rcsult ror Fontainebl ca u sandstone shows that thc porosily and 

corrc lat ion fu ncl ions reproduce we ll. 

Keywords : Porou.1· 111ediu; rcconstmction; 3-/J JWre slmclltrc; inwgc wwlysis; Fouricr transfómt 

COB1094 EXTRACTION OF 3-D PORE NETWORK AND PREDICTION OF 
PERMEABILITY FOR RESERVOIR ROCKS 

Liang Zhirong, Paulo Cesar Philippi, Celso Peres Fernandes & Fábio Santana Magnani 
l .o/)(11'/1/IÍrio de Meios l 'om .w.1· e l 'mt>riedlllle.\· Tcnnofúicm de Molerio i .r. DeJilll'llllllelllo de Engcnllllrio 

Mecânico. Un i1·ersidw/e Fedem/ de .')onro Cowrino. 88/J.JO - 'JOO Floriiiii !Íf>olis. .'l'C. 13msil - L-nwi/: 

liong@ lntJ>l.uf.vc. hr 

The main purpose or lhe presenl work is to determine lhe 3-D pore strucwre network by using 
imagc anal ysis techniques and prcdictlhc permeability or lhe porous rock. The skelcton of a 3-D pore 

structurc prov ides a way of visualizing thc graph of lhe pore nelwork. ll is exlra<:ted using a thinning 
algorithm, which preserves connect ivity , i .e .. lhe nctwork and original pore struclllrc havc lhe same 

lopology . l t gives bolh visual and quanlilali vc inlú rm~11ion about lhe conneclivily ol' the pore space. 

lhe coordination numbcr for cvery node and loca l hydraulic radius. Once lhe network of pore struc
lu re is obtainecl, lhe macroscopic transport propertics ol· lhe rock such as pcrmcability can be calcu

latcd . ln thi s paper. lhe reconslructed porous media ro r Berca sandstone is used to ex tract 3-D pore 

nelwork. Thc prcd icted permeability for 500mD Bcrea sandstone rock is in good agrccmcnt wilh thc 
experimental va luc and empirical corrclations. 

Keywords: Porous 111edio: skelelou; 3-f) t>ore s/mcltlre,: f>etm eobilitv 
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COB1447 NONSATURATED SPHERICAL SURFACE 

M.l. Martins Costa 
Laboratório de Mecânica Teórica e Apliwda - LMTA. 
Departamenro de En!ienlwria Meulniw. Universidade Federal Flt1111ine11se, Rua Passo da Pátria. 156. 24210-240 
Nirertíi/RJ. Brazil 
R.M. Saldanha da Gama 
Laboratrírio Nacional de Compulllçüo Cie111íjica. Rua Lauro Müller. 455 22290-160, Rio de Janeiro, Brazil 

This work studies a nonsaturated flow of a newtonian tluid through a rigid porous spheric 
matrix, using a mixture theory approach in its modelling. The mixture consists of three overlapping 
continuous constituents: a solid (porous medi um), a liquid and an inert gas, included to account for the 
compressibility of the mixture as a whole. A set of two nonlinear partia! ditTerential equations 
describes the problem which is approximatcd by mcans of a Glimm's schemc, combined with an opcr
ator splitting technique. 

Keywords: Nonsaturated Flow, Mixrure Theory, Glimm's Method 
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TEMA 34- Escoamentos Multifásicos 

COB39 FREE SURFACE FLOW lN A HELICAL RECTANGULAR DUCT 

Eugênio Spanó Rosa, Antonio Carlos Bannwart & Fernando de almeida França 
Departamento de Ene1-,:ia, Faculdade de Engenharia Mecânica- UNICAMP 
Cx.P. 6122- CEP 13.083-970- Campinas. SP- Brasil, E-mail: eroSll, banmvart.jfranca@fem.unicamp.br 

Free surface tlow in rectangular helical ducts is investigated experimentally. A liquid, driven 
by gravity, describes a descendent trajectory forming a curved free gas-liquid surface due to the cen
trifugai and gravity forces created by the duct curvature and torsion. The experiments were conduct
ed in two different helical ducts, with liquids' viscosity varying from I cP to 150 cP and for duct 
Reynolds numbers ranging from 40 to 90000 performing a total of 18 experimental runs. The liquid 
height distributions across the duct were measured using a double wire probe. The results were trans
formed to an orthogonal system and then integrated across the tlow orthogonal cross section to deter
mine the averaged main tlow velocity and liquid holdup. The friction factor is determined based on 
the experimental quantities anda correlation is proposed in the form of correction factors to the exis
ting friction formulae for curved rectangular channels to express the effect of the free surface. 

Keywords: Helical ducts, free surface flow, experimental teclmiques, Jriction factor, rectangular 
channel I Dutos helicoidais, escoamento com superfície Livre, técnicas experimentais, fator de atrito, 
canal retangular 

COB48 UMA ANÁLISE DA TEORIA QUASE-ESTACIONÁRIA SOBRE A VA
PORIZAÇÃO DE GOTAS, PARA TEMPERATURAS INTERMEDIA
RIAS /AN ANALYSIS OF THE STEADY-STATE THEORY ABOUT VAPO
RIZATION OF DROPLLETS FOR INTERMEDIARIES TEMPERATURE 

Narciso Angel Ramos Arroyo 
Deparlllmento de Engenharia Mecânica, UFSC/CTC, 88.0/0-970 Florianâpolis - SC - Brasil; e-mail: 
arroyo@sinmec.ujsc.br 

This paper show a revision about the steady-state theory developed of Spalding, Godsave, 
Goldsmith and Penner. lt show that the Lewis numbcr can be obtain for the logarithmic relation of the 
transfer mass Spalding number and the transfer of heat Spalding number. This work show that inter
mediaries tcmperature between 31 O K and 700 K, the Lewis number is not equal to the unit. It show 
experimental results for n-heptane drops in these temperatures range. 

Keywords: Combustion, Vaporization , Sprays /Combustclo, Vaporizaçüo, Sprays 

COB52 DIRECT IMAGING OF TWO-PHASE FLOWS BY MEANS OF ELEC
TRICAL CONDUCTIVITY MEASUREMENTS 

Paulo Seleghim Jr. & Antonio Moreira dos Santos 
Depar/llmento de Engenharia Mecânica. Escola de Engenharia âe Siiá Carlos- USP- Av. Dr. Carlos Botelho, 
1465. CEP/3560-970 
Slio Carlos - SP - Brmil - E-mail : seleghim@sc.usp.br wul mantos@sc.usp.br 
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ln this paper a two-phase flow direet imüging prohe is presenteei. To do so, the eleetrode 
eonfiguration is adapted in the sense tlwt an imaged represent<Jtion of lhe phase distribution within 
lhe probe's sensing volume can be obtaincd by 'simply plotting the signals corresponding to periph
eral eonduetivity mcasurements without numerieall y reeonstrueting it from lhe experimental data. 
Several transient tcst s werc pcrformed in a two-phase loop aiming to demonstratc the the probe's 
capability in exhihiting not only large struetures such as slugs and plugs. but also some finer details 
as for instance. thc wavy or rugged interface in stratil'icd flow and the drainage of the liquicl film in 
the transition betwe<.:n intcrmittent anel annular flow. Thc methodology proposcd in this work is thu s 
fully adapted to on line proecss monitoring, which is of cruci<ll import<Jnce in order to assure ideal 
exploitation eonclitions and safety. lt constitutes a simple anel inexpensivc alternative to tomo
graphic imaging techniques. 

Kcywords: lwo-plwse Jlow, i11wging, visuolisolion, conductivitv 

COB67 SEARCH FOR FAVORABLE CONDITIONS OF ATMOSPHERIC 
FLUIDIZED-BED GASIFICATION OF SUGAR-CANE BAGASSE 
THROUGH COMPREHENSIVE SIMULATION 

Mareio L. de Souza-Santos 
II'T-fllstillllo de l'es<jlli.l·as Teclloi<ígims de S1io !'auJo c UNIC!IMI'- Uuircrsid(/(/e !:stll(/ual de C<tlliJIÍIIas. F/':M 
- /'ll(:uldade de J;llgcllflllria Mecâ11im. Oepartomcll/fJ de J:'llagio. Cidade U11irersitúria /.efáillo Voz. C. l'oslll f 
6122. Co lltf'ÚIIts. SI' 13083-970. /Jrosil. /:·-mail: souw.wur r!.!l.fi•ur.uuimlltf>.i>r 

A study to seareh for the most favorable condition of atmospheric fluidized-bed gasifieation 
ol· sugar-eane bagasse has bccn possible using a eomprehensive eomputer simulator of fluidizcd bed 
cquipment. A previous version of lhe simulation program has been improved to provide more preci se 
results. ln addition, the prediction of possible particle segrcgation in thc bed has becn implemented. 
"Cold" eiTiciency has been chosen <IS objective function. The following eonditions have been scl as 
constants: operational pressure, hasic gcometry of lhe reactor. hed hcight . particle size distribution of 
bagasse, particle size distrihution or alumina (used as inert in lhe hcd). and bagasse dry-basis eompo
sition. The parameters lert as variables wc1·e : bagasse moisture and the oxygen ratio (fraction from the 
neecssnry oxidant for total or stoichiometrie combustion). Future steps toward a more complete opti
miz<Jtion are shown. The results are going to hc used on studies o r power gencration systcms employ
ing gas turbine conccpts. 

Kcywords: Fluidiz.ed-bed, gasifical irm, sirnlllalioll. ot!IÍIIIÓIIÍOII , sugor-cl/1/t' /)(rgas.\'1' 

COll6S SEARCH FOR FAVORAllLE CONDITIONS OF PRESSURIZED FLUI
DIZED-BED GASIFICA TION OF SUGAR-CANE BAGASSE THROUGH 
COMPREHENSIVE SIMULA TION 

Mareio L. de Souza-Santos 
II'T-Iusriruro de l 'esq11isus Tc<·llol ligims de Srio /'ou/o e UNIC!IMI' - lh ti1 ·crsidodc /~'srwlrwl de Co lltfJÚWs 
Ff:'M- Fonr!dude de fllgeulruritl Menl11inr. Oeflllrlillltl'/1/0 de 1:-llcrgiu 
Cidade Ullil'ersitúriu /.efáillo Vaz. C. l'osrul ó/22. Culllf>iuos. SI' /3083 -970. !Jmsil. !~' - mui/: ,\'OIIlii.WII@(ellt.ruri

cuurp.l>r 

72 



T34 
----------------------- ------------

An updatcd comprchcnsive si mulator ror lluidi zed-hcd cquipmcnt has bccn cmploycd to per
rorm studics aiming the optimization o r sugar-cane bagasse gasil"ication. The prcscnt work ror pres
surized systems follows one where lhe atmospherie option was rocuscd. lmprovcments on thc calcu
lations of physical-chemical propertics provided more precise compulations ror operations at high 
prcssurcs. Gasirication "Cold" elliciency has heen chosen as lhe objective runction. For this first 
round o r studies. thL: operational pressure was l'i xcd at 2 MPa. Thc basic geometry or the reactor, the 
particlc sizc distribution of thc alumina (uscd as inen in thc hed), and the bagasse dry-basis composi
tion are assumed as constants. 13agassc moisture and thL: injected air mass now (or oxygen ratio) are 
lcft as variablcs. Detailed data of the reactor internal as well as overall operational condi tions are dis
cussed. The results are going to be used on studies or power generation systems employing gas tur
bine concepts. 

Keywords: Fluidó:d-hed, gasificatioll , simulatio11, OfJ/imi~atirm , hio11wss 

COB71 ANALYSIS OF SCALE REDUCTION EFFECTS lN ANNULAR SOLID
LIQUID FLOWS 

André Leibsohn Martins & Fclipe Santos Liporac.:e 
I'ETI<OJJI<!\S I C:ENI'I:'S I f)/1'/.0T - 11/w do Fundtin Q.7 - C:idllllc Uni1-er.l'i1úrio 

CEI' 2!9.J'J-WIO Rio de .loncim. Hmsil- 1:'-llloi/: !\lcih.mltnls.h·e,,!ICS.fiC!mlmls.ulln.hr 

This paper presents and discussL:s results or solids transpor! experiments run in two diiTcrcnt 
flow loops (5 in OD x 4 in ID and X in OD x 7.5 in ID externa! pipes), built in PETROBRi\S Research 
Ccnter and University ol· Tuls<l. respcctive ly. The tests represent the annular stratil'ied l'low ol· solid
non Ncwtonian l'luid mixtures for diiTcrent operational parameters, such as: l'luid and solid properties, 
annular ecccntricity and inclination and l'luid l'low rate. Based on the experimental data, severa! ree
ommendations are drawn ahout lhe userulness of running reduced scale solid-liquicl flow experimcnts 
and it s appl icability to real oilwell drilling operations. 

Kcywords: Pe!rolellln h'ngincering. Drilling, Di111ensiona/ i\nalvsis, Si111ilarity Tl!eorv. Pilot Plants. 

COB239 UMA ABORDAGEM MULTIESCALA NA SIMULAÇÃO NUMÉIUCA 
DE RESERVATÓRIOS DE PETRÓLEO I A MULTI-SCALE APPJWACH 
lN PETROLEUM NUMERJC;1L H.ESERVOJR SIMULATION 

Solange da Silva Guedes 
1:\p/ompio & l'rodu('lill, (;eu1ncio de llcserl'/1.\' e lleserl'lllfÍrill.\' - I'ETI<OIJR!\S. L'-nwil:solonge@depfelll.lllli

CIIIIIJI.hr 

Denis .José Schiozer 
DeJNirfill//eJJ/11 de l :'ngenl111rio de l 'efl'líle11 - /-'(l( :uldode de /:"ngmllllrio Mecfinica- UNIC!\MJ> 
Ct;J> 130N3-1J711- Cidade Unil'('l'.l'iliÍrio /.ejái1111 Vo~- C:iiiiiJIÍIJm- SI' -i:'-Jnoil:denis @dep.ji-nJ.llllicwnp.hr 

Advances in petroleum reservoir dcsc riptions have pro vicled an amount ol· data that can not be 
use clirectl y during the si mulations. This detailed geologica.l inlú rmation must be incorporated into a 
coarser model during thc multiph<t se l'l uid now si mul<ttions hy means or some upscaling technique. 
Thc most used approach <tre the pseudo relative permeahilities and the more widely used is thc Kytc 
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and Berry method. ln this paper it is proposed a multi-scale computalional mudei for multiphase flow 
that implicitly treats thc upscaling without using thc pseudo runctions. By solving a sequence of local 
problems on the more refined scalc it is possible to achieve good agreement between a coarser grid 
anda more fine grid, wilhout expensive computations on a fine grid model of the whole reservoir. The 
main characteristic of this ncw upscaling procedure is to overcome some practical difficulties relatcd 
the use of traditional pseudo functions. Results of bidimensional two phase flow simulations consid
ering homogcneous and heterogeneous porous media are prcscnted. Three examples compare the 
results between this approach and thc commercial upscaling program PS EU DO, a module of the reser
voir simulation software ECLIPSE of Geoquest. 

Keywords: Upscaling, Multiphase f/ow, Numerical simulations, Multi-scale computationalmodel 

COB309 DESENVOLVIMENTO DE UM TERMOSSIFÃO BIFÁSICO PARA 
UTILIZAÇÃO EM FORNOS DE COCÇÃO I DEVELOPMENT OF A 
CLOSED TWO-PHASE THERMOSYPHON FOR USE lN BAKERY OVENS 

Ricardo D. M. Carvalho L 
Departamento de En~enlwria Mecânica . Faculdade de En~enharia de Joinville. l\9223-100 Joinville. SC 
E-mail: delll2nbiiC@dcc.fej.udesc.br 
Márcia H. Mantelli, Sérgio Colle & .José A. S. Lima 
De1Jartwlle11to de En~enlwria Mecânica, Uni1•ersidwle Federal de Santa Catarina. l\8000-000 Floriwuípolis. SC 
E-mail: marcia@lab.wlar. uj.~c. br 

Electricity-powered ovcns are largely employcd by bakeries in Brazil, whieh constilules a misuse 
of this form of energy. This is even more so considering lhat hydrocleclric energy resources in lhe coun
try might be coming close to thcir limit. The present papcr describes lhe design, manufacture, and testing 
of lhermosyphons to bc used in bakery ovens using natural gas as lhe heat sourcc. The design gcometri
cal paramclers, working tluid fi li ratio, operation limils, and thc two-phase llow pattcrn are discussed. 

Keywords: fornos de cocçiio, projeto e ensaio de tennoss(fões I bakery avens, thermosyplwn design 
mui testing 

COB343 ESTIMATING THE THICKNESS OF THE LIQUID FILM GENERA
TED BY Y -JET A TOMIZERS 

Heraldo da Silva Couto & Demétrio Bastos-Netto 
Labowttirio Associado de Combustüo e Pmpulsüo. Centro Espacial de Cachoeira Paulista- INPE- SI' 
CEP 12630-000 Cachoeira Paulista. SI'. Brasil- E-muil: demetrio@yabae.cptec.inpe.br 

Internal mixing twin tluid ai r blast (Y -jct) atomizers, in which liquid is injccted into a mixing 
chamber with compressed air or steam, are cxtcnsively used in industry. lt is wcll known that one of 
the main design parameters for pre filming blast atomizcrs is thc thickness of the liquid film generat
ed at the discharge orifice. This paper derives an expression for cstimating that film thickness assum
ing that, apart from a small amount of droplets formed by the impact of the liquid on the ai r stream 
inside the pre-mixing chamber, the great majority of droplets is generated by thc liquid film formecl 
on the pre-mixing chamber wall through Lhe detlection of the liquid jct by the high speed gas stream 
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tlowing through the eenter core of the pre-mixing chamber. That is, this Atomizer, usually elassified 
as an "internal mixing, blast atomizer" behaves instead as a "pre filming blast atomizer". The results 
compared well with experiments. 

Keywords: Atomizers, Y-Jet Atomizers, Liquid Films, Droplets and Sprays 

COBSOS INFLUÊNCIA DA RAZÃO DE VAZÕES NA TRANSFERÊNCIA DE 
CALOR DE UM ESCOAMENTO LAMINAR ANULAR DE DOIS 
LÍQUIDOS IMISCÍVEIS EM TUBOS CURVOS I lNFLUENCE OF THE 
FLOW RATE ON THE HEAT TRANSFER lN THE FLOW OF TWO lNMlSCl
BLE L!QU!DS lN CURVED TUBES 

Ricardo Junqueira Silva, Márcio Ziviani & Ramón Molina V alie 
Deparwmen/0 de lônJ.ienlwrio Mecânico. UFMG. i\ v. ;\ntiÍnio Carlos. 6627 
CEP 31.270-910- Belo Horizmtle- MG- Bmsil- E-mail: jwtco@delllec.ufiltf.i.br 

The present paper reports the influence of the tlow rate on the tlow and heat transfer in the 
fully developed region in a steady laminar éU111ular flow of two inmiscible liquids inside horizontal and 
slightly curved tubc with constant circular cross scction. The liquids interface was considered without 
thickncss, smooth, circular and conccntric to the axis of lhe duct. The liquids properties were takcn 
constant and calculated based on the mean temperature. Thc finite volume method was used to solve 
the mass, momentum and energy conservation equations. The influence of the tlow rate on the tlow, 
temperature profile and heat loss have been determined. 

Keywords: Curva/ pipe, annu/ar.flmv, heat tran.~ler, tubo cww1, escoamento anular, trm~cVerência 
de calor 

COB703 INVESTIGA TION OF FLUID DYNAMICS lN PNEUMATIC TRANS
PORT WITH SPOUTED BED AND SCREW SOLID FEEDING SYSTEMS 

Élcio M. V. Silva, Maria do Carmo Ferreira & José Teixeira Freire 
Departamento de EnJ.ietthuriu Quí111ica. Universidade Fedem! de Silo Carlos- C.P. 676 -CEI' 13.569-265- Silo 
Carlos - SP- Braúl 
E-tnail: IIWria{@pmver.u{:w·ar.br 

The use of a spouted bed for fceding solids in a pneumatic transpor! tube allows for a wide 
range of operational conditions. However, as the solid flow rates become dependent on the ai r flow 
rates, the flow diagrams available inliterature for Clow regime identification cannot be applied for such 
a equipment. ln present work, fluid dynamic characterization of pneumatic transpor! with a spouted 
bed type solid feeding system has been extended by comparing its fluid dynamic behavior with the one 
provided by using a classical feeder, which allowed for independent variation of gas and solid flow 
rates. Experimental data of pressure gradients versus ai r velocities have been obtained using the same 
transpor! pipe (4.0 mlong and 104.8 mm in diameter) and using both a spouted bed anda screw con
veyor as solid feeding devices. Experimental values of the ai r velocities at thc transition from dilutc 
to dense-phase regimes have becn obtained for both systems. The data obtained using the screw feed-
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er have been compared wilh data rrom lilcralure. Also invesli_l!:llecl was lhe validily or using lhe cor
relal ions ror predicting the tran si tion ai r velocilies devcloped ror classical reedcrs ror the data obtained 
usi ng the spoutcd bed reeder. The results allow the conc lusion that the transition point cm be pre
dicted using the same criterion ror both systems. 

Kcyworils: Pncullwlic /ra/1.\l)(lr/, solidfl!cding srslc/11.1', .fio"' regi III<' idcl/{if/calion 

COBSS6 MASS FLOW lN A TWO-PHASE FLOW WITH BOILING THERMAL 
SIPHON LOOP I VAZÃO MÁSS!CA EM ESCOAMENTO BIFÁS!CO COM 
EBULIÇÃO EM UM CIRCUITO DE TERMOSSIFÃO 

Maria Eugênia Vieira, Hugo Leonardo de Brito lluanrue & l'úhlio Ot:ívio Oliveira Duarte 
LalwmtiÍrio de Lnergia Solar. Ce111ro de Ten/11/ogia . /l/oco 710. Üllllfl /1 .\' do l'ici - UFC 
CIT ó0455-7ó0- Fortalc~a. /Jmúl - L-111ails: <'ll.~l'llia<iNes.llfi ·. l!r I illlgoi!Ne.r.llfi·.l!r 

This work presenls a model to determine the totalmass flow rate in a two phase rlow with boil
ing closed circuil. This syste1n is used lo collecl solar energy by the rormalion or vapor huhhles in ;1 

solar eollector and to release thi s energy in condensalion hy heating a second rluid. The model 
assumes that the total rrictional drop equals the pressure gain dueto the dillerence in gravity in the 
single phase and lhe lWO plwse vertical paris or the loop. Using the dcfinition or lhe void rraction, a 
second expression could be written and the two equations wcre solved simultaneously ror the void 
fraclion and the total mass rate. The results indicated that the two phase rlow was bubbly. what was 
expected considering the relatively low inlensity or lhe sola1· rlux and Lhe experimemal values ror Lhe 
LemperaLure dillcrence heLween lhe healed wall and lhe fluid s:lluralion Lemperalure. 

Kcywonls: Tlll'mwl sif'/11111, 1\FO-jlllll.\'t' .flmr, 11/ll.l'.l' ro/t'. Foit! .fi ·action I Tt•mJo.uifâo, escoamcl!/o 

hij{ísico . .fi'aç.·ào dt• l'o id 

COB1119 ANÁLISE DA ACELERAÇÃO EM SISTEMAS DE TRANSPORTE 
PNEUMÁTICO VERTICAL EM FASE DILUÍDA I AN;\LYSIS OF THE 
i\CCELERAT!ON lN VERTICAL PNEUMAT!C TRANSPOI?T SYSTEM lN 
DILUTE PJ-fASE 

Napoleún Gunzúlez Benite:r. & André Luiz Amarante Mesquita 
(;mJW tft• 'J'urlumuiquiuas - Oqwrtauu•/1/o tf,• l:úgculiaria Menluica - Uuirersidwle 1-'edl'ml do l'auí 
cu·- óóiJ75-91JIJ GlliiiiiiÍ. /Jmsi/ f:'·lllllil: gtde//J(i>l(llllllciii/.C{//1/.I!r 

This work presenls :tntodel lo ;In;ilysis lhe gas-solid vertica l rlow in dilule phasL~ baseei onone
dimensional, isolhermal <llld steady-slale on balances equalion. Wilh Lhis model lhe lenglh or Lhe 
acceleralion region is calculalcd and lhe prcssure loss can bc <Inaly;.ed. The resulls rrom lhe present 
model are conrronled wilh experimental data availahle in lhe lilerature. aml a good agre~:menl is 
observecl. 

Keywol'(ls: Pncl l/tUrlic Trwt .\}Wrtl Tmnspor/e PnnrnllÍfico !Ji!ule 1'/wsdFo.H' Diluido I Go.1-So/id 

Flml'!l~scowlll'llfo Gás-S<ilido i\ ccelcmtioll Negioni Negitio de !Ice/emulo 
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COB1120 UM MÉTODO PARA A ANÁLISE DE TRANSPORTE PNEUMÁTICO 
VERTICAL EM FASE DILUÍDA I A METHOD FOR VEHTICAL PNEU
MA TIC TI?ANSPOIU' ANALYS/S lN DI LUTE PHASE 

Napolcón Gonz:ílcz Bcnitcz & André Luiz Amarante Mesquita 
Grupo de Tur/Jtiiii<ÍlflÚ/111-' - /Jeporllllll l'll /11 de lcllgellilllriu McnÍIIÍnl - Ullil'ersidl/(11' Fedem/ do /'uni 
CEI'- 66075-900 (;uo/IIIÍ. J/msillo·-lllllil: glllelll@lllllilêllll.co/ll.hr 

This work presents a moelel for the gas-solid vertical flow analysis in clilute phase baseei on 
one-elimensional. isothermal anel steaely-stale on balance equation. The moelcl is an extension or some 
signiricant works. The results rromthe present modelare conrronteel with experimental data available 
in the literature. anel a goocl agreemenl is observe(!. The moelel is consistelll anel it is concluelecl that 
energy tosses due thc solid rriction it is nol important racc thc othcr loss encrgy sources. 

Kcywords: Pnellllllll ic Trunspol"lífmll.ltJOI"!I' l'newnâtim /)i/ute Pll!lse!Fase Diluída I Gas-Solid 
Flow!E.I'I'OWIICtllo Gás-Srí/ ith1 

COIH445 TURBULENCE AND PHASE DISTRIBUTION FOR SOLID I L!QU!D 
TWO-PHASE FLOW WITH NEUTI?AL IJUOYANT Pi\RTICLES 

A. Assad 
Purdue U11i\'ersitr. School of" MeclllllliUII /o"llgÍII/'l'I"ÍIIg. \Vesl Lufilrelle. lN .J7907-1077. L-11111ÍI lllll ir@em.Jillr

du e.edu 

R.T Lahcy, .Tr 
Rellsseilll'l" Pol\'lecllllil" illslilule. DeJ'Orli/11'111 of"lo"llerg\' wul l:"!lt 'ÍI"IIIIIII<'IIIull:'llgilleerillg. 'f'roy. Netv York 12180 

Detailed local phase distrihution measurements wcre made ror solid/liquid two-phase flows in 
a horizontal pipe using a staw-ol"-thc-an laser Dopplcr ane1nomcter (LDA) system. The disperse phase 
consisted or 2 mm neutral huoyanl spherical particles. Since thesc particles had the same density as 
water particlc/liquid slip was diminated. thus simulating microgravity conditions. The coneluit was a 
30.6 mm diameler pipe, which was madc ora spccial optically clcar material (rluorinatcd Ethylene 
Propylene) with the samc index or rdraction as water. A set or velocity proritcs, turhulence struclure 
and volume rraclion distrihutions were measured ror each phase. Thcse cxpcrimclll<ll rcsults werc 
round to agree quite well with a multidimensional two-rtuid moclcl. 

Kcywords: Tll'o-Piwsc Fim• •. Solid-Liq11id F!oll', Loser /Joflfi/er ond Turlmleuce 

COB1446 AN EXPERIMENTAL ANALYSIS OF PRESSUim DROP AND 
ENTRAINMENT lN ANNULAR FLOW 

A. Assad 
l'urdue Un ircrsily. Sclwul u{MI'I"Iwnical l :"ngÍill 'l'ring I 1111d ·''c/ioulo(Ntll"lear Lngineering 2 
M. de Bcrtodano 
\Vesll.afúrelle. lN .J7907- 1077. 1:"-nwi/ anliri.!' ' ''CII.f!lmlue.n/u. 

Stcphcn llcus 
/Jenis !11muic l'o11·n l .a/}1/mfon· \Vesling/Jouse 1:'/nrric CorJIOI"IIIÍiin 3. \Vesr Mi{/lin. /';\ 15122-0071J 
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The droplet entrainment and the interfacial shear are the most important phenomena that can 
exist in annular flow. Many of the available data were obtained for atmospheric condition neglecting 
high pressure effects where surface tension plays' an important role. A uniquc vapor/liquid Freon 
experiments were designed and utilized to scale 'and simulate annular two-phase llow for high pres
sure data. The results were compared with two correlations available where lshii and Mishima's 
dimensionless group was able to scale the data remarkably well. The prcssure data obtained agreed 
well with Wallis and Asali's correlation for interfacial shear. 

Keywords: Two-Phase Flow, Amwlar Flow and Vapor/Liquid Freon-1 13 
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COB743 INTEGRATION OF BUILDING AIR FLOW MODELS OF DIFFERENT 
RESOLUTION 

Cezar Otaviano Ribeiro Negrão 
Departamento de Engenharia Mecânica- UFSC, Caixa Posta1476, CEP 88.040-900 Florianôpolis, Brasil 
E-mail: negrao@nrva.uf<>c.br 

Building air flow models, such as those derived from Computational Fluid Dynamics and 
fluid flow network are investigated and their deficiencies are identified. ln the first, the air flow is 
defined in high resolution, allowing the evaluation of tcmperature and velocity gradients within 
enclosures. However, the boundary conditions cannot be well established. Although the !ater allows 
computation of air infiltration and ventilation for the entire building, air velocity, pressure and tem
perature are assumed uniform within spaces. A new modelling approach, which combines the two 
methodologies and reduces their shortcomings, is proposed . The potential of such technique is 
demonstrated by a case study. 

Keywords: Building A ir Flow Simulatimz, Computational Fluid Dynamics/Simulaçclo de Fluxos de Ar 
em Edificações, Dinâmica dos Fluidos Computacional 

COB1435 ANÁLISE DINÂMICA DO COMPORTAMENTO INTEGRADO DH 
EDIFICAÇÕES E SISTEMAS DE CLIMATIZAÇÃO I lNTEGRATED 
DYNAM!C ANALYS!S OF BUILD/NG AND AIR CONDlTIONlNG UN!TS 

,Jorge E. Corrêa (*), Cezar O. R. Negrão (**), Cláudio Melo (**) 
(*)Universidade Federal do Pard I Cenrro Tecnológico I Depro. de Engenharia Mecânica 
(**) Universidade Federal de San/a Cararina I Depto. de Engenharia Mecânica I NRVA 
CEP 88040-900- Floriwuípolis- SC - E.nwil: melo @nrva.uj.tc.br 

This work is concerncd with the dynamic modeling of self-contained air conditioning units. 
Units with air-cooled and water-cooled condensers are modelcd . The ESP-r (Environmental System 
Performance - research) codc, whcn couplcd with these models, becomes capable of modeling the 
energy and fl.uid flow within combincd building and plant systems, under typical operational brazilian 
conditions. 

Keywords: Simulaçclo, Ar condicionado, Edificações, Energia I Simulation, Air-Conditioning, 
Buildings, Energy 
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COB287 AVALIAÇÃO EXPERIMENTAL DA DISPERSÃO DE CONTAMI
NANTES EM AMBIENTES COM ALTA INSTABILIDADE I EXPERI
MENTAL EVALUATION OF CONTAMINANT DISPERS/ON lN HIGHLY 
UNSTABLE AMBIENTS 

Rogério Silveira de Queiroz & Bruno Venturini Loureiro 
Departamelllo de Engenlwria Mecânica Universidmle Fedem/ do Espírito Santo, Caixa Postal I 9011 CEI' 

29060-970, Vitríria, Espírito Sauto, !Jmsil - E- mail: rqueiroz@il((ll/i's./Jr 

A highly unstable convcctive water tank with turbulence structure generated mainly by 

buoyancy forces is contaminated by an inert dye solution of rhodamine 6G and the dispersion 

fcatures analysed in two dimensions and intime by imagc processing techniques using the flu

orescence property of that dye when exposed to a high intensity argon ion laser beam. Tests 

were performed for two dillerent height sources and under dillerent bottom surface heat flux

es showing a strong dependence of maximum concentration behaviour on those parameters. 

The images produccd and the rcsults of thermal analysis are useful for comparison with numer

ical solutions of thc momentum, mass and energy conservation equations applied to a similar 

ambient. 

Keywords: Turbulence, Concentrution MatiJiillg, lmage Processing 

COBlllS MODELO DIFUSIVO COM CINÉTICA COMPLETA PARA 
POLIMERIZAÇÃO EM MASSA VIA RADICAIS LIVRES I DIFFUSIVE 
MODEL WITH COMPLETE KINET!CS FOR FREE-RADICAL MASS POLY
MERIZATION 

Carlos Eduardo Fontes, Paulo Laranjeira da Cunha Lage & José Carlos Pinto 
l'rogmma de t'ugeulwria Química. COI'!'/:·, UFIU- C.P. 68502; Rio de Jaueiro, lU. Clo'f' 219./5-970; Fax: (021) 

5907135 
ló-mai/: fWllio@pe<j.Ci!ppe.ufi:j./Jr 

The prescnt work dcals with a free-radical, mass polymcrization that can be applied to the 

reactive phase ol· a reactive injection molding process in which lhe kinetics of reaction is much 

slower than the model filling up time. The simulation of styrene homopolymerization in a cylindri

cal reactor, using a model that consists of the cncrgy and spccies conscrvation equations, allowed 

the analysis of the importance of thermal initialization and mass dillusion. Two schemes of numcr

ical solution were applied and compareci. lt has bccn shown that the changes in dillusion coclli

cients dueto composition and tcmpcrature changes are small, making it possible to treat those cocf

ficients as constants. 

Keywords: Muss polimeriwtion, 11wss diffusion, themwl illitiali~utirm, reactive injection I 

Po/imerizaçiio em massa, difÍt.\'1/o mâssica, iniciuç·iio térmim, injeç·clo reutil•u 
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COIH116 PREVISÃO DA RETENÇr-\0 GASOSA EM COLUNAS DE UORUUL
HAMENTO NÃO ISOTÉRMICAS UTILIZANDO UM MODELO TER
MOFLUIDODINÂMICO PARA A FASE DISPERSA I GAS HOLD-UP 
EST/Mi\T/ON FON NON-/SOTHEI<MAL HUBBLE COLUMNS USING A 
THE!?MOFLUID-DYNAM!C MODEL FOR THE DISPERSED PHASE 

Flavio Barhoza Campos, Paulo Laranjeira da Cunha Lagc & Eduardo Mach Queiroz 
l'mgrtllrrll de f:'ngell lwritr Q11ímict1. COI'I' Ió- UFIU - llilll tio Fwu!tio. CU' 2 /'J.JS-970 llilll do rwu!tio, /Jrasil 

e-llrllil: f>tlrdo @ fl<'tf. Cllf>f>e.ll[ij.l>r 

Two mcthods are analyscd to cxtcnd thc applicability or isothcrmal gas holcl-up corrclations 

to non-i sothcrmal conditions usi ng a thcrmofluid-d ynamic rnodcl ror thc bubblc formati on. Thc first 

mcthod is bascd only on corn:ction or lhe gas propertics anel g<ts superficial vclocity to thc concli
tions at th c cncl of bubblc J'orrnation. Thc second mcthod introduccs a corrcction factor bascd on thc 

ratios of bubble rncan vol umes and l'rcqucncics or J'ormation for isothcrmal and non-isothcrmal con

ditions. Thc gas hold-up cstirnatcs using lhe two corrcction rnethocls we re compared to literaturc 
experimental data. Frorn lhe results, it can be concluded that lhe sccond mcthod is ablc to predicl 

qualitativcly lhe experimental gas hold-up. Model improvcrncnts are neccssary for a quantitativc 

agrccmcnt. 

Kcywords: lm!J!J/e colurr i!IS, gw lwld-llj>. hu/J/>Ie Jimuotiou , Irem ond llll/SS trwis/à, cu/1!110 de bor

lw/hmnento, retençiio gososo, Jórrnoç'iio de /)l)l/ws, trmis/i: rêncio de colore mos.1· 

COU1117 TRANSFERÊNCIA SIMULTÂNEA DE CALOR E MASSA NA 
FORMAÇÃO E ASCENSÃO DE UOLHAS SUPERAQUECmAS I 
SIMULTANEOUS HEAT i\ND MASS TRANSFEN DURING THE FONM!\
T!ON ;\ND ASCENS/ON OF SUPERHEATED IJUBBLES 

Flavio Barhoza Campos c Paulo Laranjeira da Cunha Lagc 
l'mgrtrll//1 tie /:'11genilario Químiw. C0/' 1'1:'- UFIU- l/Iro tio Furul<io. 

CEI' 21 .9--15-970. C/'. ó8502. l/Ira tio Fwrtitlo. /Jmsil- e-rrrai/: t>lllllo0lpe~f.C11f>j>e.ufij./JJ' 

1\ thcrmol'luid dynarni c model wa.' developcd to study thc hcat and 111<1ss tran sfc r during 
thc stagcs of J'ormation and ascension or superhcated bubblcs in a liquid colurnn. The gas phase 

physical propcrtics and lhe buhblc radius vary along thc proccss, wh ich makcs this a frcc bound

ary problcm. Thc rnodcl consists or lhe total mass , cncrgy and chcrnical specics conscrvalion 

cquations <tpp lied lo a sphcri c;li hubble w ith radi;il syrnmctry. wi th gas injection ar thc bubblc 
ccnler during hubblc for-mation. wlwse cnd is prcdict cd using the final formation volume givcn 

by lhe classical D:tvidson anel Scliii lcr corn: lation. Thc internal radia l convcc ti vc nux and thc 

intcrdillusion term in thc cncrg:y conservation equ<t l ion wcrc considcrcd in the analysis. Thc 
modcl i s solved numcrica lly by thc rncthod or !ines using: finitc volume cliscrct ization . Thc rcsults 

ob taincd are analyzcd and compareci to a prcviously dcvelopcd rnodcl restrictcd to the bubblc 

asccnsion stagc. 

Kcywords: Contomo lil're, hollw SllfJt'I'WJllecidu, CI'Uf> OI'tl('clO, coniuro direto I Free boundurv, super

heuted bubbles, n·upomtion, direct collluct 



AllSTRACT T211 

COB1306 DETERMINAÇÃO DA DII!'USIVIDADE DE MASSA APARENTE DA 
ÁGUA NA SILICA-GEL I DETERMINATION OF APPARENT MASS DIF
FUSIVITY OF WATER lN SJLJCA-GEL 

Ph. Grenier 
(++) CNRSIUMSI- BP 133 F91403 Orsay- França- E-mail grcnier@m/86./imsi..fi", 
Luiz Simão de Andrade Filho 
UFPJJICTICPGEM/DTCC/LES- simao@/es.t.(/jJb.br 
Jose Maurício Gurgel 
UFPBIDTMICPGEMILaboratiÍrio de EnerJ;ia Solar, E-nwil J;UrJ;el@/es.u{jJ!J.br 
58059-900 Joüo Pessoa - PB - !Jmsil 

This work presents a study of sorplion rates of lhe walcr vapor by silica gel partielcs whieh 
wcre measured for apressure range of 100- 1000 Pa. A singlc-stcp thcrmal method is uscd to men
sure mass diffusion. Sorptions/dcsorplions rates in silica gel samples afler a pressure step are mon
itored through of the measured of the surfaee temperature by infrared deteetion. A theoretieal simplc 
model is presenteei, with the overall kineties controlled by an apparent diffusivity identificd by a 
eurve-fitting method. This melhod consists of the comparison betwcen from experimental findings 
and the theoretical results for surface temperaturc. Obtained Rcsults are in good agreemcnt with other 
publications . This proposed model can bc couplccl to. in a simplc form . complex modcl for analysis o f 
adsorptive processes. 

Keywords: Kinetic measuremenls, silica gel, di[fusion, ad.\'OIJIIion, apparent d!ffitsivily I Silica-gel
adsorçlío - dijitsividade aparetlle - cinética de adsorçiio 
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TEMA 212 - Trocadores de Calor I Heat Pipe 

PROJETO RÁPIDO DE TROCADORES DE CALOR DO TIPO CASCO 
E TUBOS I SHORT-CUT DESIGN PROCEDURE FOR TUI3E-AND-SHELL 
HEA T EXCHANGERS 

Rogcr .T. Zcmp c Cristianc Junqueira 
Departillnento de D1gellflllria de Sistel/111.\' Químicos. Faculdade de E11gellllllria Química. Ullicillllp Caixa Postal 
6066. CEI' 13083-970 Calllflilla.l· SI'. email: zemp@de.l"tf.feq. wlinllnp./Jr 

A ncw short-cut proccdurc ror lhe dcsign or tuhc anel shell hcat cxchangcrs is prcscnted. 
Dcparting from thc cncrgy balances. fluid propcrtics anel tubc diamctcrs/layout, lhe algorithm com
putes thc main cxchangcr variablcs (prcssurc clrops I arca). anel thcrcforc can bc uscd for thc econom
ic optimisation of thc cxchangcr. Thc advantagc of thc proccclurc is thatno clctai lccl dcsign is rcquirccl, 
so that it can bc uscd in projccts whcrc quick dcsigns are rcquircd. likc synthcsis and dcsign of prcs
surc-clrop conslraincd hcal cxchanger nctworks. A procedure to oblain a complete cxchanger clcsign, 
fully mecting the hcat transfcr rcquircments. basco on thc optimised conditions. is also proposed. 
Availablc prcssure drops me fully utiliscd, leading to cost ciTectivc exchanger designs. Thc procedurc 
makcs use of lhe Bcli-Delawarc dcsign method. 

Kcywords: Projeto rápido de tmcadores de mlor, perda de carga e111 trocadores de calor I short-clll 

heat exclwnger design, pressure drop in heat e.rchangcrs 

COB325 TROCADORES DE CALOR ALIMENTADOS POR HIDROGÊNIO I 
OXIGÊNIO ELETROLÍTICO - UMA ANÁLISE COMPARATIVA I 
HEAT EXCHANGERS POWERED /JY HYD!WGEN/OXYGEN ELETROLYT!C 
- A COMPARA TIVE ANALYSIS 

Maurício Alves da Motta Sobrinho 
U11it•ersid1111e Fedem/ de Pemamlnwo. Oej)(lrlllllll'llto de l::ngenlwria Q11ímica. iii' Prof J\rtlwr de Sú. s/11. Cidade 

Unit•ersitária. CEI': 50.7-10-080. Recifi•. l'enwmlnwo. /Jrmil. Te/. : (081) 271-8238, Fax: (081) 271-0095 

E-Mail: 1/WIIIlS@npd.ufjJe./Jr 

Júlio Goldl'arb & Kepler Borges França 
Unit•ersid11de Fedem/ d11 1'11mílm. Oetmrrollll'llto de l:ngl'llllllria Químic11. Ctlllljlillll Gmnde. l'llrll/7){1. flmsil, 

F11.r.: (083) 31 0- 1011. 

The cnvironmental care and lhe sc•1rch for alternativc energy sources are some of lhe main 
problcm for the govcrnments. Solar anel wind energy and hydrogen can de solution. This work shows 

results of a rcscarch run by lhe Hydrogen Group of UFPB for the devclopmcnl of heat exchangcrs. 
The perfonnancc ol.two heal cxchangcrs wcre compareci, a tubular anel a convective hcat cxchanger, 
through lhe analysis ol· lhe internal and externa! environmcntal variation , the gas and the electricily 

consumption. As a result, the convective exchangcr showed a bctter suitability , suggest ing that its ciTi
cacy can incrcasc artcr some alterations to be made. mainly at lhe gas outlet. 

Kcywords: Trocador de Calor, Aqueci111en!o de A111hie111es, Hidrog1~nio Eletrolítico, E11ergict 
Aliemativa I Heat-Hrclwnger, Ellvirolltllel/tal /Jeati11g , Eletrolytic Hrdroge11, Altematil'e Energy 
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COll52S AN INVESTIGATION ON TI-IE HEAT TRANSFER lN AN INOlJSTRIAL 
FLlJIOIZEO llED HEA T EXCI-IANGER 

Paulo Roberto Tardin .Tr. and Leon<~nlo (;o!dstcin .Ir. 
DepartiiiCIIIO(Jhemwlwul Fluids !::11gineeri11g. College o( Meduuliml !011gineeri11g - UN/Ci\MI' 

Zip Code 13083-970 CaiiiJiillas. /Jmúl- E-11111il: wrdill 0 l.fón.ulliCIIIUJI./Jr 

Luis C<~rlos C<~s<~vechi<~ 
Superi111e11dêucia da lndusrriali::.açúo do Xis/o- .'\'IX. 1'1:"1'1?0/JI?i\S SI!\. Zip C,"le 83900-000 .'i<7o Mareus do Sul. 

/Jm zil 

An industrial size fluidized bed heat exehanger was tested and the results were applied to 

cheek the availabl c correlati ons for lhe bcd-to-tuhc hcat transl'cr coc!Ticicnt. The hc<ll exchangcr was 
designcd to recover lhe heat content of lhe ashes produced in a I MW circulating fluidi zed hed boi ler 
pilol plant burning oil shale. wi th <ln hori zontaltube immerscd inthe bed. The solids inlet temperature 
was aboul 375 °C and the superficial velocity 0.1 O m/s. Ahout 75% of the total heat transfer rate rrom 
lhe ash was lransfcrred lo lhe water and the balance to lhe ai r stream. The Molerus correlation ( 1995) 
has shown lhe besl agreemcnl with lhe data, with less than 20% deviation. 

Keywords: !-l('i/1 e.rclumger. Fluidi:.ed !Jed. lleot recr!l'erv. !Jed- to-tuhc /r e{// tmn.yfá coefficienl 

COllS97 ANÁLISE EXPERIMENTAL DE UM TERMOSSIFÃO lliFÁSICO I 
EXPERIMENTAL ANALYSIS OF J\ CLOSED TWO-PHJ\SE THERMOSYPHON 

Nelson Múrci<l, Maurício A. Z<lnardi & Newton G<~lviío de C. Leite 
Dellar/allll'lllll de Lnergia. Faculdwlc de l :.llgenlwria- UNI:'SI'- (;uamtingiii'IIÍ 

Cio/' 12.500-000 Guamringue/IÍ. llmsil- /:--111ail : IUZ!IIIlll'llii!j)fi'g. w le.\p.!Jr 

The main objective o r this work was to study lhe perrormance o r a lwo-ph<l Se thcrmosyphon 
uncler normal opcration conditions. Four aspects wcre investi gated: lhe temperaturc distrihution along 
thc axial dista nu:. heatlranslcrrcd fromthe evaporator to lhe condenser. ellccts o r the thermosy phon 's 
inclination anel the <l mount or working fluid. Watcr was chosen as working fluid due to lhe suitable 
tempcraturc range and availability. The results obtaincd show that the inclination or lhe tube is an 
important parameter ror low inclination anglcs. with respect to the horizontal. lt was also founclthat 
lhe best fluicl charge is aboul 30% o!' the tube volume. 

Keywords: Tlremwsl'jilrmrs, two-plwse !lremwsrjJ/um, clrorgc in thenllo .I'VfJiwlls, i11dirwlion efj'ects i11 
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COB1130 ESTUDO NUMÉRICO DE UM TROCADOR DE CALOR COMPACTO 
COM ALETAS RECORTADAS E UMA FILEmA DE TUBOS I NUME-
1?/CAL STUDY OFA COMPJ\CT HEJ\T EXCHANCEN WITH OFFSE'f:S' AND 
ONE TUB E ROW 

!ur:mdir Itizo Y:magihara, Paulo Eduardo Batista de Mcllo 
neJnlrlliiJJCI/IO de /:'ugenlwria MenÍiúcu. J:'scola J)oliténlint- Uuit ·ersidude de Siio Pllulo 
,1v. l 'ro( Mel/o Momes. 2231 - St7o l'uulo- .'ii '- CU' 05508-'JOI!- limsil- /:'-Mail: jiyrllwgi ((ll lf.I'[J.!Jr 
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l-leal translc r and rlow loss characteristics ol· a fin-tubc compact hcat exchanger werc obta ined 
numcrically. Thc heat cxchanger modcl has onc tubc row and util iscs the hcat transfcr enhancement 
techniquc kno wn as " oiTsets", th ~11 promotes suct.:essi ve houndary layer break-ups. The heat t.:onduc
tion elkct in the fin was taken into account (conjugate hcat transfcr) and so the cyclie characteri stic 
of the flow in the perpendicular direction, generated by the imerruptions that the '·oiTsets" promote 
over the fin . The inrlucnce of lhe thermal conducti vily parameter ovcr lhe healtransfer was veril"icd. 
Thi s paper presents correlations for the Colburn factor and fri cti on factor, both funclion ol· Reynolds 
number, for lhe laminar regime. With the objective or evaluating the heal transfer enhancement 
obtained w ith lhe " ollsets". one modcl with the samc dimcnsions hut with plain fins was simulated 
numerically. With thc rcsult s, importalll aspects werc di scussed. such as enhanccmcnt obtaineel w ith 
'·oiTsets", flow loss increase. influcnce o f the thcrm :1l conducti vi ty of the fin anel inelications for a bel
l er eles ign. 

Keywnrds: C0/1/flliCI ll cot excllangn , of{H'I, tube)in I trocadores de calor coiiiJ!liC/os, Ilibo -ale/a 

COB1132 CONJUGA TE HEAT TRANSFER AND FLOW LOSSES lN COMPACT 
HEAT EXCHANGER WITH SMOOTH FINS AND TWO ROWS OF 
TUBES 

Rogério Rodrigues .lr. & .Jurandir Hiw Yanagihara 
Oej!ilr/lltel /1 o( M ecltallical Engineering. l 'o/ytecllll ic Sclwol o( Unirersill' o(S1Io !'auJo 

A v. l' ro{ Mel/o Momes. 223 1 - S1lo /'o u/o - CU' 05508 - C)(}() - 1:"-lllll i l : ji_\'ll llllgi@u.lp.hr 

The preselll work rcfers to a numcrical anal ysis ol"thc local aml global heal transfer and fluiel 
flow charactcri sli cs or ~ ~ fin-t ubc hc:ll exchanger with smooth fin s. Thest: investiga tions aimto provielt: 
basic information ror lhe devclopmenl or hcal transl"cr enhanccmcnl lcchniqucs applicd to cvapora
tor/conelcnscr or domcstic air-conditi oning systcms. Momentum and encrgy conservation cquations 
were sol vcd by the finit t: volume mcthod with a houndary fil! cd coordinatc system. Thc computat ion
al moei e I consi sts of a compact heat cxchangcr w ith 1 wo rows o r roun el tubes in a staggcred arrange
mcnt using smooth fin s. Thc numt:ri cal si mu lations werc carricd oul for a stcady-s tatt: thcrmally anel 
hydroelynamicall y devcloping laminar rlow. Thc influencc or channcl paramelcrs such as transvcrsc 
and longitudinal tube spacin g onthc heat transfcr and rlow losscs wcre analyzed. The rcsults all ow lo 
ielenl il"y situations in which the fin ellccti vcness decrcascs, providing useful information for thc appli 
cation of heal l ransl"cr enhanCt:lllClll tcchniqucs lO thi s kind o f geometry. 

Kcywords: cont{}(ICI lt elll ex cltmtg l'l"s; .f/11 -lttl)(· c ltlllllt el s; .\"ltwotlt .fi/I s; con jug llle ltc111 tmllsji'l·; .fi11ite 

l'olume mellwd 

COB1402 OTIMIZAÇÃO DO PROJETO TERMO-HIDRAULICO DE TRO
CADORES DE CALOR DE PLACAS I OPTIMIZATION OF THERM!I L
HYDI?!IUL/C DESICN OF PL!ITE HE/\T EXCHANCEI?S 

Oscar M. H. Rodri~-:ucs, Arlindo de Matus, Rigohet·to E. M. Mnralcs c Leonardo Goldstcin .Ir. 
Faculdade de I::ngenllllriu Mcn1nim - FJ:"M; Un i •·crsidude !:"sradurtl de Canlf>inas- UNICAM P. 
CEI' -/ 3083-970. Cwllfli ii iiS - SI ' - /Jrosi / - /:"-Mail: II.I"CIJ I"IItft@(ettl .t tttiCII IIIf!.lll· 
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This work presents a methodology for lhe thermal-hyclraulic design optimization ofPiale Heat 
Exehangers. lt is also presenteei lhe results of thc applicalion lo a typical case. 

Keywords: Plate Heat Exclwngers, Themwlcftydmulic Design, OtJtimi::.ation. I Troc{l(lores de Calor 
de Placas. Projeto Termo-hidráulico. Otimimçiio 

COB1484 ESTUDOS PRELIMINARES DE UM TROCADOR DE CALOR TUBU
LAR ALIMENTADO POR HIDROGÊNIO ELETROLÍTICO/ PRELIMI
NARY STUDIES OF A HEAT EXCHANGE POWERED BY ELETROLITIC 
HYDIWGEN 

Maurício Alves da Motta Sobrinho 
Uui1•ersidude Federal de l'emum/mw. DeJillffllllll'll/11 de l:'tJgeulwria Q11í111im. À v l'mt: Anlmr de Sâ. s/11. Cidade 
Uui1·ersitúria. CEI': 50. 7-10-0SO. Neci/é. l'emumbuco, /Jrasil. '/d : (08/) 271-8238. ru.r: (081) 271-0095. E-Mail: 
11111/IIIS@IIJid.t({jie./Jr 
Mirian C.C. Amorín, .Júlio (ioldfarh 
Compau!tia l'emumbucllilll de Águ11 e StuteiiiiU'JIIo (COM PESA). l:'.w:riltírio de l'elmliull. l'enlltlltbuco. 
Kepler Borges França 
Uuil'ersidude Fedem/ do l'umí/){1. DeJillrltlllll'll/o de Eugeult11ri11 Quí111icu. CuntJiillll Gmude. l'uraíbu. /Jrasi/, 
Fax.: (083) 3/0-1011. 

An cnvironmenlal heating system fueled hy eleclrolylic hydrogen has heen developed hy lhe 
Hydrogen Group at the Chemical Engineering Departmenl of lhe Paraíba Federal Universily . This 
system purposes to replace lhe heating ohtaineel hy pollulanl carhonic fuels and can be inlcgraleel wilh 
lotovoltaie colleclors or aero-generators to improve the ulilized energy. 

Thc first lesls real ized wilh this heal exchange, dcvcloped and projccled hy lhis group, are pre
senteei hesiclcs with lhe syslem rlow chart. The lemperalure input anel lhe output ol. lhc healcr dissipa
lion unit using waler and Dowlhernl''' G synlhelic organic oil anel lhe room lemperalure has bccn ana
lyzed, as a function of lhe lime. Results shown a higher perfornwnce whcn using lhe organic oil. 

Keywords: Trocador de Calor, Hidrogénio, Eletrólise, Aquecimento de Amhientes I Heat Exclwnger, 
Hydrogen, Electrolyse, EnvirOIIIIIelltal Heating 
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TEMA 213 - Máquinas de Fluxo 

COB232 ANÁLISE E SIMULAÇÃO DE UMA TURBINA REGENERATIVA 
TIPO TOROIDAL I ANALYSIS AND SIMULATION OF A REGENERA TIVE 
TOROIDAL TURBINE 

José Edmar Rios 
Deparlllmenlo de Físicallplicada- FUNI?EI- !'rara Frei Orlando. 170. 
CEf' 36300-000 Süo Jmlo dei-Rei MG. /Jrasil - E-11111il: li(iap@csa..filltrei.br. 

Sebastião Varella & Nelson Manzanares Filho 
DepartwneJI/IJ de Enge11haria Mecânu:a - EFEI- III'. 13./'.S.. 1303 
CEP 37500-000 flajubâ MG. /Jrmil - E-mail: nelson@ ielll.~(ei.rmg.br 

An analysis and a simulation of a rcgcnerative toroidal turbomachinc are made in order lo 
evaluate its potentiality as hydraulic turbinc. Thc working principie of this kind of lllrbomachinc is 
prcscnted and discusscd. Formulae devclopcd on lhe basis of lhe circulatory theory are prcsentcd 
allowing thc calculation of lhe circulatory vclocity and lhe global pressure coetlicicnt as a function of 
the main gcometric parameters. Bascd on thcse formulac, simulation rcsults were obtaincd for the 
variation of the flow rate vs. rotating speed with a fixed specific encrgy and taking the diameter 
aspect ratio as a paramcter. The opcrating charactcristic is similar to that of a Francis lllrbine of high 
specifie speed. ln order to check the simulation model, some experimental results were obtained by 
mcans of ri g tcsts performed on an hydraulic regcncrativc turbinc. One vcrifies that the simulation 
modcl is capable of qualitativcly reprodm:ing the tlow rate vs. rotating speed curve. Onc concludes in 
favor of thc applicability of lhe rcgcncrative turbomachinc as hydraulic turbinc and suggcsts thm ncw 
rescarches have to he made for furthcr evaluations and improvemcnts. 

Keywords: Hydmulic Turbine; Regenerative; To mi dai. I Turbina Hidráulica; Regenemtiva: Toroidal 

COB274 SIMULAÇÃO DO ESCOAMENTO ENTRE PÁS DE UMA TUR
BOMÁQUINA COMO METODOLOGIA DE PROJETO I FLOW SIMU
LA TION INSIDE A BLADE PASSA CE OF A TURBOMACHINE AS A DESIGN 
METHODOLOGY 

Vilson C. S. Ferrcin1, Inácio 11. Morsch, Martin P. Kcsslcr & Carlos F. Favarctto 
Lalmmlfírio de 'Júri>olluíquí!los e Mediçtlo de Fluxo- DI:MEC- UFRGS 
Sarmenlo Lei/e 425. l'or/"11/egre. Cl:'/'. <J0050- f70 - f-11111il: JIIOI'.I'cl!@l'"rrex.rl}i-gs.br 

Many thcorctical and experimental approachcs havc bcen made in ordcr to achieve a standard 
and reliablc turbomachinery dcsign. The prcscnt paper dcscribcs an underdcvclopmcnt methodology 
that links an initi al design software with commcrcial computational package (CFD) available. The 
geometry of a turbomar.:hine is generatcd by the initial software and, aftcr thc visualisation, the data 
are cx portcd to the CFD which solves lhe rlow ricld inside lhe blade-to-bladc passage. A simulation 
with a submergible pump impcller is made and lhe rcsults in tenns of velocity, pressure and stream
lincs distribution are prcsented. 

Kcywords: Turbonuíquina.\', escowllell to. turlmh~ncia. silllulaçiio nw11érica, desenvoll'illlell /0 de pro
jeto. Turbonwchine . .flmv, turbulence. lllllllerical silllulation, design illlprovelllent 
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COll751 USO DE APLICATIVOS COMPUTACIONAIS NA MANUFATURA DE 
COMPONENTES DE BOMBAS CENTRÍFUGAS I COMPUTEI< APPLI
CAT!ONS lN CENTRIPUGAL PUMPS MANUFA CTUI<ING 

Scr~io Kcnji MoriJ!uchi & Dou~-:las Lauria 
Uepartamenw de '"'ngenlwna Men/nlca. Lsr:o/a de Engenlwria Ma111 Í. lo"sr:ola !'olirér:nica da 
USP - F,srmda das Lligrinurs. 2035 Cel' 09580-900 S. C. do Sul - SI' 

This paper dcal s with thc use of hardware and sortw:1rc computational fcatures anel peripheri
cals in an integratcd fonn lO dcsign centrifugai pumps. Rcsults of thc impeller and spiral casing basic 
climensions are cleterminecl as design parameters and corresponding clrawings files are generatcd. 
Computer Aiclecl Engineering technique is used in the equipment (i<Jta files. The design inl·ormation 
cxprcssed in neutral and parametric fmm enables thc dircc t use of aplication solhvares. Thi s way. is 
poss ible to check and print oul drawings and execute components machining. Atthe work cyclc end 
the use of lhe computer allows to dimension and manufacture the pump eomponents reducing manu
facturing time and costs. 

Keywords : Rotores de bo111bas cent rifí rgas. Caixa espiml. Umnbas ccntrUirgas, CAD, CAM I 
Centrifitgal Jllllllf/S, Spira/ ursing. lniJll'ller, CAl), CAM 

COBSSS AN UNSTEADY NUMERICAL SIMULATION OF NA OSCILLATING 
AIRFOIL WITH STRUCTURAL COUPLING 

Said Mmmsil' 
Grupo de 1ilrlumuíquinas. !Je!'<lrllllltenlo de l:"!tgenlwria Men/nint. CT - UI·'/';\ 
CEP 66.075-900 !Jc:lént. l 'a rú. llrasil - lo--mail: gtdem @anucm t.com.br 

Unsteady rlow-fi elds of two-dimensional ose ill atin g ai rfoil with structural coupling are ca l
eulated using an implicit finit e-volume numerical procedure. The method employs the semi-strong 
conservation form of th c N<Jvi cr-Stokcs equations with prcssure and physical contravarient vcloci
ty components as dcpendent variables. The equations descrihing the airfoil motion are intcgratcd in 
time using a fourth-order Rungc-Kutta algorithm. Numerical expcrimcnts are performed about an 
unstcady viscous flow-filcd pasta stay-vane <lirfoil, which is rrce to vihrate in rcsponse to thc aero
dynamic forces. 

Keywords: Fluid- Simctun' lntemction , Filtitc- Volu111c M('[/wd, Mm ·ing C111vilinear Coordirwte.1· 

COB1217 DEVELOPMENT AND TESTING OF A SMALL DAIUUEUS-TYPE TUU
BINE lN TIDAL CURRENTS NEAR THE MOUTH OF THE AMAZON 

Danielle R. S. Guerra & André L. Amarante Mesquita 
Grupo de 'f'urhonttÍ<JIIinas. DetJlo. de Cngt'nlwrla Men/nint. Unil'l'I"Sidw!t• Federu/ do !'ará. óó075-90U /Je/én t-
1'!1 -/Jmsii 
E-1/ltli!: gttlellt0..) ''1'1tl7.fJII.t 'tJIIt./JI' 

Scott D. Anderson 
Coe/di Musewn. Cai.ra l 'oswl SlJ3. óó.0/ 7-970 1/e/ém. l'artí. /lru~i/ 
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Pans of the northern region o r Braz.il face serious prohlems with the supply of clcctric cnergy. 
Thousands or residcnts ncar thc mouth or thc Amawn livc dispersed on forcst-covered rlood plains 
cut by widc rivers anel streams. Thus. ror thcm it is ncccssary that thc clectric cncrgy he gcncratcd on 
a small-scalc. in a dcccntraliz.ed manncr, anel at low cost. ln this colllcx t, this papcr prcscnts a exper
imental study on thc performance ora Darrieus-typc water lllrhine. The cxpcriments wcre carried out 
in situ anel the rcsults are con sistem with thc experimental data available in the literalllre. 

Kcywords: Darrieus mnner, tide-ent•rgv, l'it•ctric fWII 'er 

COU14114 ANÁLISE DO ESCOAMENTO IDEAL EM GRADES REGENERA TI
V AS TOROIDAIS COM EFEITOS NÃO-INERCIAIS I ANALYSIS OF 
THE IDEAL FLOW lN RECENERATIVE TOROIDAL CASCADES /NCLUD
INC NON-INERTIAL EFFEC7:S' 

Ramiro(;. Ramirez Camadw, Nelson Manzanarcs Filho & Schastiiío Yarclla 
OeJWrflllllelllo de l :'ugeullllria M nâ11im - /:F/:'1 - !\ \'. IU'. S .. 1303. CU' 37500-000 lraj uhú !v/(;. !imsil - E-111ail: 

ue/sou @ iem.e/Ci. nug.hr 

An ideal rotational flow modcl ror regcncrativc toroidal cascades with lhin hlades including 
non-inertial ciTecls is presented. A conform;Jlmapping is applicd in order tolransrormlhe loroidal cas
cadc surrace in a plane eascadc. Yort ex dislrihulions are employed lo simulale lhe blade penurhalion 
in thc transrormed plane. The vonex intensity is calculat ed by numcrically solving ;m integml equa
tion representalive o r lhe relative rlow tangcncy on the blades. The resultant blade circulation is rclat
ed to the absolule vorticity on the physical toroidal surrace. Thi s vorticity creales the circunferencial 
pressure gradient or a regencrative turbomachine and this ract molivates thc present rcsearch. 
lllustrali ve results for the vorticit y and the slip factor are presented as a function of lhe main geomel
ric paramcters o r the toroiclal cascade. 

Kcywords: regenemtil 'l' co.1·u rdes; /omidal smfáces; norr-incrliol cfl'ects; vorlicity. I gmdes regener
(t/ivas; SllfiCI:f/cies lomidois; efi'ilos lllio-inerciais: \'orticid{f(/e 

COB1444 ANÁLISE DE CAMADA LIMITE TURBULENTA TRIDIMENSIONAL 
EM PÁS DE TUIWINAS HIDRÁULICAS I TI<IDIMENS/O NAL TURIJ U
LENT IJOUNDARY LA YEN AN!\LYS/S ON !-IYDI<AULIC TUR/JINE ROTOR 
IJLADES 

Marcos David Bloch 
/' IÍs -(;rudii!IÇilO l' /1 / /o'ugell illlria lvi<·n luim . /)(', )(fl'/l //l[(' f//(1 de l c'lll'i'giu. n ,·c;- UNL'.\'1' - c;/1(/U/{J//gli l' I<Í 

12500-000 Gulll'llliugllclrí. SI'. llmsil-fc'-JJIIIil: Jlli>!oc!J @jieg.JII II 'SJJ.!H 

José Cm·los Ccsar Amorim 
!MI:'- lnstitlllo !v!ilirur de fc'ngeulwriu. l ' miu Venue/1111 . 222'!0-271! N/0 /)/:' .1;\NE/NO. lU. !JN;\S/L -- 1:'-M!\IL 
.!C!\ MONI M @ I !v/fc'.f:B.IJ/1 

i\ lllllllt:ri cal ;lllalysis lws hcen develnped ror calculati.ng viscous nows ovcr arbitrary surraces 
hy sol ving thc tridimensional turhulent houndary-layer cql!alion s. Thc governing equations are writ
ten in a general nonorthogoml coonlinate systcm. Tllc in viscid propcrties are ohtained from thc sur-
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face Euler equations. A simple algcbraic moclcl For Reynolds turhulcnt strcsscs is uscd to closc lhe set 
of cquations. Thc resulting cquations arcdiscrcti -zcd anel approximatccl by a two-point finitc-clil"fercnce 
numcrical schcme. Thc proccdure clcvclopccl in this papcr is valiclatccl for some standard tcst cases anel 
nppliecl for turbine rotor blacles. 

Kcywords: camada limite/botllufarv larer: wuílisc rwméricalllrrlllericalmetlwd; e.w:owuento turbu
lento 3-/J/3-D turbulent.flow; difi~rellças~firlitas(firlite difli~ rt'I/ Cl' , llil"borllâquirw.l!tur/}(}rrwchinery 

COB14SS ANÁLISE DOS ESFORÇOS HIDRODINÂMICOS EM COMPORTAS 
HIDRAULICAS I NUMERIC4LANALYS/S OF HYDIWDYNAMIC FORCES 
ACTING ON VERTICAL LIFT GATES 

.Jell Lima de Andrade 
MeCtluica l'esada S.ll .. Gntpo GEC-IIL'iTNOM I l'tis-Grwluar<io ""' l:"ugl'lrlwrill !v/ectluictl. /TG- UNES/' 
120-IU-001 "/(w/}(lté. SI'. /Jmsil 

.José Carlos Ccsar Amorim 
/MIO -lnstilllto Militar de ürgcnlwria. /'mia Vemrellw. 22290-270 Nio r/c Janeiro. lU. /Jmsil - lo·-llfllil: jccruwr
illl(ifJillle.eh.hr 

A numcrical analysis has bcen clcvelopccl for calculating viscous t"lows controllecl by a verti
callirt gate anel hyclrodynamic forces acting on it. The numcrical solution is obtaincd from the incom
prcssible Navier-Stokes cquations. Thc numerical tcchniquc is baseei on a rinitc clcmcnt methocl. A 
Poisson cquation is dcrivccl from lhe prcssure-wcighted substitution or lhe full lllOillentum cquations 
into the continuity equation. Turhulence e!Tccts are simulatcd by a k-c turbulcnce model. The proce
clure developed here is appliecl ror a vertical lift gate operating in a CESP installation. anel the rcsults 
are compnrecl with available experimentnl data at various opening positions. Goocl <.~greemcnt is 
obtainccl ror lhe velocity anel prcssure clistributions. 

Kcywords: Análise ruun éricolntunericol mwlrsis; método dos elementos .finitoslfinite elemiml 
method I escoamento turlm!elltolturlmleut .flmv; C0/1/f/Ortos//ifi goles; esfiJI"ços hidrodinârnicosl 
hydrodytlOIIIÍc .fi!rces 
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TEMA 35 - Thrbulência e Camada Limite 

ORTLER VORTICES/TOLLMIEN-SCHLICHTING W AVES INTER
ACTION: REASSESSMENT OF PREVIOUS RESULTS WITH A SPA
TIALINONPARALLEL MODEL 

Márcio T. Mendonça, Philip .1. Morris, and Laura L. Pauley 
Centro T'ec:nico !leroespacial- Instituto de !ltil'idudes I~·SJiaciais. Stio José dos Campos. SI' 12228-90-1- flrazil. 
Tfle l'ennsy/l'ilnia State Ullil 'l'I'Sity. /Jept. tl{ilero.\'fJitce L'11g. lllld /Jef>l. of'Meclulllical E11g. 
U11iversity Park, /'!I 16802 - US!I. E-mui/: y pjm @cacpsu.edu, z IJUtuley @psu.edu 

The interaction between G"ortler vorticcs and Tollmien-Sehlichling waves is studied wilh a 
spatial. non-parallcl model based on lhe Paraholized Stahility Equations. A reasscssment of previous 
results oblained wilh temporal , parallel modcls is performcd showing that the main conclusions 
obtaincd with those modcls are valid hut the parai lei flow assumption does influencc the results. New 
rcsults not previously available in thc literature for Tollmien-Schlichting wave amplitudes of the samc 
order of magnitude as the vorticcs are also prescnted. 

Kcywords: Gürtler vortices, instability, bowulwy layer, Tollmieii-Schlichting waves, vortices de 
Gürtler, instabilidade, cli/IU{(/ct limite. ondas de Tollmien-Schlichting 

COB246 A NEW LA W OF THE WALL FORMULA TION 

Atila P. Silva Freire 
Meclwnical Engineering l'rogrmJJ (COI'I't"/UFIU). C.P. 68503. 219-15-970 Rio de Janeiro, Brozil 

The present. work introduces a new e.xpression for the velocity pronle in the near wall region 
of a turbulent boundary layer. The new theory uses asymptotic arguments and considerations of the 
mixing length lype to lind a local analytical solution which presents lhe correcl asymptotic behavior 
bolh close to wall in lhe laminar sub-layer and in lhe logarithmic region of lhe flow. Next, heuristie 
argumenls are evoked lo add a damping funetion lo lhe local solulion. This function provides an 
excellent correction to lhe original analylical solution, furnishing a solulion valid for the whole range 
of inner scales. The resulling expression is compareci with ten other diiTerent, formulations for the 
problem. The results are also compared with some experimental tcst cases. 

Keywords: Law (!( the Wa/1, Turbulence, /Jormdary Layer. Lei da Parede, Turbulência, Camada Limite 

COB248 CHARACTERISTICS OF A TURBULENT-BOUNDARY LAYER 
WHEN SUB.JECTED TO A STEP CHANGE lN SURFACE ROUGH
NESS AND TEMPERATURE 

Mila R. Avelino, Philippe P. M. Menut lmd Atila P. Silva Freire 
Mecilwrim/ Engi11eeri11g J'mgm111 (COI'I'EIUF/U). C. I'. 68503. 21945-970 Rio de Ja11eiro. Bmzil 

The present work uses asymptotic and Heuristic argunicnts 10 develop a thcory for the descrip
tion of turbulent houndary layer 1lows over surfaces wilh a 'srep change in roughncss and in tempera-
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turc. Based onthc conecpt o r the displaccment in origin, lhe theory proposcs a new exprcssion for the 
near wall logarithmic temperature profile, whicb is then used as a boundary condition for a k-CE mod
eling ol· thc externa! rlow. Thc results are .testcc.l for a sea brcczc that advanccs over c.lry land. 
Simulations or velocity and tcmpcraturc profiles, and or skin-friction andor Stanton numbcr profilcs 
are prescnted. 

Kcywords: Turbulent, /Joundary Laver. Swjlice Rougl111ess. 1\tn/OSIIileric Flows, k-Gl' nwdel I 
Turbulê11cia. Ca111ada Limite, Nugosidade Superficial, I::.\"Ctla/1/e/lto Atlllo.\férico, 111ode/o k-G.C. 

COB249 AN ALGEBRAIC TURBULENCE MODEL FOR THE DESCRIPTION 
OF BUBBLE PLUMES 

Andréa C. Alves, Jian Sut and AliJa P. Silva Freire 
Mec:lulllic:a/ Engineering l'rogm111 (COI'I'Iô!UFIU). C. I'. 68503(s_ll 2/'N5-970 Nio de .laneiro. !Jrozil 
DeJiurlllle/11 o(Mec:llllllic:ul wul MaTerial Lngineering. Miliwry l:'ngineering Sc:lwol (IMUIU) 
22290-270. l?io de .loneiro, Um?il 

The prcscnt work advances a new algcbraic turbulence model for the description of bubble 
plumcs. Thc moc.lcl is based on lhe eddy viscosity <lnd bubble dillusity concepts. resorting to dimen
sional arguments anel experimental data to arrivc at functional rclationships involving only primitive 
variables of the flow. The modcl is an improvcment over other algebraic modcls in literalure, pro
viding better results aL lower computational cosi. The rcsults includc predictions of thc velocity pro
files, or lhe void fraction and of lhe plume radius. The four constants that appear in the theory are 
dctermined through comparison with the data of Milgram and Van llouten( I 9li2) anel of 
Milgram( I 9X3), for clepths ranging from 6 to 20 meters. The agreement is shown to be very good. 

Kcywords: Multiplwse Flmvs, Turbulence Modeling. 1/ubble Plumes, 1\lgebmic Turbule11ce M()(lels. 
Finite Diff"erence Metlwds I Escownento Multiffico. Modelagem Tnrbulenw. Pluma de /Jolhas, 
Método de Dif"erenças Finitas 

COB250 FURTHER RESULTS ON THE ASYMPTOTIC BEHA VIOUR OF 
INTERACTING TURBllLENT BOUNDARY LA YERS AND SHOCK 
WAVES 

Guilherme S. Terra, .Jian Sut and Atila P. Silva Fr·eh·e 
Meclwnico/ Engineering l'rogmnr (COI'I'I:'/UFIU). C.!'. 6850.1. 2/'N5-970 /lio de .loneiro. llmúl. 
DeJ/1/rtirrenl o(Mn:lwniurillllli Moll'l"io /l:'n gineering. Mililun· !:·ngineering Sclwol (IMU/U). 22290-2 70. llio de 
.lwreim. /Jm?.il. 

The presem work makes a criticai compilation or some experimental data to corroborate the 
p4ysical Valiclity of the theorctieal asymplolic structun: resulting from an application of Kaplun lim
its to the shock-wave/turbulcnt. boundary la.ycr interaction problcm. The interaction of a shock wave 
with a turbulcnt boundary laycr is a vcry complcx and rich phenomcnon, whcre thc stecp prcssure gra
dicnt imposcd to thc boundary laycr by lhe shock wavc givcs risc to an inviscid intcraction process in 
a region which would bc otherwisc viscous dominatcd. Thus. in a classical thrce deck asymptotic 
modcl o r lhe cornprcssible lurbulem boundary lckyer (Silva f<'rcirc( I 9H9a)), lhe turbulent region must 
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changc soas to comply to this constraint. ln far-t, according to thc singlc limit concept of Kaplun, in 
the interaction region lhe turhuil:nt region completdy disappears. The new arising asymptotic strue
tu re consists then of two distinct regions: the wall vi scous region and the ou ter inviscid region. l-lere, 
thcse two regions are clearly idcntificd hy a careful processing ol· some experimental data. 
Considcring some flow measurements, one is capahle of evaluating the dominant terms in thc Navier
Stokcs, from which the asymptotic structu re can thcn be asccnainecl. With thc new asymptotic struc
ture, a simplified theory can then be developed for the inner regions of the flow. The results obtained 
through the si mplified theory are compared with calculations provided by a full Navier-Stokes code 
and with some experimental data for velocity, prcssure and skin-friction. The full N-S code uses a 
finite diffcrence explicit scheme. ln thc lllllnerical simu lation, the turbulent shear stresses are evalu
ated through an algchraic modcl anda half-cquation dillerential modcl. 

Kcywords: /11/emction. lltrlmlence, /Jowularv Lover, Slwck Wttl 'l'. Kaplu11 Linlils. I lnlemçlio, 
Turlm/êncio, Cwnoda Limite. Onda de Chotflll'. Limiles de KotJI/111 

COB32S LAMINAR-TURBULENT TRANSITION: THE NONLINEAR EVOLU
TION OF THREE-DIMENSIONAL W A VETRAINS lN A LAMINAR 
BOUNDARY LAYER 

Marcello A. Faraco de Medeiros 
OeJiliiWIIICIIIo de /o'llgellllllriu Mecânim- lc'scolll de L'llgenlwriwle Silo Cu r/os - Unil ·ersii/{1(/e de Silo l'aulo 

111111 Dr. Cor/os 13otellw. l.fó5. Silo Cor/os. 13560-250- SI'- 13m:il 

E -11111il: 11/ll[illll @sc.usJi./Jr 

This papcr prcscnts rcsults of an experimental study of the transition in boundary layers. 
Tl1e experiments wcre conducted in a low-turbulence wind tunnel. Thc proccss was triggered by 
a three-dimensional Tollmien-Schlichting wavetrain excited by a harmonic point source in the 
plale. 1-lot-wirc anemometry was uscd to nH.:asure the signal and investigate the nonlinear regime 
of· thcse wavcs . ft was observed that tile thrce-dimensional wavetrain behaved vcry differently 
from two-dimcnsional ones. ln particular , it did not invol ve thc growth of subharmonics or high
er harmonics. The f'irst nonlinear signal to appear was a mean flow distortion. Thi s had a span
w ise structure consisting of regions of positive and negati ve mean distortion distributed like 
streaks, whi ch 11L:came more complex as lhe nonlinearity developed. Elsewhere studies have 
revea led the cxistcnce of strcak- structures in turbulent flo w. lt is conjectured that the current 
cxperiments may providc a link betwccn early wave-like instahilities and some coherent struc
tures o r turbulent boundary layc rs. 

Kcywords: Lmninar-1/lrlmlenl 1/Wlsililm, hydmdynwnic inslo!Jililv, boundary /ayer, hol-wire 
{1//eiiWI//('11')', IIOllfilleor SVSII'I//.1'. 

Cüll544 SUPERSONIC AND HYPERSONIC LAMINAR llOUNDARY LA YERS 

P.G.P. Toro, Z. Rusak, H.T. Nagamatsu, LN. Myraho 
D ep{lr/n/enl t~( medwuicul J:'ngiocering, i\euJJUilflica/ f:"ngineerin,~ mui Meclwllics. Renssefller Polylccllllic 
lll .l'iilule. Troy. NY ll/ 81J-.151J{J- US!I. /Ortlflfi:iJ !pi.ed/1. m.mkz0' rei.'edu. l/ugr1111h!.i.i>rei.edu. I".\Tubl@rei.edu 

93 



1\BSTR/\CT T35 

A new set of self-similar solutions of a.compressible laminar boundary layer is used for ai r 
as perfect gas and where the viscosity is a power function of the temperature. Modil'ied Levy
Mangler and Oorodnitsyn-Howarth transfoqnations are presenteei to solve the flow in a thin lami
nar boundary layer with no externa) pi·essure gradients on a smooth flat pl<lle. This results in an 
explicit relation between the stream function and lhe enthalpy fielels eleseribeel by a closeel coupleel 
system of nonlinear orelinary elifferential equations. ln the present work boundary layer flows with 
externa! Mach numbcrs up to 15 are studied and thc skin friction and heat transfer cociTicicnts for 
a hot wall case are presenteei. The present solution methodology provides a straight forward way of 
eomparing resulls using the viscosity-temperaturc linear relation , Sutherland's law anel the relation 
aecording to the kinetie theory . Also, lhe results may provide important data necdeel for the elesign 
of fulllrc hypersonic vehicles. 

Kcywords: Se/f~Simi/ar Equations, Compressible Lmninar /Joundary Layer, Supersonic wul 
1-fypersonic Flmvs 

COB686 SIMULA TION AND TESTING OF A SA TELLITE SOLAR ARRA Y 
GENERATOR WING DEPLOYMENT 

Antonio Clarct Palcrosi 
lnslilliiO Nocional de Pesquisas E.l'jJliCiois- !NI'E. Di1 ·i.wio de Mecdnico E1pociol e Coi/Iro/e - DMC 

Sérgio Frascino M. de Almeida 
ln.Wilu/o Tecnológico de AemiiiÍlllico - rti\. Dil'isrio de t:ngellll!lrio Meninico e Aemllúulicn - 1/:'M 

Petrônio Noronha de Souza 
/nslilu/11 Nacional de l'esctl!iSlls E.~twciois - INI'E. Dil'i.wio de Mecâllico E.l'jWc:icd e Conlmle - DMC 

This work studies the solar paneis deployment of the Chinese-Brazilian satellite CI3ERS. The 
problem solution elemanels some eleployment tests anel the development of two diiTerent dynamic sim
ulation models: one more complex rclmed to the laboratory and another one related to orbit conditions. 
This work begins with a description of the deployment mechanisms, of the test device and of the 
deployment elynamic problem. The problem formulation is di scussed anel lhe use of a compu ter pack
age for elynamic analysís of mechanisms is justified. The dynamic simulatíon models, lhe test result s, 
the aeljustment of the moelel parameters to fit the símulation to thc test results, the lahoratory and the 
in-orbit simulation results are presenteei. The importance of lhe inclusion in the dynamic models of the 
solar panei synchronizing mechanisms, of the aeroclynamíc forces ol'the solar paneis dueto the labo
ratory atmosphere. anel of the solar paneis initial defonnations are discussed. 

Keywords: Sare/file, solar array deploym('ll/, dynomic sinurlmirm mudei, dvnomic l!(mullibo(fv systems, 
model od)ttstnwnt 

COB695 UMA SOLUÇÃO PARA A CAMADA-LIMITE DE CONCENTRAÇÃO 
.JUNTO A SUPERFÍCIES LIVRES EM ESCOAMENTOS TURBU
LENTOS 

Harry Edmar Schulz & Sclvu Amaral Garcia Schulz 
Depor/WIIC/1/o de Hidrúulic:a e Saue!II/1<'11/0. Escola de l :'llgt!IIIJ<Iria de Selo Ca rlos - USI' - Stio Carlos 
CEP I 3560-250 Slio Cor/os. Brasil - E-lllllil:hesdw/z @sr:.usfJ./Jr 
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This papcr prcsenls an analytieal solution for the eoncentration boundary layer along frec 
surfaces in a rurbulent flow. ohtained by convenient approximations for the turbulent diffusivity in 
this region and hy a particular nondimensionalization applied to the governing equation for the mass 
transfer. Thc larer produced an equation descrihing mass transfer al thc gas-liquid interface which 
lcads to a general solution for lhe geometry under study. The analysis ol·mass flux through thc inter
face by an approximate solution permitted obtaining an expression that involves classieal dirnen
sionless coellicients for the problem of mass transfer sueh as Reynolds. Schmidt and Sherwood 
numbers. Thi s expression relates the Sherwood number in a traditional form to thc other two dimen
sionless parameters. 

Kcywords: Absorçlio de Gases, Dessorçiio de Gases, Turbulência l/1/etfacial, Tramferência 
Jntofacial de Massa, Camada-Limite de Concentmç({o, Gas AbsoiJJiion. Gas DesOIJJiion, lntofacial 
Turbulence, lnteJfacial Mass Tmn.vfi:r, Concelllmtüm Boundarv Layer. 

COB697 ESTUDO EXPERIMENTAL DE ESCOAMENTOS TURBULENTOS 
EM DUTOS CURVOS COM GRANDES RAIOS DE CURVATURA 

.José Luiz Alves da Fontoura Rodrigues, Aldo .Joiio de Sousa, Paulo Sciiji Kumon Zandonade & 
Marcelo André Barbosa da Rocha Chaves 
Depar/wuento de E11genliuriu Medi11icu - FT- Uu/J - CaiiiJIUS U11i1 'ersitârio de /Jmsí/ia - CEI' 70910-900 -
/Jrasí/ia/DF. 

This work presents experimental results of fully developed turbulent flows in two curved rec
tangular duct scclions with small eurvature. Mean vclocity and turbulenl intensity proriles are mea
sured using Pilot tubes anda hot wirc anemometer systcm alonga 3000 mm x 460 mm x 50 mm rec
tangular duct and also along the central longitudinal positions af lhe curved duct sections of 1500 mm 
and 1800/p mm eurvanure radii. respec.:tively. 

Keywords: Turbulencc, !-lo!-Wire Anento111eter. Wind Twutel, Daw Acquisition System, CurFed Ducts 

COB762 ANÁLISE NUMÉRICA DO ESCOAMENTO EM DUTOS COM ALE
TAS TRANSVERSAIS I NUMEI?ICAL ANALYSIS OF FLOW THIWUGH 
TRANSVERSAL F/N DUCTS 

Cláudia Regina de Andrade c Edson Luiz Zaparoli 
CTA - !TA -!EM- Departl/1111'11111 ele 1':11ergia -!::-mail: ~aparoli@mec:. ita.ua./Jr 

A numerical study was perfonned on the augmentation of lhe heal transfer for internal flow 
through fiar plates containing transversal fins. The duct width and lhe fins spaeing werc kcpt eonstant 
and 17 fins werc allixed along thc hcated platc si de. Two fin heights wcre simulated and lhe heat trans
l'cr rate was compared with the smoolh duct case. Numcrical rcsults obtained for the mean hcat trans
fer coefficicnts and experimental data showed good agrecment. Also reporlcd was the grid rcfinement 
effect on lhe numerical solution accuracy. 

Keywords: Dinâmica de Fluidos Colltfllllllcimwi/CmllfJLIWtiwwl Fluid D)'lwmics, Escoamento 
Turbulento/Turbulent Floll', Alet(J.I/Fins, lntensijicaçlio da Tran.v(erência de Calor/Enlumced !-leal 
Tramfer. 
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COB774 MIXING OF CONFINED COAXIAL TURBULENT .JETS lN DUCTS 
OF VARYING CROSS SECTION 

Marcelo .J.S. de Lemos Amarildo Milan 
Dept. de t:ue1xia. /'/A- C/'11 I~'MJJI?AI:R- Gf:ll -I:IID/11/'C 
1222íi-90U- Sr/o José dos Campos. S I'. /Jrasil- /O-mail: lltf<' IIIOS@tecsat.c"m.flr 

Computations ror lhe 111C~lll and turhulcnt t'iclcls ror lhe rlow rielcl rormecl by two coaxial strc~ms 

conrinccl in aductor varying cross section are presenteei. Thc widcly-used marching-rorwarcl method of 
Patankar-Spalcling was usccl ror swccping lhe computational domain. Thc standard k-# prcscnted. 

Keywords: !Juct Flmv, Tur/mlence Modeling, CFIJ. 

COlllOll AN ASSESSMENT OF THE RNG k-c TURBULENCE MODEL 
APPLIED TO THE FLOW lN I~ADIAL DIFFUSERS 

César .J. Deschamps, Álvaro T. Prata & Rogério T.S. Ferreira 
Departme111 of'Meclwlliml Dtgi11eeri11g. Federal U11i1·crsity o(Sa11ta Cmari11u. SSIN0-900- Florimuípolis - SC- flmúl 
[-JIIl<il: deschillllfJs@eiiiC.l<(w:. ilr 

The prcscnt work considers thc turbulcnt llow modcling in a radial clilluscr with axial rced ing 
using the RNG k-E modcl o r Orzag ct ai. ( Jl)l)3). Thc modcl has becn rccommcnclccl ror rlows including 
fcaturcs such as stagnation anel recirculation rcgions. curva ture and adverse pressure graclients (ali or 
thcm are not properl y taken illlo account by lhe standard k-E mode l). Thc llow through radial cliiTusers 
possesscs ali thc <.~foremcntioneclllow lcaturcs anclthercl'ore is a good test case to rurther asscss thc RNG 
k-E moclel. Numerical results of pressure distribution along the surface of one of the dilluser disks are 
compareci to experimental data anel show that the RNG k-E model can prediet quite success fully the llow. 

Keywords: Turlm/ence 111odeling, mdial dif!itsers, l'ail•es 

COB1215 UM MODELO ALGÉBRICO DE TURllULÊNCIA PARA ESCOAMEN
TO EM CAMADA LIMITE SUJEITA A UM FORTE GRADIENTE DE 
PRESSÃO ADVERSO I AN ALGE/JRAIC TUR/JULENCE MODEL FOR 
STRONG ADVERSE PRESSUN.E GRADIENT /JOUNDARY Li\ YER 

Daniel O. de Almeida Cruz & Nelson Kuwalmra 
Grupo de Tur/)(IIII<Íquiua.,· Oetlilrtillltetl/o de [;ugeulwrw Meníuin t do Ce111m 'l i•nwlúgico. L/1-Pa 
66075-IJ()(} /le!étn-1'11-Umsi/ -gldem @alllliZOII.C<II!I.hr. 

ln this work a new nlgebraic turbulcnce closure modcl , dcveloped for adverse pressure grad i
ent bounclary layer, is prescmed. A new characteristic velocity which takcs into account the etTccts or 
the pressure gradient as wcll as the inrlucncc of lhe silear strcss at the wall is also presented. A eom
parison with experimental data clcarly shows that tile proposed model is superior to the Ccbcci-Smith 
onc in trcating scparating rlows. 

Keywords: Cwuada Li!llile. wrbulência, se[Jamçiio, tuodelo algrifnú.·o I bowtdarv lave r, rurlmlence, 
sepamtio11, algehmic 111odl'i. 
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COB122l O PROBLEMA DA CAMADA LIMITE PARA A V ALIAÇÃO DE PER
DAS: UMA METODOLOGIA ALTERNATIVA I IJOUNDARY-LAYER 
FORMULATION FOR LOSS CALCULATION: AN ALTERNATIVE 
APPROACH 

Daniel O. Almeida. Cruz c André.L. Amarante Mesquita 
GruJHI de Turhomâquiuo.1·. /JefJii! . de lo'ngeulwrio M ediuiw. Uuil·ersidwle Fedem/ do l'oní. 
66075-900 /Je/ént-1'11-/Jm.l'i/- L:moil: gldi' IIIV')IIIIIII71/II .coltt.hr 

ln this work. an alternative approaell ror loss calculation in externa! flows is proposed. by 
applying Kaplun limits lo th~.: Navicr-Stokcs ~.:qua1ions , obl<lining a gcncralizcd boundary laycr for
mulation. It is shown that this altcrnativc rormulation can bc rcduced into a 'quasi similar' clilTcrcntial 
cquation that can he solvcd as an ordinary onc. Numcrical solulions of this cquation are prcscnlecl 
showing that it contains lhe Falkncr- Skan cquation as a particular case. 

Kcywords: Alllílise (I.Uil/lâtic(l, etllllild(l limil<', similaridade I a.I'VIII!'Iotic tuwlvsi.1·, howulary-/aver, 
similarity. 

COll1226 COHERENT VORTICES lN SOLID PROPELLANT ROCKET 
MOTORS USING LARGE-EDDY SIMULATION 

.Jorge Hugo Silvcstrini1.2, Pierre Comlcl & Marcel Lcsicurl 
I EquiJJe Moddi.wlliou e/ Sinlltltllillll de la Tnr!JIIIencc. l.o/){)mloire des Lcou/eutelll.l' GeoJJII_I'.I'Ítfltes c/lu

duslriels. INI'G. 131' 53X. 3XO.J/ Grcuohle-Cedc.r <J. Fmucc 

2 DeJ!Ifrlllllll'JIIO de Moli'llllllica !'11m e IIJ'Iinlllo. Ut-RGS. !11·. /Jen/o Cou,colres 9500. <J/501-<J70 l'ono 
11/egre - NS. /Jmsil. L -mail: sili ·e.\·fr@JIItll.ll/i-gs.li/ -( /'re.lel/1 wldress) 

Cohcrcllt vorliccs in solid propcllant rockcts motors are invcsligatcd by numcrical expcrimcn
tation . via rull Navicr-Siokcs solulion in two-dimcnsional configurations and Large-Eddy Simulation 
(LES) in a thrcc-dimcnsional onc. Particular altcntion is paid to lhe vortcx shcdding phcnomcna of 
Kclvin-Hclmholtz vorlices and thcir inleraction wilh lhe chamhcr's acouslic. Thc LES rcsults show 
that strcamwisc sccondary voniccs or mixing laycrs and Dcan-G"orllcr type vorticcs may bc also prc
scnt in thcsc kind ol· gcomclrics. 

Kcywords: Coherenl Vor!ices - Lurge -r:ddv Silllllialion - Suhgrid Scales M(}(/els - Solid f-Jropellant 
Rocket Mo/ors. 
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ABSTRACT 

TEMA 36 - Hidrodinâmica 

COB331 ROLL WAVE FORMAT'ION lN NON-NEWTONIAN FLOWS 

Geraldo de Freitas Madel, .Jean Paul Vila, Gilbert Martinct & Geraldine Girard 
INSAíTOULOUSE. Mlf'ICNRS, Complexe Sciellli{ique de Rangueil- 31077 7iwlottse cede.r .J, 
E-mail: maciel@f.itlllll.ittsa-llse..fi·. I'Íia@gnttlt.insa-llse . .fi' 

T36 

The purpose of this paper is first to determine the cri teria for the occurrence of discontinuous 
rol! waves in the non-Newtonian fluids such as debris and dense snow avalanche flows. These are peri
odic waves separated by hydraulic jumps. Using shallow water equations applicd to a Bingham lluid, 
a tlow down an inclined infinite plane is considercd. The conditions for the development of sueh insta
bilities are discussed to justify the field observations of such wavcs in these geophysical flows. Special 
attention is given to the Froude and lhe Reynolds numbers. The influences of lhe wavenumber and lhe 
lluid cohesion are al so adressed. We limited lo presem lhe mathcmatical devclopment of the phe
nomenon anda fcw numerical resuhs which should be apprcciated by engineers. The numericalmodel 
was claborated using a finite volume technique and the Godunov -VanLeer (2 11d order) scheme was 
applied. 

Keywords: shallow wctter equations, llinghalll.fluid, rollwctFes, ntunerical simulations I equaçDes de 

água rasa, fluido de 11inglwm, "ro/lwal'es", si111ulaç6es 11/lllléricas. 

COB507 LIFT FORCE OF A CYLINDER lN A REVERSING FLOW - MEA
SUREMENTS AND MODELING 

Elyas Ferreira de Medeiros, Maurício Pazini Brandão and Richard W. Miksad 
lnslintlo de Aerotuíuliw e Espaço- Centro Técnico Aeroespacial- III C- CTA 
12228-90-1 - Süo José dos CliiiiJWS, /Jrasil. E-mail: elyasfin@itt/erl'llle.com, pazini@aer.illt.cW.br. and nvmik
sad@vitXittia.edu 

Reduced measurements anda semi-empirical equation are presented for the hydrodynamic lift 
of a circular cylinder in a harmonically oscillating flow. Characleristic loading features associated with 
vortex shedding and wake relurns are elearly shown from lhe experimental data. The relalionship 
between the flow near the cylinder and the lirt is well represented by a model-equation based on 
added-mass and circulation concepls. This study may hclp eJTorts aimed ata better understanding and 
modeling of lhe transverse force induccd by oscillatory flows on suhmerged hodics. 

Keywords: Hydrodynamic lifi, rel'ersing .flmv, l'orte.r sltedding, lifi mz cylillller. 

COB726 APPLICA TION OF A SAILING Y ACHT VELOCITY PREDICTION 
PROGRAM TO A MONOTYPE AND AN OCEANIC SAILBOAT 

Mardel Bongiovanni de Conli & Rodrigo César Franceschini de Oliveira 
Depanametllo de Engellilllria Na\'nl e Ocet111ica- EI'USI' 
Av. Prof Mel/o Moraes, 2231 - Stio Paulo (SI')- CEI' 05508-900- !':-mail: mbdcollli@usp.br 
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This paper amilyses the steady-state perfonnance of an oceanic yacht cruiser and of a mono
typc sailboal. The firsl one is here considcred wilh thrce sails , namely lhe main. lhe jib and lhe spin
nakcr, and lhe las r onc jusl wilh a main sai I. Truc wind incidence angle is varied from O lo I 80 degrccs. 
Three wind velocity amplitudes are considered: 9. 15 and 20 knols. Thc hoat velocity and lhe leeway 
and heel angles are determincd by solution of three non-linear equations. Two of thcse cqualions 
cxpress magnitude equality and phasc opposition hetween acrodynamic and hydrodynamic forces, and 
the third expresses equilibrium of hcel momems. Suggestions for the first guess of lhe boat velocity, 
leeway and heel are madc, in ordcr to initialize lhe solution of lhe non-linear syslcm. Some discussion 
about thc shadow zone, lhe heel angles on close-haulcd, lhe spinnakcr rising eiTect and the truc wind 
magnitude ciTect is prcsented . 

Kcywords: Nal'o! Architecture, Yocht Desig11, Sai/ Pmpulsio11, Sai/ Bom Peljim11ance. 

99 



AI3STRACT T37 

TEMA 37 - Aerodinâmico 

COB77 DYNAMIC STALL MODELING TECHNIQUES lN WIND TURBINES 

Jorge Antonio Villar Alé 
l'ontific:ia Uni1 ·ersidade Catálica do l?io Grande do Sul - I'UCNS 
/Jepartmnen/0 de Engenlwria Mecrínica - Erílus - Grupo de Energia Eálim 
Av lpirtt11ga 6681. Por/o Alegre, !?S. CEI' 90.619-900- /:'-mail: l'illar@mu.l·ic.l>lf<.Ts.br 

Techniqucs for modcling dynamic stall in Vertical A xis Wind Turbincs (V A WT) are analyzed 
using scmi-empirical modcls. Some cxisting modcls, thc 13ocing-Vcrtol. MIT and Indiciai are 
reviewed. Is proposed the utili zation of a modifico ONERA model with improved pcrformance. The 
model is basco on a set of difl'crcntial cquations. Thc resulting acrodynamic forces are prcscnted with 
thc proposed model, aftcr including modifications that cxtcnd thc model to operation at low tip speed 
ratio where the amplitude oscillation of the attack angle is high. Thc results are comparcd with cxper
iment showing good agrccmcnt. 

Keywords: Dynamic sta/1, wintlturbines, 1111.1'/eady aemdvnamics. 

COB238 OTIMIZAÇÃO DE INJETORES DE AR EM TÚNEIS DE VENTO/ 
INJECTOR OPTIMIZATION FOR WIND TUNNEL 

Sidney Lage Nogueira 
Instituto de AemlllÍutica e f~'sparo- CTAIIAL'. CEI' 12228-90-IS!Io José dos Ca1111WS, S.!' .. Brasil - E-mail, 
tts@icollel.ulln.br 

This paper presents thc theory of injectors as applied to Wind Tunncls, and the optimization 
process used to improve the performanee characteristics of the Brazilian Transonic Wind Tunnel 
Project-TTS. The mathcmaticalmodcl includcs the utilization of di ITuser, blow oiT, and pressures los s
es of the configuration, as well as the principies of using the injectors on a dillcrent design point. A 
Pilot Tunnelusing injcctors deviec has becn installcd in thc Brazilian Acrospacc Technical Ccnter, and 
the results obtained are also included. 

Keywords: Wind Twurel , fl(jector:\·, /Jesign, Pressure Loss, Testing. 

COB258 ESTUDO NUMÉRICO E EXPERIMENTAL DO ESCOAMENTO AO RE
DOR DE UM PERFIL AERODINÂMICO NACA 0012/ NUMERICALAND 
EXPERIMENTAL STUDY OF THE FLOW AROUND A NACA 0012 AIRFO/L 

Cláudio Lindquist, Edson D.R. Vicir:1, Ricardo Alan V. Ramos & Sérgio S_ Mansur 
Depar/llllle/1/0 ele lc'llgelllwria Medi11ica. Foculdwle de L'llg<'lliwrio - UNI:'SI' - Ilho Soltcim 
CEP 15. 385-000 Ilho Solteim- SI'. /Jmsil. E-mail: lll<lll.\'llr@júl' .lllll'.I'IJ.!Jr 

Vclocity mcasurements in thc wakc·of a NACA 0012 airfoil havc bccn madc with hot wirc 
anemometer in a vertical low turbulcnce water tunncl, which has a tcst scction of 146 V 146 V 500 mm. 
The drag coeiTicient of the airfoil havc bccn cictcrmined. cmploying thc momcntum cquation on a control 
volume that encloses thc airfoil. The samc problcm has becn numcrically studied using thc linite control 
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volumes melhod. ln lhis study, a struelured non-uniform grid has been usecl. wilh a more rel~necl mesh 
near the airloil, when.: pressure and vcloeity gradient s are more pronouneecl. Navier-Stokes equations 
solution has been obtained with lhe SIMPLE method. considering lhe llow as laminar, two-climensional 
and steady. The experimental and numerical resulls have been compared, showing a good agreement 
between them. Flow visualizati on has also been performed, using the liquid clye injection technique. 

Kcywords: NA C!l 0012 air(iJil; drag coefficienl; \\'(/ler Junnel; .fim v Pisualizalion; nunrerica l simula
limr.; uenJfá/io NAC!I 0012; co<:flcieme de arras/o; llínellridrodinâmico; Pisualizaçrlo de escownen
to; sinwlaçclo numérica. 

COB290 VEHICLE AERODYNAMICAL SIMULATIONS BASED ON RUNGE
KUTTA TIME-STEPPING SCHEMES 

Álvaro Luiz de Bortoli 
Deparlnll!J/1 o( l'ure /IIII I i\ f!JIIi ed MaJiu•tlltll ics. Vedem/ Utlil'er.üty o( /úo Gmude do Sul - /Iento Gonçalres 9500 
- 90501 -900 
Por/o Alegre- RS- /Jmúl- E-nwil: d/Jortoli @ultll.ll jigi'./Jr 

Simulation is an importalll tool in thc developmcnt of today ' s automobile. This tcchnology 
allows to reduce Lhe time and lhe cost to complete lhe design, development and manufacture of vehi
cles. However, there are no genera l methods for ali situations. This work employs a methoclto solve 
compressible and almosl incompressible fluid rlows using a finite volume explicil Runge-Kutta mul
li stage scheme, wilh central spatial discrelization . The di screli zation usecl follows the cell-centered 
arrangement of the control volume for the flow variables. Numerical tests are carried out for vehicle 
configurations and airfoils for Mach-numbers ranging from 0.002 to 0.63. 

Kcywords: Ve!ticle. aerodynanrics, nwnnical sittllllaliorr, ji'rlite l'olwne, Runge-Kulla I Veículo, 
aerodinâmica, sirrurlaç:üo nwnérica. FolwrresJinilos, Runge- Ku!W. 

COB746 ANALYSIS OF A .JET FLOW LEA VING A TUBE INTERACTING 
WITH THE W AKE OF A NORMAL FLAT PLATE 

Roberto M. Girardi 
/ustituto Tecuolrígico de i\eroutíutico ( /'{;\ ) 12.228-900-Stio José tios Ct/11/ fltiS . .'i/'. lirttsi/ - E-111ail: 
gironli@oer.ito.cto.!Jr 

The configuration analyzed in the present paper is constitutecl by a tube connected with a llat 
plate normal to the tube axis. Such model is placed inside a wind tunnel anel lhe undisturbecl llow is 
aligned to the tube axis. The main objecti ve of lhis work is to study lhe interaction occurring between the 
tlow leaving lhe tube and thc cxternal llow over lhe llat plale. which is dominated by the wake flow. 
Pressure distributions on lhe lbt plate surface and <llong the tuhe axis were measured, as well as lhe 
velocity of thc tube internal llow. Using screens with dillcrent meshes, lhe internal llow velocity was 
varied anel a rclalion between base pressure and tube llow velocity was obtained. Fi nally. application of 
this kind of configuration to wind turbine improvement is discussed at the end of thi s paper. 

Keywords: lnlemal pipe .floll'; !l erodvnamics; Erperirnen(a! /)f'Ocedure; Wind energy; !Jittfl' body I 
Escoam ento em tubo; A erodinârnica: Procedimelllo e.1perimcntal; Errergia Eâlim; Cor!'OS rombudos. 
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COB747 A V ALIAÇÃO DA INTERFERÊNCIA DAS PAREDES DE UM TÚNEL 
DE VENTO SOBRE RESULTADOS EXPERIMENTAIS I EVALUATION 
OF WIND TUNNEL WALL INTERFENENCE ON EXPERIMENTAL RESULTS 

Roberto da Mota Girardi & Breno Moura Castro 
Cfll - /Til - /Jiri.wio de Eu~e11/111rio llem/1/ÍIIIim- l'raço Moi. fdwmlo Gomes. 50 
CEI' 12.228-900 - Slio .José dos CalllfWs- SI'- /Jrasil- 1:"-mai/: girardi@aer.ita.uu./Jr 

A melhod for correclion of lhe bloekage el'fecl of lhe wind lunnel walls on lhe experi
mental resull s, based on lhe panei lechnique. i s presented. The melhod is valid only for subsonie 
flows (Machf:0,3). Some comparisons wilh lhe worldwide adopted melhod proposed in Rae & 
Pope ( 1984) are made and some contributions of t he present work are di scussed. 

Keywords: Wind 111/llle l, b/ockage corrections, pane/ metlwd, tridimensúmal .fio"'· complex 
geomet ries. 

COB785 UNSTEADY AIRFOIL INVISCID FLOW SIMULATIONS USING 
UNSTRUCTURED DYNAMIC MESHES 

Carlos Frederico Castro Simões 
EMIJRIIEN - Empresa /Jrasileira de llerolltÍitlica. !11•. /Jri~adeim /"a riu l.imu. 2 I 70 
12227-90 1- Stio José dos Campos- SI'- /JN1\ZIL- E-lllllii:.Ji'ed@uer.ita.uu.hr 
João Luiz Filgueiras Azevedo 
ilwitu/11 de 1\emlllÍtltic:u e L::sparo. Cli\1/IIEIIIS/ô-N 
12228-904- Slio .José dos Ü llllfWS - SI' - /JNII ZIL - L'-lllllil: joaouz.e@durll·iu.c:e.l·up.ufi·~s.hr 

The efforts for the simulalion of unsteady airfoil rl ows using an unslructured finite volume 
algorithm are deseribed. The rlowfield is modcled using lhe inviscid equations of gasclynamies, i.e., 
the Euler equations, whieh are discrelized in a cell centered unslruclured grid made up of lriangles. 
Time integralion uses an explicit, seeoncl-order accurate. hybrid schemc which cvolved from lhe 
consideration of Runge-Kutta time stepping schemes. Sleady stale and unstead y calculalions for 
NACA 0012 and NACA 64AOIO airfoils al transonic now condilions are presented. The resul ts 
obtained are discussed and lhe implications o r using the present time slepping scheme for unsleady 
calculations are hi ghlighted. 

Keywords: U11s1eady.f7ow, wrstmctured mesh, .f/llite volume metlwd, aerodvllalllic ltysteresis 

COB789 SIMULAÇÃO NUMÉRICA DE PROBLEMAS AEROESPACIAIS NO 
CONTEXTO DE MALHAS ESTRUTURADAS E NÃO ESTRUTU
U.ADAS I NUMERICAL S/MULATIONS OF AEROSPACE PROBLEMS ON 
STIWCTURED AND UNSTRUCTURED MESHES 

João L. F. Azevedo 
iiiSlituto de llerouâutica e Est"'\'"· Ce111ro 'fécllico !lero.\'f){lcilll - (."J'!I//!11:'- aze vedo @ilse2.iile.clli./Jr 
Edisson S. G. Macicl 
lnstilllto Tenwltí~ico de 1\eroii!Ílllica. Cen1ro Técnico 1\ero.\'f!Ocia/- Cl'i\1/TII - ll/es~ @aer.ita.cta./Jr 

1222/i-904 - Süo José dos Ctllll fJ/J.I' -SI' - /Jrmil 
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The paper prese11ts comparisons hetwcc11 diiTere11t algorithms usccl for thc solutio11 of the 
Euler equatio11s for typic:-~1 acrospacc applications. The schemcs consiclcrccl i11cluclc a ccll eentcrccl, 
unstructurccl. explicit mcthocl and a11 implicit, u11factored algorithm co11structed 011 structurcd grids. 
The u11structured mcthocl is bascd 011 Jameso11 a11d Mavriplis' work :-tncl it yelds a cc11tcrccl , spatially 
211cl-order accurate scheme. The structured algorithm is based 011 MacCormack's flux vector splitti11g 
schcmc. hut i L is 011ly I st-order accurale in space. The particular applicr~tions considered were lran
sonic nozzle flows and supersonic blunt body flows. The aspecls emphasized in lhe present compari
son werc lhe 1in:-tl solu1io11 quality for steady state applications. lhe ovcrall easiness of coclc implc
mel1tation, a11d the melhod's compu1atio11al eiTiciency. 

Keywords: Equaçlies de Euler, Esquemas Explíci/o e Implícito, Comparaçiio de E.ficiê11cia 
Compwacional I f:'u/er l:'quutions, flllfllicit and E.rplicit Schemes, Computational E.fficiency Comparison. 

COB790 SLOTTED TRANSONIC WIND TUNNEL FLOW SIMULA TIONS 
USING THE EULER EQUA TIONS 

Renato Vieira 
Foculdode de Engenho rio de Gtwmtinguelú. FIO'GIUNESI'- ll/ec<J4125@/{'(p/.jeg.ulle.lp.hr 

João LF. Azevedo 
Instituto de 1\erol/líutico e Esporo. Ceulro Técnico 1\eroSJiliCilll- I!IE/C11\ - 07CI'edo0lllse2.ioe.cw.hr 

Nide G.C.R. Fico, .Ir. 
lustitu/o Teuwlrígico de 1\eronâulicll. Cn11ro Técnico 1\erll.lpoc:io/- IT!IICT!\ - uide @ller.itli.Cill.hr 
12228-904- Stio José dos Clllllf'O.\' - SI'- /Jmsi/ 

Thc papcr prcscnts llow simulalions relevant to transonic wind tunnel clesign and opcration. A 
three-climensional, finite diiTcrence, computatio11al code which solves lhe Euler equations in a general, 
body co11forming. curvili11ear grid has bee11 dcvclopcd a11d uscd for thcse simulatio11s. This cocle il1cor
porates lhe capahilily of i11cludi11g tcst section wall slots for reali stic simulation ora transonic wincltun
ncl racility. Test cases considered include a tunncl contraction alo11e a11d a complete high speed tunnel 
scgmcnt. Both cases with closcd and open slots were considcred. The rcsults obtainecl adcquatcly rcpro
cluceclthe expected llow features for lhe conditions analyzcd and indicated that lhe particular conligura
tion sruclied holds promise of providing vcry good test section llow quality. 

Keywords: Transonic Wind Tunnel, 7TS Pn1ject, Slo11ed Wolls . fnvi scid Flow Simulmion, Fi11ite 
D~[ference Metlwd 

COB876 SIMULATION OF UNSTEADY TRANSONIC FLOW OVER A FIGHT
ER WING USING A ZONAL NA VIER-STOKES I FULL-POTENTIAL 
METHOD 

Olympio Achillcs de Faria Mcllo 
luslilu/o de i\ eroi/IÍtllica e Esporo. Ce111ro Téc11ico 1\eroesf""·io/ 
12228-90-1- Súo.losé dos Cll/1/fW.\'- SI'. /Jraú l- e-mail: olllllel!o@icol/el.wlll.hr 
Lakshmi N. Sankar 
Sclwol o(!lerospace Engiueeri11g. Georgia f!ISiilu/e of'Tecluwfogy 
1\tlwllo, Georgia 30332. U.S.i\. - e-moil:lokslulli.stlllkor@oe.glllech.edu 
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An improved hybrid method for computing unsteady compressible viscous flows is presented. 
This method divides the computational domain into two zones. ln the inner zone, the Navier-Stokes 
equations are solved using a diagonal form of an itllernating-direction implicit (ADI) approximate fac
torization procedure. ln the outer zone, lhe unsteady full-potential equation (FPE) is solved. The two 
zones <tre tightly couplecl so that steady and unsteady flows may be elliciently solved. Characteristic
based viscous/inviscid interface bounclary conditions are employcd to avoid spurious relkctions at that 
interface. The resulting CrU times are about 60% of lhe full Navier-Stokes CrU times for unsteady 
flows in non-vector processing machines. Applications or lhe method are prescnted for a F-5 wing in 
steady and unsteacly transonic flows. Steady surface prcssures are in very good agreement with exper
imental data andare essentially identicalto the full Navier-Stokes predi<.:tions. Dcnsity contours show 
that shoeks cross lhe viscous/inviscid interface smoothly, so that lhe accuracy or full Navier-Stokes 
equations can be retained wilh a significant savings in compulational time. 

Kcywon.ls: Transonic .fim v, zonalnic!lwds, l'iscouslinviscid illlemuion, uns/C(llly .fim v, .finite-di[Ter
encc lll etlwds. 

COB90N TRANSONIC TURBULENT FLOW CALCULATIONS OVER THE 
VLSFOREBODY 

Ccsar A. Buonomo & .João L. F. Azevedo 
Insliltllo de !lerontíuricll e lo.\"jW(.·o. Cen!ro T'ecnico ;\emeSJIIIL"ial - C"f/\1[;\/;/;\Sl,--N CD' I 2228-90-1 - Silo José 
dos CtiiLIJILIS - SP- /Jwsil - fo-Lilllil: me• ·ctlo@use2.itwC!tl.hr 

A dctailed study of transonic, turbulent Jlow conditions over lhe lirst Brazilian satcllitc launcher, 
the YLS, is described. The emphasis of the work is in devcloping lhe capability or accuratcly simulating 
realistic rocket Jlowlields and in understanding lhe behavior of l wo turbulence models in sue h conditions. 
The tlowfields over lhe YLS at zero angle o r allack are modcled by lhe axisymmetric, thin layer Navier
Stokes equations, and turbulence closure is obtained with the implementation of two diiTerent eddy viscos
ity modcls. A comparison of the eharacteristics of these two models is perlürmed. Accurate solutions for 
the transonic llight regime are obtainecl. Non-rcllcctive houndary conditions are also implemented, improv
ing lhe representation or far J"icld boundaries and lhe code's convergence characteristics in mosl cases. 

Kcywords: Tru11sonic Flow, VLS, Turbulence Mode!iug. Finil e Difláence Metlwd, lll!Jiroved 
/Jowularv Conditiom. 

COB909 MULTillLOCK SIMULATIONS OF TURBULENT VISCOUS FLOWS 
OVER THE VLS AFTERBODY REGION 

Daniel Strauss 
lnslilu/0 Tecnoliígico tle ilei"IIIILÍlllicu. Cenno Técnico 1\noespocio/ -Cfi\/IT!\/ll:A ;\ - tlonicls@oer.iltl.c!LI./Jr 

.João L. F. Azevedo 
lnslilti/o de ;\ertiiiLÍiflicu c f:'.I"[!LL(."o. Cen1m Técnico !lernt'SJitlÓLI/ - C l/\1[;\[:"/;\Sl,·-N- 1171'1"1'!/o@ose2.ioe.cro./Jr 
I 2228-90-1 - St7o José dos Con!Jios - SI' - 13msil 

Axisymmetric, turbulcnt, viscous flow simulations over the first Brazili:m satellite launcher, lhe 
VLS, are presented. Thc cmphasis or the work is on multiblock calculations for al'tcrbody Jlows. Thc 
details of the multiblock implementation are presentcd together with a bricf description of the numerical 
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mcthod. Thc implcmcntalion is validalcd against previous solulions for forebody llows over the same 
vehicle and through comparisons wilh experimental data for al'tcrbody rlows. The increased resolution 
of lhe mullihlock calculations for lhe al'tcrbody region is evideneed through comparisons with previous 
single block grid solutions. 

Kcywords: A.risynuuetric FomllllotÚIII , Multiblock Metlwds, Viscous Fluw, Turbule111 Flow. 

COB1371J CARGAS AERODINÂMICAS SOBRE UM CILINDRO DE SEÇÃO 
RETANGULAR I AERODYNAMIC LOADS ACTING ON A CYLINDER 
WITH A RECTANGULAR SHAPE 

Miguel Hiroo Hirata & Vancssa Gonçalves Guedes 
Pm~mnw de "ngN1iwrit1 Menlnica · C0/'1'[:./UFIU 
CE!' 2/9-15- Rio de .loneiro. !Jmsil - E.11U1if: /Jimto @sen·.conwfifhr 

The llow around a hody with a complex shape possesses much scientiric imerest, sinee it prc
scnts phenomena lhat are nol fully understood, such as lhe shaclow ellect and lhe blockage effcet. ln 
particular, the calculation of thc aerodynamic loads on lhe hody is of great technological importance 
in lhe analysi s and design of vehicles, o!Tshore slructures, etc . ln a previous work it has heen shown 
lhat lhe estimate of lhe drag coeiTicienl of such hodies is viahle when it is assumcd that lhe body is 
fonned of a comhination of simpler hodies. The motivalionto this work is to find alternalivc and eiTi
cient methods to estimate lhe acrod ynamic loads lha! act on a cylinder wilh a rectangular shape anel 
ditlerent aspect ratios. for any value of lhe Reynolds number. The approaeh adopted here uses fuzzy 
logie to cstimatc the loads, as well as genelic algorithms to improve lhe accuracy ol. lhe caleulation. 

Kcywords: Dmg CINjicienl. bluff' hody, fit~zy logic. gene/i c algoritlu11, inteJferellce. 

COB1380 ANÁLISE DO ESCOAMENTO AO REDOR DE UM CILINDRO DE 
SEÇÃO CIRCULAR I ANALYSIS OF THE FLOW AROUND A CIRCULAR 
CYL/NDER 

Angelo A Muslto, Miguel H. Hirata & Gustavo C. R. Bodstcin 
l'mgrtllllll dt• t:.ngenlwrio Medinint. COI'I'LI UF/U - Coi.ro /'ostu/6850.1 
CEI' 2/'N5-970 Nio de .lulleim. lU. /Jmsil- 1~·-moi/s: ttllt.l'l/o0>sen·.cottl.ll[ij./Jr; gusfiiJ•o @.,·en·.cottl.ll[ij.hr 

f'lows around blutT bodics have always allracted scientific interest duelo the complex phcnorn
ena that occur, such as separation and lhe n::sulting wake formation downstrcam ol'lhe body. lnthis papcr 
wc use lhe discretc vortex mcthod to study the unstcady. incompressiblc and two-dimensional flow 
arouncl a circular cylindcr immcrsed in a unifonn llow. With lhe aid or the circlc theorcmto irnpose the 
tlow-langency condilion. voniccs wilh a Lamb core are gencralcd along the cylindcr surface whosc 
strengths are dctcnnined so thatthc no-si ip condition is salisl'icd. The dynamics of thc body wake is com
pu teci using lhe convcction-dillusion splilling algorithm, where lhe convection process is carried out with 
a lagrangian lime-marching schcmc. and lhe dillusion process is simulatcd using the ranclom walk 
method. The acrodynamic forces are calculated from lhe unsteady Blasius cquation. Resulls are present
ed for a high Reynolds numhcr rtow . showing good agrccment with expcrimenls. 

Kcywords: Método de Vórtices, Teorema do Círculo, Crnpo Nombtulo, 1~·.Heim, Sep(lmçtio I Vortex 
Metlwd, Circle Theorem, 11/uff' /Jodv, W11ke, Sepomtio11. 
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COB1441 A NUMERICAL SIMULATION OF TRANSONIC AERODYNAMIC 
FLOW, USING Tl-IE BALDWJN-LOMAX MODEL, LARGE SCALE 
FIELD ANO EULER SIMULATIONS I SIMULAÇÃO DE UM ESCOA
MENTO AERODINÂMICO TI?ANSÔNICO. USANDO OS MODELOS DE 
BALDWIN-LOMAX. DE GRANDES ESCALA S E DE EULER 

Biagc, M. & Lopes, M. A. 
Medwnical IJejJlll'/lll l'J/1, Federo/ Un i l'ersily of' U!Jerlâ 11dia 
plw11e: (55)(34)23<J-.J I92 . .fil.r: (55)(34)23<J-4/06alld e-mail: m!Jiage0) ufii .!Jr. 34.800-WJ2. U!Jer/i11/{/ia-MG. IJmúl 

This work presents a numerical simulation swdy lo compute a turhulent compressihle acrocly 
namic flows. Thc numcri ca l algorithm uscd is lhe l'initc volume rormulal ion ror spalial discretizu tion 
anel a stcpping time proccclure with mulli-slages ror lime di scret izlion. Also. a mulligrid procedure is 
uscd with aim ror speeding up lhe slcady state convcrgence. The acrodynamic flows solutions arouncl 
airroils in transonic stale were perronned using Euler equations (Euler model) , large sca le rield simu
lation (LES) and Balclwin-Lomax model. The rcsuh s achieved are compare<! wilh experimental data 
uvailahlc for two kinds of airroils 1 NACAOO 12 anel RAE2X22). in the transonic r;mge for Reynolds 
numher equal to lJ.<Jx I 06 anel ror Jarge varialion o r atlack angles. Some supcrsonic results werc also 
ohtained anel compare<! wilh analytical evaluations. Ali computations were madc ror the thrce models, 
aiming to estimate ol· accuracy of lhe solutions and how expcnsive lhey are. 

Kcywords: Numeriml Simulation (Sinwlaçiio nun1érim), Turlm!ence M(){/e! (Modelo Turbulento), 
Compressible Flmvs (Escoamento Co!!lfii'C.\'SÍFe/). ;\irfilils (Aerofiílios) , Finite Volu111e Fomwlatio11 
( Fomwlaçiio de Volu111es Finillls) 
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TEMA 38 - Métodos Experimentais em Mecânica dos Fluidos 

COB58 ANÁLISE EXPERIMENTAL DO ESCOAMENTO AO REDOR DE UM 
PERFIL DE BASE QUADRADA EM DOIS DIFERENTES ÂNGULOS 
DE ATAQUE I EXPEI?IMENTAL ANALYSIS OF THE FLOW AROUND A 
SQUARE CYLINDER WITH TWO DIFFEI?ENT INCIDENCE ANGLES 

Cláudio Lindquist, Edson Dei Rio Vieira & Sérgio Said Mansur 
Deparwmenro de Enge11ltaria Mecii11ica, Facrt!t!at!e de l:"llgl'lllwria- UNES!'- 11/w Solreim 
CEP 15.385-000 l111a Solreim- SI'. /Jrasil, E-tlltt_il: delrio@.fi>is .wlesp.br 

Flow vi sualization have heen performed lo study lhe now alonga square cylindcr placed per
pendicularly to the main flow. Two diiTerent a!lack anglcs have heen considered (a= O anda= 45 
degrees), for Reynolds numhers up lo 300. The experimental racilities are composed by a waler lun
nel of low turbulence intensity and an apparatus ror a flow visualiwtion, image caplllre and process
ing. A direcl dye injeclion visualization techníque has been employed and the images have been cap
lured on two diiTerent media, photo-sensible chemieal film and vídeo tape wíth lhe help of a modem 
three CCO vídeo camera. Strouhal numbcrs have heen determined by vídeo tape image analysis by 
frames eounling. A sequence of images is shown for a= O from which lhe vortíces formation and 
shcdding can be seen. 

Kcywords: Squore cylinder; Srroulwl nwuber; .flmv visua/izarion; worer lllnnel; image processing; 
cilindro qwulrado; número de S!mulwl; visualiwçlio de escoamen/0; Ltíuel hidrodinâmico; processa
menlo de imagem. 

COB59 VORTEX VELOCITY MEASUREMENT BY HYDRODYNAMIC 
FLOW VISUALIZA TION 

Edson D. R. Vieira, Cláudio Lind11uist, Emanuel R. Woiski & Sérgio S. Mansur 
DeJlllriOIIIC!IIo de C11ge11/wria Mecii11ica, racult!ade de l:'llgenlwria- UNES!'- /llu1 Solreim 
CEI' 15.385-UOO 1/lta Solreim- SI', /Jmsil. /ó-mai/: IIIIIIISIIr@fcis .IIII<'SJ'.br 

Sínce von Kármán' s studies of vortex propagation, vorlex streets in wakes ol· hluiT bodies h ave 
become a subject of interest to engineers and scíentísts, producing a great number ol· experimental vor
tex vclocity measuremenls. ln this work, hydrodynamíc flow visuali zalion, hy dírecl dye injection 
technique, has been employed in ordcr to determine lhe frequency and propagatíon speed ol· vortíces 
shed from circular cylinders in the Reynolds number range up to 600. The experimental proccdure 
consisted on changing lhe Reynolds number or the now and evaluating lhe distance between two vor
lices on a same row from statíc im;1ges caplured on negative film hy a SLR camera and dctermining 
Lhe Strouhal number from ímages recorded with a 3 CCO vídeo camcra. Fromthe distance and lhe cor
responding 'itrouhal numher, vortex velocíty againsl Reynolds numbers have been calculaled and 
depíeted. Resulls regarding lhe Strouhal number ohtained compared well with literature. 

Kcywords: V o r/ex SfJeed; For/ex shedding; jloll' l'isua/i:;alirm; Stmulwl.fin JliCtlcy; circular cylinder: 
Felocidade de várlices; e111is.w/o de l'tÍrlices; visuoliz.açiio de escoolllenros: .fi·eLJiit nciu de Slroulwl; 
cilindro circular. 
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COB70 ANÁLISE EXPERIMENTAL DO PROCESSO DE ASPERSÃO DE 
GOTAS EM UM SISTEMA JATO-PLACA I EXPERIMENTAL ANALISYS 
OF THE DROPS ASPEJ<S!ON PROCES OVER A JET-PLATE SYSTEM 

.Jorge Luiz Z. Tarqui, Aristeu Silvei•·a-Neto & Thomaz W. Mendoza-Harcl 
Depllrillllll'll/o de Engenharia Medini r:o. Cenrro de Cihu:ias !:'.mias e '/á·nologia- UF/J 
CEI' 38-100-206 Uberilí11dia - MG. /Jrosi/ - C-moi/: ori.Heus@ufit.br 

This articlc prcscnts lhe results ohtaincd with the tcchnique or high-srccd photography uscd lo 
rrcczc lhe high rrcqucncy dynamic phcnomena involved in lhe problem or drop gencralion by mcans or 
a spray nozzle-platc system. The instabilitics that characterize jcL transition wcre initially analyzed to val
idate thc mcthod o r experimcntation. The physicli nature 'of drop romwtion was also analyzed and the 
more importam physical phenomena wcre pointed out: the dynamic instabilitics ovcr thc liquid sheet ; the 
holcs formation and the mass accumulation belongs thc borders of lhe boles and liquid sheet. 

Keywords: Iúperinrenwtio11; lllr!Julence; drops; aspersion; tm11sition 

COU268 ANÁLISE DA PROPAGAÇÃO DE PERTUIWAÇÕES NO CAMPO DE 
VELOCIDADES DO ESCOAMENTO EM BANCO DE TUBOS I ANALY
SIS ON THE PIWPi\GAT!ON OF DISTU!Wi\NCES lN THC VELOC/TY 
FIELD OF TUJJE lJi\NK FLOW 

Luiz Augusto Magalhiíes Endres & Sergio Viçosa Müller 
l 'mgnnua de l'tis-(i rttdllli('ÚO eml:'ttgl'll iwrio Menínint. V FlUiS 
C/C/' 90.050- 170 l 'ono ;\/egre. /Jmsi/-1:' - lllllif: endresl!.ll i(nfi'gs. hr & .1'\'llfll//n((•l rorre.r.nfi'gs.hr 

This papcr prcscms Lhe experimental analysis of lhe propag~ttion o r a disturbance with a fixcd 
frcquency. generatcd. by 111C<lllS or an ohstacic , in the incidence VCiocity of thc Cl'OSS flow through a 
tube bank and its inrluencc on thc pressurc and vclocit y rluctualions inside thc bank. Thc tubc hank 
investigatcd had square arrangcmclll and aspecl ratio P/D = 1.60 and air was the working fluid . 
Mcasuremcnts wcre pcrformcd with hor wircs and prcssure transduccrs. 13chavior of fluctuating quan
titics is dcscribcd by means o r autospcctral dcnsity runctions and thc propagation o r thc disturbance is 
discusscd bascd on thc analysis or cross-corrclation functions. The rcsults show that the rrcquency or 
thc disturbnnce rcmains unchangcd as it p:tsses through thc bank , in spitc ofthe high turbulencc intcn
siti cs andor the fact that flow vc loci ty inside thc bank varies with thc position. Thi s fact may indicatc 
that ex terna! cxcitations can hc lransfcrrcd to thc solid boundarics or the bank. 

Keywords: Ballco de Tubos. Turlmlêllcia, Ancnwn1etriu de Fio-Qu ente /Tu!Je !Ju11k. Turlmlellce, Hot
Wire Anelllomerrv. 

COB269 ESCOAMENTO TURBULENTO NA SAÍDA DE UM DUTO CURVO DE 
SEÇÃO RETANGULAR DIVERGENTE- ESTUDO EXPERIMENTAL I 
TU/WULENT FLOW i\ T OUTLET OF lt CUNVED RECTi\NGULi\R DIVER
GENT DUCT- EXPERIMENTi\L STUIJY 

Ma.-ia Luiza Spcrh lndl'tlsiak & Sérgio Viçosa Müllc•· 
f Jrogrmna de l 1tls Gr({duactln l'IIJ f:'ugen!Uiria All'nínicu. l:'sco/u de Fngl'ulutn'u - U FR(;,)' - / 1ol'/o ;\/cgre 
CU ' '!0.050~170 /( SI/1'1/IC/1/(} rei/c. -125./'nf'/11 !1/egrc. /IS - /Jmsil- lc'-lllllil: ,\'\'/IIOifl'f'~/)\'()/'/{'.\'.llfi-g.l',lir 
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This p<tpcr prcscnts thc experimental study of the turhulent flow in a curvcd duct which sim
ulares part ui' a thcnnal-clcctrical power plant. Asiles, carried in the power plnm hy the llow ol· gases 
from thc furnace, impinge on lhe pipes o r lhe heat cxchanger, which pre-hcm water prior ol' thc steam 
gencrator, al'tcr passing a curved duct , and produce erosion of the pipes of lhe heat exchanger, lending 
to failures which stop plant operation. Flow distrihution after lhe curve increase lhe crosion ncar Lhe 
concave wall of thc duct. Classical solutions ror rJow rcdistrihution in curves. like vanes. are not 
applicahle since they could increase operational risks dueto the erosion or the vanes. Thi s prohlem 
was investigated in a scale modcl or the curved duct. with , ror simpli cit y. air as the working fluid. 
Flow visualizations with wool threads on the duct wall. Pitot tube and hot wirc measurements were 
applied. Bascd on lhe results. modirications inthe tcst section were made. using boundary-layer con
trul techniques. The results show thal rJow redistrihution arter the curve was improved, anel the mod
ifications. when implemented in the piam. may lead to saJ'er and economical opcration conditions. 

Kcywords: /~'scowllellfo turlmlt~lllo; /)uws refollgulores CIII'I'Os; AneiiiOIIICtrio de .fio quente; turbu
lcnt.flmv; cun•ed rectangulor ducts; !wt ll'ire aue/1101/letrv. 

COll276 MEDIÇÃO DE CAMPOS DE VELOCIDADE EM ESCOAMENTOS 
COM O EMPREGO DA TÉCNICA DE PROCESSAMENTO DE IMA
GENS I FLOW VELOC!TY MEASUREMENT USING !MACE P!WCESSING 
TECHNIQUE 

Vilson C. S. Ferreira, Lucas (;utkoski & Flávio V. D. Laan 
DeJiarlllllll!lllo de lc'ngellllllria Menl11im · UFI?GS. SamJC/1/o/.eire. </25. l 'ono ;\/egre. NS- Cló'f' 90050-170. 
e-111ail. 1:{errcirfjj) \'or/e.r. t{ji·g .,·.hr 

One or the great prohlem ror mcasuring now ri eld propcrties. such as velocity ;mel vonicity. 
using an intrusive or nonintrusive tcchniqucs. is lhe time consuming. Hot-Wire (IIW) anel Laser 
Dopplcr Yclocimetry (LDY), apart rrom thcir aclvantages and disadvantages, demand great elTon and 
carc ror mcasuri ng extensi ve now ricld. Highly unsteady rJow is another type or rroblem not solved 
when using IIW or LDY bccause hoth <trc local velocity techniques. that is. resolving the velocity rield 
at each point ata time. Mc;tsuring rJow propenies having spat ial ;md temporal information is now pos
siblc cluc to new tcchniques :tppearing sincc lhe great devclopmem achieved by the laser tcehnology 
and lhe rast digital processors. Panicle lm<tgc. Velocimetry (PI V ) is one emerging technology with thc 
proposal or sol vi ng pari or lhese measuring now field problems. The papcr desc ribes IWO devcloping 
mcthodologies for mcasuring low and r;ts t vclocities inside ;tn extensivc field now ora tuncli sh model 
uscd in mctallurgical process. 

Kcywords: Pmet·ssal/ll'llto de f11wgells , Vidc·o Velocimetria, Velocimetria por Processamento de 
Imagens I lnwge Pmcessing, Video Ve/ocimety, Pw'licle lmage Velocimetry. 

COI3497 DESJGN OF AN EJGHT-STAGES CASCADE IMPACTOR FOR THE 
CLASSIFICATION OF AIRBORNE PARTICLES 

Marcos Sebastião de Paula ( ;omcs 
/Jep1. de Lng. Mel'iinicn. l 'onri(ii·iu l.fllll'nsidude Cu11ilim do Nio 't!e .lolll'iro. /)fo'MII 'UC-Nio 
CC!' 22-153-900. Nio de .lolll'iro. lU. flrmil - !·>moi/: JII.I'J>gollli'.l'(~>"u·c. flllc-. rio. hr 
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The work describes the design of a prototype eight-stages cascade impaetor, eapable of clas
sifying airborne partieles with sizes in the range or aerodynamic diametcrs bctween 17 and 0.5 
microns , while operating with a nominal llow rate or 30 liters/minute. A summary of thc thcory 
involvcd in thc project of such devices is also prese111ed. The collection surfaecs accommodate 37 mm 
substrates which may be of differcnt materiais (c.g. filtcr media, aluminum foil), dcpending on the 
application of intercsl. The dcsign is optimized for reuucing inter-stage particulate losses, and thc 
instrument may be used in the separation of inhalable PM I O paniculate (Paniculate Matter I O microns 
cut off size). It is also lkxibl e cnough for pennitting thc operation with uiiTcrcnt sets of nozzlc diam
eters, accepting a di verse selection of cut oll sizes. 

Keywords: Aerosol Tecluwlogy, fllstrumentatioll, Air fJollutioll , A111wspheric Aerosols, 
Environme11tal Assessment I Tecnologia de Partículas, lnstrwllentaçclo, Poluiç·i/o do Ar, Aerossóis 
Atnw.~{'éricos, Avaliaçi!es Ambientais. 

COB702 UM ESTUDO EXPERIMENTAL DE VÓRTICES ANELARES VIS
COSOS 

Maurício Dziedzic 
CEHPAR- Cenrro de Hidníu /i ca e Hidrologia Pro( l'arigof de Souw. UFP/UCOI'EL 
C. P. 1309. Curiti/Ju - I'N - 80UUI-CJ70- t'-nwil: dúedzic@cduopei.hr 

Motivated by lhe role played by vonex rings in the turbule nt mixing processes, the prcscnt 
work invcstigates the stability and evolution of a singlc vortex ring. A new classil'icatiun is pro poscd 
ror voncx rings , which is hased on extcnsive hot-wire measu rement ol· ve locities in the vortex core 
and wakc, and un flow visualization. Yortcx rings may be classified as laminar, wavy. turbulcncc-pro
ducing, and turbulenl. 

Kcywords: Vórtice A11elar, Turbulê11cia, Mecânica dos Fluidos. Erperime11WI.I Vcmex rings, 
Turbulence. Fluid Meclwllics, Experimental 

COB753 EXPERIMENTAL DETERMINATION OF THRUSTER PLUME HEAT 
LOADS ON SAC-C 753 

Adriana Bertoli 
CONIIE. !11·. l'meo Colá11. 75 1. /063- /Juc11ox !lirex. !lrgelltillll 

Carlos .José Barricntos 
INVAP. S. E. More/ln 1089. (8-/00)S.C. de /Jarilocl!e. Argenfilla 

Issamu Muraoka & .José Nivaldn Hinckcl 
htstituro Nacimwl de l'exqui.wx fóxpw:iais- INI'E- Di1·ixtio de Mecfinica Orbital e Controle-. Caixa Postal515 
A1·. dos Astronauta.-. 1758, Jd. da Grlll!ia. 12201-970- Stio José tlox Ctt lllf!OXISI', /Jmsil. 

ln this paper. a theo rctical and experimental study ol'thc impact of lhe exhausted gas produccd 
by a 2N hydrazinc thruster is presentcd, simulating thc thcrmal conclitions attainecl in space during lhe 
operation of a spacecrart propulsion systemused ror orhit control. For this purpose, two diiTerent con
figurations were cxamined. either in continuous and pulsed firing regimes. The first configuration con
sistcd of a set ol· small aluminum platcs placed perpendicular to thc plume now ficld. in order to have 
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a dircct mc:Jsurement of thc he:Jt load on a surfacc whosc normal is aligned with the incidcnt molec
ular t'low ficld. Thc second eonfiguration consisted in a fiherglass-epoxy hoom placcd near thc thruster 
and parallcl to its axis, rcprcscnting a possihlc configuration for SAC-C (Satélite Argentino de 
Aplicaeiones Científicas). Thc hoom, when deployed. extends illlo thc arca of lhe flow ficld of the 
thrustcrs uscd for orbit contrai and may he subjected to high hcat loads during the firing. 

Keywords: Plume flllpingelllelll, Hea/ Esti111a1ions. 

COB77~ LIQUID FILM THICKNESS MEASUREMENT BY ULTRASONIC 
TRANSMISSION TECHNIQUE 

Marcelo L. Morandim, Fernando A. França & Eu~-:enio S. Rosa 
Depto. de Energia. Fac. de l:'n,;. Ml'l:dniw- UNICAMI'- CEI' 13081-970- Canltlinas. SI'- BRASIL. 
( morwl{/im @ fe/1/.llllir:anlp.hr. f!runcai!!lJem.nnicaJnp.!Jr e e rosa([>) .fem.unicalllf>.hr) 

Marcelo Albuquerque L Gnnçalves & Geraldo S. Ribeiro 
PETROIJI<AS- CENI'ES- D/1'/.0T- l/lia do Fundt7o- 2/CJ.ICJ-900- Rio de Janeiro. lU- IJI<ASIL (marce/og@c:en

l'es.petrt>hrtls.t·tllll.l>r e SfiÍJI@t·ellfll'.V.JICirt>fmiS.l 'llln.f>r) 

ln this paper is proposed and tested the use of a non-intrusive ultrasonic transmission teeh
niquc for thc measurcment or thc thiekness ora liquid film flowing along a solid wall. Thc physical 
principies, as well as lhe experimental procedures for the method are presenteei. The tests were per
formed measuring film thickness inside a cylindrical chamher in which a liquicl was tangentially 
injected, causing a film of liquid containing certain quantities o r dissolved gas hubblcs 10 rotatc along 
lhe wall. The technique was tested using water, and the results were compareci with values measurcd 
with an clcctric impcdancc sensor. ln general , therc was a good agreement hetween the values obtained 
from both methods. thou!!h there is a systcmatic di ITerence clue to the fact that thc clectric sensor is 
able to measure film thickness almost locally. while the ultrasonic technique avera!!cs thc valucs ovcr 
a larger rcgion . The ultrasonic tcchnique was also tested with a higher viscosity liquicl . obtaincd hy 
adding corn syrup to lhe water, for which lhe electric sensor was unable to mcasure. ln this case. the 
results were compareci to an analyticalmodel . which was vcriricd ror lhe previous mcasurements with 
watcr. The results also showcd good agreement. 

Keywords: Liquidfiltns. ultrasonic senwrs, ttu•asurettlenl /echniques 

COB799 DETERMINAÇÃO DO COEFICIENTE GLOBAL DE TRANSFERÊN
CIA DE CALOR EM RODAS FERROVIÁRIAS I DETEI?MINAT/ON OF 
THE OVERALL HEAT Tl?ANSFEJ< COEFFICJENT lN I?AILIWAD WHEELS 

Autcliano Antunes dos Santos .Júnior & Fausto Rodri~-:ucs Filho 
La!HmttiÍrio FeJTIII'iúrio - Det>urttllllel/to t!e l'rojeto Mecânico 

Faculdlllle de fngellllllria Met:tínim · UNICAMI'. CEI'. 13/00-970 . ClllllfiÍIItiS (SI') - /Jmsil - Email: 
tlllte @(eiii.IIIIÍCliiiiJ>.hr 

The objective or this work is to prescnt a detcrminatiou of avalue ror the ovcrall hcat transrer 
cocfficicnt to he ahle to simulale the hcating during lhe braking proccss in :n inch ( R3R mm) railroad 
wheels. To achieve this objective it was neccssary to design ~111d construcr a rull scale dynamometer 

ll] 



! 
'i 

1\BSTR/\CT T3X 

to rcproducc the most eommom braking conditions found in rail way operation. The variati ons in brake 
power and tempcraturc wcrc mcasured during standardized tcsts and were compared to thc rcsults 
obtained from a finitc clcmcnt numeri cal simulation. M any trial simulations were reali zed in ordc to 
achicvc hcttcr agrcemclll betwen the numerical predictions and the experimental results. Avalue of 25 
W/m 2 o C was found ror the ovcrall hcm transfcr cocllicient whcn used with XO% o l· the total gcner
ated fri ction power. The rcsult s o r thi s work are imponant to determine the thennal stresses in ra il w<1y 
wheels during hraki ng and thi s rcpresems lhe major aim of lhe Rail way Labor~Hory or the State 
University o r Campin as. 

Kcywords: Railroad wheels. roi/ro(l(/ brakiug, wlwelsfúilures. IJI'ake heatiug, .fi"euagellljároviâria 

COB906 ANÁLISE EXPERIMENTAL DO PROCESSO DE ASPERSÃO DE 
GOTAS EM UM SISTEMA JATO-PLACA I EXPERIMENTAL ANAL/SYS 
OF THE DROPS ASPERS/ON P!WCES OVER A JET-PLATE S YSTEM 

.Jorge Luiz Z. Tarqui, Aristeu Silveira-Neto & Thomaz W. Mendoza-Harcl 
Deporll/IIICI/Io de /:'ngenlwrio Mcnin ico. Cei/Iro de Ciê11cim 1:\o /(/ .1' e 'J'ecnolog iu - li FI! 
CEI' 38400-206 U/Jer/íindili - MG. llmsil - 1:'-llwi/: uri.l·teus ([,l ufit./J r 

This artielc prcscnts thc rcsults obtained with the tcchniquc of high-speed photography used 
to rrcczc lhe high rrequcncy dynamic phenomcna involved in thc problcm or drop generation by 
means of a spray nozzle-plme system. Thc instabilities tlw t charae teri ze jet transition were initi all y 
analyzed to validate the method or expcrimcntati on. The physieal nature or drop formati on was <l iso 
anal yzed and the more important physical phcnomena wcrc pointed out : the dynamic instahilities over 
the l iquid shect ; lhe holes fonnalion and the mass accumulmion helongs thc horders or the holes and 
liquid sheet. 

Kcywords: Experilllenwtion; tnr!J/1 /ence; drops ; aspersion; tmnsition. 

COB1211 UM EXPERIMENTO DIDÁTICO EM CONVECÇÃO NATURAL I A 
DIDA CT!C EXPERIMENT ON FR EE CONVECTION 

Saulo Giiths & Vicente de Paulo Nicolau 
l_a/)(1 /'i// tÍrio de Meios /'oro.w s e I'Wflriedllt!e.\· Tenno{i:viws de Mmeriois ( l.M I'T). Oeptll'llllll l' li/O de lo"ugenlltlria 

Meuínica. Unii'Nsidade Fedem/ de Sa1/lt1 Catarinll. CU' 1\SO.fiJ-<JOO Florill lllÍf)(l/is/SC. Jl m sil - /:·-mai l : 
sau/o@ lmpi.ufú·. !Jr 

This papcr clesc ribcs a didactical cxpcriment on natural con vcction alonga verti cal rl at pl alc 
at constanl tcmperaturc. lt describcs a mclhodology to determine lhe heat lranslá cociTici cnt hascd on 
thc use o r hcat rluxmeters. Thc ciTcct o r radiant cxchangcs on the hcat transfcr coeiTicient is preselll
ed. A ncw typc of heat rluxmcter. the "langenlial hcal nu xmeter" . is prcscnted as wellthc calibration 
lcchniquc.Thc cxpcrimcnt is very uscfullo iluslralc heat transfer conccpts. 

Kcywords: cmJvecçao. conveq:clo nutnrtd, jlu.w de calor . .flu.rflll el ro I convection, j i·ee con vection, 
hN I/ .flu.r, heai.flux/1/e/er 
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COBI233 COEFICIENTES HIDRODINÂMICOS EM SEÇÕES SEMI-CIRCU
LARES EM ESCOAMENTO TURBULENTO I HYDIWDYNAMIC COEF
FICIENJ:)'IN A SEMI-CIRCULAR DUCTS lN TURBULENT FLOW 

Philemon Mclu Cunha, Ft·ancisco Eduardo Mmu·ão Sahoya 
/)ep. Eng. Meciinim ClcFLF-IU. I lefl. /c'ng. tvlect1nicu U FF-IU. CU': 22 -151-070 l<t11t Rubens /Jemrdo 17513/-108 
Nio de .luncim - lU 

Pressure drop cocflicients have heen experimcntally detennined ror turhulent llow in smooth semi
circular ducts. The experiments were pcrlúrmed hy measuring lhe pressure distribution along lhe llow. The 
llowing lluid was a ir and lhe pressure drop coeflieients are presented as runelion o r lhe llow Reynolds num
her. Results for circular ducts are also presenteei and cotnpared with Blasius. Thc agreemelll was very good. 

Keywords: Perda de Carga - Mhodos HrJierilllenlllis - Mecânica dos .fluidos - Trocadores de Calor 
I Pressure /)rofl - H1peri111ental Ml'llwds - Fluid Meclwuic:s - l/eu/ Tmusfér. 

COBI273 DIESEL PARTICULATE MATTER EMISSIONS MEASUREMENT BY 
MEANS OF A PARTIAL DILUTION MINITUNNEL 

A. F. Romero Lúpez, D. E. Arroyo Amaro, H. Cahadas Eslrella, .J, A. Canuto Carranco, O. 
Hernández Rnmcru, L. Lúpe;r. Godínez, .1. Saavcdra lladillo, V.i\. Trcjo Ch:ívez. 
Depunutnen/!1 de Menínim. r,;nttictt r Fluidos. lnslilttlo de lngenieriu. UN!\M 0-1510 M,;.rico. 
D. V. Te/. (5) {)22-8138 ht.r (5) 622-8()<)/ e-11111il: ufi'/ l!.O.\·en·idor.ununt.nt.r 

A minitunnel is proposed in lieu ora fui I dilution tunnel, tlwt will allow determination o r car
hon monoxide (CO. C02). unhurncd hydrocarhons (HC). oxides of nitrogen (NOx)and panieulatc 
maller (PM). The design will permil independenl evaluation or emissions rrom Diesel engines. 

Keywords: Salllple, Conrml, Filrers, Parriculare Ma/ler, Me.\ttri'IIICI/1, Sigu, Acquisiliou. 

COB1296 ANÁLISE EXPERIMENTAL DO AQUECIMENTO DE ÁGUA 
ATRAVÍ~S DE MICROONDAS I EXPERIME'NTAL i\NALYSIS OF WATER 
HEATINC BY MICROWAVE ENERGY 

Maria Helena Farias & Carlos Yalois Madcl lh-aga 
Oeparta/1/o//o de lc'ngenlw ria iv/en1nim - !'l/C-Rio. Nua Munjllh de Silo Vianle. 225- Gú•·ea. C/c'/' 22-153-'!00 
- Rio de Janeiro - R./- /Jrasil- 1:'-uwil: Jlll~fúrios@jmcc.Jntc - rio. hr. lTllloi.d!~) rioJÚJWI:j. hr 

ln the present p;qJer is showed an experimental siUcly. The main object ol· this study is to 
improve lht.: microwavc power absorption hy lhe water in a resonant cavit y. This cavity has a cylin
drieal gcometry <tnd contains a glass (Pyrcx) tubc in its longitudinal position. Distilled water flows 
through this tube. The rollowing pammeters were varied: water rtow mass. glass tuhcs cliameters anel 
lhe screws position (disturbances) inside the cavity. The results show a strong influence ol.lhose para
mcters :tboul lhe ahsorbed powcr hy lhe water. ln this way. il is possihle to obt:tin "situation ror lhe 
maximum microwave power transl'crrcd to lhe water. 

Keywonls: Mic.TIIII'Ct<'e. resouunl ut~•ilr, wo/er lwming /Jv nticr(;\\'(1\ 'e. rftennuloprimi;(l{ion: geomelrv I 
Micrr>ondos, cm'idode res.mnwtle, (l(jlleânteltlo de águo fJOrlllicmond(ls, olillli::oç·ào ((innicu: geolllelria. 
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COB1419 A THEORETICAL AND EXPERIMENTAL STUDY OF THE VORTEX 
TUBE 

Luiz Alberto Oliveira Rocha 
DeJUirlamento de Física. Fwularlio Unil·t• rsit!ade tio Rio Gm111/e. \ló20/-CJOO. Rio Gmnt!e. RS. /:·-mail: tf(ç

roc!Ja@sltper.filrg.fn· 

George Stanescu 
DeJ>llrtllllll'll/0 de MateJIIIÍtiut . Funrhl("tto Uni1·ersidat!e do Rio Grande. CJó201-CJOO, Rio Gmnt!e. RS. E-mail: 
thlltgs@ supe r..fit rg. h r 
.José Viriato Coelho Vargas 
Departamento de Engenllllria Mecanica. Uni•·t•rsit!lllle Fedem/ do l'art/1111. 8/53/-'J'JO. Curiti/){1. I'N. l:"·nlllil. jl'llr
gas(ifidemec.l(/Jlr.br 

This papcr prescnts a lheorctical antl experimental slutly and introduees a mathcrnatical modcl 
for a Voncx tuhc on slcady sta te operation. Thc internal swirling rlow is motlelcd hy a sct of ortlinary 
diiTcrential cquations thm are imegratetl along lhe radial direction. Experimental temperaturc mca
surcmcnts from a Voncx tube built in the laboratory are eompared to numerical results obtained with 
lhe theoretieal motlel. with gootl qualitalivc agreement. The temperature variation wilh respect to lhe 
inle! rluid temperature along the radial direetion is understootl as <I result of lhe distribution or lhe 
kinetie energy through lhe swi rling rlow . i.e., tempera! me increase in lhe periphery and decrease in lhe 
core. The theorctical estimation or the now reversal allhe Vonex 1ube axis agrees well wilh lhe illler
nal swirling rlnw resul!s o r Armfield and Fletcher (I l)l) I) 

Kcywords: Reji·igemtion. swirling jloll', irre1•ersi!J/e 111odel. e.\'flerilllenta!Jilettsuronents. 

COB1491 OPTIMIZACION EN EL DISENO Y CALIHRACION DE REDES DE 
DISTIUBUCION HIDRAULICA 

Lisandro Cm·ia, Alcjandra l'crini, Sergio Cahczas & (;riselda llovich 
[)I'J}{Irfllllll'll/11 de Matentatint. Far:llltat! de l:"unlnlltia 
Ariel Marchegiani 
DeJIIo. de !vlec:ânim ;\J>Iiultla. Far:llltad de fngenil'I"Íll. UN/\IU/S/1);\/) N;\C/ON;\1. /)/:·/. CO/v/!1/·/U!:". /Juenos 
,1ires /.JOO- (8300) Nelltfl"'" - ,1RGI:NF/N;\ -/:"-mail: ft·urill l.!.t1unmllll/.etlu.llr 

ln thi s Work an nlgori lhm lhat allow dcsign and ca lihratc watcr distribution network is tlevcl
opetl. Thc nclwork topology is anali setl hy graph teory. Thc conservation equalions thal cstablish thc 
statc of nctwork cquilihrium allow lhe analyt ic formulation or lhe problem as houndary valuc prob
lem. and the proposed method is applicablc for opcn. closcd and combinatctl network s. 

Sine e lhal in regime s1a1e. a ncl work is pul lo quick changes: pumps slaner and s1oped , rlow 
rate variations. etc., during clesign antl calibralion or lhi s is neccsary lo know lhe eiTecl th al causctl 
over lhe variables group. the modil"ication that lry ou1 one or !h is. denominaletl rcsolution parametcr, 
so that satisfiey the new regime conditions. 

Thc corrcction or quasilineal cquations systcmllwl shown lhe ne1work equilibrium slale allow 
oblain lhe analylic solution of new problem. 

The operation range and lhe algorilhm ductility are shown by mean or aplication cxample, 
lhe solulion ohlaincd is oplimal sincc salify exaclly lhe cspccirica ted slale paramcters. 

Kcywords: woter dislrilmtúm, colibration, ne/ H'orks wwlysis. gmt'!t teorv. opti111i:otion. 

11 4 



ANAIS DO COilEM97 T41 

TEMA 41- Mecânica do Contínuo 

COB96 UMA TEORIA SIMPLES PARA O CÁLCULO DE TENSÕES EM 
VIGAS INELÁSTICAS SUBMETIDAS A CARREGAMENTOS COM
PLEXOS I A SIMPLE THEORY TO PERFORM AN APPROXIMATE COM
PUTATION OF THE STRESSES lN SLENDER INELASTIC MEMBERS SUB
JECTED TO VARIABLE TRANSVERSE AND AXIAL LOADING 

Mareio Assimos de Almeida, Hcraldo S. CosUos c Marcelo Ma~alhãcs Valente 
f'GMEC- /JqJfo. de Eugeuilorio Meciiuico - Unil'asidode Fedem/ Flu111iueuse 
Ruo Posso do l'úrrio. 156- Nirerúi/fU C1oP:2.J210-2.JO 

The present paper presents a simple theory to perfonn an approximate computation of the 
stresses in slender elasto-plastic and elasto-viscoplastic memhers suhjected to variable transverse and 
axial loading. Theories for inelastic beams found in the literature are restricted to very simple harden
ing rules (generally a perfectly plastic behavior) which are not adequate to model cyclic loadings. 
Although the proposed theory is adequate for any kind of elasto-plastic and elasto-viscoplastic con
stilutive equations with internal variables, a particular set of constilulive equations whieh accounts for 
the isotropie and kinematic hardening induced by plastic deformations is considered in the presenta
lion. No matter lhe non-linearity of lhe evolution laws adopled for lhe kinemalic and isotropic hard
cning variahles, simple expressions are obtained connccting lhe stress components with lhe bcnding 
moment, the shear force, lhe normal force and lhe plastic strains. The theory allows a low cosi analy
sis of lhe stresses and strains in many slructural elemcnls used in industrial applications. The useful
ness of the proposed theory is ehecked through lhe simulation of a combination of axial and transver
sal loading in 31 ó L stainless steel bars at ó00°C. 

Keywords: Theon• of beams, Plaslicily, Viscoplasticilv, fulemal Varia!J/esíTeoria de vigas, 

Plasticidade, Viscoplasticidade, VariiÍI'eis iulenws. 

COB449 DESCRIPTION OF THE SHAPE MEMORY EFFECT lN THE SET
TING OF STANDARD GENERALIZED MA TERIALS : A THREE
DIMENSIONAL MODEL 

An~cla C. de Souza & Nestor Zouain 
f'rogm11111 de Eugenlwno Mecúnim. Uuil'l'l'sidode r:edem/ do Rio de Joneim 
219./5-970 Rio de .Janeiro. lU- F-11111il: uestor@sen·.conl.ll/i:i.hr 

Ed~ar Mamiya 
Deporllllllenro de 1:'ngenlwrio Me,·iinico. FT- Unil·asidode de Bmsí/io 
70910-900 Bmsílio. DF- f:'-111oi/: IIIIIIIÚ\'Il@cnn!.llii/J./Jr 

A phenomenological model describing lhe mcchanical bchavior of solids undcrgoing stress
induced phase transformations is presenteei inlhe selling ofthree-dimensionalmedia. Pseudoelasticity 
as well as shape memory ellect can he described by lhe model at hand. Numerical results are present
eei soas to illustrate the c~1pabilities of lhe three-dimcnsional constitutive model. 

Keywords: Plasticirv. 1'seudodasricity, slwf'e llli'IIIOrv effi'ct. ll/{1/'li'llsilic tm11s{ámwtion, constilu

/ÍI>e mode/. 
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ABSTRACT 

COB676 PLANE DEFORMA TIONS WITH UNIFORM STRETCHES 

Fernando P. Duda & Luiz C. Martins 
l'rogmllla de t.'ngenilaria Menínin t. Uni l'ersidade Federal tio Nio de .laueim 
2 1945-970 Nio de .Janeiro. lU- E-111ail: duda@d.l'l'I'I'. COIIt .tt/ij.br 

T41 

A complete charactcrization or plane dct'ormations w ith constant strctchcs, as wcll a con
structivc mcthod to obtain thcm, is prcsentcd. With thcsc rcs ul ts at hand wc arrive at an important 
kinematieal characteri7.ation of lhe Singh-Pipkin ramil y o r dct'ormations. Finally, WC providc a C0 111-

plet trcatcment of universa l dcl'onnations with constant strctchcs ror the Bell's clastic materiai s. 

Kcywords: Dl:finmutions wil!t cml.l'lunl stretches, IIIÚI •er.wt! dl:fimnulions, lhe Sing!t-Pipkin solution, 

Be/l's constmint. 
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TEMA 42 - Método de Elementos Finitos 

COB41 NUMERICAL SIMULATION OF FLUID FLOW BY THE CONTROL 
VOLUME-FINITE ELEMENT METHOD 

J.B. Campos silva 
Depur/ullle/1/11 de Cllgelllwria Mecâ11icu, Fuculdwle de Engenlwriu - UNES!'- 11/w Solteim 
CEI' 15. 385-000 11/iu Solteim- SI'. /Jmsil- F-nwil: jhculllpo.l·@.fi!is.wJesp./Jr 

L. F. M. Moura 
Depurtwnento de E11ge111iilriu Tér111icu e de f'!uidos- FEM/UNICAMI'- CmnJJinus 
CEI' 13.081-970 /!uni o Gera/do/Colllflillas -SI'. /Jmsil - 1:-nwi/: .félipe(iJ)/élll.liiJicaJIJjJ.br 

A comrol volumc-linitc clcmcnt melhod (CVFEM) to simulatc unstcady. incomprcssiblc and 
viscous fluid llows using: ninc-nodcd quadrilateral clemcnts is presentcd. The mathematical modcling 
of !lows is thc Navicr-Stokes equations in primitivc variahlcs u-v-p. Thc set of non-lincar partia) dif
fcrcntial cquations was integralcd and aftcr using intcrpolation functions and lhe time discrctization, 
thc algebraic systcm of equations w~1s solved hy using: the frontal method of solution. The ohtaincd 
result s of some henchmark problems compared favorable with available rcsults from lhe litcraturc. 

Kcywords: Finite mement, Control Volume, Nm•ier-Stokes Equ(l/ions, l'rimiti1•e Vuriubles, 
Compututional Fluid Dytwt11ics. 

COB76 OBTENCIÓN DE LA MATRIZ DE RIGIDEZ SECANTE EN 
MECÁNICA NO LINEAL DEL SÓLIDO I DERIVATION OF THE 
SECANT STIFFNESS MATRIX FOR NON LINEAI< FINITE ELEMENT 
ANALYSIS OF SOL/DS 

William Matias & Eugenio Oiiatc 
Deparw111ento de Engenho riu Ci1·il. Unil'<'rsidude de /Jms'iliu- FNC/Un/J 
CEI' 709/0--900 lims'iliu. /Jmsil- 1:'-nwi/: fll.l'ior @guumn\'.CfJdunh.br 

ln this paper lhe gcneralnon symmctric paramctric form of lhe sccanl stillncss malrix for non 
linear analysis of solids using rinile elemenl mcthod is derivcd. A convenielll symmctric cxprcssion 
for a particular valuc ofthe paramelers is obtaincd. Thc g:comclrically non linear formulation is hased 
on a Gencralized Lagragian approach. Delailcd expressions of ali lhe relevantmalrices involved in lhe 
analysis of 3D solids are ohlained. The polenlial of using: lhe sccant sliiTness malrix for devcloping 
ncw solulion alg:orilhms for non linear slrucluml problcm is also discusscd. Examples of applicatio11 
are givc11 for lhe 11011 linear analysis of pin joincd frames and 20 solids. 

Kcywords: geometric nonlineor mwlysis, secont stiflizess motrix, Cenera/ized Lagragimz description. 

COB79 A SIMPLE LOCKING-FREE THREE-NODE SHELL FINITE ELE
MENT 

R..T. Maro:ak 
DefHiri!/IJJl' lllo t!e fo'11g. Meuinico - Unil'l'F.I'idude Federal do Nio Grande do S11/ 
Nua Sarll/l!lllti l .eile . .f25. 'J0050-170. /'orlo 11/egre-N.\', /Jraúl- L-lllilil: rutoC!.<l Qmrte.r.ufigi'.!Jr 
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A.M. Awruchz 
Departwnento de Eng. Cit•i/ - Unil'ersidade Fedem/ do l?io Gm111fe do Sul Av. Os1'({/do Aranha, 99, Jo andar, 
90035-190. l'orto Alegre-NS. /Jroúl 

A simple triangular shell finite element with firteen deg:rees of freedom for lhe analysis of gen
eral shell structures is presented in this work . The clement uses a substitute transverse shear strain 
field to avoid locking, and is formulated onthe basis of RSDS-elcment (Resu ltant Stress Oegenerated 
Shell Element) approach. which lcads to very simple strain-displaccment expressions. The substitute 
shear strain field is dcrivcd assuming: constam shear strains along Lhe sides of Lhe element, similar to 
Lhe MITC (Mixed lnlcrpolation in Tcnsorial Componellles) proccdurc. Ali intcgrations can be per
fonned using only one point Gaussian rule, leaving the elcmcnt with onc non-comunieablc zero cner
gy mode, which does nol allect the results. Thi s procedure allows lhe use of symbolic cngines to 
derive analytic expressions for stiffness matrices, reducing computational eost of lhe analysis by a sig
ni fi cative amounl. 

Kcywords: Finile elementmetlwd, plates mui slrells. slu:ar locking. 

COB103 STRESS PREDICTIONS FOR SHORT FLAT llARS WITH PROJEC
TIONS SUll.JECTED TO SHEAR LOADING 

M. K. Pipclzadch & S . .J. Hardy 
Department o( Mecilanical Engineering. Unil'asitr o{ Wa/es. SH'I/1/Seu. SAl 81'1'. U. K. 

Thc finite clement mcthod has bccn used to obtain strcss concentration factor data for rtat' T 
shaped components suhjectecl to shcar loading: with local restraints being applied. This paper presents 
anel clcseribcs Lhe stress contours clevelopcd as a resulto r the shear load for a typical gcomctry. ln adcli
tion , the strcss concentration factor (SCr) data are used to ohtain prediction equations using a multi
pie linear regressi on model. Thcsc equations provide guidelines for the assessment of the ser by 
designcrs . Thc contours show the localised and large stress gradients in lhe vicinity o f the fillet regi on. 
The ratio of the lcngth to depth (or slendcrncss ratio) ofthc shank rcgion is gencrally lcss than 3: I. r or 
these short componcnts particularly undcr shcar (or hcncling:) loads. primary bcmling st resses are no 
longcr dominant and the transverse shcar becomes an important secondary eiTecl. 

Kcywords: Sheor loading, stress concentratirmfactor, .flnite elemenl mwlysis . .flat bors with Jlro

jections. 

COB109 ELASTIC CONTACT WITH FRICTION AS A CONDITIONAL MINI
MIZATION PROBLEM I CONTA TO ELÁSTICO COM ATRITO COMO UM 
PROBLEMA DE MINIMIZAÇiiO CONDICIONAL 

Alhcrto Luiz Scrpa 1,2 & Fernando lguti2 
I Lawn Li111it~d- Tromlilissiolis Dil'isioli. Ruo Clark. 106 / - Volinlws - SI'. C. I '. 30-1. 
13179-400. /imú l- ,,._ 11111il: u/!Jertol.i'l' l'f'll <iilealilll .l'!llll 
2 Deflrlrlnlelit oJ' Colilfllltotionol Meclwliics. Focu/1y o( Medwnir·o/ l:'ngineering . 
Uliiuunp. C.!' . 6/22. Cwnpinm- SI'. 13083-970. /Jrrdl- I0-11111il: Sl' l'f'll(lNi·111.1111immp. ln 
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This work presents a study ol' conlaet with friction between elastic bodies under the assump
ti ons of infinitesimal elasticity. This is a non-linear problem due to lhe unilateral constraints (inter
penetration of bodies) anel frietion, Thc solution can bc found using oplimization concepts, modelling 
the problcm as a constrained minimization prohlcm. The Finite Elcment Mcthod is used lo mode\ lhe 
equations or clasticity . The minimi zation problcm has the total potcntial encrgy or the el astic bodics 
as the objective func tion, the non-illlerpenetration conditions are representcd by incquality constraints , 
and equalily constraints are used to dcal with lhe friclion. Due to sti ck and slip conditions, equality 
constraints are present or not according to the current condition. Since the Coulomb friction condition 
dcpends on the normal and tangcntial contact slresscs rclatcd to lhe conslraillls o r lhe problem, it is 
devised an approach callcd hcre as a conditional dependem conslrained minimization problcm. An 
Au gmented Lagrangian Mcthod is used. This mcthod, whcn applicd to a contact problem, presents 
Lagrange Multipliers which have the physicalmcaning of contact forces. This fact allows to check the 
fri ction condition at each itcration. 

Kcywords: Finite Element. Conwct Pmblem, Mathematical Pmgmiiii!Úng, Augmented Lllgmngian I 
Elementos I Finitos, Prob!enw de Crmtato, Prog rwuaçiio Matemática, Logmngianu Aumentado. 

COB 155 ANALYSIS OF COLD ROLL FORMING OF THIN SHEET METAL 
FOR SOME ROLL-STANDS 

Sylvic ldrissi-Roncl, Thcophilc Mchinto & Gcrard Chalant 
I Atlw mloire 'Mécauique. M atéritw.r. J;n l'irml/ll' lllellt' (I .. M. M ./:'.) . Fw:ulté de Tednwlogie 
1\ \'e /11/ e d 'Estrée-111' 792-97337 Cl\ YJ:NNJ; -Frtlll t:l' L'·mail: 105ó0ó . .i500!th·rllllf111Serl'e.colll 

The eold-roll-forming of thin shccts is a fonnin g process whcre initi aly t'lat shcet is drawn 
along through roll stands which may ha vc a complcx form. The cold-roll-fonning is a thrce dimen
sionnal prob lcm with large transformation s, clas to-pl asti c bchaviour with contac t and fri cti on . The 
objcctif of the modcl is lo havc a bcucr knowl edge of shec l strains, in ordcr lo ohtain a product with 
optimiscd mecanical and gcomctricli qualiti es. Thc proposcd mct hod si mulat es lhe cold-roll- i'onning 
process by a two dimcnsion nal anal ysis on thc shecl cross scction rcsolved by linear finitc clcments, 
co upled with a three dimensionnal analysis of the shect het ween adjacent roll stands. Compl ex pro
fil es wcrc modelcd with this mcthod. 

Kcywords: Finite IC:Ielllent, Large Dt~/úmwtions, elastoplastic belw viour, Crmtact, Co/d-Ro/1-
Forming. 

COB182 THE PRECONDITIONED CONJUGATE GRADIENT METHOD FOR 
THE SOLUTION OF SPARSE MATRICES: FINITE ELEMENT 
METHOD APPLICATIONS 

Ccsarco de La Rosa Siqucira 
Num/ Eug iueeriug /)t'J>lll'/1/ ll' lll . Uuil'l'l'sitv o{ Sr/o l 'uulo - USI '. CU': 05508-900 Stio /'tudo. /Jmúl - !:-mui /: 
c:esu reoC!!J usp.br 

.Julio R. Mcncghini 
M eclwuicill Eugiueeriug DeJNII'IIIIl'/1/, Unil'crsilv o{ Siio l'ilulo -USI'. OU': 1/5508-'JOO Stio l ' ilulo. /Jmúl- E-11111il: 
jlllelleg@ usp.hr 
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Thi s paper presenls lhe Precondilioned Conjugate Gradielll Mc!hod (PCG) for lhe solutíon 
of sparse matriees and ils applieation 111 the Finile Elemenl Melhod. The Preeonditioned Conj ugale 
Gradicnt M clhod was implemented for lhe solulion ol" a heal transfer problem in an unstructurcd 
mesh. The sti lTness malri x generaled by "lhe rinile Elemen t Melhod is sparse and banded. Thc 
results oblained for a eonduclion prohlem were in very good agreemenl w ith lhe analy lical results. 
The performanee or PCG is also compared wilh lhe unpreconditioned version of the algorithm in 
tcrms or CPU time ror diiTerent compuler pla1rorms. This result is of practical importanee when 
dealing with lransielll problems where sav ing time is essential as so many iterations are in vo lvcd. 
As an example or this class or problems. lhe authors are implemcnt ing the mcthod to study vortex 
shedding phcnomenon using a 2D discrelc vortex mcthod inel uding viseous dil"fusion in an unstrue
mred finite element mesh. 

Kcywords: Preconditioned conjugme gmdiell/, .finite elements. 

COB\94 ANÁLISE DINÂMICA DE PLACAS E CASCAS ATRAVÉS DE ELE
MENTOS FINITOS QUADRILATERAIS QUADRÁTICOS COM 
INTEGRAÇÃO NUMÉRICA CONSISTENTE I DYNAMIC ANA LYSIS OF 
PLATES AND SHELLS THROUGH QUADRILATERAL QUADI?!\TIC FINITE 
ELEMENTS WITH CONSISTENT NUMERICAL INTEG RATION 

Amarildo Tahonc l'aschualini, Loir Afonso Mnrcira & Fernando 1~-:uli 
Depar!alltetl/o de lo"l!gelllwrirt Mcn/11im. !·it ctt!dade de !o"ngcnlwriu - UN!o"SI'/F!,·/s 

CEI' 15.385-000 1/ltu Solteim. /Jmsil- 10-lllllil: tu/}{>Jil'([.')feis.llncsp.br 

The purpose of thi s work is a comparative performance s1udy of plates and shells dynamic 
analysis, considering eonsistenl numcri cal inlegralion. or lhe Serendipily and Lagrangcan isopara
metri c quadrilateral quadralic finile elcmcnt ramilics , oblained bolh from lhe Ahmacl's formul ation ; 
one intends lo estahlish, hetween both elemenls. which is the mosl adcquatc 10 start lhe dcvclop
ment o r a subparamclric hicrarchical elemcnt. based on lhe p mcsh rcfinemcnt concepl. intencling to 
remove lhe cxccssivc ri gidity cha ract eristic or lhe A hm<ld' s clcment ror thin plal cs and shell s prob
lems. One cou ld noticc rrom the obtaincd rcsu ll s thal lhe L1grangcan family elemenl has a consi s
tenll y bettcr pcrfonnancc lhan lhc Sercndipity family clcmcnl , panicularly for thin plalcs and shells 
prohlcms. 

Kcywonls: Fitlile 1~"/en/ etlls Metlwd, Nnllleriml lntegmtion, Stmctnml All(t/ysis, Shell, Pi me I Método 
dos elenzel/tos/llli /os, flll egmç(/o 1111111éricu, AJI(í/ise estmtuml, Coseu, Plucu. 

COI3358 MALHAS ADAPTATIVAS DE ELEMENTOS FINITOS: APLICAÇÃO 
À ANÁLISE DE TENSÕES EM ELASTICIDADE BIDIMENSIONAL I 
ADAPTIVE FINITE ELEMENT MESHES: APPLICAT/ON TO STNESS 
ANALYSIS lN TWO-DIMENSIONAL ELASTIC/TY 

D.E.dc Sá Ncry, P.A.B. de Sampaio c R.J. Jospin 
lmtitulo de !Ongellilllriu Nttcleur I CNI:N. cui.ru twstol ó8550 <"<'!' 219-15-970 Nio de .lolleim-Umsi/-1;-lllilil: reinol

flfJ@l: ll e iT.gfJ\ './J J· 
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An adapli ve rcmeshing procedure for finite element plane strcss analysis is prescrllccl. A vari
ant of thc Z icnkicwi c1. and Zhu a postcriori crror cstimator is uscd to guidc a Dclaunay mcsh gcncra
tor based on Bowycr's <rlgorithm. Tire rcmcshing schcmc is dcsigneclto create nearly optirnal meshes 
containing a controllcclnumbcr of elcmcnts. Thc numeric<rl cxamples presenteei demonslT<lle lhe good 
perfonnanee of thc Z ienkicw iu . and Zhu crror estimator anel lhe eiTcct ivcness of lhe rcmeshing 
scheme proposed. 

Kcywords: Finite UenJ enls, /~'rmr 1::.\· filnu/!lr, i\dupiil •e Re/1/es/Jing, fJfWJ(' Slress, Linear ll.luslicil\' I 
l:'le111en/os Fini/os. 1~\tilllador de l:'rms, Nmwlhagem AdaJI!alim, Tensiíes Planas, Uasticidade Linear. 

COB403 STRUCTURAL DYNAMIC ANALYSIS OF NONLINEAR MULTI
BODY SYSTEMS BY A TIME-DISCONTINUOUS GALERKIN FOR
MULATION 

.J. G. Darnilano & .J. A. A. Duarte 
lu slituto de ,1emll1Íllliw <' io'SJ)(IÇO- C l i \1/;\/:!AS/:'- /c·. CD' 12228-'JIJ-1 S. J. C""'l'll-'. SI'. /Jroz il 

Thi s work prescnts a stucly for structural dynamie analyses of nonlinear multihody systems, hy 
a time- di scolllinuous Galerkin rinite clcmctll mcthocl. A singlc-rield rormulati on is used wi th the dis
placcments approximated as a parabolic runct ion continuous within each time slab, hut discontinuous 
across time leveis. Sincc the rcsulting systcm o r cquations is prone lo high frcqu cncy oscillations lhe 
algorithm presented is well suitcd ror tire solution of such prohlcms as it provides unconditional sta
bi lity , third order accuracy and high rrequency numerical damping. ror conservative systcms the rel 
ative dillerence in total cnergy at each time step is used as crror indicator and an adaplive time stcp
ping procedurc is uscd to sclcct lhe proper time stcp si1.e. Thc solut ion for <l linear oscill <rtor gives 
aceess to the applicahility of tire algorithm to more complcx problems and then the scheme is applied 
to a strongly nonlincar oscillator whosc rcsult s are in exce llcnt agrecmclll with thcir analytical coLttl
terparts. Tire scheme allows thc i'rcedomto choose whatevcr inilial time slep si1.c. since it scarches ror 
the best time stcp si1.c that w ill provide the desired accuracy . 

Keywords: Sl mcluml nvnw11ics: Aduplil 'l' Ti111e llltegmlioll; Discrmlilluous Clllerkill. 

COB420 CONTACT PROBLEMS lN PLATES UNDERGOING LARGE 
DEFLECTIONS, USING A HIGHER ORDER PLATE THEORY 

Jackson Luís Barp 
/Jq){lr/wll ell/11 de Jc'llgeullll riu Meniuim - Ceu/m de Ciéncius '1/•('J/ii/rígims -UNIS/NO,'\' 

CU' '!3.022-01!1! S1/o l .l'Of!iildo. /I S. lirwil- 1:·-llloi/ : jh<II'JI @slihl.coll l.hr 

Marco Antúnio Luc1·sen 
/)el'ur/allteo/n de M eninico. Nu l 'h'S- Nlícleo de l'<•s<JIÚSU e111 J:'l!gculwriu SillllliiÍJlll'U - CEFI'J-1'11 

CU' 80. 230-')IJ/ Curi lilw. 1' 11. /lmsil - ~c· -uwil: lt.II' I'SI'IIl"''"'i'"s.ccfi'IJ!r.hr 

Carlos Alhcrto de Campos SclkL' 
r:IIA NTL - GmJUI de ;\u(Í/ise " ' ' 'l i-lt.\'(J('S - ll t J)(II/(///) {' /1 /0 de L'ugcl!lwrill Mcn íuico - ursc 
CLI' 88.1!-10-VOIJ. , .. lorimlfÍJIO!ts. se. /lmsil - l:'llwil: .n•/kcf!vgrmlll'.llf.\·c./Jr 

This work presents an incrcment<d rinite element i'ot:llllliation ror C0 11l<tcl prohlcms or plates 
undergoing large delkctions, with unilateral constraint s, · such as ri g: id i'oundations. A nine node 
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lagrangia11 lype isoparamelrie ri11i1e ele1lle11t, bas.ed 011 the Lo. Christe11se11 a11d Wu higher order plate thc
ory, is ob1ai11ed usi11g lhis formulatio11. The pe11alty method is used to solve lhe variatio11al i11equalily lhat 
usually ariscs in eo111aet problems, a11d the s~Jiutiol1 depends 011 lhe pe11alty para meter. Using lhe finile 
clemenl ohtained, bc11di11g problems of beams a11d plates. with their lateral di splaceme111s constrai11ed by 
walls, are 11umerically solved, and lhe results are compared with solutions available in lhe literalllre. 

Kcywords: Coll/acl, pi ate theories, .f/11ite elellle/1/s. 

COB504 DINÂMICA DE CASCAS CILÍNDRICAS CONTENDO FLUIDO EM 
FLUXO CIRCULAR: SOLUÇÃO DO PROBLEMA EM REGIME PER
MANENTE I DYNAMIC OF THE CYLINDRICAL SHELL CONTA!NE FLUID 
AT CIRCULAR FLUX: SOLUTION OF THE PIWBLEM AT STEADY STATE 

D.S.Aguiar c .T.C. Menezes 
C/1\ - 111\ - 1/,'!Vf - Dc'JIIIr/uJJielllo de l'rojetos. CEI': 12228·'JO.J - S1/o José dos CiiiiiJWs - S.l'. I:'M/o./L· 
lltl'llez.es@mec.illl.clll .br 

This work presenl lhe solulion and numerical resulls of lhe governing equalions ol· a viscous 
fluid in stcady sl ale circu11!'crencial motion. To describe lhe molion of lhe fluid. Navicr-Stokes and 
Conlinuit cqu~llio11s are uscd (Pal1ton.R.L.19g4). Thc numcric~1l solulion is hasead on lhe swdics of 
Taylor c Hughcs (Taylor c Hughes.l9g I), who employcd lhe Finitc Elcmcnl Mcthod for lhe lwo
dimcnsion solution of lhe flow. Thrce vclocity compo11en1s are co11sidered in a cyli11drical coordinate 
system. To validate lhe rcsults. lhe problcm of a conccntric journal hcaring is solvcd, which shows a 

prcdictablc prcss and vclocities prorile. 

Keywords: Flu.ro circular, regi111e penllwzenle, 111étodo dos ele111entos ji11itos, di11â111ica dos .fluido/ 
circularflmv, steady swte, flnit e elernent l/lelhod . .fluid dynmnic. 

cousss APLICAÇÃO DO MÉTODO DE ELEMENTOS FINITOS COM O 
AUXÍLIO DE SISTEMA ESPECIALISTA I APPL!CATION OF FIN!TE 
ELEMENT METHOD AIDDED BY EXPERT SYSTEMS 

Michael .T. Femandcs, Lauro F. S. Ignácio .Ir. & Edison da Rosa 
Deparltllllellto de E11gmflllria Mect111ica- Ullil'asidlllfe Fedem! de Stllllil Ct1tt1rillll- UF.'\'C 
C!' . .J7{)- CtllllflliS Ullil'l'I'Sittírio. rtorimuítwfis. SC. /Jmsi/ - CU' 880.JII-'JOII 

E-11wil: llliclwe/@gmllll'.li(I'I·.!Jr. 1(0.i gmllll' .llf~·c./Jr. durosu@ellll'.li(\'1'./Jr 

This paper prescnts an cxpcn systcm to help lhe tasks of modclling physical problems through 
lhe finitc elemenl mcthod. The t:onstruction of the modelling systcm is associatcd with two modules. Thc 
rirst onc is an expert system lhat helps in the numerical model building . and lhe nther one is a model 
manager lha! controls lhe whole proeess remaining. i. c., the model m~uwgcr gels the gcometry from a 
CAD modeller. bascd on ACIS standard. and perl'onn a mesh generation. The user, following thc advi ccs 
rcceivcd from the expen system. applies lhe loads and bouml~1ry comlitions. After th;lt, a finite clemcnt 
package reads this data. and solve lhe problcm using adapti ve methods to takc accuratc results. 

Kcywords: Cr(ln/ Srsterns, Knml'ledge !Jased Sl'Slenzs. Stmctuml Arwlrsis, Fi11ite Uenwnt Metlwd, 
fJreJ'roces.wr, Modelling I Sislt'illas CS(ICciolisws. Sistt'lllliS /Jasemlos t'lll Conhecirnento. Análise 
Fstmtnm/, Méwdo de L'lellle/1/lls Finitos, Pn;-pmces.md11r, Modelogt'lll 
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COBIJXS MODELAGEM DA INTERAÇÃO QUASI-ESTÁTICA ENVOLVENDO 
SÓLIDOS ELÁSTICOS E RÍGIDO-PLÁSTICOS COM ÊNFASE NO 
FENÔMENO DE CONTA TO/ QUASISTAT/C INTERACT/ON OF ELAST/C 
AND R/CID PLAST/C SOL/DS WITH EMPHASIS ON CONTACT PHENOMENA 

Rcynaldo Taylor-de-Lima & Wladmir Syhinc 
/Jef}{lr/illllell/o de Engenharia Cil'il - l'ontiji'cia Unil'ersid({(/e Catá/ica do Nio de Janeiro. Nua Marques de Stio 
Vicente. 225. 
CEI' 22.4-53-<JOO Nio de Janeiro. lU- !Jmsil. e-111ail: tay/or@ciqJilc-rio./Jr I sy/Jine@ciqJilc-rio./Jr 

lntcraction anel contact hctwccn solids are rclcvant phcnomcna in thc contcxt ol· structural cngi
nccring. ln this ficld, loads are transmitcd hy contact to structurcs which, in thcir turn. transmit loads to 
foundations by contact bctwccn bo(lics. ln metal forming computations, such phcnomcna also play a 
major role. A good dcscription of thc intcraction bctwccn workpiccc anel tools is of fundamental impor
lance for a rcalistic simulation of fabrication processes. Actualy, contact mcchanics havc many applica
tions in structural and mcchanical cngincering anel contact models can bc generatecl by the variational 
principies of solid mechanics. Thc prcsent work clescribes a finite element modcl, bascd on a trcatment 
of bounclary conditions by penalty functions, developed in order to analysc the quasi-static intcraction 
betwecn a rigicl solid and a dcl"ormable solid. Thc modcl is verified in its simpler version through the 
analysis of the Signorini's problem without friction. lt is extencled. in orcler to take into account the 
inelastic bchavior or the dcl"ormable solid in the domain or finitc strains, through rigiel-plastic constitu
tivc equations. ln thc extended version thc model is veririeel by the analysis of a metal fonning process. 

Kcywords: conlllct meclwnics lfinite elements lmetaljimning colllfillhllioll- mecâ11ica de conta/o I 
elementos .finitos I confinmaçiío mecânica colnplllacional. 

COB995 A-POSTERIORI ERRO R ESTIMATORS FOR STRONGL Y NONLIN
EAR PROBLEMS 

Fclix Christian Guimariics Santos 
/Jef'ar/a/llento de J:ngen/111ria Meu/nica - /Jnil·ersidade Fedem/ de l'em({{II/JIIc'o 
CEI' 507<10-530 Necife. !Jmsil- e-111ail: Ji·gs@d!illll.ufi"'-/Jr 

Thc use of auxiliary linear problems in order to estimate thc approximation crror of finite clc
ment eliscretc solutions to nonlinear clliptic problems has been one of the most reliable anel robust way 
o r asscssing the accuracy o r a eliscrete model. Thcre has been an unelerstaneling that if an implicit csti
mator is asymptotically cxact for linear problems, thcn it will be so whcn bcing uscel for nonlincar 
problems through a suitablc auxiliary problcm. ln this work wc prove that statement for a wielc class 
of implicit estimators. 

Keywords: Finite elementmellwd, Nonlineur PDE's, A-posteriori eslimalors. 

COB1160 A DIRECTIONAL ERROR ESTIMATOR FOR ADAPTIVE LIMIT 
ANALYSIS 

Lavinia Borg;cs & Nestor Zouaini 
l'rogrtl/1111 e /JefJill"lliiJiento de lo"ngenlwrio Mecânico. COPI'/:'1/:L- .UFRJ- Cr. l'ostol ó8503- III! o do 
Fundi/o, Rio de Joneiro.IU -/Jmsil- CE/':2/<J./5-970. 1:--lllllil: /m·inio@sen·.coiU.ll/if/Jr 
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Raúl Fcijóo 
J.uboro/1Írio Nocional de Co"'l'ular''" Cienli/ico, Rtw /.ouro Miiller . .J55 - /JowfiJgo. Rio de joneim. lU 
- /Jmsil CEI':222'J0-160. E-11111il: fe(j(qlofJ,flll./lll.'G.ilr 

T42 

Wc present some results on rinite clement adaptive mesh-rerinemcnt strategies ror limit analy
sis, using a posteriori error estimator based on local direction:tl intcrpolation crror and reco vcring or 
the second úerivatives o!' the rinítc element solution. The ahstract t'ramework o r the adopted l!rror l!St i
mation techntques is discussed. Some possihilities or tkrivativl!s rccovny :tre considered. including 
thl! proposal ora directional error estimator. We apply the above abstract rormulation to finite de
ment models or limit analysis. 

Kcywords: Fi11ile elellle/1/s, !i111il wwlysis, ermr eslil11mor, ({(/oplit•e 111esh I E!e!lle/1/0sjillilos muílise 

lilllile, esliuwlil'e de erm, !11111/ws wlojJ!wlos 

COIH266 MODELO CONSTITUTIVO PARA DANO EM MATERIAIS FRÁGEIS 
I CONSTITUTIVE MODEL FOR DAMAGE lN IJRITTLE MATERIALS 

Roque Luiz Pitangucira 
Dcpor/llllll'll/o de l:'ngenllllriu de L'.1·fru/ura.1·- UFMG- J\1•. do Conwmo. 8-12- 2o. wulor CEI' 30110-0óO. /leio 
Horizonle. /Jrasi/ - ló-lllllii .'l'octll l'(IJl dces.ufillg.!Jr 

Raul Rosas c Silva 
Depllrlllllll'lllll de l:'llgenllllrio Cil'i!- I'IJC-Nio- Nua Marquês de Seio Vicelll<'. 225 
CEI' 22-153-IJOO, Nio de .la11eim. /Jmsil- L'-ulllil:rau/@l'ii'.JIIII'-rio.br 

A simple constilutive modcl which includes heterogeneity and size ellccts is prescntcd. 
Distributcd and di screte approachcs ror modcling or damage in brittk materiai s are discusscd. 
DiiTcrcnl implementations o r the distributed approach are eslahlished. according to lhe choice of lhe 
inilial compliance matri x, the treatmenl or lhe damage direclion varialion during lhe analysis , lhe 
approximalion of lhl! tangem conslilutive relalion. and lhl! local damage evolulion laws in tension anJ 
compression. The impliealions of lhe di ITerem approximat ions of constilulive tensors in a tall)!l!lll for
mulation are adressed in a numerical examplc. 

Keywords: Conslillllive, Douwge. Fmc/ure, Locu/izalion. Sb• eff'ec/, /)ano, Frmuru, Locoli::.oçiio, 

Efeito de Talllanho. 
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TEMA 43 - Método de Elementos de Contorno 

FORMULAÇÃO H-HIERÁRQUICA ADAPTATIVA PARA O 
MÉTODO DOS ELEMENTOS DE CONTORNO EM ELASTICIDADE I 
ADAPT/VE H-HIERARCHICAL !WUNDARY FORMULATION FOR THE 
BOUNDARY ELEMENT METHOD APPLIED TO ELASTICITY PROBLEMS 

Raul Bernardo Vídal PcssoLaní 
l 'esquisador do F!\1'1:'/U - Fundll("ilO dt• !\IIIJWro ú l'e.I'<Jtli.w do LI" lili/o do I< i o de Janeiro 
Depllrllllllento de L'ngenlwria Mecúnicu. Faculdade de J:ngenllllriu- UFF - Niteroi, lU. 
Rua l'as.ws du l'útriu. !56 - Stlo /Jo111ingos. CEP 24210-240- Nireníi. R./. /Jrusi l 

Thc prcscnt paper is concerned with the developmclll or lhe H-Adaptive Hierarchical fonnu
lation appli cd lo lhe Boundary Elemenl Melhod. An analysis or lhe rerinement is made, comparing 
two error's eslimalors. The convergc nce lax is al so lcslcd and commentcd. Pinally, suggcslions are 
madc for an implcmcnlation or an optimal adaplivc slralegy. 

Keywords: Nrmrericol Methods, /Jowrdary l:"lelllents Method, Adoptil'e l'rocedures. 

COB442 SEMI-ANALYTICAL SINGULAR INTEGRATION FOR THE BOUND
ARY ELEMENT METHOD lN ELASTICITY 

Raul Bernardo Vida! Pcssolaní 
I'esqui.wdor da FI\PENJ - Fundur<lo de lllllparo ti Pesquisa do L 1·tado do Nio de Janeiro - /Jepartwnel/111 de 
Engenlwriu Mecúnica. Fam ldade de f:"ngl'lllwria- UFF- Niteroi, tU. Nua l 'us.m' dal'âtriu, / 56- S<io Do111ingos. 
CEP 24210-240- Nireníi, I< J, /Jmsil 

Thi s paper shows an alternative rormulation to compute lhe va lue or lhe si ngular integral elc
ments in lhe 13oundary Elemenl Method ror E lastic it y Problems, employ ing a process called semi-ana
lyti ca l. Thc ex prcssion s to he impl emc nlcd are discusscd and lhe prccision obtaincd is illustratcd with 
a numcrical examplc. 

Keywords: Numerical Met lwds, /Jowulwy r~·/ement Method, AdaJ11ive J>rocedure.v. 

COB839 SIMULAÇÕES COMPUTACIONAIS DO COMPORTAMENTO DINÂ
MICO DE BARRAS DE SEÇÃO LINEARMENTE VARIÁVEL ATRA
VÉS DO MÉTODO DOS ELEMENTOS DE CONTORNO I COMPUTA
TIONAL SIMULATIONS OF DYNAMIC BEHAV/OR OF LINEAR TAPERED 
IWDS USING BOUNDARY ELEMENT METHOD 

Carlos Frícdrích Locfllcr & André Bulcão 
Deparl<llllento de /:"ntgen/wria Meu/nico. Uni1·enidude Fedem/ do Espírito Su11 to- UFES 
;\ 1'. Femu11do Fermri s/11o VitiÍriu. I:'. S .. 11msi/ - J:'nwil: bulcuo @IIJ"I.ufés.br 

Thi s joh prcscnl s lhe Du al Rcciprocily Boundary Elcmcnt ro rmulatíon applicd to dynamic 
analys is of tapered rods with linear varialion in its lransvcrse sccti on. Some features of Boundary 
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Element discretization in this case are discoursed in this work: lhe influence of area's radio; levei of 
refination; opening angle of rod and internal póles. The performance of numerical displacements are 
comparcd with analytical rcsponse. Only C(instant element are uscd in this analysis carricd out here. 
Houbolt's time stepping is employed to advance the solution. 

Keywords: Bowulary Elements; Numerical Methods, Dynwnics of" Stmctures, Dynamic Response cJf" 
Tapered Rods I Elemen/os de Contorno, Métodos Numéricos, Dinâmica de f>_'stmturas, Resposta 
Dinâmica em Barros de Seçiio VariftPel, Propagaçâo de Ondas. 

COB1222 ALGORÍTMO PARA INTEGRAÇÃO FRACA PRESENTE NO MEC 
APLICADO A PROPAGAÇÃO DE ONDAS I NEARLY SINGULAR INTE
GRAL ALGORITHM lN BEM APPLIED TO WAVE PROPAGATION 

Mauro G . .J. Veloso 
Deparlamento de Engenlwria Mecúnim. Centro Tecnolrígico- UFI';\- /Jelém (/';\) 
CEI' 66.000-000. e-mail: /me@lllJillzon.com./Jr 

Wcbe .J. Mansur 
l'rogmma de Engenharia Ci1·il. COI'E. UFIU. Rio de Janeiro. Cs. Postal: 68506 
CEI' 21945-970 e-mail: \Ve/Je@coc.ufij.br 

Nearly singular integrais arise in boundary element fonnulation applied to elastodtnamics prob
lems. ln this paper is proposed an algorithm to integrate this nearly singular integrais. The method is for
mulated on substract the ncarly singular pareci from thc ncarly intcgration cxprcssion and intcgratc this 
exprcssion by numcrical approach thcm thc ncarly singular pareci is algcbraically intcgratcd. 

Keywords: Méwdo dos elementos de contomo aplicado a elastodinfunica, Integral.fi"({(.'({lllente sin
gular, Métodos de inlegroçiio nwnérica. Propagaçâo de ondas no conlínuo, 13/é'M Applied to 
Elastodynamics, Nearly Singular Integro/, Nwnericalfnlegrotion, Wal'e Propagalion. 

COB1224 UM ALGORÍTMO PARA INTEGRAÇÃO DA SINGULARIDADE NO 
MEC APLICADO A PROPAGAÇÃO DE ONDAS I AN ALGORITHM 
FOR SINGULAR INTEGRATION lN BEM APPLIED TO WAVE 
PROPAGATION 

Mauro G. J. Veloso 
Departamento de l:'ngenlwria Mecânica. Centro Tecnolrígico- UFI';\- /Jl'iém (/';\) 
CEI' 66.000-000, e-mail: lme@aJJili?OIJ.Ctlln./Jr 

Wcbe .T. Mansur 
l'rograuw de t;ngenlwria Cil•il. COI' E. UFIU. Rio de Janeiro. Cs. Postal: 68506 
CEI' 21945-970 e-mail: ll'ehe@coc.u[i:j./Jr 

This work concern on lhe developmcnt of a schcmc to integrare the singular expression, pre
sent ar the boundary element mcthod, applied to clastodynamis problems in frequency domain. The 
mathernatical formulation of the problem is discussed as well as some examplcs are presented and 
eompared with the other mcthods implcmcntcd to show thc mcthod accuracy. 

Kcywords: Método dos elementos de contomo aplicado 11 elas/odinâmica, lntegraçiio singular, 
Méiodos de inlegmçiio nwnérica, Propagoçilo de ondas no contínuo, /Joundary Elemetlls in 
Elastodynamics, Singular fnlegation, WaPe Propogation in continiwn. 
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TEMA 44 - Método de Diferenças Finitas 

COB298 FORMULAÇÃO BIDIMENSIONAL GERAL PARA PROBLEMAS 
INVERSOS DE CONDUÇÃO DE CALOR I A GENERAL TWO
DIMENSIONAL FORMULATION FOR INVERSE HEAT CONDUCTION 

PROBLEMS 

J. P. Alencar .Jr. and H. R. H. Orlande 
DEMIPEM-EEICOPPE- UFIU. Cid. Unil'ersilúria . Cx. Po.l'lal: 68503. Rio de Janeiro. lU. 2 1945-970. Brasil 

M. N. Ozisik 
Dept. o( Mec/l((nic:al En~ineerin~. - NCSU. 1'0 . !Jox: 7910. Ra/ei~lr . NC 27695-7910. USA 

ln thi s papcr wc prcscnt a general solulion for two-dimcn sion al houndary inverse heat 

conduction prohlems. by using the conjugale g radient melhod of minimi za ti o n together with an 
cllipli c sc he me of numerical grid generalion. Thc direct problem, as wcll as othcr auxiliary prob

lems, are formulated in terms or generalizcd coordinates in a computatio na l domain, where they 
are solvecl by finilc-cliiTcrcnccs ovcr a rectangular rcgion. Simulatccl measuremcnts are usecl to 
illu slrale lhe applicalion of lhe presenl approach wilh a praclical inversc problem of engineering 
intercsl. 

Keywords: /Jowulary f11verse Pmble111, Conjuga te Gradient Metlwd, Functi<m Esti111ation, Nwnerical 
Grid Genemtim1, Genemliz.cd Coordilwtes. 

COB319 SCYL: UM PROGRAMA PARA A SOLUÇÃO NUMÉRICA EM PARA
LELO DAS EQUAÇÕES DE NA VIER-STOKES I SCYL: A PROGRAM 
FOR THE NUMEI?ICAL SOLUTION lN PARALLEL OF THE NA VIER

STOKES EQUA TIONS 

Armando de Oliveira Fortuna 
Deparwmento de Ciêncim de Compulll(.'<to e Eswlíslic:a - ICMSC- USI' 
11 v. Dr. Carlos /Jolellw. 1465-CI' 66X-CEI' 13560-970-Stlo Carlos. SI'. /Jrasii-Email: .filrluna@ic:m.w:.sc.usp.hr 

The use of parallel eomputing in Computational Fluid Dynami cs problcms has greatly 
increasecl over the past fcw ycars, placing an impo rlant and uscfullool in lhe hands of scientists and 

enginecrs. This works cliscusscs lhe implementalion ora solulion algorilhm for lhe incompressible 
Navier-Slokes equalions using parallel computation techniques. Program SC YL is writtcn in FOR

TRAN 77 anel utilizes lhe message passing lihrary PYM lo distrihule and control computations 
betwecn dillercnt compulers. Artcr di sc rcti zation thc rcsulling systcm o r algcbraic equations is 
solved using an ilerati vc procedure. Convcrgence is accclerateclwith the use of multi gr id. The par

allelized eode running on a clusler o r Pcntiumü processor machines clisplays good specd-up when 

compareci to thc seri a l vcrs ion. 

Keywords: ln colllprcssihle .flmv, Navier-Stokes equatiolis, multigrid, pura/lei computcrs, P VM 
I Escoam entos in compressÍI'eis, J.::quaçiies de NaVicr-Stokes, Multigrid, Compuwdores 
Pnralelos, PVM 
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COB347 APLICAÇÃO DE TÉCNICAS MUL TIGRID EM PROBLEMAS DE 
DINÂMICA DOS FLUIDOS I APPLICATIONS OF MULTICRID METH
ODS TO FLUID DYNAMICS P!WBLEMS 

Rivânia H. Paulino & Washington Braga 
DepllriWIIt'JIIo de Engenl111río Mi•c<ÍJIÍnl, I'UC-Nío. R. Morqul-.1· de S1io Vícel/11', 225, CEI': 22-153-I.JUO. Rio de 

.lllllt'iro, lU. 
E-lllllif: wbmgo@n!ec:puc:-rio./Jr 

The present work deals with the numerical solution of the Navier-Stokes equations. written in 
the stream function-vorticity form. hy the finite dillcrence 1nethod and acceleration techniques using 
multiple meshes. The elassical method (storage of lhe correction) and lhe method FAS (Full 
Approximation Storage) have hecn tested. The results obtained clearly show that a very c!Tieient com
pulational scheme has been achieved wilh the multigrid melhod. For examplc. when comparing this 
mcthod with lhe hasic SOR method . relali vc gains in processing time in thc order of XO% havc hccn 
obtained. 

Keywords: Soluçiio Numérico. Nuvier-Swkes, Muiligrid, Fui/ At'f'mxitJwtioll Stomge I N111nerical 
Solution, Navier-Stokes, Muiligrid, Fui/ Atlfii'OXÍIIW!iou Stomge. 

COB755 APPLICA TION OF THE UNIFIED FINITE APPROACH EXPONEN
TIAL SCHEME TO THE CA VITY PROBLEM 

.lnsé Ricardo Figueiredo 
Stllte Unil'ersity til Cwnpinas. FEM. DL'. 13083-I.Jl O. Ct llllf'im ls. Stio !'ou/o. /Jmú l 

This paper presents the application of a new discrelization schemc for convective-dil'l'usive 
fluid transpor! equalions to lhe Navier-Stokes equations. The scheme is a conservative-form dis
crelization construeted within the control-volume approach employing an exponential interpolating 
curve obtained as the exact solution of an approximaled equation lhat admits a sourcc term, which is 
computed by incorporaling Allen's finile dillcrence approach into the finite volume method. lt has 
been called the Unified Finite Approach Exponential Scheme. UNIFAES. A simple one-dimensional 
test case shows the seheme's ability 10 cope with irregular grids The main test problem considered is 
the recirculating flow in a cavi ly duelo a moving wall. whcre UNIFAES demonstrares accuracy supe
rior to lhe conservative form schemes central dillcrencing and simple exponcntial schcme. 

Keywords: CF/), Finite Volume. Finite Oiff'erence. UNIFAE'i, cavity pmblem 

COB764 

.T. Pontes 

A TIME SPLITTING METI-IOD FOR EVOLUTION EQUATIONS 
MODELLING BENARD CONVECTION I UM MÉTODO DE SEPARA
ÇÃO TEMPORAL DE VARIÁVEIS PANA EQUAÇÕES DE EVOLUÇÃO UTI
LIZADAS NA MODELAGEM DE CONVECÇÃO DE IJENAIW 

PEMMICOPI'EIUFIU. PO /Jox ()8505, 2/I.J-15--970 Nio de .Janeiro. N . ./. llrazil }llf'OIItes@metalmot.ufrj.br 
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C. I. Christnv 
Na/ÚJJillf !nlill!le o( M eleoro/og\' 1/1111 Hydrolog\', ó6 Tvarigmdsko C/l(lussee. Sofia 178.J. Bulgaria 
ciJristov @_iJJJeteo.bg 

Pauern fonnation in a thin layer of rluiu heated by below is ol'tcn stuuieu by numerieal inte
gration of JlOlliinear paraboJic cqualiOilS, COJllaining fourth-order space-<.Jerivatives in lhe X <lllU lhe y 
uircctions. A finite-diiTerence semi-implicit coordinate-splilling scheme or first oruer in time anu of 
second ordcr in space is dcvcloped and applied to sol ving two such cqualions in finite geometries, 
namely lhe Swirt- Hohenhcrg and the Knobloch equations. Thc construction or thc scheme is accom
plished by assigning lenns lo the implicit anu to thc cxplicit parts, and by rcplacing lhe spalial and 
time opcrators by diserete representations. The stability properties or lhe algorithm are dcfineu at this 
stagc. The schcme is splitteu in two cquivalent equation s. to rcuuce the storage requiremems. The 
resulting algebraic linear system uispl ays :1 lert hand sidc operator with a pentadiagonal slructure anu 
is sol vcu by gaussian climination with pivoting. Somc rcsults anua critcria to characterize lhe asymp
lotic slaiL: are presenled. 

Keywords: Non/ineor Svs/e/1/S, /Jéfl(m/ Colll'<'clion, IIIIJI/icit Metlwds, Pinile Dij(erence Metlwds I 
Siste111os lllio-lineores, Conl'eq .úo de U'enord, M 'e!Odos illlpl'icitos, M'e10do de dijereiiJOsjlnitos 

COB776 CELL-IMllLfCIT NUMERICAL COMJ>UTATION OF FLOW FIELD 
AND HEAT TRANSFER lN INCLINED CA VITIES 

Marcelo J.S. de Lemos 
Oqwrlwllelllo de l:nerg io . ilwilu/o Tcnwlúgico de ilermuíulico- CT!I 
12228-900- Siio José dos Ctlll/fiOS. SI', nrusil- /;'·11/llil: lllil'fllll.d !1l ft'CSIII.UI/I/./Jr 

This papcr report s numcrical results for incomprcssiblc thennally-clriven rlows in tilteu cavi
ties obtained with a point-wise solution scheme. The discretized momentum equations are appliecl to 
cach computational ccll anel thcn. together with the mass-continuity and encrgy cquations. are solved 
directly for each grid node. Thc eiTect or cavity inclination on the thcrmal lkld is discusscd upon. 
Flow pattern and mass residual hehavior are also rcported. 

Keywords: Til!ed Cuvities, CFD. Nu111eriwl Metlwds. Lm11i11ur F/ow. 

COB786 COMPARAÇÃO ENTRE VÁRIOS ALGORITMOS DE FATORAÇÃO 
APROXIMADA NA SOLUÇÃO DAS EQUAÇÕES DE NA VIER
STOKES I COMPARISON OF SOML' APPROX/MATE F'ACTORIZAT/ON 
ALCO/?ITHMS lN THE SOLUTION OF THE NAVIER-STOKES EQUATIONS 

Edisson S. G. Macicl 
luslilll/o '/ à ·uolrígico de i\ ermuÍII!iw , Cc•tl/ro Témico i\ em Sj }( l<' iul- C /i\ l fl l \- lllcsg C!.!l uer.iw. cw./Jr 

.João L. F. Azevedo 
luslilllltJ de ;\ emluÍulicu I ' l o.Sfiii(' IJ. Ce111ro 'li'nlico ilt' I'IISflllciul - CT;\1/;\f:· - 1171' 1'<'do @ose2.iae.clll.hr 

12228-<JO.J- S1/o José dos ClllllfHIS- SI'- limsi/ 

The Navicr-Stokes cquation s, written in conscrvati .vc fonn, are applieu to simulatc the llow
ficld in a two-dimensional convcrgcnt-divcrgent transoni<.: nozzle. A finite diiTcrcnce fonnulation is 
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used to perronn the spatial cliscretization in a generaliz.ed coordinate system. The march in pseuclo
time is performed hy lhe implicit Euler melhodto obtain steady statc solutions. Three implicit. approx
imatcly ractorcd. di!Tercnce schemcs are de~cribecl and tcsted in lhe present work . These include lhe 
standard Beam and Wanning algorithm. Chaussee and Pulliam's diagonal version of it. and the Steger 
and Wanning nux vector splitting schcme. Severa! options for spatial discretization or the split !lux
es are studied in eonneetion with the Steger and Warming seheme. The main objectives of lhe present 
work are to perfonn a compurative study of lhe di ITerem algorithms and to assess their cost/aceuraey 
perfonnanee eharaclcristics. 

Kcywords: Equaçiies de Navier-Stokes, Escoamento em /Jocal. Esquemas Implícitos, Esquemas de 

Diferenças Centradas, Se1Jaraçiio de Vetores de Flu.ro I Navier-Stokes Equations, Nozzle Flmv, 

lmplicit Schemes, Central Di!fáence Sclll'mes, Fltt.r Vector Splilling. 

COB794 ANÁLISE DO ESFORÇO COMPUTACIONAL DE SOLUÇÕES 
MULTIGRID DE PROBLEMA CONDUTIVO-CONVECTIVO I COM
PUTATIONAL EFFORT ANALYS/S OF MULTIGRID SOLUTIONS OF CON
DUCTIVE-CONVECTIVE PROBLEM 

José Antonio Rabi & Marcelo José Santos de Lemos 
/Jepto. Engenharia Mecânica -Aerllluíutica. Instituto Temolrígim de Aer111uíutictt - rtl\ I Cll\ 
/2.22fi-901 S.J.Cmttpos SI' IJmsil - l:-111ails: jm!Ji@ntec.ita.cta.!Jr, lenws@lllec.illl.eta.!Jr 

Multigrid mclhods have becn used ror predicting rlows achieving considcrahle computational 
time savings. ln lhe present paper, a multigrid method has been applied to a rinile-volume numerical 
solution of a 2-D conduetive-eonveetive problem. Struclured and regular grids or diiTcrent sizes were 

cmployed. Internodal interpolation has been achievecl lhrough lhe Wcighted Upstrewn D~ff'erencing 

Scheme. whieh clepencls upon lhe eompulational Peclel number Pe. A stucly on lhe eiTecl of lhe num
ber of distinct grids on thc overall algorithm pcrfonnancc is prcsentcd. Al so reponcd is a eomparalive 
study of the eomputational eiTort as a funclion o r Pe. 

Kcywords: Multigrid. Laminar .flow, Convergel/(.·e w :celeratio11. Finite-volume. Mullws múltiplas, 
Escoamento laminar, Ace/eraçtio da convergência, Volutnesfi'nitos. 

COB1018 ANÁLISE DO DESEMPENHO DE DIFERENTES MÉTODOS PARA 
CALCULAR GRADIENTES EM MALHAS NÃO ESTRUTURADAS DE 
VORONOI I ANALYSIS OF PERFOI?MANCE OF DIFFERENTS METHODS 
TO CALCULA TE GRADIENTS lN VORONOI UNSTRUCTUI?ED MESH 

Viviana Cocco Mariani & Sérgio l'ctcrs 
Deparrwueuto tle !ttfimntÍtit:tt e Estatística. Uni1·ersidlllle Fedem/ tle Santa Catarina- UFSC - rtoriwuítwlis 
CEI' XXU-10-'J()() FlorilllllÍfJII/is. Urasil- li-mail: l'il'illlw@inj:uf.iT.!Jr. pelers 0.) in(uliic. !lr 

This paper presenls an in ves tigalion on lhe solulion or lhe linear syslems ari sing from the 
numerieal cliscretizalion of lhe N;Jvier-Slokes equations lhrough Voronoi grids. Three lechniques are 

utilized and compared ror evalualion or lhe pressure gracliems: lhe minimum sq uarcd resiclue, lhe 
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wcightcú mean bctween lhe projeeled normal gradienl s (MPGNP) and lhe moúiried weighleú mean 
be1ween lhe projecled normal grad ienls. lhrough a modiricalion or lhe MPG NP. They are validaled. 
adoting ror the case or lhe inco mp rcssibl c riow in square cav ily wi th sliding upper wa ll (dri ven eavi
ty) with slidc upper wall. Ali numcrical rcsults are obtained in distinct gcomctrical grids. 

Kcywords: Nuvier-Stokes, Vo ronoi grids. Jlres.\'llre gmdients I Navier-Stokes, diugrwnus de Voronoi, 
gradientes de pressiio. 

131 



,\ I!S IRi\CT T45 

TEMA 45 - Métodos Estocásticos e Estatísticos 

COB802 PREDIÇÃO DE MOVIMENTO DE VEÍCULOS OCEÂNICOS I THE 
TIME PREDICT!ON OF OCEAN VEH!CLES MOT/ON 

Helio Mitio Morishita 
DeJWrtmueu/o de Eu~enlwria Nara/ e Ocelinica, E~co/a Poliléwiw. USI' 
Av. Pro{ Mel/o Morues. 2231 CEI' 05508-900. Slio Paulo. /Jmsi/- E-mail: luuJIIorisli @usp.hr 

The study of the time prediction o r ocean vehicle molions has always attracted lhe attcntion of 
naval architects duc to its potcntial applicatio11 to improve lhe performance or co11trol systems of cer
tain marine operations. The motion o r an ocean vehicle is dueto random action o r wave and wincl and 
it is inlluencccl by its specd anel load. Thercfore, thc vcsse l dynamics can be adequatcly modclled as 
a time varialll stochastic system and an attempt to predict its motio11s can he based 011 adaptive 
approach clcveloped to stochastic systems. ln this paper lhe precliclion of a ship roll motio11 bascd 011 
an ARMA moclcl is a11alysed. The cocllicients or the model are estimatcd using the recursivc predic
tion error methocl. Thc study is carried out usi11g data collected during sca lrial ora ship a11d a potcl1-
tial applieation is shown i11 the la11ding of a helicoptcr on lhe vcssel. 

Keywords: estimaç:cio recursiva, prediçiio adaprativo, IIWVÍIIICIIIO de navios, recursive es/ÍIIwtion, 
adap!Íl'e prediction, shipiiiotion. 

COB1191 FLUXO DE ENERGIA VIBRATÓRIA ENTRE CHAPAS REFORÇADAS 
POR VIGAS I POWER FLOW BETWEEN BEAM-REINFORCED PLATES 

Acir Edvam Ozelamc & Arcanjo Lcnzi 
Labomtário de VilmiiJíes e 1\níslica (/,V;\) IJI'J 11o de /~"ugm liuria Meu1uil"ll . UFSC. I"J' . .J7ó- CU' 880-10-900-
te/. 0-/8 23-1 Oó89 -.fiJ.r 0-/8-23-1 /5/9- F/oriwuípo/is - SC, 1'11 /l/i/: iii"Ctlllio@ emc.uf.i"C. br 
Ayrcs Elias Sada 
CENI'ES- l'E"JHOJJRÁS- Ilha do Fwuhio. Rio de .Janeiro. JU 

This work dcals with modal density anel coupling loss faclors analysis of beam rci11forced 
plates, by Fi11ite Eleme11ts. The reinforcing beams were placed paralel and orlhogonal direction with 
respect to the junclion line. Experimental results showed good agreemcnt with numerical predictions. 

Keywords: Análise t 'sratíslica bu•rgélim, Fmor de Acoplalllento, Placa Refárçada por Vigas, Fluxo de 
Energia I Statistiml t'nergy Analisys, Coujlling Loss Faclor, /Jea/11 Reil(fárced Plates, Pmver Flow. 

COB1195 APLICAÇÃO DA ANÁLISE ESTATÍSTICA ENERGÉTICA PARA A 
PREDIÇÃO DOS NÍVEIS DE VIBRAÇÃO ESTRUTURAL E DE 
RUÍDO EM PLATAFORMAS OFFSHORE I APPLICATION OF STATIS
T/CAL ENERGY ANALYSIS FOR NO/SE AND VIBRATION LEVELS PRE
DICTION lN OFFSHORE PLATFORMS 

L. C. de Souza, A. Lenzi c E. L. Szta_jnhok 
Depto. Eng. Meclinic/1. Uni1 •ersid/lde Fedem/ de S/1111/1 C/11//rilw - UFSC. CU' 880/0-970 Florianrípolis. Sant/1 
Cal/lrino, /Jmsil 
E-111ai/: illci/lllosoum @ilollllilil. co/ll, Fo11e 0-18- 23-1 I)(J89, Fa.r 0-18- 2.N 1519 
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Hig h Noi se and Vibration levei s usua ll y ex istem in ollshore platforms ean cause scvere dis
comfon and stress prohlems to their occupants. The vihrations or large mac hines and equipaments 
tran sfere large amoums or vibratory energy to lhe ma in structure which is propagatcd throughout the 
platfonn gcncrating unplcasant noisc levei s. This work describes the characteristics ora software, 
bascd on Statistical E nergy Analysis - SEA. for prcdicting noise leveis at the accommodation arca. 
Resull s are compared to those mcasured in operating platforms. An anlysis of some related parame
ters is also prcsented. 

Kcywords: vibmçüo, ruído, análise estatística energética, plataj(mna ofrvlwre, 111icroswtion I vibra
tion, noise, statisticalenergy analvsis. off.i'/wre platafimn, 111icrostation. 

133 



AIJSTRACT T46 

TEMA 46 ·- Modelagem 

COB21 MODELAGEM E SIMULAÇÃO DO FENÔMENO DE ENDURECI
MENTO POR PRECIPITAÇÃO EM BARRAS DE ALUMÍNIOIMODEL
ING AND SIMULATION OF PRECIPITATION HARDENING PHENOME
NON lN ALUMINIUM BARS 

Chíudia Maria lmbroizi Ajús & Heraldo S. Costa Mattos 
Labomt!Írio de Mecânica Teáricu e ll!'licudu. DCJillrtciiiCI'IIto de En);enlwriu Mecânica. Unil·ersidude Fedem/ 
Fluminense- UFI-: CEI' 2-1.210-U Niteníi I lU, /Jrccsil- E-llwil:ileroldo@cua.t!/Tbr 

The prescnt work is conccrnctl wilh lhe motlcling of lhe coupling bctwcen thc aging hardening 
phcnomenon and the elasto-plnslic bchavior in aluminium bnrs. Such a microslructural proccss. caused 
by the diiTusion of prccipitatcs in lhe solid malrix. has a vcry slrong inllucncc onlhc yicld strcss, affect
ing thc hardcning bchavior. Thc plastic dcfonnalion, on thc othcr sidc. aiTccts thc vclocity of prccipita
tion (aging). The coupling bctwccnthesc phcnomena is dcscrihcd lhrough a constitutive thcory in which 
an addilional variablc, related wilh lhe pareci of lhe isotropic hardcning causcd by aging, is introduccd. 
To check thc potcntialily of lhe proposed thcory. cxamplcs concerning 2024 aluminium bars are prc
scntcd and analyzcd, showing a good agrccmenl bclween experiments anclmodel prcvision. 

Keywords: E/asto-plaslicity, alwniniwn-copper al/oys, age lrardening, flrecipitotioll lrardening I 
elastoplasticidade, ligas de alui//Íno - cobre, ellvellrecitnento, endurecil/lentoporprecipitaçiio. 

COB9S SELEÇÃO DE ESTADOS EM REDUÇÃO DE MODELOS COM 
REALIZAÇÃO BALANCEADA I STATES SELECTION lN MODEL 
REDUCTION VIA /JALANCED REALIZATION 

Edvaldo Assunção 
Del'urtumento de í:ngenlwriu t:létricu. Facilidade de Engenharia- UN!:'Sf'- I/luc Solteiro 
CEI' 15.385-000 I/luc Solteiro. SI'. /Jrosil- E-mui/: edl'lllclo@dee..feis.ciiii!SfJ.br 
Pedro L. D. Peres & P:mlo A. V. Ferreira 
De!'lll'tll/1/ento de TelellllÍticu, Fuctl!ducle de L'ngenlwriu E!étriuc e ele Co:l/fJUtuçcio- UNIC:IIMI' 
CP 6101. Cí:l' /3.081-970 Cuml'inus. SI'. /Jmsil- E-mui!: ftJeres.l'ulentej@dtfee.unicum!'.br 
Elder M. Hemcrly 
Instituto Tenw!ágico de llerontÍ11ticu - CTII - !Til - IEEE 
CEI' 12228-900, Seio José dos Cliiii!'OS, SI'. /Jmsil- E-mui/: ilemer!y@e /e.itcu:tu.br 

This work cvalualcs lhe pcrformancc or two diiTcrcnt lechniqucs for sclccting thc statcs to bc 
maintaincd in lhe rcduccd modcl oblaincd lhrough balanccd rcalizalion. Thc modcl reduclion mcthod 
via balanccd realization is prcscnted. nnd a cri1crion lhat lakcs inlo accounl the rcduced modcl impulse 
rcsponsc is proposed. Thc main advantagc of lhis crilcrion is lhat it considcrs not only lhe singular va
lues, but also lhe cocfficicnls nf lhe dynamic systcm output matrix. An cxamplc is prescnted , indi
canting lhe bcllcr pcrformance of proposetl crilcrion whcn compared with lhe classsical onc adoptcd 
in lhe balanccd rcalizalion. 

Keywords: sistel//as dit1âl//icos, reduçiío de l/Iode/os, rea/izaçiio balaflceada, restwsta ao itntnt!so I 
dyna111ic svstel//s, nwdel reductiott, halmrced realization, Íl//f!Uise respmtse 
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HEAT TRANSFER COEFFICIENT AT THE METAL-MOULD INTER
FACE lN THE SOLIDIFICATION OF Cu-~%Sn ALLOYS 

Marcelo de Aquino Martor:mo & .José Deodoro Trani Capocchi 
Departamento de Engenharia Metalúrgica e ele Materiais - Escola !'o/i técnica - US!' - S1lo !'ou/o - CEI' 05508-
900 Cidade Uni•·ersitlÍria. Silol'au!o. !Jrosi!- 1:'-nwil: ll/artoron@rt.I'Jl.br. jdtcapoc@nSfl.br 

The hcat lrans fer coellicient at lhe melal-mould interface during lhe directional solidification 
of a Cu-R%Sn allny was calculatcd using thc whnlc domain method for lhe inverse solution of lhe heat 
conduction dillerential equation . The rinite conlrol volume melhod was employed in the numerical 
procedure to solve thc two dimensional diiTcrcntial equalion anda least squares procedurc was uscd 
for lhe whole domain melhod. The eslimatcd heat lransfcr coellicient values are in good agrecment 
wilh publi shcd ones anda sensitivity analysi s is carried out to assess lhe coellicient accuracy. The pre
sent method has proved lo be satisfactory as regareis stability and accuracy. 

Kcywords: fl eat trml,\fercoe.fflcient; l11 verse heot cmuluction; Mmhematicalmodelling; Metal-mould 
interfáce; So!idificatioll 

COB1~9 UTILIZAÇÃO DA DECOMPOSIÇÃO DE VALOR SINGULAR NA 
REDUÇÃO DO NÍVEL DE RUÍDO EM SÉRIES TEMPORAIS I NO/SE 
REDUCTION lN TIME SEI?IES BY USINC SINGULAR VALUE DECOMPO
SITION 

Hcraldo Nélio Cmnhraia 
Deflartamelllo de Men)nica - Centm !'o/itémico - UF/'1?, CEI' 81531-990 - Curitilm - /'!? - E-mail: 
!te roido @denlu:. ufjJr. /Jr 

This work shows how Singular Valuc Dccomposition (S VD) can help to reducc the levei of 
Gaussian white noisc in time series. The proccdurc hcre employed consisls of using a dynamic lo lhe 

data hy mea ns or an emhedding in an Euclidian space. and information about this dynamic are orga
nized in thc so called trajectory matrix. The questions about thc dimension and noisc reduction can be 
discussed by studying lhe rank or lhe trajeetory matri x. and lhe question about lhe rank o f lhe trajec
tory matrix hy SVD. 

Keywords: Noise reduction, dim ension, singular Falue decompositiou. 

COB200 VIBRAÇÕES INDUZIDAS PELO DESBALANCEAMENTO DE UM 
VENTILADOR CENTRÍFUGO, SOB INFLUÊNCIAS DE UMA 
FUNDAÇÃO EMBUTIDA E DOS MANCAIS COM FILME DE ÓLEO I 
FOUNDATION AND .IOURNAL BEARINCS CONSIDERATIONS lN THE 
VIBNATION INDUCED BY UNBALANCED CENTIUFUCAL FAN 

Luciana Raquel C. da Silva, Alexandre Augusto Simões 
Departamento de f:'ugeulwrio Mecâuim. l:'scolo Fedewl de l:'ugeulwrio de ltqju/){í - t:FU - ltajubú CEI' 
37.500.000. !Jrn,il- /:'-mail: simoes@iem.efâ.nug./Jr 
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This papcr prcscnts a simplificd dynamic intcraction analysis ora ran supportcd by journal 
bearings and its foundation. The interaction changes the rotor-bcaring criticai speed and so the fan 
manufacturer may specify thc foundations rcquirements or an impropcr l"oundation would result. The 
same will occur to the predicted resonance frequencies to the foundation-soil intcraction. So this pro
cedure can hclp lhe understanding bctwecn the fan manufacturcr and the designer of the foundation. 
Tbe simplificd modcl is of minimal time consuming and is convcnicnt during lhe early projcct. Thc 
bcaring data, ohtained from computcrized solutions of thc luhrication equations. and lhe soil dynam
ics data are uscd as input to lhe moclel. The unbalance responsc of Lhe entire system is considcr as mea
surcd at the bearings. 

Keywords: ventilador, IIWIICtt!, .fiuulaçiío, .finmdation, .fán. 

COB208 CÁLCULO DE FORÇAS EM MANCAIS MAGNÉTICOS COMPARA
ÇÃO DE RESULTA DOS I FONCE CALCULA T/ON lN MAGNETIC BEAI?
!NGS- COMPA/?ISON OF RESULTS 

Moírcio Feres Bessa & Roherto Finnento de Noronha 
Uuil'ersidwle rede m/ t-'IIIIIIÍ/11'/ISI' - /)qwrlt/1/f{'/1/IJ de ,,.llgm/wrill Ml'l'tllliCII 

Rual'osso dol'úrria. J.'i(J- C. L". I'. 2./.210-2./0- Nireníi -lU- JJN!\S/1.- J,·.nwil: moronlw([•l riouet.con1./Jr 

Magnetic bearings have bcen rcgarclcd as a very good altcrnativc for the support of rotors in 
various industrial branchcs, whcre some of their spccial characteristics have helped to solve problems 
in pre-cxistent tccnologics and <Jrising new oncs. The modcling of magnctic field in these hcarings fur
nishes the correlation hctween the rotor support forces and the winding current and allows for an 
improvcd simulation anel design of the dcvice and its control system. Comparisons hetween finitc ele
ment analysis. analytical and experimental results are presented. 

Keywords: Ma11cais Maglll;ticos, Moj!l'WIIl'l/lo de CoiiiJW, Forços de Sustenwçiio do Rotor, 

Elementos Finitos I Magnetic /Jeorings. Field Modeling , Rotor SujJjJOrt Forces, Fi11ite Ue111e11/s. 

COB360 UM MODELO PARA A PREVISÃO DAS TENSÕES RESIDUAIS 
INTRODUZIDAS PELO PROCESSO DE TÊMPERA EM AÇOS I A 
MODEL TO PI?EDICT RESIDUAL STRESSES INTIWDUCED BY THE 
QUENCHING PIWCESS lN STEELS 

Pedro Manuel Calas Lopes P;u:hecu, Sér14io De Almeida Oliveira 
Depwrame11to de E11genlwria M ec:t1niw - COCI'G. CEFETIJU. 20.271.110. Nio de Janeiro. lU - F-Mail: 
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Quenching: is a process assoeiated with phase transformation. lt g:enerates internal stresses, 
which can produce warping: anel even cracking: the boely. Hencc, it is very imponant to develop an 
analysis that pcrmits preelictions of internal stresses in steel during: quenehing. Two typcs of modifi
cation occur whcn phase transfonnation takes place uneler an applieel stress. Thc first typc is a kinctic 
moelification anel sometimcs leads to a dillcrcnt morphology in lhe phase proeluccel. The scconel is a 
mechanicalmodification n.:latcd to thc progn.:ss of transformation, and takcs placc whcn plastic elefor
mation occurs under stresses lowcr than material yicld strcss. For mcchanical modeling. metallurgical 
anel mcchanical upsctting of the metal must be incorporated into the model along with thc ellcct on 

thc stresscs appcaring during cooling. Current work discusses the quenching modeling in uniaxial con
text. Thermomcchanical coupling is considered. A numerical procedure is dcvelopeel anel some numer
ical results are presenteei. 

Keywords: Quenching, Residual Siresses, L~'fas/ojJ/aslicitv, Modeling. I Tê111pem. Tensôes Residuais. 

Elastoplasl icidodc, Mode!ttgcJ/1. 

COB371 A NON-EXPLOSIVE RELEASE DEVICE FOR AEROSPACE APPLI
CATIONS USING SHAPE MEMORY ALLOYS 

Pedro Manuel Calas Lopes Pacheco 
DCJ)(Irla/1/e//to de lc'llgellilllria Menínica. CU·EI!IU. 20.271.1 lO. I<io de .Janeiro. lU- E-Mail: calas@ce(el-lj.hrr 

Marcelo Amorim Savi 
Deporillll/ento de lóngenlwria Meníniw e de Mataiais. Jnsliluto Mi/i/ar de Engenlwriu. 22.290.270. Rio de 

Janeiro, lU 
E-Mui/: d..fsa\·i@ej){j.illle.eh./Jr 

Aerospace applications use pyrotechnic devices with many cli!Terent functions. Functional 
shock, safety, ovcrall systcm cost issues. anel availahility or ncw tcchnologics, howcvcr. qucstion the 
continued use of thcse mechanisms on aerospace applications. Rclease device is an important exam
ple of a task usually cxccuted hy pyrotechnic mechanisms. Many aerospace applications like satellite 
solar paneis deployment or wcathcr halloon separation necd a release device. Severa! incidents, where 
pyrotcchnic mechanisms could be responsible for spacecraft failure, have hcen encouraging new 
designs for thcse devices. The Frangibolt is a non-cxplosive device which comprises a commcrcially 
availahle bolt anda small collar madc or shape memory alloy (SMA) that replace conventional explo
sivc bolt systems. This papcr prescnts the modeling and simulation of Frangiholt. This analysis may 

contribute to improve lhe Frang:ibolt elcsign. 

Keywords: Shal}(' Mc111orv Alloys, Aero.1pacc Applicalions, Relmse Devicc, Fmngi/}()//. 

COB654 MODELAGEM PARALELA E DISTRIBUIDA DE SÉRIES TEMPO
RAIS EM SUBESPAÇOS DO ESPAÇO DE ESTADO I PARALLEL AND 
DISTRIBUTED MODELING OF TIME SERIES lN SUBSPACES OF THE 
STATE SPACE 

Celso Pascoli Bottura Y., Gilmar BaJTcto Y., Maurício .l,osé R Bonlon 
Foculdade de l:'ngcnlwriu I:Nlriw e ContJJU/a('lfll, Uni1·ersidade l:'st{/{l/lol de CaiiiJJÚ/l/.1' 
UNICAMI', Ca111pino.1·, /Jmsil. g/){lrreto0l.fi'<'.lllliutii1Ji.lir. 
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.José E. Tarcisio Costa Filho 
!Jepllrlliii/C'IIlo Engmlwriu Elé!ricu- Uni••crsid(/l/e Fedem/ do Mumnlu7o. Súo l.uis. llmsil .. /IIJúsio@ufinu.br 

ln lhis paper a procedure using a suhspace method developed hy Aoki ( 1990) for multi variare 
time series stalc spacc modcling high pcrformance compuling is proposcd. Thc resulting algorithm 
allows the ohtcntion of lhe triple of matrices (A: B and C), for the slate space model for mullivariahlc 
time scrics. using singulm value dccomposilion of lhe Hankel matrix , ohlaincd from data of thc time 
series wc imend to model. This contribution aims thc viabilization ol' applications to largc scale sys
lems needing real lime multi variare lime scries modeling. 

Keywords: Stule spuce. ti111 e series, identi/ic(f/ion , nwdeling, swte estinwtion I Espaço de estado, 
séries 1e111pomis, identificoçiio, 111odelagelll. cstÍinaçiio de estudo. 

COB701 MODELING OF J>IG MOTION UNDER TRANSIENT FLUID FLOW 

Eijiro Vianes Campo & Felipe llastns De Freitas Rachid 
DejJitrlliJJlt:ll/11 de J:'ngmlwriu Meniniw. Unil'nsid(/l/e 1-'edcm/ Flutllill l' ll.l'e 
2-12/0-2-111- Niter!ii- lU - /Jmúl - 1:'-lllllil: mcltitl@cuu.ll[(hr 

This paper prcscnls a very simplc. from the meehanical and malhcmalieal vicwpoinls, modcl 
lo prcdict pig molion drivcn hy transicnl incomprcssiblc fluid flows. Mcchanical and hydrodynamical 
friction forces. inertia ellecls of both pig and rluid. operalional characleristics of cquipment installed 
in lhe line as wcll as olher fcalurcs are propcrly lakcn illlo account. Numcrical simulations carricd oul 
for a rcpresenlalivc problem illustralc lhe model capahility of dcscrihing some mm-trivial peculiar 
behaviors rclatcd lo pig motion. 

Keywords: Pig Motion Modeling; Tmnsient l?egi111e; lncoJilfJI'essible Flow. 

COB851 REPRESENTAÇÃO DA INTERAÇÃO ENTRE ELEMENTOS 
FLEXÍVEIS E RÍGIDOS NO PROBLEMA DA DINÂMICA DE 
ROTORES I REPRESENTATION OF THE INTERACTION BETWEEN 
FLEXIBLE AND /UGID ELEMENTS lN THE !WTOR DYNAMIC PROBLEM 

Fernando Rihciro da Silva & Carlos Frederico Pacheco Furtado 
Depor/wnenw de Ütgenlwriu Menini{'(l ,. de !vl<ueriuis- Jnslillllll Mililllr de l:'ngenlwrio 
CEI' 22290-270 Rio de Joneim. /Jmsil- f-Moil: d.J{áJWII@<'J"J·illll'.e/J./Jr 

The rotor clynamics problems have been developed using lhe classical mcthodologics ol· lhe 
struclural analysis (lhe Finilc Elcment Method) with lhe procedures ol' lhe rigid body dynamic. ln 1his 
work wc use an alternative proccdure with lhe generalizecl tcchnique or Boml Graphs. presenting 
aclvantagcs likc moclularity and facility lo ohlain lhe mathematical model of the global systcm. Wc 
presem some rcsulls for a typical problcm of lhe rotor dynamics. 

Kcywurds: Rowr dvnwnics, Dvno111ic Syslel/ls, /Jo/1{1 Gmphs I Dinâmico de Rowr, Sistemos 
Dinâmicos, Grqfós de Ligoí.·1io. 
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COllS64 A LOOP-llASED DATA STRUCTURE FOR ll-REP SOLID ANO WIRE
FRAME MODELS 

Angelo Honcalli O. Guerra 
Vet>llrtlllll<'llfil de Lllgenllllria Menlnint. Unirersidade Fedem/ do l<io (;l'llltde do Norte- UFNN- l 'l'GF.M 
CU' 59072-970. Camtlll.l' Unil'nsillírio. é"f'-/JI:'M. Nmal-N11. /Jm:il- /:'-mail: ung@o.ufi'it.br 

S. Hinduja & P. T. Ling 
Co-au/ltor.l·.fi'mllllte Oqwrtllll'lll o{Mecllllltimll:'ngineering. UMIST. !v/all( :/II'Sier. UK. 

This paper describes a dma structure for representing objects in the B-rep form . The data 

structure is loop centred. rathcr then cdgc ccntrcd. lts highlight is thc achicvcd reducti on in storagc 

cost w hen compared with cutTent enhanced edge-based implementations anel yct being ablc to repre

sem non-polyhcdral objccts c iTicicntly. Sincc the edgcs in a loop are cxplicitly stored, face travcrsa ls 

are relativc ly straight-forward. Thc loop based data structurc can also represcnt 20 wircframe based 

objccts. This data struct urc lws hccnused as the hea rt o fTTM (Techturn Techmill Modcller) which is 

an academic solid modeller dcvclopcd for two vcry largc tcchnologica ll y oricnted CAPP systcms 

already published in the literature. 

Keywonls : fJaw S!mctun', Solid Model/ing, CAD!C!IM. 

COBS71 DINÂMICA DE VEÍCULOS COMERCIAIS COM SUSPENSÃO DO 
TIPO PIVOTAMENTO OSCILANTE E TRAÇÃO 6X4 I DYMAMIC OF 
COMMERCIAL VEHICLES WITH WALKINC-BEAM SUSPENSION AND 
6X4 TRACTION SYSTEM 

Antônio Carlos Canall' 
USI'- /:E)'C: Stlo C111los- SI', IJmsil - f:'.lllail: Cilllllle@.l·i·.usJ>.IJr 

Hélio Ap:u·cdclo Navarro 
UNF.SI'- IGCI:' - OUVIA C. Nio C/am- SI'- l : .. lllltil.:ltelio0ldelllllc.ign•.unesJ>.br 

Nicolas Hasile V altas, José Rohet·to Saraiva & José Eduardo D'Elhoux 
Mercedes-/Jen: do /Jmsil S. A .. Silo /Jemau/o do CaiiiJ>o -.'\'1'. /Jmsi/ 

Thc aim of thi s paper is to an;ilyse the response of th c co mmercia l vehicle to the l'urces 

produccd by the transmission sys tem. The calculation model fo r lhe ideal distribution of the dri

ving fon.:e is prescmcd for bu s. truck and tractor-trailer combinations. For the tractor. the forces 

acting on an accclcrating vehiclc in case o f three-a x le with walking heam suspens io n are consid
ered. Thc proposed modcl considers th c rcsistance forces (drag, rolling resistance, tr;lllslation and 

rotation acce leration . climhing resistance) and traction system C>x4. The ce nter ol· grav ity of the 

ve hicl e, the dy namic dri vi ng forc es. the dynamic a x lc load and the res is tance forces are detcr

mined. This work analyses onc or lhe Mercedes- lknz do Brasil trucks with traction system 6x4. 

The comparison of ideal and real distribution of dri ving force s and tire-road friction utilizati on 
are pre sen tcd. 

Kcywords: Veículos rodm ·iúrios COII/nciais, modelagellt, 111étodos nlllnc;rico.\· e1n engenharia, sus

pen.l'llo do liJ>O J>il'o/U/11!'11/n n.l·c·ilunte I l<ood coJI/IIIei'Ciol l'l'hicles, lltodeling, nulll<'l'cia!llletlwds in 

e1tgineeri1tg, ll'ii/kiJig-/Jea/11 SI<SJ>i'JI.I'iilll. 
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COB991 UM MODELO NUMÉRICO PAI{A IMPACTO NORMAL DE UM 
SÓLIDO PRISI\IIATICO RETANGULAR CONTRA UM SOLADO DE 
BORRACHA I 1\ NUMERICAL MODEL TO NORMAL IMPACT OF !I REC
TANGULAR PRISM!ITIC SOL/D AG!IINSTA IWIJIJEN FLOON 

Wilson Torcsan .Ir. & Alhcrto Tamagna 
[)q)(/rlllllll'llto de l:'ngenlwriu Mccúnim- LVOC- I'I<OMLC - UFI<GS 

CEI' 90620-110. l<uu S1io Munnl'i 1·178. IIJ!.201. 1'0;\ -I<S-Ilmsi- 1:' -nwil : li 'iisin!Jotnl\'orle.r.ll[i'gs.hr 

The aim o!' this work is the development anel implementation o!' a theoretical-numericalmodel 
to representa impact of a rectangular prismatic solid against a rubher rloor. The media are reprcsclll
ed hy a truss-like diserete model with mass eoncentrated at nodal position and with correspondent 
st itTness so that the modeled continuum presents lhe same coe iTicient s. The results are obt<lined by 
direcl integration of equations o!' motion using central rinite clifcrences. explicit way. The contact 
problem is solvcd using an algoritm that recognizes thc situation. 

Kcywords: lmpact . .finite difi:rmces. 11/ode//ing. mhher I illtJJocto. difáen(·o.l)i'niflls. mode/age/11, bor

mcllil. 

COB1016 CÁLCULO DE SISTEMAS DE AQUECIMENTO POR INDUÇÃO 
PELO MÉTODO DOS CIRCUITOS MUTUAMENTE ACOPLADOS I 
MUTUALLY COUPLED METHOD FOR THE CALCULATION OF INDUC
TION HEAT!NC SYSTEMS 

Maysa Nunes Alves 
Oepor/1/llll'll/o de fc'ngenlwrio l :Ntriw. 1-'ill'nldut!e de lcúgenlwrio . UNL'SI '. (;nomtingni'IIÍ CC!' 12500-000 

Guomlingne/IÍ-SI'. /Jmsil - f ·illoil: IIIII\'SII0>fég.lnll'-'l'·/n· 

This paper deals with a numcrical mcthod baseei on the couples cquivalenl circuit for lhe cal
culation of axially symmetric induction hcating systcms. Using <1 procedure for lhe calculation ol' the 
sei!' anel mutual inductanccs . it is possihle to calculate the currents. even in lhe case o r complex con
rigurations and with no limit s on the choice o!' the subdivision elcments. 

Kcywonls: Tm /(1/1/Cillo ténnico; Induç'llu ; Mé!odo de Crílculo I J-/e(f{ Treo/ntenl , lnduclion, 

Ca/culaliml Me!ltod. 

COB1214 SIMULAÇÃO NUMÉRICA DO COMPORTAMENTO DE "PUFFS" 
PARA REPRESENTAR A DISPERSÃO DE GASES PESADOS NA 
ATMOSFERA I NUMERICAL SIMULA TION OF BEHA VIOUR OF PUFFS 
FOR REPRESLNT THE ATMOSPHENIC DISPERS/ON OF DENSE CASES 

Edson Ahcl dos S. Chiaranwntc c César Antônio Leal 
l)rogranw de /)ú.,·-Ur(l(/lf(l("fio (' III 1:-ngt' llllllriu /vleuinicu. UF/U;.)' 

CU': 'JO..J /0-001. l'ono ;\/egre I !<S. /Jmsil. ; \ \1. /'rou ísio ;\/,.es. 11871 1\tll . 02 
fó-!1/t/Í /: et/.WIIICftj (Ql ll(i'gl'. 1'1 !r/1'.1'./11· 
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Thc relcases o!" thc hcavy gases at ground levei into thc atmosphcrc can have ali kinds or 
behaviour. thal is a rclcasc can hc instanlancous. continuos or intcrmitcnl . ln thi s papcr is showing a 
simplc mmlcl. that can dcscribc lhcsc ali kinds or rcl cascs.Thc rclcascs continuos or intcrmitclll are 
rcprcscntctl in lhe modcl as succssion of instant ancous rei cases (lhe pull modcl). Thi s pulls are sumcd 
up and combincd to form continuous or imcnnitcnl rclcases. Thc hcavy gas pull is rcprcscntcd by a 
bulk mathcmalics modelas a cy lindcr of hcavy gas with homogcnous propcrties profilcs o f lhe specd. 
tcmpcraturc and dcnsity (lhe compositi on of pu!T) in h is interi or (box modcl). Thc pu!Ts sum and com
binal ion proccss is showing for rcprcscntation of a hcavy gas contínuos rclcasc with constalll rate. ln 
lhe latcr o f lhe papcr lhe numerical rcsult s obtain with lhe modcl are comparcd with thc ficld exper
i mental data avai lablc in lhe litcraturc for contínuos relcascs or lhe liqucfictl natural gas (LNG) and 
lhe liqucl"icd pctrolcum gas (LPG). 

Kcywords: Coses pesado.\·, disjiersiio olnw sfh ico, c.rces.1o de dmsidode , nuHiclo de "Jlll j j"". 

COB1251l SIMULAÇÃO NUMÉRICA DE PROCESSOS EM FORNALHAS PARA 
SECAGEM DE GRÃOS I NUMENICAL SIMULATION OF THE PIWCESS 
OF FUNNACE DNY!NG CEREALS 

Viktor Kl'ioukov, Séq_:io Oalcpianc & Lccir Dalahrida 
Deporlilii/CIIIo de 1-'ísim. f:'swr ís rim e Mtll i'llll Íiicu- UNI./ UI- lj uí. RS. C!' 560 CEI' 98.700-000 liuí.RS 
1:--lllilif: kriuko\·0.l sllf>Cr.lllli;ui. r<-lll•.hr 

Thc mathcmatical modcl. dcvd opcd hy lhe aulors in prcv ious works, apll y to prcvcnt lhe fur
nacc main rcaturcs or dry ing cercai s. depending on lhe functioning regime parametcrs. Thc compari 
son was done with experimental data and lhe proccss l"caturcs bclw vior werc explained. Thc possibil
ity to prcventthc ahnormal regime is showcd and also its cxplanation . 

Kcywords: Fum{((:t' . Modt'lling. Conlinwio11 . Heol Tm11s[á , Hr droulic loss I Fom ollw . Mode!ogc111, 
Com!Jll .IH/o, Trwl.l/t'rt;ncio di' Color. l't' rdus 1/idr!Íu/icus. 
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TEMA 47- Redes Neurais Artificiais 

COB169 INTELIGÊNCIA COMPUTACIONAL APLICADA À MODELAGEM 
DE UM TURBO-GERADOR: ABORDAGEM NEURAL E EVOLUTIVA 
I COMPUTATIONAL INTELLIGENCE APPLIED FOR MODELLING OF A 
TURBOGENERATOR: NEURAL AND EVOLUTION APPROACHES 

Leandro dos Santos Coelho & Antonio Augusto Rodrigues Coelho 
Deparwmenlo de Aulolllll('tio e Sislellll/.1', UFSC. Caixa Posw/./76 

CEI' 88040.900 Floriwuípo/is. /Jmsii-E-mail: {lscoellw: aarcj@lt:llti.t~t:~c. br 

This paper evaluatcs thc application o r computational intclligcncc mcthodologics in a nonlin

ear process identification. The diiTerent intclligent methodologies are evolutionary computation and 

artificial neural nctworks (feedforward and recurrent topologies). The simulations are realizcd in the 

identification of a turbogenerator mathcmatical modcl through a step signal. pseudo-random binary 

sequencc. and white noisc cxcitation signals. The performance o r the techniques nre presented and di s

cussed. 

Keywords: Proces.1· ldelllijicmion, l~vo!ttlúmary Coutpttlalion. Gene!ic· Algorilfulls, t.'volttlion 
S!rategies, Artificial Neuml Ne!ll'orks I ldentificaçào de Processos, Complllaçào lé'volucionária, 

Algoritmos Genéticos, Esll'(l/égias Evolutivas, Redes Neumis Artificiais. 

COB170 CONTROLADORES NEBULOSO E NEURAL COM OTIMIZAÇÃO 
EVOLUTIVA: METODOLOGIAS E APLICAÇÃO I FUZZY AND NEUR
AL CONTROLLERS WITH EVOLUTION OPTIMIZATION: METHODOLO
GIES AND APPLICAT/ON 

Leandro dos Santos Coelho & Antonio Augusto Rodrigues Coelho 
Depar/l/11/Cillo de ÁliWtllll(.'tlil e Sistettl/1.1'. UFSC. Cui.w t'osliii.J76 - C/:'1' 880-JO. 900 Floriwuípolis. /Jmsil 

E-mui/: {lscoel!w; llltrcj @lcmi.u{:w:. l>r 

This paper presents, cvaluates and compares dillcrcnt intelligent strntegies in process con
trol. Thc design and configuration ol· thc controllers is realized by the following hydrid method

ologics: i) fuzzy control with evolutionary optimization or membership functions and, ii) control 

via Elman recurrent topology with evolutionary training. Thc cvolutionmy hybridization or thc 

eontrollers is realized through thc optimization and tuning, whieh in turn are sct by, cvolution 

stratcgies with self-adaptation meehanisms. Experimental tcsts are condueted to analysc thc con

trol tcchniqucs for dcaling with a nonlinear systcm in a liquid-level rcgulation submitted to rcfer

encc and load disturbanccs. 

Keywm·ds: flllelligenl Con!ml, h\,olulion S!rmegies, Fu::y Conlml, Neumcmum/, Leve/ pla!ll I 
Con/role ln!eligenle, Eslrtllég ias /:'l'olulivas, Conlmle Nebuloso. Conlmle Neuml, Planlit de 
Nível. 
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COB282 CAVITATION DETECTION lN HYDROTURBINES USING NEURAL 
NETWORKS 

Shih Man Lin, João Souza Neto, Antonio C.P. Brasil & Danilo Santos 
Unil'. de /Jmsí!ia!FT/Dptll. D1g. Mecânim, Ca111pus Uni1·ersittÍrio. 1\.w Norte. CEI' 70910-900 /Jrosi/ia/DF. 

Enwii:IIWIIiin@enlll.lllliJ.hr 

This papcr rcfcrs to lhe dcvclopmcnt o r a mclhodology to dclcct cavitation in hydroturbincs 

using a ncuralnctwork stralegy. Bolh experimental tcsts anel lheorctical analysis wcre carried out. 

lnitially, thc methodology or mapping lhe cavilation regimes in Francis turbincs was proposed and 

tcstcd. Thc neural nctwork rcproduccd satisfactorily thc di ITercnt lypcs of cavitation. A real se ale 

cxperimem was also pcrformcd in a 160 MW Francis Turbinc in opcration at lhe clcctric power 

station in Ilha Solteira/São Paulo (CESP). Acoustic scnsors wcrc uscd to pcrform prcliminary tcsts 

on cavitation radiatcd noisc, in ordcr to dctcct cavitation ror diiTcrcnt conditions of lllrbinc opcra

tions. The neural network methodology was also proposed to analyze thcse experimental data. A 

dcscri ption ol· lahoratory facilitics and some rcsult s obtaincd up to thi s momcm can also bc found 

in this papcr. 

Keywords: Cal'irarion, TurhoMachinery, Neuro/ Networks wul Neuro-Genetic Svste/lls/Caviwçtio, 

Máquinas Hidráulicas, redes neumis e siste111as neuro-genéticos. 

COB410 REDES NEURAIS APLICADAS AO CONTROLE DE ATITUDE DE 
SATÉLITES ARTIFICIAIS COM APÊNDICES FLEXÍVEIS I NEURAL 
NETWORK APPLIED TO ATTITUDE CONTROL FOR ARTIFICIAL SATEL
LITE W/TH FLEXIBLE APPENDAGES 

Sebastião E. C. VaroUo & Atair Rins Neto 
lnstilllto Nat:i111111f de l'e .l"ifllisas /c".l"f}(Jciais- INI'I:IMCT. 

CU' 12201-970 C!' 515 Selo .l11sé dos CalllfWS, SI'- /o"-11/ai/: \'arollll@deiiJ.illpe.hr 

!nsrirut11 de l'eslflli.w e /Jeselll'llll'illle/1/11, U11il·ersidw!e do Vale do l'amíhu. 

CEI' 122-15-720 Silo .José dos Cu111p11.f , SI'. E-111ail: urair@JuJimp.hr 

This work dcmonstratcs that artificial neural nctworks can hc uscd cflcctivcly for satcllitc 

attillldc dynamics idcntirication and control. ln ordcr to cxcmpliry this application, a satellitc with 

a rigid main hody, thrcc reaction whccl and thrcc lkxible so lar panei was choscn (lay-out simi

lar to Brazi lian Rcmotc Scnsing Satcllitc) Thc nwin objectives of this work are to tcst thc neural 

control and anal yze thc intcraction hctwcen thc control system and thc clastic motion of thc satel

litc solar arrays. Thc cquations or motion were derivcd hy thc Lagragian approach for quasi-coor

dinatcs (rotational motion) and ror g:cneralized coordinatcs (clastic motion).Thc idcntification or 

neural nets paramctcrs is pcrrormcd hy Kalman filtcring algorithm with a local parallcl proccss

i ng vcrsion. 

Keywords: Redes neurais urti/iciuis. sistl'llltts 1/(fO lineares, .filtro de Konwn , controle de otilllde. 

Artificialneumlnetll'orks, 111111-iiiJet Jr svs/t'/11, Ka!llwn.filtaing. sulellite allitude control. 
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COB487 DETECTION OF STATE-SPACE PARAMETER PERTURBATION 
USING RECURSIVE NONLINEAR ESTIMATORS 

Bclisário Nina Huallpa & Eurípcdcs Núbrcga 
DMC-fLi'vi-UNIC!IMI'- /Jraúl - Cui.w l'osrul 6122- CEI': 13083-970- l'lllilif: heli @dllu.·jélll.ullicalllp.hr. 

egtnl ([!:llflltC.feiJI. fflliUIIIIJJ./Jr 

Fernando .José Von Zuhcn 
IJC!I-FI:EC-UN!CJ\MI'- /Jrazil- Caixa l'osra16/0I- CD': 13083-970- elllilil: 1'1!//Z.uhell (àldnrjée.llllil'llllll'-hr 

The prohlems of parameter estimation and perturbation detection are central to dynamic sys
tem identification. The purpose or this paper is to present a robust numerícal tool designed to deteet 
permanent parametcr perturbation on nonstationary dynamic systems. The maín component of the 
detection apparatus is a Hopl'ield neural network operating as a recursive nonlinear parameter estima
lar. At the rirst step, the Hopfielel neural nctwork is applied to estimate lhe initial parametcr values in 

lhe state-space moclel or the elynamic system. The resulting state-space parameter obtaineel alkr con
vergence are assumed to be the nominal parameter ror that application. lt is neccssary to let lhe esti

mation process converge to the nominal v alues bel'ore starting lhe detection of para meter perturbation. 
So, artcr convergence. sensitivity analysis is recursively applieel to promptly eletect any kincl of sig

nificant perturbation in each output o r lhe llopl'ield neuralnetwork. with transient perturbations being 
discarded. The detection process must be robust and lkxihle enough to deal with a large range of 
dynamic behavior. because the slwpe and magnitude of the permanent perturbation. together with its 
ellect on the dynamic system, cannot he properly anticipated. 

Kcywords: Hot~field neuralnerwork. swre-spuce 1/lode/s, fHIIWI/eler eslillwlion, peJWWlelll perlllrbn
tion detection I Redes de Hot~field, 11wde/os de esfHI('Ii de eswdos, e.\·tillluç'iio de f)(mímetms, detecçlio 
de perturbaçúo pemwnente. 

COB643 MODELAGEM DO PROCESSO DE USINAGEM POR FRESAMENTO 
UTILIZANDO REDES NEURAIS I MODEU!NG M !LUNC MACHINING 
PROCESS USING NEURAL NETWORK P!WCEDURL 

André L. B. Dos santos, Marcus A. V. Duarte c Carlos R. Ribeiro 
Depur!lflffl'fflo de L'ffgellflilriu Mení11im- Ulli\·ersidwle Federal de Uheri1Í11diu 
CEI' 38.</00- 089 Cu"'f'll-' Sra. !vlií11im. MG. Brasil. /:·-111uil: llll!l'dllurre0>ujú./Jr 

Usually Taylor's equation is one of lhe mostused models to representthe toollife in machin
ing processes. Unfortunately, the great deal of cutting tools availahle as well as lhe large range of cut

ting eonclitions together with lhe complexity of some machining processes, ali make the reliahility of 
the results ohtaineel via this equation limited. This work presents a neural network procedure in oreler 

to estimate the cutting toollife for milling operation. ABNT 1045 steel hars anel triple coated cement
eel carbicle too is were used in order to vali date lhe proposed methodology. The results indicate that the 
suggestccl neural network procedure povide a considerable reduction in the erro when predicting the 
machining time anel when compared with those obtained from optimization procedures. 

Kcywords: ló'quuçiio de Tuylor, Vidu du Ferm111entu de Corte, Fre.\WIIl'flto, Modelugelll Utiliz.wulo 

Redes Neumis, ló'.lperilffento (Jtinw I Tuvlor's lc'quution, Culling Too/ Liji•, Milling, Modelling, Neuml 
Network. Optinwlló\perilffent. 
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IDENTIFICAÇÃO DE MODELOS DINÂMICOS DE SATÉLITES COM 
GEOMETRIA VARIÁVEL ATRAVÉS DE REDES NEURAIS I VARIA
/JLE GEOMETI?Y SATELUTE DYNAMICS IDENT!FICATION WITH NEUR
AL NETWORKS 

Valdcmir Carmra & Atair Hins Nctn 
lnsliruro Nncional de l'esquisa.1· L'.l'f}{tciais - IN/'UMCT- CU' 12201-970 C!' 515 Silo José dos CantJWS, SP. E

nwi/: l'lll @dellt .iiiJI<'.hr 
fllslilu/o de l'e.I'<JIIisa e Dc.l'<'tll'llll 'ittf('/1/0. Uni1·ersidade do Vale do l'omíl!il. - CEI' 122-15-720 Silo José dos 

Ci/11/fWS, SI' 
1:·-lllail: itlitir@unil'ilfl.hr 

The use or neural ne lworks ror salellile allilllde dynamies idemiriealion is addressed in lhis 

work. ln order 10 validale this applicalion . a spacecral't wilh a variable dynamic behavior due to 
aniculated appendages ri xed 10 lhe body was chosen. The dille renlial equalions lhererore show the 
nonlinear dynamic ellecls lo he idenliried by neuralnels. lnlhis work some ol. lhe main expressions 
that allow syslem mode ling lhrough neural nels as well as a lcast squares hased lraining proeedure 
are presellled. A general melhod ror ob1aining lhe inerli<l lensor anel cemer or mass or an arlieulat
ecl spaee device. is also explained logelhcr wilh lhe dynamic and cinemali c dillerential eq uations. 
Thesc rormulations wcre used in allilude si mulalion ror neural nelwork syslem idenlil'icarion and 
eonlrol training ' s. 

Kcywnrds: Neumllle/ll 'orks, .mtellite ullitude, 11011-lilleur dy11wnics. svstem identiflcmion. Nedes neu
mis, ntitude de sotélites, dilliÍIIIÍcu niio-lilleur, idmtiflcoçiio de siste11ws. 
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TEMA 48- Métodos Analíticos e Numéricos Aplicados 

COB1~6 INTEGRAL TRANSFORM TECHNIQUE lN 20 DRYING PROBLEMS 

.João Batista Furlan Duarte & .Júlio Wilson Ribeiro 
!Jeparwmellfs of l'ftysics and CmiiJHIIN Science- U FC. 
Rua Carolina Sucupiru. 62. aplo. 603 -t\ldeow CJ,p 60/-10-120- Fortalew!CJ,·. lirazil 
E-mail: JIVilson@lia.t(f(:.br wul.fitrlan@.fisica.uf(:./Jr 

Multidimensional drying in capillary porous media is analytically solved for the associatcd 
tcmpcrature and moisturc contcnt distributions. Luikov's modcl with linear transpor! coc!Ticients and 
two-dimensional plêltC gcomctry is acloptcd for dcscription of thc simultanCOUS hcat anu mass transfcr 
phcnomena. The generalised integral transfonn technique (G.I.T.T.) is imploycd in the automatically 
global crror-controlled solution of the coupled partia! diiTercntial cquations, and thc convcrgencc 
hchaviour of the proposcd cigcnfunction cxpansions is illustratcd. 

Keywords: fnlegral Transj{nm Melhod. Simullaneous Hetll mui Mass Transfà. Porou.1· Media. 
Thermophysics. Drying. Luikov Pro/Jien1. Mé!odo da Tmnsj(mnada fnlegral I Trm1.~{erência 

Simul!ânea de Calor e Massa Meios }Jorosos Termodinâmica Prohleuw de Secagem de Luikov. 

COB210 OPTIMIZATION OF FORCED DYNAMIC SYSTEM RESPONSE:THE 
MINIMUM VIBRATION PROBLEM I OTIMIZAÇÃO DA RESPOSTA 
FORÇADA DE UM SISTEMA DINÂMICO: O PROBLEMA DA VIBRAÇÃO 
MÍNIMA 

David Mauricio & .Julio Macicl Treiguer 
,<)ciences wul 'f'ecllllology Cen1er- S1a1e Unil'ersit\' o(Nor/e Fltlllliltense- CC'f'/ULNI,. 
:11•. Alberto Lwnego. 2000. 28015-620- CillllfWS,!U- /Jmúl- L'-nwil:{ttlltllricio,/reiguerj@uenj:/Jr 

Wc introducc an optimization model and an approximation mcthod to minimize thc maximum 
vihration amplitude of multi-dcgrcc-of-frccclom clynamic systcm. This systcm is discrctc. linear anel 
timc-invariant. lt is rcprcscntcd by thc motion cquation in thc statc-spacc form and charactcrized by 
modes. Thc prcscntcd optimization modcl corrcsponds to a global optimization problcm. Wc dcvcl
op simulatcd tcsts involving forccd 3-dof-systcm rcsponsc. At thc cnd wc prcsclll thc rcsults, discuss 
applications and ncxt dcvclopmcnts. 

Keywords: Dynmnic syste111, lhe ulinilllllln vihmlion pro/Jiem, glol}{{l oplimi~alion, heurislic algo
rilhm, vihralion onalvsis I Sisleuws dinâmicos, o prohlcuw da l'ibmçiio liiÍIIÍllla, o/ÍIIIÍ~aç·clo global, 
algorillllo heui'Íslico, análise de vibmçclo. 

COB211 STOCHASTIC GRADIENT PRO.JECTION !VIETHOD APPLIED TO 
AN EARTH MARS ORBIT TRANSFER PROBLEM 

Atair Rios Neto & Fernando Madeira 
lnslilu/o de f'c.I'<JIIisa e De.l·c,n·oh·illlc/1/0- 11'&0. Uni1·csidadc do \la/c do /'om(/IU-lJN/V;\1'- 122-15-720 Súo.lose 
dos Clllllf)()S, SI', f!msil 1:'-lllai/: <llair(ulunil'ilfJ./Jr 
E111lmtcr 12227-901 Súo Jose dos Calltf!IIS. SI'. f!msil 
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A reviewed vcrsion of a stochastic gradicnt projcction method is applicd to an Earth Mars orbit 
transfer problem. Suboptimal open loop solutions are obtaincd by parameterization of the contrai and 
reduction of thc dynamic optimization problcm to one of nonlincar programming in each iteration of 
the numerical solution. A typical itcralion is donc by dircct scm·ch and trcatcd as a stochastic optimal 
linear para meter estimation problem. Random crrors model lhe levei of accuracy expected in the sat
isfaction of boundary constraints. Search incrcment detcrmination is then done using a Gauss-Markov 
estimator in Kalman form. The resulting method is a stochastic version of the projection of the gradi
ent that has the feature of inherently and automatically taking in account ditTerent specified crrors in 
satisfaction or constraints. Numerical tcsts indicate that the method can produce results of quality 
comparable to that of an indircct numcrical method. 

Keywords: Suboplimal control. S!oclwslic pr<~jeclion <J{Ihe gradient, Orbit Jran.~ler, Earth Mars orbit 
transfer. 

COB312 MODELO DE LOCALIZAÇÃO INTEGRADA DE TÉRMICAS COM 
OBJETIVOS MÚLTIPLOS I MODELLING OF INTEGRATED THERMAL 
POWER PLANTS S/TING WITH MULTIPLE OBJECTIVES 

Antônio J. Silva Neto 
Promon Enf!,enlwria. Av. l'res. Juscelino Ku!Jitscilek 1830. Stlo Paulo. SI'. 0-15-13-900 
Atualmente: Instituto Politécnico I UEJU. A v. AJ/Jertu i?llltf!.t' l siNo .. Vila Nm•a. Nom Fri/nugo. RJ. 28630-050. E
mail: aj.meto@iplj.uetj.br 

Jean C. Negri & Silas Vieira 
Comptmilia Enerf!,étiw de Süo Paulo, CES!' 

Mario V. Pereira 
Pmver Sys1ems Researclt. PSR 

The software LITOM was devclopcd as a tool for thc sclection of appropriate alternatives for 
thermal power generation. Both qualitativc and quantitative information are taken into account for the 
identification of the combination of sitc, fuel and technology. The software furnishes severa! alterna
tives sorted according to the cri teria established by the uscr. A brief description of the software is pre
sented in this work along with some rcsults . 

Keywords: Usitws TermoeléJricas; Localizaçiio; Seleçiio; Software para Seleçlio e Localização de 
Termoelélricas; L/TOM /Thernwl Power Plmlls; Si1i11g; Selectioll; St~fiwarefor Seleclion wul Siting; 
L/TOM. 

COB314 HOW TO CHOOSE EIGENV ALUE PROBLEMS WHEN USING GEN
ERALIZED INTEGRAL TRANSFORMS TO SOLVE THERMAL CON
VECTION-DIFFUSION PROBLEMS 

João Batista Aparecido 
Deparlllmento de Ettf!.enlwritt Mecânica. Faculdade de Enf!,enlwria-UNESI' · 1/ila So/teim. CEI' 15385-000 11/w 
Solteim·S P -/Jrosi I 

This work prescnts mathematical aspccts of lhe thcory of Generalized Integral Transforms. 
The main focus is directed toward on how to choose thc auxiliary eigcnvalue problems whcn solving 
thermal convection-diiTusion type problcms using such integral transforms. A class of problem con
sidered here is mathematically modeled by a linear seco1ld order partia! differential equation having 
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general boundary conditions of rirst , second and lhird kind; and initial condition. Basic idcas are givcn 
why is fcasible truncatc the infinite system in a 'sullicient large finile syslem. Once lhe anal ysis is per
formed , a sample problem is solveu using: twó kimls of au xi liary eigenvalue prohl cms. The Graetz 
convective-diiTu sive prohlcm is con sidered 'as sample prohlem. IL is solved in the classical manner 
using an auxiliary eigcnvalue probl cm that lcads lo deg:encrale hypergcomelric type eig:enfunclions. lt 
is also solvecl using a second auxiliary cigenvalue problem that leads to lrigonometric typc cigen
funclions. Among physica l variablcs of intercsl are bulk riuid tcmperature, loca l axial Nussclt 
Number, and avcragc Nussc ll Numher. Rcsults for bulk l'luid temperalure and heat transl'cr me com
pared each olhcr as wcll wit h data found in open lilcralure. 

Kcywords: ln tegml Tmn sfinm, lc'igenvolue Pmble111, Cm! vection, Dif/i !SÚJ /1, lleat Tmnsfá. 

COB721 OTIMIZAÇÃO DE UMA SUPERFÍCIE ALETADA UTILIZANDO UM 
ALGORITMO GENÉTICO I COOLINC FINS OPTIM!ZATION US!NG A 
GENETIC ALGORITHM 

Ricardo Poley Martins Ferreira & Wcardo Luiz Utsch de Freitas Pinto 
/Jeptlrlt llll<'lllo de l o'ngenlltlrio Meuluico. /;'scolo de /;'ngenhorio- 1./FMG, 1\1'. i \nuínio Cor/os. (,()27- l'llll ljilllllll. 
/Je/o 1-/oriwnte. Miuos <:erois. Cio!' 31270-90/, L-nltli!: t"de\'Csütfentec.ujing.hr ,~ JJ/sc/t(<;>l't'Sfll'!'.ujing.hr 

Cooling: fins have heenusually used to gu ~1 ranlcc ~~ suilable heallransl'cr throug:h a thermal sur
face. On lhe other hand, when cooling fins are used, increasc the wei ght and costs o r the cquipments. 
lt is vcry hard to obtain lhe opti mal geometry wilh tradi l ional optimi zalion mcthods ( linear and non
linear programming) . Genetic algorithms have been sucess full y used to find global so lutions in com
plex spaces wi thoul derivat i ve knowledge. Thi s p~1per presents how a genetic algorithm can be used 
to finei Lhe oplimum cooling fin geometry to maximize lhe heat transl'cr lhrough a surface. The model 
is eomposecl hy a system of nonlinear equa lions wit h implicit boundary conditions. 

Keywords: Alews ótitnas. ulgorillnos genéticos. tmnsfi'rêncio de calor. otimiatç·iio, méwdos ntunéri
cos I Optimal cooling .fins. genetic olgorithut.\, lwot tmnsfà. optimi:ution. nwneJ'icol metlwds. 

COB768 TRANSIENT LAMINAR FORCED CONVECTION HEAT TRANSFER 
lN CIRCULAR AND PARALLEL-PLATES DUCTS OF HERSCHEL
BULKLEY FLUIDS 

E. N. Macêdo and .J. N. N. Quaresma 
ClteJIIicol /;'ngineering IJeJitll'lllll'til - C'/!UFI'i\. CIIIII/IIIS 1./nil'crsittírio do (,'utiiJIIÍ, lluo t \ugusto Corrrll. 01. 
66075-9{)()- /Je/ém-1'!1 -llrasil. /:' -moi/: <Jtll ll't'.\'lllltl.i_•l ntlll'llio.lljj){I ./Jr 

The transient analysis o r lhe lhermal entry region in laminar forced convecli on heal transfcr of 
Herschel-Bul kley rluid s, wi thin hoth ci rcu lar and parallel-pl;lles duct s. is anal yti call y studied through 
lhL: so-eallcd Gencralizcd Integral Tr;msform Technique ((IITT). A prescrihed constant uniform wall 
tempcrature is eonsidered ror the houndary cond ition. Benchmark results for lhe loca l Nussel t num
hers in regions very close to the duct inlet are es tahlished . ror variou s rheologicll hehavior parame
tcrs. sueh as power-law exponcnts and y ield nulnhcrs. whi ch are thcn confronted w ilh thc prcv ious 
results in thc reccnt litcra ture. 

Keywords: Cenemlized lntegml Tmns/(nm Techniltlle, Tmnsit•nt intcmol ji1rced conl 't'ction, 
llerschei-!Julklevfluids, Pomllel-fillltes cilllnnel m/// circulo r 111he. 
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COB898 ANÁLISE DE CONVECÇÃO NATURAL NO ESPAÇO ANULAR DE 
DOIS CILINDROS CONCÊNTRICOS VERTICAIS i NATURAL CON
VECTION ANALYSIS lN i\NNULAI? CAVITY BETWEEN TWO CONCEN
TRIC VERTICAL CYLINDERS 

Marcelo Assato, Genésio José Mcnon & Dênio Lemos J>anissi 
Depor!o!llt'll/o de Engenlwrio M eu/n ico- /,FU. i\1'. IJI'S 11111303-/loirm l'inheirinl/11 - CEI' 37.500-000- l!o)ubú
MG-JJmsil. 
e-mail:genesio@iem.rJJJg.efei 

This work deals with thc study ol' heat transl'cr by natural convection, two-dimensional, lami
nar in annular cavity hetween two concentric vertical cylinders with the inner wall maintaincd ata 
highcr temperature than the outer wall. The top and hottom wall are insulated. The l'inite clemcnl 
mcthod is used for the solution of the conservation equ<ltions, in orcler lo finei the local anel average 
Nusselt numbcr together with the distrihutions ol' the stream l'unction y, dimcnsionlcss tempcrature q 
anel vorticity w, as l'unction o r the thermal and geometrical parameters. Numerical result s are ohtained 
for Raylcigh numhers range l'rom I O~ to I ()5, radius r<ltios l'rom 2 to I O, and aspect ratios l'rom I to 5. 
Prandt number is kcpt constalll at 0.7 in this study. 

Kcywords: Natuml Cmm:ction. Vertical Concentric Crlinder, Finite /~'lelllent Analysis, Nusselt Number I 
Convecçiio Natuml, Cilindros Verticais Concfntricos. Mt;todo de E/emeutos Finitos, Número de Nusselt. 

COBHll9 PRECONDITIONED ITERA TIVE TECHNIQUES FOR LINEAR SYS
TEMS DERIVED TO SOLVE THE HEA T CONDUCTION PROBLEM 
lN VORONOI MESHES 

Viviana Cocco Mariani & Sérgio Pctcrs 
Deptlr!l//IICJ/111 de lnjimwílico l' de Fslolistim. Lhtil'crsidodc Fedem/ de Sol/la Cota ri na - IJ FSC- FlllritllliÍflll!is 
CU' 88()-/0- 900 Fillritiii!Ífwlis. !lmsil- /:'-moi!: l'll 'ltllla0>ill{llj.i'I'./Jr. 1"' /ersfi.üin{llf.'c./Jr 

When practical problems involving rluid mechanics, heat transl'cr, etc., are solved numerically, 
systcms o r linear equations are genemted <llld tlleir matrices o r coeflicients are generally sparse and largc. 
Thc prcsent work compares the perl'onnance or the conjugate gradient methodusing the general purpose 
prcconclitioners ror solving the linear systems resulting l'rom tllc discretization or lhe heat conduction 
equation in unstructured Yoronoi meshes. Wc use the Finite Volume Method. Three preconclitioncrs are 
tcsted: Diagonal Scaling, Symmetric Successive Over-relaxation and lncompletc Cllolesky Factorization. 
Wc analyzc them through their distribution ot' eigcnvalucs, munhcr o r iterations and CPU time. 

Kcywords: Preconditioning. Conjugo/e Gmdient, Voronoi diogmms. linear svstems, equotion 1~/'hea/ 
conductiou. 

COB1138 COMPORTAMENTO DINÂMICO DE VÁLVULAS TIPO PALHETA 
EM ESCOAMENTOS PERIÓDICOS I DYNAMIC BEHi\ VION OF REED 
TYPE VALVES lN PEHIODIC FLOWS 

Mauricio Nath Lopes & Alvaro Touhcs Prata 
Depll rlllllleJilo de l::llgenlwrill Menínim. lhtil 'ersidwle Fedem/ deStllllll Clllllrinll- IJFSC 
Cf:'l' 1\80-10-900 1'/oriliiiiÍfWiis. Slllilll ClltllrÍIIcl. llmsi!- e-11/llil: t>l'lllll fi..> IIrl'll.llj.,l'./Jr 
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ln the present work a numerieal methodology is developed to simulate the dynamic behavior 
of reed type valves of reciprocating compressor$ used in refrigeration. A one-degree freedom model 
is adopted for the valve motion, anda finite volume methodology is employed to obtain the tlow field 
through the valve. The valve dynamics and 'the time dependent flow ficld are coupled and solved 
simultaneously. The tlow through lhe valve is assumed laminar, compressible, adiabatic and axi sym
metric. ln presence of the valve motion a numerical methodology was dcveloped to take into account 
the variation with time of lhe computation domain. Through a coordinate transformation a moving 
coordinate system was obtained; this new systcm was able to expand and compress according to the 
valve displacement. Results for thc force <Jcting on the v<Jive were obt<Jined for <1 prescribed periodic 
veloeity at the valve entrance. The complex interaction betwcen mass tlow rate through the valve and 
the distancc between the reed and the valve se<Jt affected the force on lhe valve in a non-periodic man
ner. The present model has proved to be effective and <Jccuratc in exploring the v<Jivc motion in disc
type valves. 

Keywords: Valve dynamics, compressor technology, JWJle steady fluid flmv, movi11g coordinate I 
Dinâmica de válvulas, tecnologia de compressores, escoamento tmnsiente, coordenadas móveis. 

COB1381 ANÁLISE DINÂMICA DE ESTRUTURAS ENGASTADAS NO SEMI
ESPAÇO ATRAVÉS DO MÉTODO DOS ELEMENTOS FINITOS 
INCLUINDO O AMORTECIMENTO GEOMÉTRICO I DYNAMIC 
ANALYSIS OF STRUCTURES EMBEDDED lN A HALF-SPACE BY THE 
FINITE ELEMENT METHOD !NCLUDING GEOMETRIC DAMPING 

Renato Marques de Barros, Euclides de Mesquita Neto 
Deplarlamenlo de Mecânica Cmupulacitnwl. Faculdade de Engenharia Meu/nica- UNICAMI' 
CEP 13.0R3-970 Campinas. Sâo Paulo. Brasil- E-Mail: euclides@dmc.feiii.!IIJiCIIIIIJI.I'r 

Pércio de Almeida Barros 
Faculdade de Engenlwria Civil - UNIL'AMI' 

The article compares the accuracy presented by lhe Finite Element Mcthod using an infinite 
elements and Boundary Element procedures, based on inlluence functions to analysc the dynamic 
response of structures buri ed or embeddcd in a vi sco-clastie half-spacc. The int'inite elcment shape 
functions were sinthesised to emcompass simultaneously lhe prop<Jgation of half-space body and sur
face waves. The numerical studies are conducted for a two-dimensional rigid rectangular foundation 
in thc frcquency domain. lt is shown thatthc FE schcmc produces good results, evcn for decply buried 
foundations. 

Keywords: h~flnite elements, Soii-Stntcture D_wwmic lntemtion, Finite Elements, /Jowulwy E/ements 
I Elementos Infinitos, lnteraçüo Dinâmica Solo-Estrutum, Elementos Finitos, Elementos de Contomo. 
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TEMA 51- Cinemática e Dinâmica 

COBlOI ANALYSIS OF THE DYNAMICS OF A MICROTURBINE USING 
HIGH SPEED FRAMING PHOTOMICROGRAPHY 

E.P. Hofer, C. Rembe, C. Witopil 
Department of Mea.wremetll, Contrai wul Microtecluwlogy 
University of Ulm, 1'19069 Ulm, Gemumy, Plume: +49 731 502 6300. Fax: +49 731 502 6301, 
E-mail: mrnl.ojjice@e-teclmik.uni-ulm.de 

As a result of the rapidly growing field of microsystem technology numerous laboratory spec
imens of micro devices have been developed, mainly at universities and research institutes. However, 
many problems still exist in order to close the gap between these prototypes and their industrial mass 
production. The combination of available design methods and advanced testing setups is one of the 
reasons. An essential step prior to introduction into the market seems to be high speed framing pho
tomicrography for testing of dynamic phenomena in microactuators. The cinematographic image 
sequences allow the extraction of position, velocity, and acceleration of moving parts in micro devices. 
The measured data can be used for identifying material parameters of a dynamic model ofthe microac
tuator under investigation. This experimental method in combination with modcl analysis is demon
strated for thc highly dynamic bchavior of a microturbine. The rotation and sliding of a microtubine 
is an extremely fast non-reproducible process considering that the turbine runs with approximately 
200000 revolutions per minute. Thcrcforc, thc dcmands on the visualization equipment are very high. 
The setup for tcsting consists of a high speed camcra, a powcrful light source, and a suitable micro
scope. The cxtraction of information from kinematic data allows the estimation of parameters in a 
dynamic model of the microturbine. This leads to the improvement of the design and, consequently, 
to the improvement of quality and life time of thc micro devicc. 

Keywords: Microturbine, high speed photomicrography, microscopy, dynamic model, parameter 
estimation. 

COB212 NONLINEAR DYNAMICS OF RODS: MOMENTUM AND ENERGY 
CONSERVING ALGORITHMS 

Fernando Alves Rochinha & Anderson Dolinski Campos 
Meclwnical Engineering Department. EE-COPPE/UFIU. Cx. Postal 68503, CEP 21945-970. R. J. -BRIIZ/l_, 
FIIRO@com.ufrj.br 

The long-term dynamics rcsponsc of nonlinear gcomctrically rods undcrgoing finite bending, 
shearing and extension is considcred in detail. The objective is the design of an unconditionally stable 
time-stepping algorithm which preserve fundamental constants of the motion namcly the total linear 
and total angular momentums and, for thc Hamiltonian ca~e. thc total encrgy. The variational form of 
the equations of motion is obtaincd through thc Hamilton's principie and its discretized spatial form 
is achieved by the Finite Element Mcthod. The resulting problem is numcrically solvcd by the new 
implicit time intcgration schcmc in conncction with the Newton-Raphson Method. A numerical sim
ulation is prcsented in ordcr to asscss the principal featurcs of the formulation. 

Keywords: non-linear dynamics, rods, large deformations, cohserving algorithms, dinâmica niio-Litl
ear, grandes deformações. 

151 



i\llSTRi\CT T51 

COB357 ANÁLISE DE IMPACTO EM UM SISTEMA MULTI CORPO BI
DIMENSIONAL I IMPACT ANALYSIS OF A IJI-DIMENSIONAL MUTI
BODY SYSTEM 

Tamolsu Hirala 
Del!il/'liiii/CIIIo Menlllicu. Faculdade de l:"rrgenlwrio- UN/,"SI'IF/,'(; 
CEI' 12.500-000 GuarlllingueltÍ. !Jmsil- 1:'-11/l/il: lturro!.w@Jeg.wll'Sf'.!Jr 

This work presents an impact analysis ora bi-dimensional multibody consis ting o r a rotating 
flexiblc multiplc scction beam. The impact mccanism between two slecl fl exible boelics was investi
gatcd anel thc influence o r struclural sli llness and non I inear surrace sti llness were analysed. The math
ematical moelel ror the impact mecanism is based upon lhe energy balance method anel the equntions 
of motion are wrillen by lhe bi-dimensiona l lkxible multibody theory wilh Lagrangean ronnulation. 
The numerial si mulation was perrormed using thc MATLI\Il sortware. The resu lts are presented in 
terms of time-elisplacemenl o r lhe colliding bodics. 

Kcywords: I!IIJWCI III<'Cmti.\·111, energy balance metlwd, nott li 11m r .l'llr/(tce stif!i tess, mwting .flexible
rigid beum, bi-dintel/sional lllllitihody. 

COB433 ON NONLINEAR VIBRATIONS OF A NONIDEAL 'ELECTROMO
TOR-PENDULUM' 

Débora Hclato, José Manocl Balthazar, Hans lngo Weber & Dean T.Mook 
Faculdade de l:ngenliuria Menlnica. UN/Ct\/v/1' - CU' 13803-970. CtU1111i11as- SI'- llmsil . !:'-mail: 9óO.J7-I@dis
col'eryJem.unit:wllp.br 
lnstillllo de Geociêllcia.\· e Ciéncia.1· Emlll.\'- UNI:'S I' - Nio C/am.- C!' 178. CU' 135011-2311. Nio Clam - SI' -/Jmsil. 
Virginill l'olileduric lnslillllc llllll S/ ale Unil'ersitr- /1/acksl!llrg. Virginiu 2.JIIól -0219. US!I. 

A system consisting of a pendulum w ith a supporl-point that is vibrated in a horizontal plane 
by a DC motor considered as a limitcd powcr source, is considcrcd. For low vel oc ities of the motor 
this system is nonidcal. because the speeel of thc motor is ini'lucnccd by lhe responsc o r the systcm. ln 
this condition, lhe planar oscillation o r the pcndulum is analyscd as a control para meter is varieel. Thc 
elistinct rcgi ons of opcrati on are dcl'incd anel discussed in ils nonlincar charactcristics. 

Keywords: Nonideal syste/11; Non -linear lJynmnics; Pendu/wn I Siste111a tu/o ide(!/; Dinâ111 ica mio lin
ear; Pêndulo. 

COB455 ESTUDO PRELIMINAR DE TRA.JETÓRIAS DE REENTRADA DE UM 
MICROSATÉLITE RECUPERÁVEL I PHELIMINAHY STUDY OF RE
ENTRY THAJECTOHIES FOR A RECOVERABLE MICIWSATELLITE 

Hanfried Schlingloff, Marcelo Curvo & .Jaime Augusto Silva 
CT!II Ins lilrllo de ilen!lllÍulil'll e lo'spocoi!ISI:'. CU' - 12228-'JO.J S<io .lo." ; tios Com1ws - SI'. Hmsil - E-111ail: 
)a i me @ use 2. ia c. cut ./Jr 

Thi s work deals wi th rccmry trajcc tory simulation of a small satellite intendcd ror micrograv
ity cxpcrimcnts. The satcllitc is considcrcd to bc orbiting al an altitude or 300 kilomctcrs above thc 
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Earth on a circular orhil with small inclinalion (2.317o). Conditions at lhe deorhit point are specified 
and severa! trajectory simulations are made. A parametric study for preliminary design analysis is pre
sented. lt is seen thal the reenlry lrajec tory is ve ry scnsit ive to the initial conditions established at lhe 
deorbit point. Dispersion minimizalion al impacl point and vehielc's total range are eonsidered. Final 
rcsults are presenteei as wcll as a co mprehensive analysis of the results oblained. 

Kcywords: Fator de Carga. Micro.\·atl;lite, (Jrhita. l'n; Pcím-quedas, Reentmda. TmjeLôriu. I Lvud 
Factor, Microsutellile, (JriJit, l're-f>amclwte, Nel'ntn•, Tmjcctory. 

COB463 INFLUI1NCIA DE PALHETAS FLEXÍVEIS NA DINÂMICA DE SIS
TEMAS ROTATIVOS- TEORIA E EXPERIMENTO /INFLUENCE OF 
FLEXIBLE BL,WES ON THE DYNAMIC.S' OF ROTATINC SYSTEMS- THE
ORY & EXPERIMENT 

limar Ferreira Santos & (;ustavo Coutinho Colla 
Dev de l'roje10 Menínico. Foc. de t:'ngcnflllriu M enínim - UN/C;\!v/1'. CU' 13083-IJ70 Cillll[>inus. /Jmsi/- 1:·

lllllil: ilmor@d{>JIIjém.nnit·tnlif>.in 

Thi s paper g ives a theoret ical and experimental co1Hrihution lo lhe proble m of coupled vihra
tion s among rotor and long lkxihle bl ades . The design of a spec ialtest rig is presenteei, which enablcs 
a experimental validation of di#crent mathematical models (unidimensional, bidimensional and tridi
mensional). normally used to deserihe the l'lc xible hlades' hchavior in a rotating rcference systcm. The 
blades are modeled as a particle (eoncenlraled mass) connected to Lhe rotor hy means ol.llexihlc heams 
(without mass), us ing lhe Newlon-Euler's Melhod. Comparing lhe results ohtained with hclp of lhe 
mentioned tesl rig, lhe mathematical model could he validated in lhe frequency range of O to 40Hz. 

Keywords: rotor d1•nmnics . .fle.rih/e h/({(/es' llltlde/s, rotor-h/({{/es coupled Pi!Jmtions, test rig/ din/illli
ca de rotores, 11/ode/agclll de J!UIIIl'tasjlc·xíJ•eis. ttCOJ!Iwnento Pi!Jmtt!rio, bttncttda de testes. 

COB666 MÉTODO DE OTIMIZAÇÃO DE PARÂMETROS DE ATRASO PARA 
ANÁLISE DE FLUTTER I U\C PARAMETERS OPTIMIZAT/ON METHOD 
FOR FLUTTER ANALYS/S 

Maria Amélia Lima Rod.-igues, Eduanlo Mm·gado Belo & Hugo Borelli Resende 
h'scolu de /:.llgellflllriu de Stio Carlos- 1:'/:'S(.'.IJS!'- C/:'/' 135óO-IJ71J Stio Cu rim- SI' - 1:· -lllai/: wllelio@sc.usp./Jr 
-E-moi/: {Je/o <l_•l.IT.II.I'f>.lll· 
I:'MIJNIII:R - IY! 'f :l(; f:'f://'(.'IJ 20-1 - C/:'1' 12227-IJO / Stio .losti dos CtllnJ!IIs - SI' - ! :·-mail: 
codem/J@>mO 1.1'111/Jma.nllll.i>r 

The equations of motion ror lhe aeroelastic anal ys is or an aircrah contain unstcady acrody
namic lerms which must be <lpproximatcd by algebraic r,mns ir they are lo bc writtcn in lhe Laplace 
domain. Thc most common approximation in vo lves rational functions, and severa! authors have used 
lhe so-called Padé runct ions. ln most of lhe aerodynamic applications in literat urc, lhe numerator 
coellicients. i.c. lhe lag parameters, havc been a priori speciriçd over lhe desircd reduced freq uency 
li mil , hascd on lhe engincer's own judgcment. An alternativc is to optimi ze these mlll-linear parame
lers. via non-linear programming lcchniqucs, lo improve thc approxinwtions. ln this work. lhe lag 
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parameters of lhe appruximating funciion were oplimised using lhe Nelder&Mead simplex method . 
Thi s oplimization was implemenled in n exisling program and lhe optimi zed and non-optimizcd resulls 
were eompared. 

Keywords: Optimiwtio11, simplex, la}? parameters, j7utter, ratimwl jilllctioHs, wzsteady aerodynamics 
I Otimizaçclo, simplex, parâmetros de atraso, .fluller, .fimçiies racionais. aerodinâmica não-esta
cionária. 

COB673 RIGID BODY ROTATION EVOLUTION DUE TO DISTURBING 
TORQUE WHICH IS KNOWN lN A BODY FRAME 

M.L.Pivovarovl & R.V.F.Lopes2 
I Space Researcli lnstirure. 117RIO. Prof.~oyumaya R-1/32. Mmww. Russia. l:'-111ail: 111pivol'llr@v1111.iki.rssi.m 
2 Narimwl lnstirure .fiJr Spm:e Researcli - INP/ó. 12.227-010 - S..!. dos Ca111pos - SI' - /Jmzi/. !i-111ail: 
rvfl@dem.inpe./n· 

This paper deals wilh lhe problem of rigid body rolation evolution under lhe action of a Iorque 
which depends on the projeelion of rigid body angular velocily on lhe body frame only. This is, so 
called. lhe rigid body with self-excilalion. lf thc mngnitudc of lhe torque is arbitrary, the solution to 
the problem is known in lhe simples! cases only. The problem with small self-excitation is considered 
in the paper. This problem is of great importance from the slandpoinl of a number of appliealions in 
spacecraft and ri gid body dynamics. ln the case of small Iorque is ii possible to use perlurbalion meth
ods to oblain complete analytical and geometrical description of the rotation. ln lhis paper the com
moo approach to investigate lhe problem of rigid body rotation under the action of small Iorque, which 
is known in lhe body frame is described. Using thi s approach two problems are solved: the problem 
of mainlaining the angular velocity of a gyroscope using lhe controltorque which is quadralic on angu
lar velocity, and the probl em of nonsymmelric spacecraft rota tion with Electric Propulsion lhruster. 

Keywords: Rigid body, Iorque, pertwbation met!tods. 
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TEMA 52 - Vibrações 

COB143 METODOLOGÍA PARA LA PREVENCIÓN DE PROBLEMAS 
DINÁMICOS EN OPERACIONES DE MECANIZADO 

José Antonio Sánchez Galíndez, M" Helena Fernandes, José Ignado Llorente, Luis N. Lopez de 
Lacalle & Joseba Pérez llilbatua 
Departamento de i11Ke11iería MeclÍilica, Escuela Téc11ica Superior de i11Kenieros lndustriales C! Alameda de 
Urquijo sln, 48013 !Jilbao, E.çpwia- email: impsaRa}@bi.ehu.es 

The basis of a methodology for the prcdiction of chattcr vibrations in metal cutting operations 
are presented in this paper. The methodology uses time-domain simulation of the cutting process. A 
model for the prediction of cutting forces has becn devcloped. ln ordcr to do this, the main existing 
cutting force models are revicwed, selecting a mechanics of oblique cutting approach for implement
ing the methodology. The most relcvant features of dynamic charactcrization of machine-tools are 
then commcnted on. After this, thc cxisting methods for cuuing process dynamic simulation are stud
ied, leading to the conclusion that time-domain simulation is the best approach if cffects such as non
linearities of the processare to bc taken into account. An cxtension of the existing models , that allows 
the three-dimensional dynamics of the process to be taken into account is proposed. Finally, the results 
obtained during the first stage of the implementation of thc methodology are shown. 

Keywords: Mecanizado, Fresado, Clwuer, Vibraciôn, Simulaciôn. 

COB166 DETERMINAÇÃO DO COMPORTAMENTO VIBRATÓRIO DO 
MOTOR DE INDUÇÃO DE GAIOLA POR MEIO DE ELEMENTOS 
FINITOS I DETERMINATION OF THE SQUIRREL-CAGE INDUCTION 
MOTOR VIBRATIONAL BEHAVIOR BY FINITE ELEMENTS 

C.G.C.Neves, N.Sadowski & R.Carlson 
GRUCAD-DEEL-C'J'C-UFSC 
CEP 88049-900 · Floriwuipolis - SC - /Jmsil- Email: Ruillterm@wucad.l(/!cc.br 

Many others phenomena occur simultancously in a electric rotating machinc besides the classi
cal clectro-mechanical energy convcrsion. One par! of the cnergy amount is converted in losses and dis
sipated thermally; however, another much smaller, but equally important, is irradiated as noise to envi
ronment. ln this paper a Finite Elcment numerical model is used to investigare the squirrel-cage induc
tion motor vibrational behavior. This model allows to calculatc the windings and bars currents, the mag
netic forces and motor structure dynamic responsc. Firstly, the Finitc Elemcnt method is employed to 
discretize the electromagnetic ficld equations and the b- method is used to discretize the time derivatives 
of the field and externa! circuit equations. The magnetic forces acting on the squirrel-cage induction 
motor stator are obtained by a method based on the Maxwell's Stress Tensor. From it, the harmonic com
position of the magnetic forces is cvaluated. The second step in this work consists in proceeding with the 
mechanical FEM to obtain thc natural and forced response of the stator mechanical structurc. 

Keywords: Vibrações, Forças Magnéticas, Tensor de Ma.nvel{. Método de Elemenros Finitos, Motor 
de Indução de Gaiola, Ressonâncias. - Vibration, Magnetic Forces, Maxwell's Stress Tensor, Finite 
Element Method, Squirrel-cage lnduction Motor, Ressonances. 
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COB167 ANÁLISE DAS VIBRAÇÕES DE ORIGEM MAGNÉTICA NO MRC 
POR MEIO DE SIMULAÇÃO E PROCEDIMENTOS EXPERIMENTAIS 
I ANALYSIS OF SWITCHED RELUCTANCE MOTO/? MAGNETIC CAUSED 
VIBRATIONS BY SIMULATION AND EXPERIMENTAL PIWCEDURES 

C. G. C. Neves, N. S. Sociro, N. Sadowski & R. Carlson 
GRUCAD-DEEL-CTC-UI~'iC. Cio'!' 88!J.I9-900 FloriaiiiÍfwli.l'- SC -l!msil- l:'lllail: gui!ltcmtl,c_ügrucad.uf.\'C.br 

The switched reluctance motor (SRM) presents short pitch concentratcd windings and doubly 
salient structure. These characteristics provide this machine with certain advantages like simple and 
robust motor and converter structures, good elliciency and high speed capability. Despi te of this pos
itive attributes the SRM does exhibit higher leveis of vibration than most compcting drives, like indue
tion and pcrmanent magnet motors. Firstly, in this paper electromagnetic FEM analysis is applied to 
the SRM magnetic structure in order to obtain the electromagnetic forces pattern. From this the har
monie composition of the radial forces is evaluated. The second step in this work consists in procecd
ing with the Experimental Modal Analysis (to obtain the natural frequencies); mechanical FEM are 
also used to evaluate the natural frequencies and the mode shapes which define the dynamic of the 
mechanical behavior of the mechanical structure of SRM. Finally with Rotational Experiments, the 
SRM is driven by its converter and is possible to verify the vibrations. 

Keywords: Vihmçiies, Forcas llWgllélic(t.\', Te11sor de Ma.nve/1, Mélodo de lé'lemell/os Fi11ilos, Análise 
Modal E\perilltcntal, Motor de Relutância Clwvmdo, Hrperime11tos Rotacionais, Resso11âncias I 
Vibration, Magnctic Forces, Mmwel/'s Stress Tc11sor, Finitc fc'lemelll Metlwd, Hrperimenlal Modal 
Analysis, Switc!tcd Reluclance Molor, Rowtimwl E.\peritllcnls, Ressol/anccs. 

COB216 ISOLAMENTO DE VIBRAÇÕES EM BAIXA FREQÜÊNCIA EM UM 
SISTEMA DE ALAVANCA I VIBRATION ISOLAT!NG lN LOW FRE
QUENCY SYSTEMS US/NG A LEVER 

Fábio Meneghetti Ugulino de Araújo, Seyyed Said Dana, Clivaldo Silva de Araújo & .José 
Calazans de Castro 
Depar/alltl'II/O de L'llgcllilllria Mcní11ica. Ullil'crsid(l(/c F('(/eml da l'am(/){l, Calllflll.\' I. 
CEI' 58.059-900 .!mio Pessoa- 1'/J- /Jmsil- e-11111il: llll'lll'gltet@elogica.cont.!JI' 

Mechanical vibration has brought discomfort and distress for human beings, and it has con

tributcd a great dcal of damagc to structural intcgrity of machines and structurcs. Consequently, insu
lating prccision equipment from cven slight vibration of the base, and rcducing its malicious ctlects, 
have bccn thc object of const<mt study and research. ln this paper a model is designed to isolate the 
vibration of the base in Jow frequencies, by employing the principais of active control, while using a 

Jevcr system. First the response of the uncontrollecl simulated model is ohtained. Furthermore the 
response of the moclel is ohtained hy subjecting i L to active controlutilizing sensors, amplifiers, motor, 
and a system to converl a rotational position of the motor to longitudinal clistance. A new analysis 
compares the performance of the controlled system with respect to the uncontrolled one. Thc con
trolled system is improved hy introducing a compensator. 

Keywords: Vibmçâo, lsolwllelllO, Controle Atil'o, Contpenwdor I Vi/Jmlion, lsol(l{ing, Active 
Control, Compensator. 
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USING THE PSEUDO-INVEnSE TECHNIQUE TO PREDICT RAN
DOM EXCITATION FORCES FROM ACCELERATION RESPONSE 
MEASUREMENTS 

Paulo S. Varoto 
Oc1>111 de f 'ugeulwrio Men1nint. 1:"/óSC-USI' S!lo Corl11s SI'. /Jmsil. 

Kenncth G. Mcconnell 
Deparllttet/1 o(!lermpttce 1111d M ec:lwtiÍcs. lmw S!ole UtiÍI '('I'.I'ily, !1111es. III. US!I. 1:'-M!I/1.: l'tlro!o <i!.l.~c. usl>.br 

This arlicle invesligales lhe invcrsc problcm or prcdicling random forces from :~cccleration 
rcsponses using the pscudo-inversc tcchnique. lt is shown that a commonly acu:pted assumption of 
input signals bcing uncorrclatcd is untruc. Under this assumption, only rea l valued acccleration auto 
spectral dcnsities are uscd to sol ve for lhe unknown random forces in lhe pseudo-inverse teehnique. 
Experimental resulls show that acccleration cross spectral densities must be used in addition to auto 
spectral densitics when solving lhe inversc problem for random forces. These cross spectrnl densities 
are complex functions of lhe excitalion frequ cncy and thus. they carry thc phasc infonnation rcquircd 
to establish lhe correlalion het ween lime variables. 

Keywords: Force identificotion, mndo111 loods, inl'erse fJmb/ell/s . 

COB437 CONTROLE DE VIBRAÇÕES EM EDIFÍCÍOS ATRAVÉS DE 
PÊNDULOS SUSPENSOS I VIIJRATION CONTROL lN TALL BUILDINGS 
US!NG A SUSPENDED PENDULUM 

Lucia na do Vai de Azevedo, Rnmulu de Freitas Paixiio & Seyyed Said Dana 
1'11s-Gmduar!lo em Engenlwria Mect1nim- Cnllm de 'l(•mol11gia- UFJ'IJ. CEI' 58059-CJIXJ . ./{!(io Pessoa. l'ami/){1, IJmsil. 
Jo'-lllilil l.'OII/1/c:/ @CI. II/jJ/J.!Jr 

Exccssive vibration in structures can be attenuated by active or passive dissipative meeha
nisms. Though acti ve controle systems have grown substantially rccentl y. however the passive sys
tems still rcprcsent the major ways for rcduction o r amplitudes in vibration of structures. Their use still 
brings low cost simplified and rclativcly easy implemented devices. ln thi s work a study of ellicieney 
or synchronized oscillators acting passively to reduce the amplitude of vibration or tal I buildings sub
jccted to random vihration is presented. lt is shown that thc ctTiciency of control system designcd for 
optimal work depeneis principall y on the amount ol· the inherent damping in structural configuration. 
ln lhe systems with low structural damping the eiTect or introducing damping by an au xiliary systcm 
is high. and the ellicicncy becomcs a considerahle factor. ln other hand the etlcct or auxiliary system 
diminishes when the damping in principal system is already high. 

Keywords: Vibmç(to, isolwuet/lo , oscilados siutouiz.ados, Vibmtion Iso/miou. 

COB439 CONTROLE ATIVO DE VII.W.AÇÕES COM ATUADORES 
PIEZOELÉTRICOS I ACTIVE CONTROL OF VIBRAT/ON USING PIEZO
ELECTR!CS II CTUA'f'ORS 

Simplício Amaud da Silva, Scyycd Said Dana & Clivaldo Sil.va de Araújo 
/)elllll'lillll e/1/ 1! de Femologio Meninica. Unil'l'l'sidode Fet!erctl do 1'1imíbo. Culllf'liS I. CEI' 58.073-420 - }(}{ii! 
Pessoa - PI> - /Jmsil 
L Moi!: amoud@CI.u/l>h.m· 
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Transient noise control has been applied in variety of deviccs, machincs , and structures. 
ln this papcr an active control approach that reduces transient noisc transmission through a double 
plate in a circular duct is prescnted . Two circular pieces of piczoclectric material are is used in the 
plate as an actuator to induce a moment in the plate. The samc procedurc is applied to use a circu
lar piezoelectric material as a sensor. A special configuration consisting of two circular plates are 
uscd as a plant to contrai transient noise using a dynamic fecdforward controller. ln the experi
ment the forward traveling wave is captured by lhe first plate containing a piezoelectric sensor. This 
information is used to as feedforward signal. A special electronic circuit is used to perform as the 
feedforward controller. A transient pressure pulse is used to excite the first platc , and reductions 
of up to 20 dB are observed at the second plate placed downstream of thc first placc, when the con
trollcr is active. 

Keywords: Controle ativo, Co111ro/e de ruído, Piezoelétrico/Active Contrai, Noise Contrai, 
Piezoelectric. 

COB468 INTERAÇÃO ROTOR-ESTRUTURA DE FUNDAÇÃO ATRAVÉS DE 
MANCAIS HIDRODINÂMICOS I INTERACTION ROTOR-FOUNDATION 
STRUCTURE THROUGH HYDRO-DYNAMICS BEARINGS 

Katia Lucchesi C. Dedini & Paula Frassinetti Cavalcante 
Departamento de Projeto Mecânico- Faculdade de Engenharia Mecânica- UNICIIMP 
CEP 13085-970 CmiiJiilws- S.P-lJrosil E- mails: katia@dpmfem.wJiwniJI.br. J'flleRai@dpmfem.uniwmp.br 

This paper presents a methodology for the analysis of the foundation bchaviour and its intlu
ence on the whole systcm (rotor-bearings-foundation), using a mathematical approach to determine its 
modal parameters such as modal mass, damping factor and natural frcquency. Thc analysis of the com
plete system is donc applying the discrctization of the foundation and rotor by finite elcment method. 
The evaluation of the foundation modal parameters is donc by the analysis of the structure frcqucncy 
response function , obtained by Fouricr Transform. Aftcrwards thc analysis of thc sys tem frequcncy 
response function is donc and analytical results are showcd. 

Keywords: Fundaçcio em concreto, Rotor, Parâmetros modais I Concrete Fowu/atioll, Rotor, Modal 
Parameters. 

COB681 A TIME DOMAIN METHOD FOR INPUT FORCE RECONSTRUCTION 

Gino Genaro 
Gradume Student in Medwnical EnRineerin}!.. E-mail: RgeJwro @rtjiJ.!Jr 

Domingos Alves Rade 
ll.uistant Professor. E-mail: domingos @r!fú.br, Federal Uni1•ersity o( Uber/ândia- Department ofP!Jysical Sciences 
Campus Santa Mtlnica - CEI' 3R400- 902 - Uberlândia - MG - Brazil. 

This paper addresses thc problem of indircct force rcconstruction from thc dynamic respons
es of the structure. A time domain method is proposcd which is based on thc cquations of motion in 
the modal space requiring, as experimental data, thc acceleration time responses of lhe structurc when 
acted upon by thc forces to bc identified and a sct of cigensolutions (natural frequcncies, mode 
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shapes, modal damping factors and gcneralized masses). At'ter the basic formulation is presented, 
numerical applications to a simple test structure are shown to demonstrate the effectiveness of the 
method. Some key points are also examined, such as the cffect of the incompletness of experimental 
data and measurement noise upon the pcrformance of the method. Thc numerical results revcal that 
the method can be accuratc and wcll adaptcd to real -world applications. 

Keywords: lndirect.force reconstruction, .force measurement, syste//1 identificatüm, inverse problems, 
vibrations I identifiwção indireta de forças, mediçâo de .fórças, idemificação de sistemas, problemas 
inversos, vibraçiies. 

COB682 ESTIMAÇÃO DE FUNÇÕES RESPOSTA EM FREQÜÊNCIA EM 
AMBIENTES RUIDOSOS I FREQUENCY RESPONSE FUNCTIONS ESTI
MATION lN NO/SY ENVIRONMENTS 

Marcus Antônio Viana Duarte 
Departa!IU!IIIo de EnNe/1//({ria Mecâniw. E-mail: llll'duarte @t(/il.br 
Domingos Alves Rade 
Departwnetllo de Ciências Físicm. E·moil:dollliiiNOS @ufit.br 
Leandro Afonso da Silva 
Departamento de En~:en//({rill Mecâniw. E·moi/: lafimsos@llfit./Jr, Utlil·ersidode Fedem/ de Uberlt711llio- UFU
Uber/ândia 
CEP 38400-902 Ubertt7ndill, llmsi/ 

ln this paper, the cstimation of frcqucncy rcsponse functions (FRFs) from vibration tests is 
addresscd. Thc main objective of the rcportcd study is to cvaluate lhe pcrformance of some of thc cur
rently uscd frequency rcsponsc function estimators under experimental conditions in the field, where 
inescapable uncontrolled perturbations are present in the test environment. A vibration testing pro
cedure was carried out in laboratory. whcrc two random forces werc applicd simultancously . The first 
one played the role of lhe main 1est cxcitation force, which was accounted for in the input-output 
model used for estimation, whilst the sccond onc was introduced to take into account thc uncontrolled 
inputs, which wcre not considered in the theoretical model. Under these conditions, the frequency 
response functions obtained by using lhe classi cal estimators H I, H2 as well as thrce other estima
tors based on the concept of instrumental variablc, Hc, Hx and Hy were compared to the correspond
ing ones obtained without the uncontrollcd input, so as to evaluate the quality of thc estimatcs pro
vidcd by cach cstimator. 

Keywords: Estimaçâo, FunçiJes de Res1wsta em Freqiiência, Variáveis Instrumentais, Ensaios 
Dinâmicos I Estimation, Frequency Resplmse Fw1ction~·. Instrumental Variables, Dynamic Testitzg. 

COB849 ANÁLISE DO COMPORTAMENTO DINÂMICO DE VIGAS CON
TENDO JUNTAS PARAFUSADAS I ANALYS!S OF DYNAMIC BEHAV
IOUR OF BEAMS WHITCH BOLTED 10/NTS 

João Alberto de Oliveira & Araildo Lima da Silva 
Departamelllo de EltNenlwria Mecânica. Facu/dwle de [,·,,Nelllwrilt · UNESP · GtlltratiltNttetlÍ 
CEP 12500·000 Guaratin~:uetú. /Jrmil · E-lllai/: Joalbo!i @ .f"eN.ll'llesp.br 
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This work is devoted to invcstigation of· dynamie hehaviour of boltcd joints. l3oth damping 
ratio and natural frcquency of vibration are swdrcd in function ol· the variation thc physical s parame

ters of the joim, bolt tightening torque and thc surface finish. The values of natural frequencies 

W11 and displacements amplitudes q(t) for beams studi cd are calculateclusing spccializcd softwares and 

applied for caleulations of damping ratio by method of the logarithmic decrement. Thc experimental 

results are analyzcd and eomparcd with relation of clamping ratio and natural frequcncy of vibration 

i n t h e fi rst mode. 

Kcywords: Bean; lmlted joint; da111ping mtio; logarithlllic dccrem ent; natumlfrequency (!{Fibratilm. 

COB955 IDENTIFICAÇÃO DE DEFEITOS TIPO PITTING EM UM MOTORE
DUTOR DE VELOCIDADE I IDENTIFICAT!ON OF PITTINC ERROS lN 
CEAIWOXES 

.Jor~c Nci Hrito, Alexandre AllnHJUCriJUC J>into & Ca.-lo Ehardt Tcatini 
Depar!li/IICII!o de Mcdiuiw- Fwulaçtio de Ensino Sut>erior de Silo Jmio de/ /lei- I:UNIIU, CO' 36300-000 Stio 

Jmio dei Rei, Umsil 

E-111ai/: de111ec @ csujiturei.br 

This work presents a methodology to iclentify the inlluenee or the active involute prorile of 

helical gear caused by pitting on motor-gearhox. Power spectrum dcnsity and wave rorms were 

obtained with and without pitting, in ordcr to determine its bchavior on motor-gcarbox. 

Keywords: Motoredlllor, Fibmç.·iio, Ji·eqiú~ncia de engrenanlenlo, pilling e engrenage111. Gearbox, 

l'ibration, gear mesh. pilli11g mui gear. 

COBllSS WA VELETS TRANSFORM FOR IDENTIFICATION OF VIBRA TING 
MECHANICAL SYSTEMS 

Victor Florin l'otcrasu 
Tileoretical Mecllllnics Dqwrtwnent. 1(•cllllical Uui1 ·ersity "(;{J. !lsaclli" lasi. /Jd. Cof'"" 22. RO - 6600 losi. 

Ronwnia 

The papcr proposcs an idcntiri cation mcthod ror thc mechanical anel structural systcms 

bascd on wavclets ramil y . The advantagcs or using wavclets for systcm identification are that 
goocl localization and hierarchica l mulli-resolution can be achicved in both lime and frequeney 

domain. Conscqucnt ly , the sysicm model with multiple couplcd modes can bc idcntified (by 

wavelet based idcntification tcchniques) more ciTicient and accurately, cspecially ror widchand 
(transient) and nonstationary signals. Alkr a prcscntation or wavclcts transform and identifica

tion procedure, thc papcr studics a sim ulatcd vibrating systcm rormcd by discretc masses. springs 

and dampers. 

Keywords: Mechanicol Vibmtions, Wovelets Tmtlsjbnn, Multi-resolution, ldentification.. 
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COB1179 CONTROLE DE ESTRUTURAS COM NÃO-LINEARIDADES CÚBI
CAS E QUADRÁTICAS SOB CARGAS HARMÓNICAS I CONTROL OF 
STIWCTURD; W!TH CUIJ!C AN/J QUADRATIC NONLINEAR!TIES UNDER 
HARMON!C LOADS 

Osvaldo Casares Pinto & Paulo Batista Gonçalves 
lJeJ)(Ir//llllenlo de lóngenl111rill Ciril. l'ollti{icill U11irersid11de Ciitúlicll - l'UC-nio- CU' 22-J53-'JIXJ nio de .l11nâro. R./ 
J:'-11/l/il: JWIIfo @ci••.Jmc-rio./Jr 

Under extreme environmental loading sucil as wind, earthquakes and waves. lkxible strue
tures like tall buildings. long bridges anel ollshore platforms tend to dcvelop largc vibrations. possibly 
resulting in extensivc damage. Tilis paper studies a methodology for the active control of lkxible 
structures. in order to limiting tile amplitude of oscillations lo he within safe allowable bounds. The 
mcthod is baseei on nonlinear optimal control, using an indiciai fonnulati on anel state feedback eon
trol. General polynomial representation of the control law up to the third on.Jer are presented. This 
methodology is applied to sdof systems with quadratic and cubic nonlinearities. witil a computcr code 
implemented to control up to tilc firth ordcr. Strongly nonlinear systems subjectcd to simple harmon
ic exeitations are testcd. Numerical results indicate tilat thc control algorithm can he c!Ticient in sys
tems susceptible to chaotic vihrations, escape from a potcntial well or dynamic jumps. 

Keywords: Aclil•e stnu:tuml cmilmf. noulinear svs1e111s, escapejiwn a potelllia/we/1, clwotic vi!Jm
lions ( conlmfe es/rllluml alivo, niio-linearidwles, e.H'(If/C de 11111 ••ale polencial, vibraçr!es caóticas). 

COB1362 VIBRAÇÕES INDUZIDAS EM MOTORES C.C. POR FALHAS NOS 
CIRCUITOS ELETRÔNICOS RETIFICADORES DE CORRENTE E 
DE CONTROLE DE VELOClDADE I INDUCED VIIJRATION lN DC 
ELECTI?IC MOTORS IJY CURRENT AND SPEED RECTIFIERS DEFECTS 

Márcio Tadeu de Almeida, Alexandre Augusto Simões 
D e[)(ll'/(/1/lellto de l:'ngellilllrill MeciÍtiÍut. l c'scolo Fedem[ de lóngellilllrio de ltli}II/){Í - /:FI:'/ - lli(juhú CEI' 

37.500.000. /Jra.1i l 
f:-- lllliÍf: SÍIIIO{!.I' @ieiii.C/Ú 1'11/g./Jr 

This papcr prcsc11ts in a simple way, tile teci111ics uscd to ide11tify defects 011 the rcctyfing cur
rc11l eletronics eircuíts and on thc spccd co11trol of thc dircc t currcnt motors, through lhe vibration anal
isys. Thc system is descríbed botil by thc DC co11lrol firi11g Cards and thc DC control comparilor card , 
explaini11g about thc maí 11 l'aults that can occur i11 lhi s components. lt is also show11 a case history whcrc 
lhe applyi11g of thc vibration diagnostic helped witil success to detccl the fault. Fi11ally a short conelusion 
is prcsentcd with thc main idcntified fn:que11cies 011 thc víbration spcctrums whcn the circuits fails. 

Keywords: Vi!Jmciies. Mo/ores CC. Neiiflcadores, Vi!Jmlio11, Rectifier. 

COB1378 HIGH FREQUENCY MODELS FOR ACTIVE COMPOSITE BEAMS 
CONTAINING PIEZOELECTIUC SENSORS ANO ACTUATORS 

A. M. B. Bn1g:t, O. M;u.:edo Neto & Luís P. F. de ll:trros 
Deparlllll/ei//O de LI/gel/III/rio MeciÍI/ÍUI. I'UC-Nio. 22453-900. Rio de .lo11eim. lU 
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A. L. Gama 
Deparramen/0 de En!!,enlwria Mec:c?niw, UFF, 24210-000. Niteníi, lU 

Thc problem addrcsscd in lhis papcr is that of modeling lhe dynamic rcsponsc of laminate, 
composite bcams excilcd by dislributcd piczoclcclric actuators. ln particular, wc are interested in the 
high frequency range. where traditional approximate beam modcls, such as lhe Classical Laminate or 
the First Order Shear Deformation thcories, fail in providing accurate rcpresentation of the electro
mechanical structural response. To avoid this shortcoming, Reddy's layerwise laminate theory is 
employed. Through compar- isons with exacl, wave-dispersion analytical resulls, it is shown that this 
approach allows us to properly simulate lhe high-frcquency range of lhe active beam's dynamic 
response. 

Keywords: Smtctural Acoustics - Smart Stmctures - ComtJosite Stmctures - Piezoe/ectric Materiais 
- Vibrations. 

COB1411 ANÁLISE DE SENSIBILIDADE PARA DETERMINAÇÃO DE PON
TOS DE MEDIÇÃO DE VIBRAÇÕES OTIMIZADOS I SENSIBIL/TY 
ANALYSIS TO IDENTIFY THE OPTIMAL POINTS OF VIBRAT/ON MEA
SUREMENTS 

Luiz de Paula do N:~scimcnto 
Departamento de En!!,enlwria Meccíllica. Faculdade de loii!!,CIIIiuritl - UNES!' - fi IIli Solteim 
Av. Brasil Centro, 56 -CEI' 15.385-000 - l/lia Solteim- SI'- Brasil, E-111ail: depau/a@{eis.wleSJ>.lir 

The sensibility analysis can bc used to simulalc and predict the vibratory behaviour of the sys
tems. A particular illlcresl is to obtain relationships among the parameters and lhe behaviour of the sys
tems. Thercfore, 1his work presents a sensibility analysis of response of thc systcm wilh respect to lhe 
variations of ils dynamical paramctcrs, in ordcr lo idcnlify lhe bcllcr poinls of vibralion mcasurements. 
This techniquc is vcry important in monitoring, conlrol and fault detcction sincc it pcrmits to obtain a 
great quantity of information o r lhe statc of lhe machinc with a rcduccd numbcr of scnsors. Thc analysis 
was carried out by using a malhematical modcl dcvclopcd wilh thc finitc elcmcnts melhod. An cxamplc 
of applicalion of this technique in a Francis turbinc of vertical shaft is prcscntcd. 

Keywords: Modelagem, sensibilidade, vibraçiies, nwnitoramento I Modelling, sensibility, vibration, 
monitori ng. 
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TEMA 53 - Acústica 

CÁLCULO DO ESPALHAMENTO ACÚSTICO ATRAVÉS DO MÉTODO 
DE SIMULAÇÃO POR FONTES ELEMENTARES I CALCULATION THE 
SCATTERING BY THE METHOD OF SOURCE SIMULATION TECHNJQUE 

Paulo Henrique Trombetta Zannin 
Departalllell/o de Engenharia Mecíinica- Centro Politécnico- Uni1•ersidade Federal do Paraná. CEP R/53/-990 
Curitiba, lJrasil- Caixa Posta/19011- E-111ail: zwlllin@demec.l(/jn·.br 

One melhod to ealculatc lhe acouslie scattering from a body wilh given surfacc velocity is 
describcd herc. The method consists in approximaling lhe scaltcrcd lield of auxiliary radiators in a way 
that allows a good agreement bctwecn tehm both. Thc error dueto lhis approximalion can be minimized 
in severa! ways. However, in lhe present conlribution only lhe melhod of minimal squares was used. ln 
this paper thc acouslic scattcring duc to lhe prescnce of one cylindcr wilh variablc surface impedance was 
investigated both lheorelically and cxperimentally using thc mclhod of lhe source-simulation-technique. 

Keywords: Espalhamento acústico, radiaç:cio, multipolo, monopolo- scal/ering, radiation, multipole, 
1110/lOfJO/e. 

COB202 SIMULAÇÕES NUMÉRICAS E ENSAIOS EXPERIMENTAIS DA 
RESPOSTA ACÚSTICA DE ALTO-FALANTES I NUMERICAL MODEL
ING AND MEASUREMENTS OF THE ACOUSTIC RESPONSE OF LOUD
SPEAKERS 

André L. Goldstein & Sarnir N. Y. Gergcs 
Laboratrírio de Vibraçiíes e Acústica, Deplo.de Engenlwria Mecânica - UFSC -C!': 476.CEP Rí\040-900 
Floriwuipolis. SC. Brasil 
E-111ail: andre@gva.ufk.br, gerges@mbo.rl.uf~·c.br 

Thc frcquency rcsponse prcdiclion of loudspcakcrs is a problem lhat have closcd form analyt
ical solution only for low frcquencies and s imple gcometry. ln this paper il is investigated thc use of 
lhe finite elemcnt method and the boundary elcmcnt mclhod implemenled in commercial software for 
cxtend the prediclion of loudspcaker rcsponsc for higher frequencics considering lhe tlexible behav
ior of lhe diaphragm. The modcling of a commcrcial loudspeaker is pcrformcd and its frequency 
rcsponsc and dircctivity is calculatcd. Thc computalional results are comparcd with mcasurements 
rcalizcd in a hcmi ancchoic chambcr showing good agrecmcnt. 

Keywords: Simulaçlio de Altoja/antes, Método de Elementos Finitos, Método de Elemelllos de 
Contorno I Loud.1peaker Simulatitm, Finite Element Metlwd, Boundwy Element Method. 

COB414 ONDAS ACÚSTICAS EM CORPOS DELGADOS- UMA FORMULAÇÃO 
INTEGRAL I ACOUSTIC WA VES ON THIN BODIES - AN INTEGRAL FOR
MULATJON 

.José .Jeferson Rêgo Silva 
DEC/V/UFPE - A1•. Acad. Hélio Ra111os. sln.CdU,50.740-530, Re~·ifdPt;, Bmsil. E-111ail: jjrs@npd.ufjJe.br 
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Luiz Carlos Wruhel 
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TSJ 

This papcr prcsems an advanced boundary elcmenl method to dcal with scattering or sound 
wavcs hy curvcd thin hodics. Thc t'ormulation cmploycd involvcs a hypcrsingular imegral equation 
obtained fromthe normal dcrivativc ol' thc Helmholtz integral representation formula, considering the 
thin body of very small thickness as an open surface. The hypers ingular integral, interpretecl in the 
sense o r H aclamarei finit part imegral, requires more attenlion in its numericaltreatment. mainl y when 
moclelling eurvecl surfaces. A general algorithm to numerically evaluate the hipersingular integral 
based on the conccpt or finite part integration is implcmcntcd to cnable Lhe use of highcr-orcler i sopara
metrie bounclary elements, to moclel curvccl souncl barri ers. 

Kcywords: Acústica, Cm pos delgados, Ele111entos de contomo, lntegml hifJersingular. Acoustic, Thin 
!Jodies, llowzdarv ele111ents, Hypersingular integml. 

COB426 MODELAGEM DE TRANSDUTORES PIEZOELÉTRICOS DE 
POTÊNCIA I MODELING POWER PIEZOELETHJC THANSDUCERS 

.Julio C. Adamowski, Marcelo Y. Matuda, Flávio Buiochi, Celso M. Furukawa 
Escola l'oli!écuica da {h til·ersidade de Slio Pau lo. OefJ. de Fugenltaria Mcnlnint 
A1•. Pro( Mel/o Mom es. 2231 . CEI' 05508-CJOO. Slio l'aulo. /Jmsil. /:'- mail: ju tdamow@ usfJ. br. 

Two mcthods are presented ror moclcl ing power piezoelectric sanclwich transducers, com
posed o r a stack o r piezoelectric cera mies terminatcd at both ex tremities w ith steel masses. The piezo
electric cera mies are rings connccted hy a bolt that passes through their centers and is clamped at both 
ends to appl y tension to the stack. This transeluccr may be solvecl hy a very ellicicnl analytical mcthoel 
calleel Cl1ain Matrix , which uses elcctric anel acoustic matrices to elescrihe the intcractions betwecn 
successive layers. Chaining these matrices provieles a moelel or the complete transducer. Thc seconel 
mocleling method is hascd on thc fin i te element method. Both mcthoels allow to calculate the elcctri
cal impedance of lhe transelucer to determine the resonant anel antircsonant J'requencies. To achievc 
different optimization critcria, paramcters or the transeluccrs may be changcel and the results rapidly 
examined. Thesc mcthocls wcre applicel to construct a prototypc transeluccr. Experimental anel simu
latcd resulls showed good agreemcm. ln conclusion. these moeleling methoels are accuratc, constitut
ing a useful tool ror elesigning power transduccrs. 

Kcywords: Clwin 1/latrix . .finite e/e/1/ent /ll etlwd, power pie-:.oelectric tmn.wlucer, ultrasowzd, piezo
electric tmnsducer I Matri~ e111 cadeia, 111étodo dos elelllelltos .finitos, tmnsdutor t'ie;.oelétrico de 
potência, u/tm-so/11. 

COB427 MEDIÇÃO DA VISCOSIDADE DINÂMICA DE LÍQUIDOS POR 
ULTRA-SOM I ULTRASONIC MEASUNEMENT OF DYNAM!C V!SCOSITY 
OF LJQUIDS 

Flávio Buiochi, Julio C. Adamowski & Celso M. Furukawa 
Escola Polilécnica da Ut lil·ersidade de Silo l'wt!o. Dep. de Dtgenllilria Men1nint 
A 1' . /'mf Mel/o Mome.1. 223 1. CD' 05508-<JOO. Stlo l'aulfl . /Jmsi/. H-llfail: .flJtflm:/Ji 0.>u.\'fJ.!Jr 
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This paper descrihes an method for measuring the viscosity of liquids using ultrasound. Frorn 
severa! signals rellected inside a measurement ccll. the density, lhe allenuation cocllicient and lhe prop
agation velocity of the liquid can he calculated and related to its dynarnic viscosity. The method employs 
a double element transducer (DET) whi ch consists of a piezoelectric cera mie transmillcr anda large aper
ture PVDF memhrane receiver scparatcd by a solid buffer rod. Between the reeeiver and lhe liquid there 
is a reference so lid roei. The att enuation coellicients of the liquids are ca lcu lated frorn the measured 
rellecti on coe!Ticient for the interface of relcrence rod and the liquid, and the propagation vcl ocity is cal
culated from lhe transittirne hetween this interface and a metal rellcctor placed at lhe opposite wall of 
thc chamber. T he ellcct of acoustic dillraction is elirninated hy using thc DET. hccausc the rcccivcr is 
somewhatlargcr in dia meter than the transmitter. For testing this method, a sensor was implcmented, and 
measurements of viscous liquids, such as, alllornotive oils. were conducted al 1.4MHz. The determina
tion of thc dynamic viscosity rcquires the calibration of the rneasun::mcnt systern, using a vi scometcr. 

Keywords: Viscosity llleo.wre/llellt , ob.WII]IIitm coe/Jicie!ll, ultm.wnlllli, inslnr111enta tio11. I Mediçlío de 
Fiscosidade, col(/icienfe de absorçlio, u/fm-so/11, Íll.l'frtllll i'IIWÇ"rio. 

COU959 AVALIAÇÃO DO RUÍDO QUE O TRATORISTA ESTÁ EXPOSTO EM 
PREPARO DE SOLO COM TRATOR DE PNEU I VAL/ATION OF THE 
NO/SE THAT TRACTOR DRIVE!< IS EXPOSED DURING PERIODICAL 
SOIL T/LTILAG OPERATION 

Natanael Vidor de OliveiraAntonio 
Delw r/olllento de Jc'ngenlw riu Mecânica. Centm de Ciências e Teowlogia. UFI'/J 
CEI' SR / 09-970 Clllllllillll Grande. 1/rasil- /o··lllllil.:irmw/jc@r.T/.11/jJ/J./n· 

Travassos Sobrinho & Wallace Benedito Guedes 
Delwrlwnenlo de Tecnologia Rural, UFI<I'e - Dois Jmulos - Recifé 

Thc agricultura! wheel tractor is a source of power used to quite a large extent is small and inter
mediate agricultura! in indust ries from soil tillagc to harvcst and transportation operation, performing 
thesc opcrations cheaper and more efli ciently. During periodical soi l ti li age operation , this trac tor trans
mit high levei ol· noise to the driver incn::asing thc sound polluition levei to scarch the quantity or noi se 
to with the tractor dri ver is cxposed. it was evaluated thc noise leveis in plow ing, disking and furrowing 
operation. Thi s work was pcrfcrmed with whecl tractor in a distrolk yellow latosol covered with sugar
cane ratoon. Thc rcsults pointed out noise leveis higher than the highest levei recommcded by legislation 
to a daily maxi mum exposure inthe thrce operation accomplished. ln both plowi ng and furrowi ng oper
ation, the noi se leveis were equi valcnt anda litlle bit highcr than thc noi se in disking operati on. 

Keywords: Nuído, Tm loristu. Trmor de Pneu , Operaçiio - Noise, Driver Traclor, Wile/1 Trac/Or, 

Operafion. 

COU1192 INFLUÊNCIA DA COMPOSIÇÃO DO TRÁFEGO SOURE O RUÍDO 
GERADO POR RODOVIAS BRASILEIRAS TÍPICAS I COMPOSITION 
EFFECTS ON THE TRAFFIC NO/SE OF TYPICAL BRAZIL/AN ROADS 

Arcanjo Lenzi 
Lalwrtllrírio rle Vi/Jmçiie.1· e ;\cú.\·fico (I. V;\) Dei''" rle Engenlwrio.Men111i c:u. UFSC Cf'· 4 76 
CD' 88!N0-900 ·lei. !NS 234 0689 - .fú.r 048-2.14 I 51 C)- Floriru llÍIWiis - se C-lll!lil: !II'Clllljo@enu:.llf.i-c.br 
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Joel M. Alves Filho 
Departamento de En~ten!wria Mecânica e Produçào 
Universidade Estadual do Maranluio- UEMA - CEt 65.055-390- St7o Luis- MA -Brasil. 

This work deals with a road trallie noise investigation at Florianópolis (SC, Brazil). Seeking 
to determine the relationship between L I O and Leq leveis and tral'fic composition and volume tlow. 
LIO prediction equation obtained from 149 measuremenls is compared to equations based on similar 
works made in other countries. A Statistical analysis indicated good correlation (r =0.61) for L I O pre
dictions and a salisfactory correlation (r= 0.49) for Leq predictions. 

Keywords: Ruído de Tráfego, Composição do Trcíj'ego, Road Trqffic Noise, Trajfic Composition. 

COB1193 PROPAGAÇÃO DO SOM EM LÂMINAS DE ÁGUAS RASAS POR 
ACÚSTICA DE RAIOS I SOUND TRANSM/SSION lN SHALLOW WATERS 
BY RAY ACOUSTICS 

Ricardo Vitoy & Arcanjo Lenzi 
Laboratório de Vibmçiíes e Acústica (LVA) Depto de EIIJtClllwria Mecânica. UFSC. cp. 476- CEP 8íi040-900-
te!. 04fl234 06fl9 /fiiX 048-234 1519- Floriwuítwlis- SC. email: arwnjo@emc.ufk.IJr 

Due lo its vast territorial cxtension, with cxtense coast and large hidrographie basins, Brazil 
still has many unexplored natural resources. The devclopmcnt of SONAR systcms would ccrtainly be 
helpful for underwater mining purposes and to the fishing industry. This work deals with sound pro
pagation analysis in shallow water by Ray Acustics models. The cffccts of bottom irregularities on thc 
sound propagation are analyzed. 

Keywords: Acústica de Raios, Águas Rasas, Propagaçlio do Som - Ray Acoustics, Shal/ow Waters, 
Sowul Propagation. 

COB1327 A V ALIAÇÃO ACÚSTICA DE DANCETERIA POR MODELO REDUZI
DO I ACOUSTIC EVALUATION OF DISCO HALL BY REDUCED MODEL 

Moysés Zindeluk & .J. Flávio s. Feiteira 
Laboratório de Acústica e Vibraçiíes da COPPE - PEM I UFRJ 
CEP- 2/945-900 Ilha do Fwulüo lU, Bmsil- E-mail: IIIO)'Ses@serv.nmt.ufij.br 

Paulo M. Massarani 
Labomttírio de Ensaios Acústicos - INMETRO. CEP - 25250-020 Xerém lU. Brasil - E-mail: 
laena@inmetro.Jtov.br 

An exall')ple of lhe conjugated use of reduced models and digital signal processing to preview 
lhe acoustic behaviour of complex shaped halls is herc reported. The main conccrn wilh lhe disco hall 
studied was its very tall, multiplane with cylindrical top glass roof. The roof intersccts thc main build
ing, which is octogonal, with three cylindrical cavities aside. This is very difficult to numerically sim
ulate, especially for transient rcsponse. The I :20 model buih, with patches of absorbing material to 
correct for absoption of surfaces was used mainly for impulsive response dctcrmination. Virtual rcal
ity sound files, of voice and music were successfuly synthcsised by convolution, hclping, together with 
lhe time frequency represcntations, to devclop the acouslic trcatment, which virtually eliminated thc 
observed echoes and room rnodes, without "drying oul" lhe room rcsponsc. 
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Keywords: Room Acoustics, Reduced models, Signal Processing, EJ.perimental teclzniques, Time
Frequency Representation. Acústica de Salas, Modelos Reduzidos, Processamento de Sinais, Técnicas 
Experimentais, Representação Tempo-Freqiiência. 

COB1384 UNCERTAINTY AND COMPATIBILITY ANALYSIS OF ACOUSTIC 
POWER DETERMINA TION BY INTENSITY AND PRESSURE MEA
SUREMENT TECHNIQUES 

A. Massacesi, N. Paone, G. L. Rossi, E. P. Tomasini 
ELICA SpA, Stab. E Caso/i, Contrada Serra/ta, 49/A, 60049 Serra San Qui rico, (AN), te/ 0732 6!0637.jiv.· 0732 610639 
Università di Ancona, Dipartimento di Meu:wlica. Via /Jrecce /Jiancile, 60131 Ancona, te/ 071 2204487, fax 
071 2204418 

European Machincry Dircctive statcs that ali machinc producers must declare the noise levei , 
in terms of acoustic power and/or acoustic prcssu rc in a significant point, cmitted by each kind of 
machine on the markct. Recently a new standard to perform sound powcr measurcments by intensity 
methods has bccn introduced. ln this work results of sound power obtained by intcnsity techniques and 
traditional prcssure measuremcnts inside rcverbcrating room are compared. Mcasurements have been 
pcrformed according to two international standards: the first based on acoustical intensity mapping 
around the source (IS0-9614-1 ); the sccond based on averaged pressure mcasurements inside a rever
berating room (ISO 3741 ). Tests has bccn pcrformed in two laboratories. The noise source analysed 
is a range hood . Repeated measurements on different models of range hood by both techniques 
allowed to obtain an estimate of uncertainty and to perform a compatibility analysis. Also advantages 
and disadvantages of both techniques for the particular noise source tested are highlighted. 

Keywords: Acoustic illlensity, .wwul power measrtrements, wzcertainty. 

COB1396 PISTONFONE PARA CALIBRAÇÃO DE HIDROFONES EM BAIXAS 
FREQÜÊNCIAS I PISTONPHONE FOR CAL/BRATING HYDROPHONES 
AT LOW FREQUENCIES 

Fernando L. de Magalhães, Manuel Marteleto & Orlando J. Ribeiro Afonso 
lnslituto de Pesquisas da Marinha- GruJHI de Sonar- Rua ltlint n"2, 11/w do Govemador. Rio de Janeiro, Brasil, 
CEP 21931-090 
E-nwil: femlliR @Jw!uJX.l'IJIII 

This paper describes the main acoustic parameters rclated to the development of a non con
ventional pistonphone for calibrating hydrophones at low frequenci es. While in the usual models the 
internal acoustic ficld is analytically calculated from the displacement measurements of a stiff piston 
source, in the mode l herc proposcd thc calibration curves are obtained by using a standard hydrophone 
in a comparison calibration proccss and adopting a comercialloudspcaker as the excitation source. The 
system is designed for productio n, testing and fie ld use in the largest possible frequency ranges from 
I O Hz to I KHz. The hydrophones are placed in a watcr-air chambcr with dimensions established from 
the application of theorical modcl s to define thc dynamical behaviour of thc acou stic mcans. The ini
tial rcsults obtained from a prototypc of the pistonphone are presented. 

Keywords: Acústica - Trans dutores- Hídro(one - Calíb.raçâo- PisiOl(/rme I Acoustics- Transducers 
- Hydroplwne - Calibration - Pistonphone. 
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TEMA 54 ~ Propagação de Ondas 

COIH91 WAVE PROPAGATION 'IN DAMAGEABLE ELASTO-VISCOPLAS
TIC BARS 

Fclipe Bastos de Freitas Rachid & Saulo Guim:n·ãcs Machado 
Departwueu/!1 de Eugeulwria /vlen1uiw - Uui1•ersidude Fedem/ Fluminense - Nua /'asso da l'útriu . !56 - Süo 
Domingos - NiteriÍi /lU - Cep. 24.210-UO 

This paper presems a theoretieal investigatio11, hased 011 11umerical simulatio11s, of the wavc 
propagation phe11ome11on i11 damageable elasto-viscoplastic o11c-dime11sio11al medium. The degradatio11 
of the medi um i11duccd by inclastic dcformatio11s is dcscribed hy a local co11lÍI1UUlll damagc modcl in a 
context of internal variable thcory. To solve lhe hypcrbolic govern i11g equatio11s , lhe Glimm' s schcme 
alo11g with a spli tting technique werc used. Numerical simula tio11s with a11d without damagc are com
parcd so that lhe i11fluc11cc of lhe damage 011 the wavc propagati o11 phe11omenon is highlighted. 

Kcywords: Wm•e Propagation; ContÚIIIIIIIl Dan111ge Mechanics; 1:'/a.\·to-l'iscop/asticity; Glimm 's 
Scheme. 

COB1194 FLUXO DE POTÊNCIA ENTRE VIGAS UNIDAS EM L EXCITADAS 
POR FORÇAS TRANSVERSAIS I POWEN FLOW /3ETWEEN L JOINED 
BEAMS EXCITED BY TRANSVERSE FORCES 

Fábio Fiates & Arcanjo Lenzi 
LohorattÍrio de Vihmçiies e i\cústica (L \I;\) Depll> de húgl'llilllrio Mecânica. UFSC. i 'f' . .J76- CEI' 88040-900-
te/. O.J8 23.J 0689 
./itr O.JS-234 151 9- F!oriwuípo!is- SC. enwi!: .fil/iates@mhoxl.u{l·c.hr orcanjo @en!C.I({I'I·.br 

Ernani. Luis. Szt:m,jhok 
CENI'ES · I'ETROIJRÍ.S · 11/w do Fun<ilio, Rio de Jau eim. lU. emai/: l'l'lllllli@cenf"'·''.fl<'ll'lllims.com.hr 

Bcams joined in L are analyzcd by lhe mobility approach. An initial analysis was carried out to 
determine what waves and coupling types are responsihlc for the transiC r of most of the input energy to 
the coupled heam. For out-of-pla11c point cxcitations, torsional waves were observcd to play na impor
tant role in powcr tlow hetwccn heams hy thc !lcxu ral-mrsional waves coupli ng. Bending wavcs mod
cled by Timoshenko's theory leads to greater !low of power when comp;1rcd to Euler's theory. This is 
attrihuted to the larger modal density, and angular and transversal displacements provided by the shear 
and inertia eiTccts takcn into ;1ccount by Timoshenko's theory. 

Keywords: Fluxo de Potência, Vigas Acopladm, Acojilomento F/exlío -Torslío, Método da 
Mobilidade I Pmver Flmv, Coup/ed /Jewns, Flexum/-Torsionol Coup/ing, Mobility Approac!t. 
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TEMA 55 - Sistemas Dinâmicos e Modelagem 

COB419 DYNAMICALL Y COMPENSATED CAMS 

Luiz Augusto Martin Gonçalves'\ Pascal Dcgczcllc & .loris de Schuttcr 
Division o( l'roduction Ütgineering. Muchille /Jesig11 llllil 1\utottwlion ( I'M!I). Def!llrllllelll o( Meclwllicai 

E11gi11eering. Katlwlieke Ullil ·crsiteit f.etll '<'ll. Ce!t•.Hijllellillllll JOOU. /J-3001 Le111·en. Uelgium-E-nwil: 

luiz.g!JIIcul\·es@tttech.kuleui'CII.<tc./Je 

ln a cam-followcr system thc dynamics of thc followcr-train mcchanism cause an actual 

motion which deviatcs from the desired one. This cllect can bc compensated by taking into account 

the inverse dynamic model of the follower-train in the design ol· the cam motion law. 13y consider

ing a constant cam vclocity. thc followcr-train has linear dynamics. However, due to the varying 
transmission ratio. and dueto other nonlinear ellects, the whole drive train is a nonlinear system. 

and nonlinear procedures should be used to fit a motion Jaw. A theorelical analysis wilh only lhe 
linear feedl"orward compensation. supponed by simul~llion results. has shown lhe polential of this 
approach, at least in the case of simple follower-train dynamics: a considerablc rcduction of thc 

motion crror. anda good robustness with rcspectto errors in lhe cstimatcd rcsonanec frcqucncy and 
damping ralio ol· lhe follower-train. Expcriments wilh a small driving servomotor, as cxpectcd, 
show diiTercnt rcsults. dueto thc notH.:onslant angular velocily. The observed cam angular vcloci

ty ripplc can bc takcn into account, in future expcriments, to dcsign a complete nonlincar fccdfor

ward motion law. 

Kcywords: Ca11ts, mlll vi!Jmtio11, 11111ed cm11s, dyllamicallv compe11sated catlls,feec(fimvard COIIIJieiiSation. 

COB639 MODELAGEM AUTOMÁTICA DE SISTEMAS DINÂMICOS VIA 
GRAFOS DE SISTEMAS E PROCEDIMENTO SISTEMÁTICO I 
AUTOMATIC MODELLING OF DYNAMIC SYSTEMS USING LINEAR 
GI?APH ANDA SYSTEMATIC PIWCEDUI?E FOI? STATE SPACE EQUA
TIONING 

João Rosco Gonçalves & Alberto Adadc Filho 
Di1·is<io de L;llgelllwriu Mec<ÍIIica-!lerolllÍIIlicu. lllslilll/0 Teclloltigico de !\eroi/(ÍIIIicu- /7";\ 

CE!' 12228-900 S<io José dos Campos SI'. /Jmsil - E-mail: <l<lw/e@mec. ila.clo.!Jr 

This paper discusses an approach to automaling mathcmatical modelling of lumped para
mctcrs dynamic syslems. ulilizing linear graphs as syslem reprcsentation. and a systematic proce
durc for obtaining lhe equations. h is prcscnted lhe main characteristics of the associatcd devcloped 

software (acronym MASD) for automalie state space modelling in symholic form. An application 
examplc, an hydraulic system. is prcscntcd in ordcr lo clarify , more specifically , some characteris

tics of MASD. A spccial molivation for this devclopmcnt is its application as an aid for tcaching in 

the dynamic systems arca. 

Kcywords: modelogem de sistenwshystenzmodelling, gr~(/(is de sistenws/linear graplzs, mwzipulaçlío 
simbôl icalsynzbol i c IIWII ipLtlot ion, JlrocedinzeiiiO sisletnftticolsysteltWI i c procedure. 
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COB 658 ANÁLISE DINÂMICA DE VIGAS ELASTO-PLÁSTICAS. UM MODE
LO ATRAVÉS DOS GRAFOS DE LIGAÇÃO I D YNAMIC ANAL/SYS OF 
ELASTIC-PLASTIC BEAMS. A BOND CRAPH APPROACH 

Fernando Ribeiro da Silva 
Instituto Militar de Engenharia 
E-Mail: d4(eniwi@epq.iJne.eb.br 

Mauro Speranza Neto 
Pontiflcia Unire1:1idade Callílim do l?io de Janeiro 
E-Mail: IIISJI@JJiec:.puc-rio.br 

ln this work wc show that using thc physical modcls wilh lumpcd paramctcrs rcprcsenting the 
basic structural clements, wc can obtain thc mathematical modcls of thc syslcm wherc thc effects of 
storage and di ssipation of encrgy must be considercd. Wc consider for the modcl the effects of thc 
dynamic plasticity for which lhe modeling proccss depcnds on the plaslici ty mechanisms. To validate 
the rcsu lts wc show the behavior of an Eu ler bcam. 

Keywords: VSrmclures, Boi/(/ Graphs, Dynmnic Plaslicity, Dynamic Simulation. 

COB664 TRANSFORMADORES CINEMÁTICOS. UMA REPRESENTAÇÃO 
ATRAVÉS DOS GRAFOS DE LIGAÇÃO I KINEMATIC TRANSFORM
ERS. A BOND CRAPH REPRESENTATION 

Mauro R. R. Melo, Mauro Speranza Neto & Clúdio Alberto Pastro Sarzeto 
Deparll/ lllen/11 de Ellf'CIIIlllria Men1nica e de Mllleriais - /ME. !'r. Gal. Tibúrcio. s.11" - !'roia Vermelha - CEI' 
22290-270 - l?io de Janei ro - R.!- /Jrusil. E-mail: d.J.wrzet@epq.ime.eb./Jr 
De11artalllellfo de Engenharia Mecânica - PUC- R.I. /?. Marquê., de Siio Vicente. 225 - Gúl·ea - CEI' 22453-900-
Rio de Janeiro- R.!- /Jru sil, lô-nwil: msn@mec. puc-rio.br 

ln thi s papcr is prcsentcd a proccdurc for modcling the kincmatic o f closed-loop mccha
nisms, known as Kinematic Transfonncr, by Bond Graph tcchniques. Thc main advantagc of 
Kincmatic Transformer approach is thc asscmbling of kinematical multi-loop systcm by means of 
mathcmatical coneclion of Kincmatics Transformcrs obtaincd to cach kincmatical single-loop. 
Bond Graph is a recent tcchniquc th at pcrmits lhe modeling of severa! physical systems through 
powcr flow cons iderati ons and, to mcchanical systcms, lhe dynamic modcl can bc obtained by kine
matic modcl. 

Keywords: Kinematic; Bofl(/ Graph; Kinematic Tran.,j(mner. 

COB877 SIMULATION OF HELICOPTER YAW MOTION AND BLADE 
ROTATIONAL SPEED DECREASE AFTER TAIL ROTOR SHAFT 
FAILURE 

Olyrnpio Achilles de Faria Mello 
Instituto de Aeronâutic11 e E1paro. Ce111ro Técnico Aeroespacial. 
12228-904 - Süo José dos Campos- SP. /Jrazil- e-mail: owuello @iconet.c:om.br 
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After a helicoptcr accidcnt with typical tail rotor loss characteristics, an alternatc possibility 
was suggested in that thc accident occurred duc to pilot's loss of pedal contrai after he suddenly 
increased thc collcctive pitch ncar the ground and delaycd applying pedais as needed. ln ordcr to 
investigare this hypothcsis, numerical llight dynamics simulations were performed. Simple models of 
the aircraft yaw dynamies and ta ii rotor aerodynamics wcrc used. For tail rotor aerodynamics, momen
tum and blade element theories, supplcmented by empírica! formulae for vortex ring and turbulent 
wake states, wcre used. For ta ii rotor loss simulations, thc bladc rotational equation of motion was also 
established. Ali equations of motion werc time-integratcd using a fourth-order Runge-Kutta scheme. 
Simulation results indicated that pedal contrai would still be availablc even with a three second pilot 
delay in applying the pedais, thereforc the hypothcsis of loss of pedal control was discarded and the 
hypothesis of loss of tail rotor was rnaintained. 

Keywords: He/icopter, Simulation, Accident, Tail Rotor. 

COB957 DYNAMIC MODEL FOR CVD PROCESS CONTROL 

Manoel L. M. de Carvalho .Jr. & Mcacm 
Reusselaerl'olyteclmic /nstitute./10 Eiglllh St .. Troy. NY 12180. USII. E-111ail: r:tiiTUIIJ2 @1pi.edu 

B. Wayne Hequcttc & Chc 
bequeb@lpi.edu 

Howard Kaufman & Ecsc 
kuujiuh@rpi.edu 

This papcr presents thc dcvelopment of a lumpcd parameter dynamic rnodel of a chemical 
vapor deposition (CVD) reactor for dcposition of CdTc film on a GaAs substrate. The rnodcl contains 
the basic elernents of the dynnmics of the CVD processes, viz., tmnsport delay, diffusion rcsistance 
and reaction kinetics. opcn-loop bchavior of the reactor is invcstigatcd and simulation results are com
pared to experimental data to validatc thc rnodel. 

Keywords: chemical vapor depositirm, CdTe, control, dynamic. model. 

COB963 CONJUNÇÃO DE UM CRITÉRIO UTILIZANDO O TEOREMA DE 
NYQUIST PARA SIMULAÇÃO DINÂMICA DE SISTEMAS MECÂNI
COS I THE CRITER/ON CONJUNCT/ON UTILISING THE NYQUIST THEO
REM FOR THE DYNAMICS SIMULATION OF THE MECHANICAL SYSTEMS 

Natanael Victor de Oliveira 
Departwneuto de /:'ugenlwria Menluica. Centro de Ciência e Tenwlogiu. UFI'IJ. 
CEP 58/09-970 Cm11jli1111 Cmude. /Jmsi/- E- mail:jomaljc@cc:t.ufjw.!Jr 

This paper examines a criterion for simulation of thc mechanical systems making use of the 
Nyquisl Theorem for thc cllicienl sample of lhe displacements signals in lhe frequency domain. Thc 
erros and/or desviation of thc displacemcnts signals, utilizing a cxcitation signal (force), is obtained to 
part a synthcsis of low - peak factor pcriodic signals are investigatcd. An exact solution - steady state 
utilizing this excitntion signal, is thcn simulated. A conjunction of the search criterion using the 
Nyquisl Theorem for making use of efficient samples or'thc displacerncnts signals in the frequency 

171 



AI3STI~i\CT TSS 
----------- ------·--·--- ---- -·-·-------· 

domain that measurements is examinate(J. The eiTicienL solution obtaincd to part of thc cxact solution 
utili zing this criterion is 1hen comparcd wilh onc obtaincd or the numcrical solution considcring a gcn
crali;.ed acelcration or lhe Ncwm:~rk metlmd. Shows that utilizing lhis sc:~rch or critcrion, thc 
Ncwmark methods is very eiTicienl ir compared with another ones rrum lhe literature. 

Kcywords: Si/1/ulillion, Ornwnic, Criterion, Nvquist Theore/11, ConfunclioJI - Si11Ju/aí.iío, Oinâ111ica, 
Critério, Teore/1/a de Nyquist, Confunçtlo. 

COB964 A V ALIAÇÃO DE MÉTODOS DE INTEGRAÇÃO NUMÉRICA APLI
CADA A IDENTIFICAÇÃO DE PERTURBAÇÔES EXTERNAS I 
NUMEI?ICAL VALUATION INTEGI?ATION METHODS APPLIED TO A 
EXTEI?NAL PERTUIWATIONS IDENTIFICATION 

Valdcmir Mariano 
OeJJIIrJI/1111'11/0 de f:'ugelllwrill Mccúuim. Ct•JI/ro de Ciéucius <' 'J'<'tm>logill - U J-'1'/J I l cTFI'r - UN/J) l'eStJIICim 

Natanacl Victor de Oliveira 
0l'J)(Irtllllll'll/ll de Lúgcnlwriu Mení11in1. Ce111m de Cihll'ius c 'J(•nwlog i<l - U /-'1'11 
CEI' 58109-970 - CuiiiJiillll Gmudc. 1/msil· ~;·- lllllil:jomu/jcC'hcl.ll[jJ/J.!n· 

ln this work lhe aecuracy or numerical intcgration methods such as: Central DiiTercnce 
method. Houholt mcthod, Wilson q and Newmark mcthods have hecn investigatcd. These methods 
wcrc applied on a process or externa! perturbations (force) identifieation in dynamic systems using 
lcast square cstimation mcthod. The rcsults ohtaincd rrom lhe applieation or each melhod werc com
p:~rcd with the rcsults ohtaincd hy usi ng Lhe numcrical imegration Runge-Kutta mcthod or 4th ordcr. 
ln this study. a MDOF system of two dcgree-or- frecdom. which consists or an axis-plain cylindrical 
journal bcaring systcm. was :1pplicd. From the results it can he conclucd th:1t the Ncwmark mcthod has 
an accuracy closcr to the Runge-Kutt a mcthod Lhan thc othcr mellmds investigated. 

Keywords: 11 l'tdiaç!lo Nu/1/érica, fntegmçtlo, ldentificaçtlo, Forra. - Nu/1/crica/ Valuation , 
lntegmtion, ldentificution, Forcl'. 

COB984 OTJMIZAÇÃO DO CONSUMO DE COMBUSTÍVEL DE UM PROCES
SO DE DESIDRATAÇÃO UTILIZANDO SECADOR TJPO TÚNEl, 
CONCORRENTE I OPT!MIZATION OF FUEL CONSUMPTION OF 
DEHYDI?ATION PIWCESS BY CONCURRENT TUNNEL DRYER 

Viq~ínia Mm·ia da Silva Santos & Ricardo Luiz Utsch de Freitas Pinto 
Unil'ersit!at!t• Fedem/ de Minlls (;emis. /)I'J"Irl!lll/1'11/o de l:'llgellllllrill Mení11icll - Ui"M(; 

t\ \'. AnltÍllio C:t1r/os. 6627 - CuiiiJIIIS d,l l'tiiiiJIII/1/ll - I !elo 1/ori~tlllll'- Miulls (;allis- /Jrusi/ 

CU': 31270-l}{J/- Jc'/1/ni/: u/sciJis.>l\·esJ)('t. ll/illg./Jr 

V alues for inlet air temperature and truck specd in a concurrcnl tunnel drye r are obtained in 
order to minimize rue! COilSlllllplion per weight or dehydratcd frui!. Thc mathematical model is 
composcd hy IHln-lincar ordiiwry diiTerenli <Ii cquations numeric ;lll y iiHcgr<IIed by an ad;Iptivc 
mcthocl. Thc quality of dehydratcd fruit is guarantced by an equality constraint inthe finalmoisturc 
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contem and by an incquality constraint in thc maximum temperature of the procluct throughout the 
proccss. 

Kcywords: Orrers . .fiu: l coi/SIIIIIflliolllllillilllic.ulioll, pmcess OJIIÍIIIÍ7.utio1I I Secadores. 11/ÍIIillli::.açc/o do 

consw11o de co!ulm.l·tíl'd oti111i::.u(.iío de Jlrocessos. 

COB9S7 AÇÃO DA DINÂMICA DE UMA PESSOA NUM BALANÇO/SIMULA
TION OF THE DYNAMIC OF A SWINGER 

Hugo Mário Tavares .Júnior 
D eJJllr/lllll t'l/111 t!e Físico. /nstitll/0 de Ciéncios lc'.wtos-UII 

!11•. Gen. lú11irigo Oc!IÍI'io .lortf,/o N11111os. 3000 . .I<IJ>ÍÍIII -MII II/1/IS -!IM-CU ' {J<J.077-000 - <'·lll<lil : illlgojr@fiw./Jr 

The pumping of a playground swing from thc scatcd position is modelccl as a systcm or 
particlcs . Thc model consists of four masscs attached to each others in a particular fashion . One 
of these masscs rcp rcscnt s th e lcgs of the sw ingcr; thc othcrs, their bod y. Thc methods of Maggi 
Kane anel Lagrange are employcd to gel the cquations of motion. Based on analysis o r the Magg i
Kanc's equations it is concludcd that the mechanism i s dri ven by two tenn s: gyroseopic coupling 
and gcncralizcd externa! torqucs. Numcrical rcsults are prescntcd to simulatc lhe movement whcn 
thc motion is startcd up by thc oscillation or thc lcgs. 

Kcywords: Maggi-Ka11e's cquatirms, Logmuge's equatio11s, oscillatirm, gyroscopic coupli11g, opem

tor splil I Eqlf{tç·ties de Maggi-K1111e, l'lflltl('tJes de Lagro11ge, oscilaçtlo, acojJ/muel/to gimscôpico, 

decotl/f!Osiçiio de OfJCradorcs. 

COB1343 TRANSFERÊNCIAS ORBITAIS IH-IMPULSIVAS COM LIMITE DE 
TEMPO I IJI-IMPULSIVE ORBITAL THANSFERS WITH TIME L!MIT 

Evandro M. Rocco, Antonio F. B. /\. Prado & Marcdo L. O. c Souza 
lnslitu/o Nll<:ionol t!e l 'e.l'lfiiÍSll.l' lc .. IJJIICÍIIÍ.I' - INI'Io' 

Cll i.rol 'ostll/515. CU ' 12201 -<i70- Selo José tios Cw11pos. SI'. llmsil 

f:'-lllitil: e\wlifro (ú ,feiii. Í11J I<'. I)I'; JHm/o([•ltfeiii.ÍIIJ>e. /;r: 111/lrc·efo0\leiii.ÍIIJII'./Jr 

ln thi s work wc considcr thc prohlem or two-impulsc orbital transfcr betwcen coplanar ellip
ti cal orhit s with minimum fuel consumption but with a time limit for thi s transfcr. Thi s time limit 
imposcs a ncw ch:1ractcristic to the problem that rulcs out thc majorit y ol· transfcr mcthods. Thcn. wc 
used thc cquations presenteei hy D. P. Lawdcn, modificd and solvcd those cquations to dcvclop a soft
ware for orbital mancuvcrs. This so ftware w ill bc uscd lil thc ncxt mi ssions dcvclopcd by INPE. The 
original method dcvcl opcd hy Lawdcn considers onl y thc case whcre thc initial and final points ol· 
mancuver are known. The sortware dcvelopcd hcrc cxtcnds this mcthod to tl1c case whcrc only onc 
point is known and to the case whcrc the two points are frcc. The four poss ihlc cases werc tes tcd with 

succcss. 

Keywords: !lstmdvlltllllics. Orbital 'f'mn sfá. OJ!IÍI!IItf Co11tml. 1\stmdin/illlica, Trwl.yfát ncia 

Orbit(l /, Colltmlc (Jtinw. 
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COB1344 MANOBRAS COM DOIS .E TRÊS IMPULSOS PARA SATÉLITES 
ARTIFICIAIS I MANEUVERS WITH TWO AND THREE IMPULSES FOR 
ARTIFICIAL SATELLITES. 

Gislaine de Felipe & Antonio F. Bertachini A. Prado 
Depar/clmenro de Mecânica de Orbiwl e Conrrole , lnsriruro Nacional de Pesquisas E.~1wciais- INPE 
CEPI2.201-970 Süo José dos Campos, Brmil- E-mail: Pmdo@dem.inpe.br. Xlain e@ provale.c:onl.br 

This paper dcals with orbital transfcr maneuvers. lt studics the problcm of trans ferring a space
craft from an inilial to a coplanar final orbit. The control availablc to perform this task is a sequence of 
two or three impulses. The main goal is to study what is lhe bcst approach for a large set of initial and 
tina) orbits. Two methods available in lhe litcraturc (onc for a two-impulsc a11d one for a three-impulse 
maneuver) are selected and used for comparison. Thc rcsults show thc fuel co11sumption for each case 
and produces a map of the rcgions of oplimality for both cases. 

Keywords: Astrodynamics, Orbital Tran4'er, lmpulsive Man eu11ers I Astrodinâmica, Tramferência 
Orbital, Mwwbms lmpulsil'as. 

COB1345 EFFECT OF VISIBILITY CONSTRAJNTS lN ARTIFICIAL SATEL
LITES MANEUVERS I EFEITO DE VÍNCULOS DE VISIBILIDADE EM 
MANOBRAS DE SATÉLITES ARTIFICIAIS 

Walkíria Schulz, Antônio Fernando Bertachini de Almeida l'rado & Hélio Koiti Kuga 
lnsriruro Nacional de Pesquisas Espaciais- INI'E- Caixa Poswl515- CEI' 12201-970 
Süo José dos Campos, Brasil- E-mail: IValkiria@dem.inpe.br, prado @dem.in11e.br. hkk@dem.inpe.br 

ln this work . thc ctlcct of visibility constraints duc to thc use of o nly one ground station con
trol of a spacecraft during a bi-impulsivc tra11sfer hctwcen lwo givc11 non coplanar e lliptical orbits is 
analyzed from thc poi11t of vicw of fuel co11sumplion. This kind of co11straint rcquires special orbital 
placcs to apply impulsivc maneuvers, whcre the grou11d station is able to track the satellitc. The incre
me l1t of the fuel consumption imposed by this ki11d of constrai11t is evaluatcd by subdi viding of thc 
true anomalics' intervals at thc initial a11d final orbits. This rescarch takcs part 011 thc orbital maneu
vers program for thc China-Brazil Eartlz Resources Satellite (CBERS) and should be cxtcnded for any 
kind of bi-impulsivc orbital tra11sfcr. 

Keywords: Astrodynamics, artificial satelliles, numerical method, orbitalmaneuver I Astrodinâmica, 
satélites artificiais, método numérico, manobra orbiwl. 

COB1346 DETERMINAÇÃO DE ÓRBITA EM TEMPO REAL ATRAVÉS DO 
GPS UTILIZANDO O FILTRO DE KALMAN I REAL TIME ORBIT 
DETERMINATION WITH GPS USING KALMAN FILTER 

Ana Paula M. Chiaradia, Rodolpho V. de Moraes, Sandro da S. Fernandes & Hélio K. Kuga 
lnsfifllfo Nacional de Pesquisas Espaciais - lN I' E- Av. dos Asfrollllllfas.l75R. Stio José dos Ca1111Ws 
CEP 12227-01 0. SI'. Brasil.- E-mail: c:lliam @dem.inpe.br 

ln this papcr, wc di scuss a method of prcliminary orbit detcrminatio11 in real time for an mtifi
ci al satellitc with a GPS receiver 011 board. Classical clements are considcred as statc variablcs a11d a sim-
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pie dynamic model, based in the classic two-body problem, is used. The observations are formed by 
range and range-rate measurements with respect to four visible GPS satellites. An extended Kalman fil
ter is used as the est imation technique. The data are simul ated through numerical propagation (Cowellís 
method), which considers special perturbations for the GPS satellite constellation and an user satellite. 

Keywords: GPS system, Kalman.fil!er, orbit determinatioll I Sistema GPS, .filtro de Kalma!l, deter
minação de órbita. 

COB1347 UTILIZAÇÃO DA SOLUÇÃO DE NAVEGAÇÃO DO GPS PARA 
DETERMINAÇÃO DE ÓRBITA DE SATÉLITES A BAIXA ALTITUDE 
I UTILIZATION OF THE NAV!GATION SOLUTION FROM THE GPS TO 
DETERMINE THE ORBIT OF A SATELLITE lN A LOW ORBIT 

Jorge Martins do Nascimento, Helio K. Kuga & Antonio F. Uertachini A. Prado 
Depro Men111ico Espociol e Crm lrole. lll slilu/o Noc:iollol de l'esqui.ws Espociois - /Nl'E 
A v. dos Aslrollouws 1758. CEI' 12227-010. Süo José rios Compos. Brasil- E-moi /: HKK @DEM./NPE.BR. 
PRADO @DEM.INPE.BR 

ln this work lhe orbit detcnnination problcm of an Earth artifici al satellite is analyzed. This prob
lcm is solved using the GPS (Global Posilioning Syslcm). lt's assumed that lhe target salellitc will carry 
a GPS rcceivcr. To perform lhis mi ssion, o ne needs to pcrform the following steps : i) To simulare the 
motion o f lhe GPS and lhe targct satelliles; ii) To calculale a i Ilhe distances between the GPS sate llites 
and lhe target satellite ; iii ) To determine which GPS satellites are visible; iv) To corrupt those data by 
adding a random crror; v) To dcvclop a software that is ahle to get a navigation solution on each point 
of the orbit, vi ) To dcvelop a new software to get the target satcllite state vector (position and velocity) 
from the navig<Jtion solution. This work was motivated hy INPE 's plans of perfonning this kind of mis
sion in a near future. lt must bc c mphasizcd that thc goal of this work is not to provide the system max
imum accuracy. hut a sufTicicnt accuracy to track and control the satellitc ata low cost. 

Keywords: GPS, Astrodynwnics, Orbit Determi11atioll I GPS. Astrodinâmica, Detenninação de Órbita. 

COB 1352 CHAOS lN SPACECRAFT ATTITUDE MOTION lN EARTH MAG
NETIC FIELD 

V.V. lleletsky 
Keldyslt i\pp/ied Mll!hemolics lnslilule. Miusskoyo .J. Moscmv. Russio 

E-nwil: bele!Jky @spJI.ke/dysli.ru 

M.L. Pivovarov 
Spoce Researclllnstirute. 117810. !'ro{soyumoyo 8.//32. Moscmv. l?ussio 

E-moi/: nrpivomr@vml .iki.rssi.nr 

R.V.F. Lopes 
N({/ionallnstilu!e.fiJr Space l?esea rr:h - INI'E. 12.227·010- SI do.< Campos- SI' -!Jmz.i / 
E-mail: rvfl@denr.inpe.br 

The papcr dcals with spacccrart altitude motion on po lar, circular, Keplcrian orbit. It is supposed 
that the spacecrart is equi pped by pcnnanent magnct. Thc model o f Earth magnctic field is the dipolc 
aligned with thc Ea1ih rotation axis. Thc spacccraft rotation is considered under the action of thc mag-
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netic torque only. The rnodel is naive • .hut it includes the main etlcct which is importam for mng:netical
ly stnbilized spacecraft desig:n and altitude dynúmics analysis. Thc motion obcys asecond-order, nonlin
ear, nonautonoumus cquation which depcnds ·on one paramctcr only, namely thc rnag:netic momcnt of 
the spacccrart. The g:oal ofthe pape r is lhe in'vestig:ation of global phase picture of thc problcm for a wide 
interval of mag:nctic parameter using thi.: numerical implementation of Poincare point map method. ln 
course of lhe analysis. ncw periodic solutions are found , the evolution of the phase picture anel bifurca
tions of pcrioelic solutions dependcnl on lhe magnetic parameter are studied, the v alues or the magnetic 
pararncler which are elang:erous" rrom stanelpoint of spacccrart stabilization are discusscel. 

Kcywords: Allitude nwtil111 , periodic solllliolls, cluws. 

COB1353 SYMBOLIC MOOELING ANO OYNAMIC SIMULATION OF ROBO
TIC MANIPULATORS WITH FLEXIBLE LINKS 

Sergio Addani David & João Mamído RosiÍrio 
DeJillrflllll<'nlo de l'rojero M eu/nico. Focu!dude de /c'ngenllllriu M eolnio1 - UN/C:;\MI'. CLP - 13083 - 970 -
Cmllflilws- S. I'. - llmsil 

The need for fast and precise robots in the industrial environment. capable of atteneling thc 
procluctivity and quality dcmands anel that allow a high volume of work. neecls the usage of manipu
lators with flexible links. 13csieles this, aeronautic applications elemand the usage o r long anel thin arms, 
which leads to remarkable structural chang:es. Therefore, the elevelopment of manipulators with struc
tural flexibility anel ils automatic control has beco me <111 important research arca. The main goal of this 
work is to modcl the dynamic behavior or lkxible manipulators. lt is also prcscnted a cornparative 
study wilh rigiel robots. lt is possible to use the moclel for computer simulations lo aid the elcvclop
ment of eiTicient control. 

Kcywords: Robotics. Si111ulotioll, Industrio/ !?o/)(}/. Flc.rihle l?o/1111 I Rohtitico, Si11111ioçiio. Rob/is 
Industriais. NohiJs Flexíve is. 

COB139S ROTORDYNAMICS ANO DIAGNOSTICS OF ROTORS 

Nicol(l Bachschmid, Andrca Curami, Andrca Vania, Riccardo Dcllutli 
IJiJIIlrlinlelllo di Mecmnica. l 'olirecn im di Mil(//w. l '.z:a 1 .. da Vinci. 32. 20133 Mi/ano. lraly 
1'/wne: ++39-2-2399-1718. ++39-2-2399-1831. Fax: ++39-2-70ó3S377 
!O-mail: had!scluu @i!tli.lll l'l'<'. fW/imi .ir. dl'ililt'i(o) /ifil.llll'C< .. f"'limi.ir 

A survcy of lhe most updated tcchniques for moelell ing rotor systems composcd by rotors. bear
ings anel supporting structures, is presenteei. Some bcnchmmking tcst results of severa! diiTer-elll coclcs 
for rotordynamics calculations and oil l.ilm hearing coctlicients cvaluation are shnwn. Mcthods for 
incrcasing rcliability anel accuracy in rotorelyn:11nic calculations are proposcd. bccause a highcr accura
cy is nceclcd for moelel bascd eliagnostic proccdurcs. foinally also a unificel approach for fault moelelling 
is prcsented. which is particularly suitablc for faull ielcntification proccelurcs uscd in model baseei eliag
nostics of rotor systems. 

Kcywords: Notordvnmnics, Modei!Jasetl Diogrwstics. Rowr. /Jearing, Fountlotion. 

176 



ANAIS DO COI!EM97 T61 
---- - -· - --------- - - - -

COB91 

TEMA 61 - ANÁLISE MODAL E AJUSTE DE MODELOS 

ANÁLISE TEÓRICA DO USO DE JANELA EXPONENCIAL NA 
AQUISIÇÃO DE DADOS EM TESTE DE IMPACTO/ THEORETICAL 
ANALYSIS OF EXPONENTIAL WINDOWING lN IMPACT TEST 

Newton S. Socirot, Gustavo D. P. Silva2 & Samir N.Y. Gcr~cs2 
I Depttrtumenro de /o'ng enlwriu M ecúnicu . UFI'A - /Jelém. CEI' 66075-900 l'urlÍ. /Jmsi/ - E-mail: 
soeim@mbox l .t1{.'vcbr 

2 Depur/tlllll'll/o de l ollgenlwria Me('(Ífliut. UFSC- FlorilllllÍJWiis. (.'/,'/' 880</0-900 Sal/la Cu rurina. flrasi/ 
li-ma il: gllsltl\ '1!@111/}()x/.llf.\·chr ,. gerges@llllw.rf. ll/.~c.hr 

lmpacl cxcitation is one of the most common mcthods for experimental modal analysis. lt is vcr
satilc, mobile and produces reliahle results. ln the other hand, when a slrueture is lightly dampcd the 
response lo the hammer impact may be sulliciently long that it is impracticallo capture lhe enlire signal. 
To suppress lhe lruncalion of responsc signal a common practicc is to anil'icially force it to decay with
in thc duta capture window by multiplying it by an cxponcntial funclion. Howcver, lhe aplication of lhe 
exponential window must he considerecl carcl'ully since il may adversely aiTcct lhe estimated spectra. 
Thc purposc of this paper is to examine lhe cl'ects of the cxponential window over the modal parametcrs 
and cstimated spectra from the experimental modal analysis dcvcloped by impulse cxcilation technical. 
Thus, lhe charactcristics of impacltcsl proccdure are cxamined wi lh analitic~ll functions devclopcd for 
an idcalizcd tcst and to examine the inl'luencc of the exponential window o ver the elosely spaeed modes. 

Kcywonls: Análise M01/u/, l:'.rcituçào JWI' lnttHtcto, .lwrela 1~. \jlOil enciu/, Modal Anulysis, l111pact 
Erciwtion, 1:\ponenria/ windo 11•ing 

COB203 COMPARAÇÃO ENTRE RESULTADOS NUMÉRICOS E EXPERI
MENTAIS DA ANÁLISE MODAL DE CONES DE ALTO-FALANTES I 
COMPAHISON BETWEEN NUMERICAL AND EXPERIMENTAL RESULTS 
FIWM MODAL ANALYSIS OF LOUDSPEAKER CONES 

André L. Goldstcin & Samir N. Y. (;crgcs 
l .abomtrírio de Vilmtçries l ' Anístil'll. /)t•pto.tle l :'ngen lwria Ml'l'tÍIIÍI'II · U I·'SC -C!': </7ó.C/:'f' 880</0-900 
Fftii'Íliii!Íf'tJ/is. se. /Jmsi /-f o'-111//i/: 1111/lrc0>g\'l/.11f.\·c·./Jr. gerges([l)f/f/){J.\'/.t(f.\·c./Jr 

Numerica l techniques are a powcr!'ultool !'or prcdieting lhe hchavior of structurcs that can' t bc 
111odeled in a closed analytical form. Howcver. if the eomputational modcl is to be used wilh confi
denec, it mu st be validated by comparison, for example, with experimental measuremcnts. This papcr 
presents the nwdeling of the vihrational behavior ol' a loudspeakcr cone w ith modal analysis by lhe 
finite elemenl method (FEM) and the eomparison with results of experimental modal analysis. The 
experimental rcsults show the existence or non-axisymmelrie modes thal can'l be calculated by lhe 
ideal axissymmetric loudspeaker model ~111d th:ll are well predictcd by the tridimension al FEM model. 
The exislcnce of eomplcx mode shapcs in the experimental tests, lhal implies in non-proporlional 
damping,. suggests thc limitation of the proportional damping moclcl used by the FEM . 

Kcywords: A lto~fúlont es. Método de 1:'/ementos Finiws. !lnâ'lise Modal h:rf}{!rimentol Loudspr;akers. 
Fioite /Demetll Merhod. lo'.rperilllentol Modal !l nalysis 
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COB413 PROBLEMAS EXPERIMENTAIS PARA A ANÁLISE MODAL EM 
PLACAS DE MATERIAL COMPOSTO 

Alessandro B. de S. Oliveira & Fernando .J. R. Neves 
Departamento de Engenharia Mecânica, Faculdade de Tecnologia- Un/3, 
CEP 70910-900 IJrasília- IJrasil- E-mail: .fémwu/o@orion.eJun.unb.br 

This work is centered on the experimental problems related to modal testing of composite 
material plates. The results presented show the effccts of non unifonnity of properties of lhe plate 
along its surfacc. A carbon fibcr sandwich platc with aluminium honeycomb core was used in the tcsts. 

Keywords: Análise Modal, Materiais Compostos, Elementos Finitos, Caracterizaçi'ío Dinâmica, 
Resposta em Frequência. 

COB445 IDENTIFICAÇÃO DE PARÂMETROS MODAIS DE UMA VIGA NO 
DOMÍNIO DO TEMPO: TÉCNICA EXPERIMENTAL/ MODAL PARA
METERS IDENTIFICATION lN A CANTILEVER BEAM lN TIME DOMAIN: 
EXPERIMENTAL TECHN!QUE 

Luiza Yoko Taneguti & Mario Francisco Mucheroni 
Departamento de Engenharia Menínica, t:.l'<:o/a de Engenlwria de Silo Carlos- USP- Silo Carlos 
CEP 13560-250 Silo Ou·! os. SI' Brasil- E-nwil: taneguti@sc.usp.br 

ln the last decade sevcralmethods intime domain have been developcd to identify modal para
metcrs of a mechanical structure. Usually thcse methods rcquire data from lhe impulse response func
tion or free decay responses. ln this paper the lbrahim Time Domain Method- ITD was used to obtain 
a unique set of modal para meter of natural frcquencies. damping factors and mode shapes from a set 
of free vibration measurements in a single analysis. The applicability of this method was verified by 
one experiment using a cantilever beam. A technique for acquisition of thc rcsponses at measurcment 
points was used for minimization of the amount of instrumentation rcquircd. 

Keywords: ldentificaçi'ío, parâmetros modais, domínio do tempo, método ITD, viga engastada I iden
tification, modal parameters, time domain, ITD method. 

COB452 INVESTIGATION ON THE USE OF THE WAVELET TRANSFORM 
lN THE SOLUTION OF THE MODEL UPDATING PROBLEM 

Mauro .J. Atalla, Ph.D. 
State University o( Campinas, FEM- Depart11tent of'Meclumical Design, 15083-970 Campinas. SP Brazil, E-mail: 
mjatal/a@vr.edu 

Existing model updating tcchniqucs, based on modal data or frcquency responses use data 
experimentally obtaincd to updatc thc modcl of thc structure with thc implicit assumption that the 
experimental data is corrcct. Howcvcr, noisc prescnt in lhe experimental data is known to cffect the 
computation of the updated parameters. ln particular, lhe Fourier transform uscd to compute the fre-
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quency response funclions avcrages the noise over thc duration of lhe signal, smearing its effect over 
the frequency axis. An alternative lo lhe Fourier transform is the wavelettransform, whieh has been 
successfully used in the electrical engineering and compu ter science fields to filter noise and compress 
data. This papcr investigares the use of lhe wavelct transform in thc solution of the model updating 
problem, and prescnts a formulalion analogous to the Fourier-based formulation. Numerical results 
show the feasibility of this approach in updating modcls based on noisy measurements. 

Keywords: Modelupdating, Wavelet tran.vform, Ajuste de modelos, Transformada wavelet 

179 



AI3STRACT T62 

COB80 

TEMA 62 - Mecanismos 

SIMULAÇÃO DE FLUTUAÇÃO DE VÁLVULA EM MOTORES DE 
COMBUSTÃO INTERNA I VALVE FLOTAT/ON SIMULAT/ON lN INTER
NAL COMBUSTION ENGINES 

Rafael Antônio Comparsi Laranja, Gustavo Müllcr Martins & Rogério .José Marczak 
Departamento de En~enlwria Mecúnica, Grupo de Mecânica IIJ>Iicada, Escola de En~enlwria - UFRGS- Rua 
Sarmento Leite, 425. Pono lllewe. RS. Brasil. CEP 90050-170- F:-mail: conlparsi@vortex.uJixs.br, rato @vor

tex.uJixs.br 

This work presents some results obtained with a numerical simulation of the valves behavior 
in internal combustion 's engines. The mathematicalmodel used is simple and consider ali the subsys
tems which influence in valve works, how as: cam, push road, spring, lifter, etc. The governing cqua
tions are solvcd using the finite diiTercnce method for a widc range of operational parameters. By 
monitoring the contact forces between two componcnts in the kinematics chain it is possible to deteet 
the rotation bands whieh produce the valve llotation. Severa! graphs are presented to help the design
er to avoid such phenomenon. 

Keywords: Internal combustion engines, valve flotation, nwnerical simulation, cam, lifter. Motores 
de combustão interna, comando de válvulas, flutuaçlio de válvulas. 

COB181 ANÁLISE DINÂMICA DE MECANISMOS FLEXÍVEIS PLANOS I 
DYNAMIC ANALYSIS OF FLEXIBLE MECHANISMS 

Armando Morado Ferreira & Clodio Alberto Pastro Sar:r.cto 
Departamento de En~enlwria Mecúnim e de Mmeriai.1·. lnl"lillllo Militar de En~enlwria - /MI'; - Praça G(n 
Tiburcio RO. Pmia Vermelha. Rio de janeiro, CEP 22290-270. E-mai!:d4.wrzet@q>q.ime.eb.br 

This work describes a formulation for the dynami c analysis of planar mechanisms with rigid 
or flexible bodies. Thc tlexible bodies are subjected to small dcformations and large translational 
and/or rotational displacements, and to each onc rcfcrence and clastic coordinates are associate. The 
reference coordinates are refered to a global inertial framc , and thc clastie coordinatcs are refercd to 
a propcr local lloating rcference frame. The llexiblc bodies are discretizcd by thc finite element 
method, and thc joints are modelatcd by kincmatic constraints equations, wich lcads to a system of dif
fcrcntial-algebraic equations of motion. Results for a slidcr-cranck mcchanism with a llcxiblc rodare 
shown and confrontcd to othcr similar experimental and numcrical rcsults. 

Keywords: FI exibi e Meclumisms, Multibvdy Systems, Meca11.ismos Flexíveis, Sistemas Multic01pos. 

COB1454 OTIMIZAÇÃO NO BALANCEAMENTO DE MECANISMOS ESPACI
AIS DO TIPO "RSSR" I OPTIMUM BALANCING OF SPATIAL "RSSR" 
MECHANJSMS 

Tarcisio Antonio Hess Coelho & V alter Francisco Arruda Alves 
Depanamento de Elr~en/l(lria Mecânica. Escola l'olitémica-VSI' - CEI' 05501-1-900 Silo l'mlio.SP - Brasil- 1.;
lllllif: TIIRCHESS @USI'. IJR 
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Thc Gencralizcd Rcduccd Gradicnt method of numerical optimization was successfully 
applicd in obtaining lhe rcduction of moments and forces transmittcd by a spatial RSSR mcchanism 
to its base. Sue h a modification of dynamical bchavior of thc mechanism, or balancing, was achieved 
by the addition of counter-wcights attached to lhe movable links in an off-line position. The evalua
tion of the obtaincd optimum configuration has been performcd by comparing the measurcd vibration 
leveis of thc base of physical modcls of thc balanccd and unbalanccd mcchanism. 

Keywords: Mecanismos, balanceamento, otimizaçlio I Meclwnisms, balm~eing, optimization. 
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TEMA 6~ - Veículos 

COB227 DESIGN OF AN AUTONOMOUS VEHICLE FOR DISABLED PEOPLE 

Marcelo Becker & Franco Giussepe Dedini 
Departamento de En~enharia Mecânica. Grupo de Mecânica Aplicada. Escola de En~enlwria - UFRGS- Rua 
Sarmento Leite, 425. Porto 11/ewe. RS, Brasil, CEP 90050-170- E-mail: comJWI'.Ii @vortex. ufr~s.br, rato@vor
tex. ufrgl.br 

The objective of this work is to study the constructive forms more viable to build an 
autonomous vehic le for disabled peoplc (A VD) for use indoors. This article presents the dynamic 
models of two different configurations of tricycle A VOs. Thc first configuration has rear driving 
wheels and front steering whccl and the second, front driving and steering whccl. We used thesc con
figurations becausc they have a good psychological impact on people and on user's sclf-image. The 
equations of motion governing the behavior of vehicle are obtained with the Newton and Euler' s equa
tions. Through the dynamic equations. the analyses of dynamic stability and dirigibility for the con
figurations are made for diffcrent kinds of driving and steering. Thi s work shows that with careful 
design, the tricycle configuration with rear driving and front stecring are more stable and dirigible. 
Considering the results of stability and dirigibility, a fuzzy controller for navigation, obstacle avoid
ance and velocity contro l is design. The fuzzy controller was simulated and the result s indicate lhat it 
is better use the velocity control only on final approach to goal position. 

Keywords: Autotwnwus Vehicle for Disabled, dynamic behavior, fuzzy cmlfroller, self-image, comfort. 

COB444 DESEMPENHO DE VEÍCULOS PESADOS NA FREAGEM CON
SIDERANDO OS REQUISITOS DA REGULAMENTAÇÃO ECE-R13 I 
PERFORMANCE OF HEA VY VEHICLES DURING BRAKING PROCESS 
CONSIDERING THE REQUIREMENTS OF ECE-R/3 REGULATION 

Dirceu Lavoisier Graci Fernandes & Antônio Carlos Canale 
Departamento de En!ienharia Mecânica. Escola de En!ienlwria de S<io Carlos - USP- S<io Carlos- CEP 13.560-
250 Süo Carlos, Brasil E.mail: canale@sc.usp.br 
Camilo A. Adas 
Mercedes-Benz do Brasil- CEP 09880-050 Slio Bemardo do CtllllfiO, Brasil 

This paper shows some ECE-R 13 requiremen ls for heavy vehicles brake systems, specially the 
requirements rel ated wilh brake performance, brakc forces distribution and compatibility between 
towing vehicles and sem i-trailers during lhe braking process. Satisfactory comparison between 
theoretieal values ( obtained with mathemnticalmodel and computer progrnm utili zcd for heavy vchi
clcs braking study ) and experimental values, from road tcsts , of braking performancc were rcached 
on an heavy vehicle exnmple application, whcre was utilized thc LS 1941 tractor of Merccdes-Bcnz 
of Brazil coupled with FNV- CARGA SECA scmi-trailcr of FNV of Brazil, and will hc shown on this 
work. This work intend to be a contribution to lhe study of ECE-R 13 rcgulalion applicat ion on heavy 
vehicles braking process and for vchicle sa fcly. 

Keywords: braking process, perf'omzwzce, stability, braking regulation, heavy velticles, velzicular 
sqfety !,(reagem, desempenho, estabilidade, nomws de freios, veículos pesados, segurança veicular. 
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COB454 PLATAFORMA ORBITAL RECUPERÁVEL PARA EXPERIMEN
TAÇÃO EM AMBIENTE DE MICROGRAVIDADE I RECOVERABLE 
ORBITAL PLATFORM FOR EXPERIMENTS lN MICRO-CRAVITY ENVI
RONMENT 

Paulo Moraes Jr. 
Divi.wio de Sistenws Espaciais. l11stilllto de Aerolllíurica e Espaço/Centro Técnico Aeroespacial 

/2228-904 Stio José dos Campos-SI'. /Jrasil 

Hans-Ulrich Pilchowski 
Divislio de Mecíiniccl Esplll:ial e Co111role. Instituto Nacirmal de Pesquisas Espaciais 
CP 515. 12201-970 Slio José dos Campos-SI'. Brasil 

To perform experiments in a microgravity cnvironmcnt, a rccovcrable orbital system is 
proposed . Thc systcm comprises a capsulc shaped orbital platform, which after satelization will 
remain in orbit until the experiments are carried out, bcing !ater rcturned to Earth and recovered at 
ground .. The proposed system conccrns an affordable alternative when comparcd with usual sys
tems, which are quiet cxpensivc if experimcnt duration and capability are considered. The system 
under study is based on a return-on-request concept, innovative for users of small scicntific and 

technological experimcnts. lt is cxpccted that a such systcm would offer a bettcr opportunity to sei
entific and academic laboratories in performing low cost microgravity experiments. lt also seems 
lo be rcalistic for the purposcs and technological domain of the participating institutions, CTA/IAE 

and INPE. Thc present paper summarizcs and diseusses the specification, eoncept and preliminary 
design of the syslcm. 

Keywords: plmaforma orbiwl, platafómw recuperável, microgravidade I orhital platform, recover
able pla((onn, micro-gravity 

COB461 DINÂMICA NÃO LINEAR DE SUSPENSÕES A TIV AS I NON LINEAR 
DYNAMICS OF ACTIVE SUSPENSIONS 

limar Ferreira Santos & Gustavo Campos Padovese 
Dep. de Pmjeto Mecíinico. Fac. de En~enlwria Mel.'linica- UNICAMP 
CEP 13083-970 Campinas, /Jrasil - E-mail: ilnwr@dpmjem.wlicamp.br 

This paper gives a theoretical contribution to lhe problem of modeling an independent active 
suspension using the Newton-Euler's Method , taking into aceount the constraint equations between thc 
vehicle and the road profile, and including lhe dry friction between the tyre and the road. After the 
mcthod's aplication, one obtains 33 non linear equations: 29 equations which describe the reaction 

forces among the multi pie bodies lhat composes a quarler of independcnt suspension, and 4 movement 
equations, which dcseribe thc motion of lhe car's main mass, the oil tlow passing through the servo
valve and the pressions aeting on lhe active damper. Thesc cquations are numerically solved and the 
results diseussed for various operation eonditions. 

Keywords: Multibody dynamic1! Dinâmica de múltiplos corpos,. dry jl-ictionl atrito seco, Newton-Euler/ 
Newton-Euler, hydraulic syste111.1! sistemas hidrâulicos, Olllfllll colllrol/ controle de saída. 
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COB476 VARIAÇÃO DO COEFICIENTE DE ATRITO EM SAPATAS FER
ROVIÁRIAS E SUA INFLUÊNCIA SOBRE O PROCESSO DE FRE
NAGEM I VARIATION OF THE FRICTION COEFFICIENT lN RAILROAD 
BRAKE SHOES AND ITS INFLUENCE ON THE BRAKING PROCESS. 

Autcliano A.dos Santos Jr., Leopoldo C. Roza & Fausto Rodrigues F O 
Lalmrat!Írio Ferroviário - Departamento de Projeto Mecânico 
Faculdade de EnJ;enlwria Menlnica - UNICAMI'. CEI'. 13100-970 - CwnJiinas (SI') - Bmsil - E.mail: 

attle@.fl!!tt.lltliClltllJI.br 

The objective of this work is to prescnt the rcsults of the tests in railroads brake shoes realized 
in thc Railroad Lahoralory of Statc University of Campinas, Brazil. The tcsts show the inllucnce of 
parameters do not considered in normal operation of brasilians railroads entcrprises: velocity, wear, 
normal aplication force, temperature and diferences in the materiais. The tcsts followcd the 
Association of American Railroad standard M-926, when possiblc. The inrlucncc of these parameter 
is analysed and the possible i11fluencc 011 lhe braking proccss in a real railroad is discussed. 
Recommendations are donc for thc new brake shocs bought by the railroads. 

Keywords: Railroad brake shoes, milroad bmking systems, brake heati11.g 

COB491 CONTROLE SE MI-A TIVO DE SUSPENSÕES AUTOMOTIV AS. 

Ricardo M. Picado 
UNICAMI'- DMC. UNICAMP/DMCIFI:M. CP. ó/22. Cet> / 3081-970. Cwnpitws(SI'). 
Fotte (013)237-4829. Fax (013)788-3722. E-Mail: mtt>intdo @fem.unicamp.br 

The development of semi-acti v c co11troled suspensions is, 11owadays. an arca of rescarch poor
ly explored for automotivc suspension applications. Only a sm<.~ll numbcr of models, which are vcry 
simple, has been manufactured by lhe automotive industry. The semi-activc control principie, analized 
in thi s work, is bascd 011 the adjustmcnt, by an actuator, ol· thc dampi11g cocficient of the damper. Thc 
actuator is responsable for opcning or closing the dampcr's dissipativc valvc. An important drawback 
for thc passive suspensions is that they are optimized for a fixcd conditio11, dueto thc fixed damping 
coeficient of its dampers . The semi-activc system otlers dillerent rcgulations for diffcrent excitation 
conditions. This means that lhe scmi-active suspe11sion may be optimizcd for diiTercnt work condi
tions. Another advantagc of thc scmi-aclive suspcnsions lies in its low encrgy consumplion if com
pared to the active controled suspcnsions. Finally, if wc compare the passive and the active control 
suspensions to thc scmi-active controllcd suspcnsions, as we will see in the following scctions in this 
work , good rcsults for the minimization of the body accleration can be achicved. 

Keywords: Control, semi-active. susJiensirm, al/lmlwtive, dip,ita/. 
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TEMA 64- Análise Estrutural 

ANÁLISE DAS CAUSAS DO APARECIMENTO DE TRINCAS NA 
CARROCERIA DE UM TREM METROPOLITANO I CAUSES OF 
STRUCTURAL CRACKS lN A METROPOLITAN TRAIN 

Francisco Gastai, Dario Klein e .João Campagnolo 
Laboratúrio de Ensaios e Modelos Estruturais (LEME) do Curso de Pús Graduaçiio e111 Engenharia Civil 

(CPGEC) da Universidade Fedem/ do Nio Grwule do Sul (UFI?GS) - Porto Alewe - RS - /Jrasil - E-mail: 

LEME I 0@ VORTEX. U FRGS. BR 

This work presents the results of a numerical and experimental study on the fixing region of 
the anchor ol· thc tract ion system for the metropolitan trains of Porto Alegre. The study is part of an 
investigation to clucidate lhe causes of structural eracks detcctcd in the mentioncd region. Thc 
methodology uscd in thc complete study, s tatical and dynamic numcrical analysis and tests anda frac
ture analysi s of thc eracked regio n, are dcscrihcd. Thc experimental tcsts, obtaincd with thc instru
mentation of thc componcnt part s of thc traction system, allow thc cvaluation of the bchaviour of thc 
structure whcn submittcd to loads rcprcscnting passcngers and vehicle traction forces. Thc results of 
thc static and dynami c tests were used as infonnation for thc numcrical analyscs. 

Keywords: Traút a11chor system, Numerical wwlysis, Experime11tal Tests, Structural Cracks. I Sistema 
de Traçiio, A11álise Numérica, A11álise E\perimelltal, Tri11cas Estrttlltrais, Trem Metropolita/lo. 

COR465 ANÁLISE DE SENSIBILIDADE E OTIMIZAÇÃOAO ESTRUTURAL EM 
PROBLEMAS ELASTOSTÁTICOS LINEARES I SENSITIVITY ANALYSIS 
AND STRUCTURAL OPTIMIZATION OF LINEAR ELASTIC PROBLEMS 

Cláudio A. de Carvalho Silva & Marco Lúcio Hittencourt 
Departamento de l'roje/0 Mecânico. Faculdade de Engenlwria Mecúnica- UNIC!IMP 
CE!': 13083-970 CwnJJitw.IISP- /Jmsi! -- E-mail: IIII/J @fem.wliwmp.br 

Structural optimization has fcaturcs, such as high structural analysis and grad ient cvaluation 
costs bcsides thc intensc tlux of data betwccn analysis and optimization codcs, that rnakc it more com
pi ex than common mathcrnatical programming problcms. This work shows an interi or point opti
mizat ion algorithm and the continuous rormulation of thc scnsitivity analysis taking into account those 
reatures, implcmcntcd using ohjcct-oriented programming tecniqucs. 

Keywords: Optimizatirm, sensitivity analysis, .finite e/eme/1/s, object-oriented progrmllnlútg, C++, 
otimizaçâo, análise de sensibilidade, elementosfinitos, progranwç:iio orientada por objetos. 

COB483 ON THE MODELING AND DYNAMICS OF FLEXIBLE SLEWING 
STRUCTURES. II: SOME COMPARISONS BETWEEN SMALL AND 
LARGE DEFLECTIONS (CONTRIBUTIONS) 

André Fenili & João M. Rosário 
Depart111e11to( Meclul/liut! Desi~;n o{ tl1e Ftu:u/ty o{ Meclwniwll~nf!. illeerillg - UNIC!IMI' 
POBOX 6122- 13800-970- Camt1ina.1· - SI'- /Jraz.i / . 
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José M. Halthazar 
Department o(Applied Mathenwtics o( tire S1111e Ullil'ersitv o( Silo Paulo- UNf:SP 
POBOX 17R- 13500-200- Rio Claro- SI'- lJrazil . 

Dean T. Mook 
Departmelll o( Enf{ineerillf{ mui Sciences 1111d Meclwnics- VPI&SU- B/acksburf{. VA . 24060. USA 

T64 

ln this work is studied the dynamical behavior of flexible struetures in slewing motion. 
Nondimensional equations of motion are obtained for large detleetions. A small parameter appears 
multiplying the nonlinear terms in the equations of motion, so the intluence of the nonlinerities in the 
system behavior can be verified. We also analyscd lhe diiTerences betwcen the contributions of small 
and large detlections nonlinearitics on the dynamics of slewing flexiblc struetures . The known Crespo 
da Silva and Glynn theory for flcxible beams is obtained from lhe one discussed here making some 
partieularizations. 

Keywords: Slewi11g Flexible Stmctures, Asswned Modes Method, Large De.flectüms, Sma/l 
Parameter, Nonli11ear Oscillations. 

COB624 A DOMAIN DECOMJ>OSITION METHOD FORSTRUCTURAL 
DYNAMIC PROBLEMS 

Alexandre Santos Hansen & Fernando Alves Rochinha 
Meclwnica/ E11gi11eeri11N Department. EE-COI'PE-UFRJ. C.r. l'osta/68503. CEP 219-15-970. 1?10 DE JANEIRO
lJRAZIL 

We present , for structural dynamic problems, a Domain Decomposition method based on an 
augmented Lagrangian fonnulation. This melhod uses lhe lnexacl Uzawa algorithm lo solve the lin
ear system required at any time incrcment. A lhree dimensional clastieity dynamic problem is solved 
by the method and thc number of iterations is compareci witli Lhe unpreconditioned FETI method. 

Keywords: domain decomposition; dynamics; inexact uzmva; para/lei processi11g. 

COB1153 OTIMIZAÇÃO ESTRUTURAL DE PRENSAS EXCÊNTRICAS EM 
"C" I STRUCTURAL OPTIMISATION OF "C" SHAPED EXCENTRICAL 
PR ESSES 

Paulo Carlos Kaminski 
Departamento de Engenharia Mecii11ica. Esm/al'olitécnic:a da USP- S<lo Paulo- A v. Pro( Mel/o Moraes. 2231 

CEI' 05508-900 - S<lo Paulo- /Jmsi/- e-mail: [)(:kamins@us[J.br 

This paper reports lhe strueturnl optimisation mnde on C-Shaped Excentrical Presses donc 
together with a private enterprisc. lts focus is practical and nottheoretical nnd lhe criterion used on the 
optimisation was the minimisation of structure huilding costs of the press, including the reduction of 
the material (stecl) and thc climination, as fnr as possible, of the components which were diiTicult to 
build. The first step was the development of a simplified modcl in order to define the main strcsses the 
press is exposcd to. Thcn. a global model of finitc elements was made. This model was " validated" by 
experimental data of displacement, press opening. From the global analysis, regions with the highest 
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leveis of stress/deformation were identi fied and local models of finile elements were created for them. 
From these mudeis, severa! alternalives of changes were analysed searching an standardisation of the 
stress leveis and lhe eliminalion of the componenls lhat were hard and costly to be built. The result 
achieved was satisfactory, mainly in lerms of ralionalisalion of lhe components, which will be built 
without losses in lhe ctTiciency of lhe press, offcring a world levei compctilive advantagc to the enter
prise involved wilh lhe project. 

Keywords: mechanical press, strttc/ural optimisation, ji11ite elements I prensa mecânica - otimiwçâo 
estrutural - elementos .{i11itos - solicitaç6es 
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TEMA 65 - Localização de Falhas e Manutenção Preditiva 

COB432 A V ALIAÇÃO DE DANOS ESTRUTURAIS UTILIZANDO O ALGO
RITMO GENÉTICO I STRUCTURAL DAMAGE ASSESSMENT USING 
THE GENETIC ALGORITHM 

Mario Antonio Bavaresco, Francisco José da Cunha Pires Soeiro & Cicero Vianna de Abreu 
Departamento de Engenharia Mecâ11iw e de Materiais- IMEIRJ, CEP 22290-270 Rio de Janeiro. Brasil 
e-mail: cvobreu @wurus.ime.eb.br 
Departamento de Engenharia Mecânico - UERJ. CEP 20550-013 Rio de Ja11eiro. /Jrusil- e-mail: soeiro@uerj.br 

The present paper describes an approach for structural damage assessment that has its basis in 
methods of system identification. Response of a clamaged srructure di tTcrs from that obtainecl from the 
original anel healthy structure. A refined analytical modcl that prcdicts corrcctly thc rcsponse of the 
structure is avail able. The output crror approach of systcm iclcntification is cmploycd to de-termine 
changes in Lhe analytical moclel neccssary to minimi ze ditTerences hctwccn the measured anel prediet
ed response. Structural damage are represcntcd by damagc variables in which are lumped changes in 
the stiffness matriees resulting from variations in geometry or material proper-ties of the structure clu
ring damage. The design space of the rcsulting optimization prohlem is highly nonconvex anel has se
verallocal optima. ln some cases mcthods of mathematical programming using gradients are not able 
lo detect damage. This work presents a departurc from that approaeh using one stochastic method of 
global optimization whieh is the genetic algorithm. Measurcments of static detlections are used in the 
identification procedure. Principal shorrcomings in the proposed approach anel methocls to circumvent 
these problems are also discussed. 

Keywords: Stmctural Damage Assessment, Genetic Algorithms, System !dentification, Structural 
Optimization. Avaliação de Danos Estrlllurais, Algoritmos Genéticos, ldentificaçcio de Sistemas, 
Otimização de Estrttturas 

COB450 SUBSTITUIÇÃO DAS CHAVETAS DA COROA POLAR DO ROTOR 
DA UG-07 DA UHE ILHA SOLTEIRA I REPLACEMENT OF THE MAG
NETIC WHEEL'S SPL/NES lN THE GENERATOR # 7 OF ILHA SOLTEIRA 
POWER PLANT 

Orlando Marcondes Machado Filho 
Se to r de Geraçlio de 1/lw Solteira -CES!'- ColllfWIIIiia Energética de Süo l'au/o, CEI' 15385-000. Ilha Solteira, flmsil. 

ln present times, undcr reduction of the linancial investimcnts rcsources anel increase of the 
demands for elcctrical power, the improvemcnt of thc maintcnance actions anel incrcase of the available 
time in big generators units are a must. Allowing for the maintenance know how anel experience of the 
ABB anel CESP, it was possible a new and dared solution for the rehabilitation of a 480 ton's weight gen
erator rotor by the replacement of its magnetic whecl's splines. This solution meant a quality levei protit 
anel kept the maintenancc time restrictcd to the original preventive maintcnancc program of gcnerator unit. 

Keywords: Manutenção- Máquinas Rotativas - Gerador- ChaFetas - UHE Ilha Solteira 
Maintenance - Rotating Genemtor- Hydroelectric Generator- Splines - Ilha Solteira Power Pia/li 
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ANÁLISE DE FALHA EM REDUTORES UTILIZANDO TRANSFOR
MADA DE WA VELET I GEARBOX FAULT ANALYSIS USING WAVELET 
TRANSFORM 

Mamede, W. F. & Teodoro, E. B. 
DEEME- Universidade Federal de U/Jerlúndia- Can1pus San/li Mônica 
Caixa Postal 59]- Rua Duque de Caxias. 2R5, e-mailteodoro@ufú.!Jr, 3R.J00-902- U/Jerltindia!MG 

Thc Wavclct Transform - WT is a powcrful tool uscd for analysis of non-stationary signals, 
but it has not bccn frcqu ently uscel in this arca. A brief mathcmatical formulation of WT is presenteei 
along with various wavc lct funetions useel in this paper. Thc main fcalure of WT is lo prcsent at the 
same graphic information of lhe signal in lhe time anel frequency elomain. Thereforc it is possible to 
h ave elifferc nt rcsolutions anel simullancous info rmation of lhe signal in both elomains. A series of sim
ui ateei signals are generatcel by computcr anel processeel with lhe proposeel transformation in oreler to 
understanel how it works. "Doing so wc can lcarn more about the WT concepts such as: scale, levei, 
s ig nal rcconstruction anel lransl at ion". Experimental results from signals mcasureel in a gearbox are 
presenteei , when proccssed wilh Lhe WT. The analys is of lhese rcsulls showed Lhat WT is more appro
priatc to locatc transi cnts in non-slal ionary signals than lhe well known and useel Fouri er Transform. 
Thc WT techniquc also proved to be possiblc lhe deleetion of transients in the signal, generatcd by 
local faults in the gear through time versus scale plots. 

Keywords: Trcuz.\:formada de Wavelet - Redutores - ldentificaçüo - Engrenagens - Processamellto de 
Sinais. Wavelet Tran.~f(mH - Gearbox- ldent!ficatüm - Gear- Signal Processing. 

COB480 PREVISÃO DO COMPORTAMENTO VIBRATÓRIO DE SISTEMAS 
MECÂNICOS I MECHANICAL SYSTEMS V!BRATION BEHAVIOUR PRE
D!CT!ON 

Rivaldo Araújo Vilela & Robson Pederiva 
Departa/1/el//o de Projeto Mecânico. FEM- UNICAMI'. Caixa l'oswl 6051- Cidade Universitária , CEP /JORJ-
970- Ctlnlpilllls!SP, !Jmsil E-111ail: rolwm@(em.ullicamp.br 

An important inronnation about mechanical systems is thc fact that vibrat ion phenomena is the 
chicf cause anel also the consequencc o r the main wear processes. This inronnati on is used to set up a 
feedback ARMA X rorecasting model ror machines which have on wear its rnain source of faults. For 
evaluating purposc, thc ARMA X rorecasting moelel is useel ror predicting the trend of some simulat
eel cases. Satisfactory results have hcen obtaincd. 

Keywords: Machinery jJI'OKIWstics, ./(1ilure Jlredictiol!, tretUI analysis, ARMAX models, predictive 
maintellance, fJrogtuis/Ü:o em m!ÍCfiÚiws, previsiio de fallws, análise de tendência, 1110de/os ARMAX, 
manutençiio preditiva. 

COB481 DIAGNÓSTICO DE DEFEITOS EM UM CONJUNTOMOTO-BOMBA 
BASEADO EM CRITÉRIOS ESTATÍSTICOS/ FAULT DIAGNOSTIC lN A 
CENTRIFUGAL PUMP BASED ON STATISTICAL PATTERN RECOGNITION 

Marcus Vinícius Portari & Robson Pederiva 
Departamento de Pmjelo Meul11ico. Faculdade de l:ll!ienlwria Mecânica - UN!CA MP - CEP IJORJ-970 
(,'a111pinas. !Jmsi/ 
E-11/llil: nJbSIJJt@dpin.felll.ttlliCIIIIIJI.br 
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This work analyzes two fault diag11ostic methods one based on Euclidea11 distance and anoth
er 011 Mahalanobis di stance. These methods don't require high efforts i11 learning phase, are easily 
implemented a11d present sati sfactory resu"lts in machinery fault diag11ostic. An experimental setup 
i11volving a centrifugai pump was designed to analyze these methods. Some faults likc unbala11ce, suc
tion a11d discharge piping obstructions, wear 011 rotor bladcs were studied. Data from healthy and fault 
conditions were uscd to evaluatc the se11sitivity (ST) of the two methods. 

Keywords: Diagnostic, fault , monitoring, pattem recognithm. 

COB492 DETECÇÃO E LOCALIZAÇÃO DE FALHAS EM SISTEMAS 
MECÂNICOS ATRAVÉS DA ANÁLISE DE CORRELAÇÕES/ FAULT 
DETECTION AND ISOLATION lN MECHANICAL SYSTEMS THROUGH 
COR RELA TIONS ANALYSIS 

Marcus Vinícius Portari & Robson Pederiva 
Departamento de Projeto Men/nico. Faculdade de En~enlwria Mecânica - UNICAMP - CEP 13083-970 
Campinas. Brasil 
E-11/l/il: ro/m nJ @dpmfelll.UIJi camp.br 

ln the co11text of model based fault detcctio11 and di agnosis , thcre is a residual gcneration 
which ca11 be obtained through redunda11cy equations. The redu11dancy equatio11s ( a11alytical redul1-
dancy ) are based on the use of mathematical models of thc proccss bcing monitorcd for faults. This 
paper presents a new formul ation involving the gencration of rcdundancy equations for linear, time 
invariant, stationary systems, based on correlations functions of thc system. Thc proposed approach is 
dcmonstrated using a simulatcd modcl of mcchanical systcm 

Keywords: Detecção de falhas, diagnose de j(dhas. equaçcies redundantes, sistemas mecânicos, 
fun ções de correlação I Fault detecticm, failure detection, .fault diagnosis, parity equations, redun
dancy equations, correlations jimctions, model based, sllltionary systems. 

COB983 DIAGNOSE DE FALHAS ATRAVÉS DE OBSERVADORES DE ESTA
DO EM SISTEMAS COM PARÂMETROS DESCONHECIDOS I 
FAULTS DETECTION THROUGH STATE OBSERVERS lN SYSTEMS WITH 
UNKNOWN PARAMETERS 

Gilberto Pechoto De Melo 
DEM - FEIS - UNESP- 11/w Solteira. C. Poswl 31 - Cep 15385-000 11/111 Solteira S.!' .. Email:~ilberto 
@Jf'eis.unesp. br 

Robson Pederiva 
DPM - FEM - UNICA MP - Campinas. C. Posllll 6051 - Cep 13081-970 Campinas S.P. Email:robson 
@dpnJ.fem.wlicaiiiJI.br 

The application of the determi11istic statc obscrver tcchniques for machinc mo11itoring can be 
severely restricted because of limitations in accuracy reli ability and robust11ess. The observers can pro
duce large transient or stcady-state errors, which ca11 cause frequc11t false alanns and these limitations 
in transie11t a11d steady-state perfonnance ca11 hc descrihcd hy ill-conditioni11g factors.This paper 
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describes a Model-bascd monitoring systcm on state obscrver theory with unknown paramcters. A 
time-domain techniquc based on Fouricr scrics is uscd for the parametcrs identification. The method 
is based on thc orthogonality property of thc Fourier series which cnables the integration of the equa
tions of motion. These equations are then convcrtcd to a linear algebraic modcl that is solved to obtain 
the unknown parameters. The goal is monitoring a mechanical system with an automatic system for 
detection and isolation of the fault using robust observation. 

Keywords: Faults Detection {lfu/lsolation, Pam111eters ldentification, State Observers!Observadores 
de Estado. Falhas 
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TEMA 66 - Sistemas não Lineares e Caos 

COB466 ANÁLISE DE EFEITOS COMBINADOS DE ATRITO E 
RESTITUICÇÃO NÃO LINEAR EM ROTORES I COMBINED EFFECT 
ANALYSIS OF CUBIC STIFFNESS AND DRY FR/CTION ON A NONLINEAR 
ROTOR 

I. L. E. Santo & K. L. Cavalca & .J. M. Balthazar 
Dep. de Projero Mecânico. Fac. de E11Renlwria Mecâ11ica- UNICAMI' 
CEP 13083- 970 Campinas, /Jrasil- E-mail: ivanlima @dpm..fem.wlicwllf>.hr 

The nonlinear analysis of a simple Lavai Rotor with a non idea l powcr source crossing its res
onance under a Coulomb dry fricti on action and cubic rcs tori11g force of the shart is do11e. Dynamical 
changes 011 the system response are observed through 11umerical i11tegration in the case of stro11g 11011-
linearity and through averagc method in the case of wcakly nonlincarity. Some important co11stitutive 
request appear from the studies of lhe behavior. One could verify that after criticai speed thc dry fric
tiol1 works as a dampi11g force whilc the rcstori11g force drives the oscillatio11 to be u11prcdictable. 

Keywords: rotor, perturbação, método da média, restituiçüo cúbica, atrito seco, rotor, penurbation, 
average metlwd, cubic st(ffizess, (h )' .friction. 

COB745 MODELOS REDUZIDOS DA CONVECÇÃO DE RAYLEIGH-BENARD 
I LOW-ORDER MODELS FOR RA YLEIGH-BENARD CONVECTION 

Miriam Maria de Resende & Paulo lgnácio Fonseca de Almeida 
Deparramen/0 de EtlRen!wria Qrrímica -UFSCar- Siio Carlos- CEI': 13565-905 Siio Carlos, SP. llmsi! 
E-mail: piwwcio@pmver.uf~car.br 

Since Lorenz's model for two dimensional Raylcigh-Benard llow in atmosphere, it has b~en pro
posed severallow-order modcls for rcprescnting lhe tluid ccllular motion. Thc prescnt work is a revision of 
the main low-orders models published. A methodology for Lhe strangc attractors simulatio11s in two ofthen 
is presentcd. The bifurcation diagrams based i11 Nusse & Yorke( 1994) method for dynamics explorations 
is also developed and Lhe evolution of the tcmpcrature a11d strcam function ticlds are rclatcd by levei curves 
obtai11ed from the model. The good qualiLy of thc graphics rcsults is a crcdit for goi11g 011 the methodolog
iç-al numerical i11 vestigatio11. 

Keywords: Modelos dinâmicos reduzidos, escoame11to Rayleigh-llimard/ Dynwnics low order 1110-

dds, Rayleigh-Benard .flmv 
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TEMA 71 - Elasticidade 

STATE SPACE METHODOLOGY FOR ORTHOTROPIC MATE
RIALS 

Marco Aurelio Holanda de Castro 
Deparwntenlo de En,;enlwria Hidráulica e A111bienwl- Universidade Federal do Ceará- Campus do Piei, Bloco 
713 - CEP 60.451-970- For!alew - CE- E-111ail: 11/arco@l(/i:./Jr 

Thc Statc Space Formulation for linear clasticity is revisited in the realm of two-dimensional 
orthotropic configurations. Thc strcss and displaccmcnt distributions are dctermined by rcducing the 
boundary value problcm of classical clasticity to an initial valuc problcm. The method relies on cast
ing into an initial value formulation the integral transform solution of two-dimensional elasticity. 
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TEMA 72 - Viscoelasticidade 

COB55 NUMERICAL SIMULA TIONS OF THERMAL VISCOELASTIC 
FLOWS BY A STABLE FINITE ELEMENT METHOD 

J.H. Carneiro de Araujo & M.A. Silva Ramos 
Deparlllmento de Ciêucia da Compulllçiío, Universidade Federal Fluminense Praça do ValmzKuinlw sino., 24210-
000 Niterâi/RJ, Brazil 

Frey 
Laboratârio de Mecânica Teârica e Aplicada (LMTA) 
Departamento de EnKenlwria Mecâuica, Uuiversidade Fedem/ Fluminense. Rua Passo da Pâtrialw./56, 24210-

240 Niterríi/RJ. Bmzil 

ln the present work, stable finite element simulations of thermal incompressible viscoelastic 
flows has been performed. The employed method consists of a four-field bubble formulation in terms 
of extra-stress, velocity, pressure and tempcraturc, which cmploys a non-consistent SUPG schemc to 
approximate the advective term ofthc stress constitutive law anda GLS philosophy for the energy one. 
Some computational experimentations with Oldroyd-B liquids illustratc the good pcrformance of the 
numerical procedure. 

Keywords: Viscoelastic Fluid, Finite Element Method, Heat Convection 

COB1382 ANÁLISE NUMÉRICA DE SISTEMAS VISCOELÁSTICOS LINEARES 
TRANSIENTES COM AMORTECIMENTO DESCRITO ATRAVÉS DA 
REPRESENTAÇÃOINTEGRAL/NUMERICALANALYSISOFTRANSIENT 
LINEAR V/SCOELASTICS SYSTEMS WITH DAMP/NG DESCRIBED BY THE 
INTEGRAL REPRESENTATION OF THE CONSTITUTIVE EQUATIONS 

J•;dson Antonio Capello Sousa 
Deparrameuto de En!ieniJaria Mecânica, Faculdade de Eu!ienilaria e TecuoloKia- UNES!'- Bauru 
C.P. 473- CEP 17033-360 Bauru, SP, Brasil- E-mail: capello@bauru.wzesp.br 
Euclides de Mesquita Neto 
Departamellfo de Mecâuic:a Compulllcirmal, Faculdade de En!ienlwria Mecânica- UNICAMP- Campiuas 
C.P. 6122- CEP /3083-970 Campiuas, SP. Brasil- E-mail: eudides @fem.wzh.wllfl .br 

ln the present article the viscoclastic, dissipative properties of a system are described by means of 
the convolution integral. This representation of thc damping mechanism allows the inclusion of ex~ri
mentally detcrmined propezties as well as data obtaincd from analytical modcls. This general formulation 
is applied to describe the transient responsc of a anc-dimensional continuum (a bar). The formulation leads 
to an integer-differential equation . A numcrical algorithm, rclated to thc Newmark algorithm family, is pre
S\nted to solve this integer-difterential cquation. Numcrical studies using lhe une-dimensional system are 
presented to validate the proposed methodology and to show its potentiality. Thc proposed schemc is rea
dily extended to more general Finite Element models. 

Keywords: Dynamic viscoe/asticity, Nwnerical analysis, Finite Elements 
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TEMA 73 - Plasticidade 

UMA GENERALIZAÇÃO DO TEOREMA DE CASTIGLIANO PARA 
A ANÁLISE DE TRELIÇAS INELÁSTICAS COM DANO IA GENERAL
IZATION OF CASTIGLIANO'S THEOREM FOR THE ANALYSIS OF 
INELASTIC TRUSSES WITH DAMAGE 

Gelson Carneiro de Souza .Jr. & Heraldo S. Costa Mattos 
Laboratório de Mecânica Teórica e Aplicada. Departamento de Engenharia Mecânica. Universidade Federal 
Fluminense- UFF, CEP 24.2 10-24 Niterúi/RJ. Brasil- E-mail:lteraldo @caa. uffbr 

The prcsent work is concerned with an cxtcnsion of the Castigliano's theorem to the case of 
inelastic damageable trusses (clasto-plastic and elasto-viscoplastic behavior). A general formulation 
that takes into account any kind of constitutive thcory with internal variables is presented. The pro
posed thcory is chcckcd through cxamplcs conccrning cyclic and monotone loadings in ASTM 645 I 
aluminium alloy and 316 L stainlcss stccl. 

Keywords: Structural Damage Assessmel!l, Genetic Algorithms, System ldentification, Structural 
Optimization. Avaliação de Dc111os Estrul!lrais, Algoritmos Genéticos, Identificação de Sistemas, 
Otimização de Estruturas 

COB459 STRUCTURALIMPACT 

Marcílio Alves 
Departme/11 of' Medwniwl Engineering. Uni versity of' Seio Paulo. Seio Paulo - SP - 0550R-900 - Brazil - E
mail:maralves@usp.br 

Structural impact is a topic with growing importancc among rcscarchers, engineers, industry 
and regulator bodics. Basic concepts of thc phcnomenon of impact and the analysis underlying it are 
introduced in this articlc, including the intlucncc of the strain rate on thc tlow stress. The paper fin
ishes with a discussion on various aspects of impact, including joint failure . 

Keywords: impact, joint.failure. 
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TEMA 74- Mecânica dos Materiais Compostos 

MODELAGEM DA EVdLUÇÃO DO DANO EM JUNTAS ALUMÍNIO
EPOXI SUBMETIDAS A SOLICITAÇÕES TRATIVAS I MODELING 
THE DAMAGE EVOLUTION lN AXIALLY LOADED ALUMINIUM
EPOXY BUTT JOINTS 

Mario Antonio Bavaresco, Francisco José da Cunha Pires Soeiro & Cícero Vianna de Abreu 
Depar/amen/o de Engenharia Mecü11ica e de Mareriais- IMEIRJ. CEP 22290-270 Rio de Janeiro. Brasil 
e-mail: cvabreu@taurus.ime.eb.br 

Departamento de Engenharia Mecünica- UERJ. CEP 20550-013 Rio de Ja11eiro, Brasil- e-mail: soeiro@uetj.br 

The present paper describes an approach for structural damage assessment that has its basis in 
methods of system idcntification. Rcsponsc of a damagcd structurc differs from that obtaincd from the 
original and healthy structure. A refined analytical modcl that predicts correctly the response of the 
structure is available. The output error approach of system identification is employed to de-termine 
changes in the analytical model necessary to minimize differences between the measured and predict
ed response. Structural damagc are rcpresented by damage variables in which are lumped changcs in 
the stiffness matrices resulting from variations in geometry or material proper-ties of the structure du
ring damage. The design space of the rcsulting optimization problem is highly nonconvex and has se
vera! local optima. ln some cases methods of mathematical programming using gradients are not able 
to detect damage. This work presents a departure from that approach using one stochastic method of 
global optimization which is the genetic algorithm. Measurements of static detlcctions are used in thc 
identification procedure. Principal shortcomings in the proposed approach and methods to circumvent 
these problerns are also discussed. 

Keywords: Structural Danwge Assessmenl, Genetic Algorithms, System ldentification, Strttclllral 
Optimizati011. Avaliação de Danos Estmturais, Algoritmos Genéticos, Identificação de Sistemas, 
Otimização de Estruturas 

COB83 THE HOMOGENISATION THEORY APPLIED TO NET FACES
HEETS OF SANDWICH PLATES 

Mário Kataoka-Filho & Walter Kenkiti Takahashi 
Narionallnsrirure.filr Space Research- INPE- MCf- P.O. Box 510 12.227-010- S. J. dos Campos- SP- BRAZIL 
E-mail: kataoka@parroa.detll.inpe.br 

.Jorn S. Hansen 
inwirure Jilr Aermpace Srudie.1· - U11iversi1y of'Toro/1/o- 4925 Outf'erin Street Dmmsview. 011/ario- M3H-5T6- CANADA 
E-mail: lwnsen@bach.utias.utoronto.ca 

ln order to fUI1her increase the efticiency of composite sandwich structures, designers have been 
using cornposite faccsheets manufactured from a uniforrn carbon fibrc/epoxy net. ln the present study, a 
procedure to approximate this net as a smoothed 011hotropic continuum is presented. Thc smoothing 
process was accomplished using the thcory of hornogenisation and thc resulting material coefticients are 
ralculated using the Finite Elernent Mcthod. To validatc the procedure, a free-free modal test was com
pleted and its results cornpared with numerical prcdiction. 

Keywords: Homogenisation, Optimization arul Sarulwich Piare. 
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COB102 An Integrated Micro/Macro Stress Analysis of Laminate Composites: The 
Control Volume Finite Element Formulation 

Antonio Ferreira Ávila 
DEEME • Universidade Federal de Uberi<india · Ca111pus Sallla Mtiniw 
Caixa Postal 593 ·Rua Duque de Caxias, 285, e-lllllilteodoro@ufit.br, 38400-902- Uberlândia/MG 

The control volume finite element formulation (CVFE) is described for solving solid mechan
ics equations for laminate composites. The CVFE is detailed bascd on the weighted residual method, 
and comparisons are drawn with thc conventional Galerkin Finite Element method (GFEM) to be able 
to clearly es tabli sh the differences bctween the two methods. An integratcd micro/macro mechanical 
formulation is proposed. First, a micromcchanical analysis is perfonned to obtain the cffectivc prop
erties. The micromechanieal model used is the Composite Cylinder Assemblage model (CCA). The 
maeroseopic analysis is based on a variation of the Yanishing Fiber Diameter Theory (YFD). The inte
grated micro/macro analysis is performed for laminate eompositcs using lhe coneept of"smeared" ele
ments. Punctual, uniform, and linear distributed loadings are considered in the stress analysis of uni
directional metal matrix composite structures. The rcsults are compared to analytical solutions avai
lable in the literature. The CPU solution time betwecn lhe CVFE and FEM are also compared. 

Keywords: Control Volume Finite Element, integrateclmicro!macro meclwnicalmodel, metalmatrix 
composites 

COB138 ANÁLISE DA RESISTÊNCIA DE UM COMPÓSITO EM TRAÇÃO 
TRANSVERSAL E LONGITUDINAL I ANALISYS OF COMPOSITE 
STRENGTH lN TRANSVERSAL AND LONGITUDINAL TENSILE TESTS 

Edson Vander Pimentel, Kátia Cetina Da Silva Richctto & Herman .lacohus Cornelis Voorwald 
Departa111ento de Materiais e Tecllolof.iill, Faculdade de EllJ.ienlwria · UNES/'· GuarotillJ.illetú 
CEP: 12.500-000 Guoratinf.iuetú · E-111ail: pimentel@fegwlesp.br 

The excellent mechanical behavior, regarding strength and stifness, makes of the composite 
material , a choice in structural application . Thc main objective of this work is the strength data analy
sis of a unidirectional laminate composite (carbon fiber/epoxy resin), in longitudinal and transversal 
directions. Severa! conditions of composite wcre tested, providing a large amount of experimental 
results that were studied using statistical considerations, such as medi a and standard deviation.The 
Wcibull distribution that providcs informations about scattering in strength data was also used. 

Keywords: Compósito laminado unidirecional, Compósito fibra de carbono/resina epoxi, Análise 
estatística, Distribuiçâo de Weibull I Unidirectional lamina/e composite, Carbmz.fibre /epm.y resin 
composite, Statistical analisys, Weibull distribution 

COB217 A FINITE ELEMENT ANAL YSIS OF STRESS AND DELAMINA TION 
lN SANDWICH ORTHOTROPIC LAMINATED PLATES 

Alves Brandão, L.O.C., Levy Neto, F. and Mamiya, E. N. 
Departame11to de Projeto Meni11ic:o. Fawltlade de EnJ.ielllwria Mec<inim · UNICAMI' · CEP 13083-970 
Campinas, /Jrasil 
E-mail: rolwm@dpm..fóll.wlicamp.l>r 
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This work presents a finite element displacement analysis of a laminated composite plate 
under static hending. The lami1wte is a symmctric sandwich constituted of three layers with orthotrop
ic mechanical properties. The presentliH;ory-assumes a piecewise linear dislrihution or lhe inplane dis
placemCillS lhrough lhe thickncss. aml as a conscqucnce descrihcs distincl mcasures of shcar ror lhe 
inner aml lhe outer layers. The numerical resulls ohtained from lhe finile .:lemcnt simulations were 
compareJ with analytical as well as numerical solutions. Fiher failure and dclamination critcria wen: 
implcmenleJ for lhe analysis of intcgrity of llle laminaled plate. 

Keywords: Lalllill(i/l'd plull'S, .fi11ilc cll'llll'llls, delmllillalioll. larcnt·isc 1/worr. 

COB370 HYBIUD COMPOSITE PLATES WITH SHAPE MEMORY ALLOY 
FIBERS 

Marcclu Amurim Savi 
/Jelwr/ullll'/1/o de l:'ngelll/1/ria Menifli('(f e de !1/atniuis. lllstituto Militar dl' l:'llg('lllltlria 

22.290.270. Nio de .lulleiro. lU · 1:'-Mui/: d.Jsuri~'' <'f1cJ.illl<' . <'h.hr 

lntclligent materiais can be used on intelligenl struclures as acwawrs that may he embedded 
in slructural material (matrix ). forming what is calkd hyhrid composiles. i\ctu;llors made of shape 
memory alloys (SMi\s) havc shown a great potenti;il in situ;Jtions wherc high force. large slrain. anJ 
low frequency structural control are ncedL'd. This contrihution diseusses the bending mmleling of 
hyhrid compositc plates using shape 1nemory alloy fihers. i\ lllllllcricalmelhml is developed and some 
numcrical simulations show the pscudoclastic hehavior of lhese composites. 

Keywords: Coll!JW.Üil' Malaiuls. Sllilj}(' M<'ll/IJIT Allors. illll'lligl'lll Stmcturcs. 

COB~30 NOTCHED STRENGTH OF COMPOSITE LAMINATES WITH UNI
DIRECTIONALTAPE LAYEU.S 

Eugênio de Azevedo Soriano & Sérgio Frascino M. de Almeida 
Instituto Ternoltigico "" ,' \ ('fOJIÚIIIint -/)ir. r·,lgtl 1\l('f'ÚIIinl-.-\('rowíulica 

12228-'JOO Stio .los c; dos ( 't llllflos ·SI'· l :'·ll lllil.ji'tl.ln'nmo' ll/l'c .iltl.clcl .hr 

The strength of notched composite l:tmilwtcs with unidircction;iltapc laycrs is investigal
ed under the assumption thatthe f:1ilure of the Ooo plies governs l;nninate failurc. The failure cri
terion proposed hy Mar and Lin is utilizcd to ddine the fracture paramelcr of a Ooo pl y. 
Experimental results obtained from dillerentlaminates indicated thatunder ccrtain conditions the 
fracture parametcr of a Ooo pl y is essent ially constant. regardlcss of lhe orientation of the neigh
boring plies . The 0=-ply fracture parameter is used lo compute the laminate fracture parameter. 
which is subsequently used in the failure criterion to predicl the laminate nolched strength. The 
use of this technique significantly reduces lhe llllmher of lests n:qu1red to characterit.e a family 
of laminates. Correlation hctween predicted and experimental nolchcd strength showed excellent 
agrcement. 

Keywurds: C{JillfiOs ilt ' 1/lil/t'ria/s. 1/otclll't! strl'llglh . .fi·ucl/lrt', lmllintii<'S, ,·arhonkiiO.\T 
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COB947 TÉCNICAS DE FABRICAÇÃO PARA LAMINADOS COM BORDAS 
MOLDADAS RESISTENTES À DELAMINAÇÃO I DELAMINATION 
RESISTANT MANUFACTURING TECHNIQUES FOR LAMINATES WITH 
MOLDED EDGES 

Geraldo M. Cândido, Sérgio Frascino M. de Almeida & Fabiano Mazza 
Divisüo de En~-:a Mecânica-Aeronáutica - lmtituto Tecnolô~-:ico de Aeronáutica 
12228-900 Süo José dos Campos- SP Brasil E-mail: ji"ascino@mec.ita.cta.br 

The strength of composite laminates may be reduced because of delaminations emanating 
from the free edges. Thc laminate strength depends on the stacking sequence and the finishing of the 
free edges. The use of laminates with moldcd edges leads to a gain in productivity but may havc 
adverse effects on the strength. ln this work, fabrication procedures are proposed to reinforce the 
molded edges producing laminates with high edge delamination strength. 

Keywords: Composites, manufacturillg, fi'ee edge, tensile strength. 

COBlOOO IDENTIFICAÇÃO DE PROPRIEDADES ELÁSTICAS DE MATERIAIS 
COMPOSTOS A PARTIR DE ENSAIOS DINÂMICOS I IDENT/FICA
TION OF ELASTIC PROPERTIES OF COMPOSITE MATERIALS FROM. 
DYNAMIC TESTS 

.Jesiel Cunha 
Divisüo de En~-:a Mecânica-Aerolllíutica - lmri/u/o Tecnolô~-:ico de AeronáuTica 
12228-900 Süo José dos Campo,ç- SP Brasil E-mail: ji·ascino@mec.ifll.cfa.br 

This work consists in the identification of the stiffness propcrties of composite materiais from 
dynamic tests. Unknown coefficients are identificd by a technique of model updating. The used for
mulation (modal approach) is based on the minimization of the eigensolution residuais (sensitivity 
method). Errors of generalized masses are considered. This tcchnique allows the simultaneous identi
fication of severa! properties from a single test. Stiffness properties of extension, bending, twisting and 
transverse shear are identified. A discussion of the differents identification approaches of elastic con
s(ants of composite materiais from dynamic tests is presented. Results obtained by numerical simula
tions show the efficiency of the method. 

Keywords: Materiais compostos - ldentificaçcio - Vibraçcio - Rigidez - Ajuste de modelos 
Composite materiais - ldentification - Vibratio11 - Stijf11ess - Model updating 

COBlOOl APLICAÇÃO DOS ALGORITMOS GENÉTICOS NA IDENTIFICA
ÇÃO DE CONSTANTES ELÁSTICAS DE MATERIAIS COMPOSTOS 
A PARTIR DO COMPORTAMENTO VIBRATÓRIO I APPLICATION 
OF GENETIC ALGOR!THMS FOR THE IDENTIF!CATION OF ELASTIC 
CONSTANTS OF COMPOSITE MATERIALS FROM DYNAMIC TESTS 

.Tesiel Cunha 
l)epanamenro de Ciências Físiws-Universidade Fedem/ de Uberlândia 
(ampus San/a Mlinica-Uberlândia-MG-Brasil-E-nwil: jecunlw@ujit.br 
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This work is placed within the framework of the identification of stiffncss propertics of com
posite materiai s from dynamic tests. More preciscly, the used approaeh is insertcd in the general con
text of model updating. The genetic algo(ithms method is used as a complementary technique allowing 
a first estimation of the elastic coefficients , in othcr words, the initial finitc clemcnt model is estimat
ed . Thc refinemem of solutions can thus he made by a classic updating method, as for examplc the 
scnsitivity mcthod. The procedure allows the simultaneous estimation of severa! prope1tics, from a 
single tes t. Properties of extcnsion, bending, twisting and transverse shear effccts can be identified. 
Results obtained by numerical simulation show the e!Ticiency and robustncss of the genetic a lgo
rithms. 

Keywords: Algoritmos genéticos- Materiais compostos- ldentificaçiio - Vibraçiio- Rigidez/ Genetic 
algorithms - Composite materiais - ldentificatirm -Vibmtion - Stif(ness 

COB1178 BUCKLING ANO POST-BUCKLING BEHAVIOR OF LAMINATED 
COMPOSITE CYLINDRICAL SHELLS 

Román A. A. Aléman & Paulo B. Gonçalves 
Departamento de F.nRenlwria Civil. PUCII?io - Rua Marquês de Siio Vicente. 225- GlÍvea. CEI': 22435-900- Rio 
de Janeiro - RJ 
Te/. (02 I )529-9325-Fax (02 I )511- I 546- E.-mail: J!llu/o @civ.fWC-rio.br 

ln lhe prescnt work an analysis of the stahility of layered composite cylindrical shells under 
axial compression or lateral pressure is carried out using a non-linear shcar dcformable shell theory. 
Using general computer algebra routines writtcn in MAPLE, an analytical solution is obtaincd for the 
criticalload and corresponding criticai modc. A modal solution based onthc seminal ideas of Koiter's 
post-buekling theory is cmployed together with the Rayleigh-Ritz method to obtain lhe non-lincar 
equilibrium equ ations govcrning lhe post-critical bchavior of the shell a nó thc fundamental solution of 
an imperfcct shell. Again these cquations are obtai ncd and solvcd by the use of symbolic algebra. A 
detailcd paramctric analysis is prcscnted and thc cffects of fibcr oricntation. material properties, num
ber of Jayers and shell geometry on the criticai and post-critical behavior are discusscd. lt is obscrvcd 
that thc shell stabilily is highly dcpcndent on the Jaminatc characteristics and, from thesc observalions, 
it is concluded that , in order to cxploit efficicntly lhe composite material , an specific laminate should 
be designed for each application. 

Keywords: laminated shell, composite material, stability, post-critical behavior, limit poirzt mui bifur
cation point (cascas laminadas, materiais compósito.1·, estabilidade, comportamento pôs-crítico e 
bifurcaç6es). 
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TEMA 75- Membranas Placas e Cascas 

ELEMENTOS FINITOS TRI-LINEARES COM INTEGRAÇÃO 
REDUZIDA NA ANÁLISE DE PLACAS E CASCAS I TRI-LINEAR 
FINITE ELEMENTS WITH REDUCED INTEGRATION lN THE ANALYSIS 
OF ?LATES AND SHELLS 

Sérgio Luiz Schulz & Armando Miguel A wruch 
Curso de Plis-Gruduaçüo em E11/ie111wria Civil- Cl'GEC I UFRGS- Av. Osmldo Aranha. 99- 3o andar 
CEP 90035-190 Porto Alewe. RS, ilmsil - E-11util: s/.w:ltulz@ uepg.br ; mvruch @nurecner. com.br 

Thc static and dynamic finite clemcnt analysis of plates, shclls and othcr structural systems 
using eight nodes threc-dimcnsional linear isopammctric clements is presented in this work. Some 
important features are: (a) thc clcment matriccs are obtained using rcduccd integration with control of 
hourglass modcs; (b) an cxplicit Taylor-Galcrkin scheme is uscd to carry out lhe dynamic analysis, 
solving thc corresponding cquations in terms of vclocity components; (c) advantages of vector proces
sors facilitics , existing in modern supcr-computcrs, were considered. Good results werc obtaincd in 
terms of accuracy and computational pcrformancc. 

Keywords: Placas, cascas, elemenlos jiniros. integração reduzida, supercomputação I ?lates, shells, 
finile elemenlmetlwd, reduced integratüm, supercompllling 

COB172 FREE VIBRATION STUDIES lN CLAMPED PLATES AND SHELLS 
USING FINITE ELEMENTS 

André R. G. de Oliviera & Maher Nasr Hismarck-Nasr 
lnsrilttlo Tecnológico de Aermuíuriw- Divistlo de Engenharia de Aeronâurica. 12228-900 - Stio José dos Campos. 
SP,llrasil 

The prcsent work dcals with a paramctric study of frec vibration analysis of clamped plates anJ 
shells using various tini te clcmcnt models. Thc diffcrcnt elcmcnt formulations uscd are compared in terms 
of convcrgencc, accuracy, case of implemcntation and computational efficicncies. The results obtained ar-e 
comparcd with othcr analytical fonnulations and experimental tindings. 

Keywords: Plales (IIU/ She/1.1·, Dynmnics, Free vibrations, Finite Element Metlwd. 

COB173 FINITE ELEMENT BUCKLING ANAL YSIS OF DOUBLY CURVEI> 
SHALLOW SHELLS 

Juliano Casarin Ozores & Maher Nasr llismarck-Nasr 
lnsrirulll Tecno/rígico de Aermuíutica- Divi.wlo de Engenll/lria Aermuíutica. 12228- 900- Süo José dos Campo. 
SP. llrasil 

Thc prcsent work dcals with linear clastic stability analysis of doubly curved isotropic shallow 
she lls. The shell analysis uses a two-ficld variablc variational principie with the transvcrsc displac:e-
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ment and Airy stress function as field variables . . A finite element formulation that preserves C I conti
nuity is used for the solution of the problem. S~veral numerical results are presented and the results 
obtained are discussed and are compared witl) prcvious solutions whenever available. 

Keywords: ?lates (IIU/ She/ls, Buckling, Linear Elastic Stability, Finite Element Metlwd. 

COB206 ELASTIC SOLUTIONS lN THE COMPUTATION OF LIMIT LOAD 
FOR PRESSURE VESSELS I SOLUÇÕES ELÁSTICAS PARA O CÁLCULO 
DA CARGA LIMITE EM VASOS DE PRESSÃO 

José Ricardo Queiroz Franco & Felício Urüzzi Barros 
Departamento de Engenharia de Estruturas. Escoft1 de E11ge11f111ria tia UFMG 

Av. Contorno. 84212-Belo Horizo11te 30110-060- Brasil- E-llwil.:fi"wlco@dees. ujillg.br 

Elastic solutions for thin shell s are shown to be a very good altcrnativc for the calculation 
of limit loads on axisymmetrical prcssure vcssels in a displaccment formul ation for thc finite elc
ment method . ln thi s paper the fundamental relations for the new formulation is presented, followed 
by the procedure on how to implement them in a techniquc for limit analysis. The proccdurc con
sists of substituting the direct load by its general forces on thc calculation of the externa! work for 
thc Koiter' s theorem. The structural problem is reduced to an optimization problem and solved using 
standard linear programming. The results are prescnted as 3D collapse mechanisms and upper 
bounds on the limit load. 

Keywords: Finite Element, Pressure Vessels, Optimization Elementos Finitos, Vasos de Pressão, 
Optimização. 

COB224 

J, C. Pereira 

UM ELEMENTO FINITO MULTICAMADAS ADAPTADO A ESTRU
TURAS ESPESSAS DO TIPO CASCA/ A MULTILAYER FINITE ELEMENT 
ADAPTABLE TO THICK SHELL STRUCTURES 

Centro Técnico Aeroespacial, Instituto de Aero/1/ÍIItica e Espaço. Divi.wio de Sistemas Espaciais 
1222R-904 S. 1. Campos, Brasil- E-mail: jcarlos@ase2.iae.cta.br 

P. Swider 
Laboratoire de Gé11ie Méw11ique de Toulouse, 3 1077 Toulouse, Fra11ça 

A multilaye r finite element associated with a modcl to provide damping in thick shell struc
tures is presented. The displacement components, which are linear by layer, allow a better representa
tion of the shear transverse effects. The validation of the model, based on the comparison with the 
Classical Laminatcd Theory , is made on an orthotropic square plate with ditlerent ply orientations and 
different boundary conditions. 

Keywords: Casca, multicamadas. mm e ria/ composto, elementos .filtitos, shell, nwltilayer, composite 
materiais, finite e/ements. 
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ANÁLISE ESTÁTICA NÃO LINEAR DO ENVELOPE BOBINADO DE 
UM PROPULSOR I THE NON LINEAR STATIC BEHAVIOUR OF A 
MOTOR 'S CASE 

.T. C. Pereira & A. F. Palmerio 
Cell(ro Técnico Aeroespacial, Jusriruro de i\erolllíurica e Estla(.'O, Dil•islio de Sisremas Espaciais 
1222fi-904 S. J. Campos. Brasil- c-mail: jcarlos @ase2.iae.cra.br 

The non linear stalic hehaviour of a motor's case in Aramid/Epoxy is analyzed. The cure 
process of the Epoxy resine is analyzed numerically and eompared with the measurements taken after 
the fabrication of the envelope. ln the non linear analysis, an additional stil'fness matrix is considered 
as a function of the in-plane stresses state. 

Keywords: Análise ncio linear, estrU/ura bobinada, material composto, elementos finitos, non linear 
behaviour, wow1d structure, composite materiais, .finire elemenrs. 

COB811 ANÁLISE ELASTOPLÁSTICA DE PLACAS SEMI-ESPESSAS COM 
NÃO-LINEARIDADES GEOMÉTRICA E MATERIAL UTILIZANDO 
O MÉTODO DOS ELEMENTOS FINITOS I ELASTIC-PLASTIC ANALY
SIS OF THICK PLATES UNDERCOINC LARCE DEFLECTIONS USINC 
THE FINITE ELEMENT METHOD 

.José Aguiomar Foggiatto & Carlos Alberto de Campos Selke 
NUPES Núcleo de l'esqui.ws em Eugeulwria Simulrâueo I NUPEM Núcleo de Pesquisas em t:ugeulwrio Mecâuica 
- Deparwmeuro tle Menluico - CEFET-Pf? Ceurro Federal de t:tlw:açlio Teow!tígic:a do Paranú 
CEP R0230-901 Curirilm, l'arwuí, Brasil- E-lllltil:.filggiorr@dtllllec.c~{erpr.br 

GRANTE Grupo de Alllílise de Towies - LJepor/tlllle /1/o de Engenl111ria Mecâ11ic:a - UFSC U11iversidade 
Fedem/ de San/li Cararina CEP RR040-900 Floriwuítwli.l', Stllrla Cowrino, Bmsi/- E-llwil:carlos_se/ke@sir
ius.cnpq.br 

The finite element method is used to sol v e elastic-plaslic problems of thick pi ates under
going large deflections. Hill's variational principie. in its updated lagrangian form, is adopted in 

the formulation of the problem. since it has show to be eiTicient in thc modelling of elastic-plas
tic materiais. with isotropic hardening. The behavior of lhe elastic-plastic piares is modelled using 
the von Mi ses yicld funclion and the flow rule associated wilh von Mises yield funclion. Dueto 
its invariance with the rigid body rotation and displacements and because its leads to a symmet

ric stiffness matrix, the cu-rotacional rate of Kirchhoff stress tensor is uscd in the formulation. 
The element obtained from this formulation is thc nine nodc isoparametric quadrilateral 

J,agrangian finite clement. Thc integration through the thickncss of the elemenl is numerically 
performcd by the Gauss-Lobatto quadrature rulc, which allows a better represcntation of the plas
tic process . This thick plate finitc element is uscd to solve severa! non-linear elaslic-plastic prob

lems of platcs and the results obtaincd are comp:ued with analytical and numerical solutions 
available in lhe literature. 

Keywords: Finite elemen/s, plasticity, rlrick piares, quadraiure nrle, nonlinearities Ele111entos .fini
tos, plasticidade, plams sei/li-espessas, regm de quadraritra, não-linearidades. 
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COB823 ANÁLISE DE CARGAS CRÍTICAS DE CHAPAS PELO MÉTODO DOS 
ELEMENTOS FINITOS!ANALYSIS OF CRÍTICA L LOADS OF ?LATES BY 
THE FINITE ELEMENTS METHODS 

Paulo Shigueme Ide, Reyolando M. L. R. F. Urasil & Henrique de Uritto Costa 
Deporwmento de /:_'ngenllllria Mecânica, Escola Fedem/ de Fngenllllria de ltajubú - FIE/ 
CEP 37.500-000 ltajubú- MG. Umsi/- /:'-Moi/: s/iigueme@ iem.e.fi•i.rmg./Jr 

This paper presents a determination of crítica! loads of compression or plates under severa! 
conditions of boundary. However, it will be necessary a fonnulation geometrically nonlinear to obtain 
diferential equations of equilibrium. 

The nlllnerical so!ution of diferenlial equations of equilibrium is obtained by Finite Elements 
Method(through Weighled Residual). The problem of eigenvalues is solved through the Jacobi 
Method and the solution of nonlinear system through lhe Newton-Raphson Method. Severa! examples 
are analysed varying boundary gcometric parameters. Where possiblc, comparisons are presented with 
published results or obtained by commcrcial program. 

Keywords: Cari?as Críticas, Autova/ores, Flambagem de Placas e Chatlas, Método dos Elementos 
Finitos I Crítica/ Loads, J:igenvalues, Plates wul SI! e/Is l~( Buckili11g, Finite Eleme!lts Metlwds. 
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TEMA 76- Estruturas 

COB88 ESTABILIDADE DE ARCOS SEGMENTADOS DE CONCRETO 
ARMADO I STABILITY OF PRECAST CONCRETE SEGMENTAL ARCHES 

Humberto C. Lima .Júnior, Paulo B. Gonçalves & Giuseppc B. Guimarães 
Departamento de F.ll f.:e lllwria Civil. PUC/Rio 

Rua Marquês de Süo Vicente, 225 - Gávea. CEI': 22435-900- Rio de Jwieiro - RJ 

Te/. (02 I )529-9325-Fax (02 I )5 I I -I 546- F.-111ai/: I hu111berto. pau/o, ~-:iuseppej@civ.puc-rio.br 

Segmentai are h is a structurc made of severa I straight scgments of precast concrete, connected at 
points belonging to a curve in the form of an arch which circumscribes thc structure. This work presents 
a study of the cffects of hcight to span ratio, numbcr of segmcnts and initial geometric imperfcctions on 
the arch stability. Thc study was carricd out with a computational model based on the tinite element 
method. The model takcs into account material and geometric non-linearities, and concrete cracking. 

It was found that thc optimal hcight to span ratio value is 0,3, thc number of segmcnts affects 
the behaviour of threc-hinged arches and that geometric imperfcctions can drastically decrease the 
arch load capacity. 

Keywords: segmentai arch, reil~fó rced concrete, stability, criticai load, limit point mui bifurcation 
point. arco segmenwdo, concreto amwdo, estabilidade, carga crítica. 

COB179 FORMULAÇÃO LAGRANGEANA ATUALIZADA PARA ANÁLISE 
NÃO-LINEAR GEOMÉTRICA DE ESTRUTURAS RETICULADAS 
PLANAS VIA M.E.F. I UP DATE LAGRANGEAN FORMULAT/ON TO 
ANALYSE GEOMETRIC NON-LINEAR PLANE FRAMED STRUCTURES 
THROUGH US/NG F.E.M. 

Rogério de Oliveira Rodrigues 
Deparrwnenlo de i:'tif.:elllwria Civil, l·iiwldade de Üif.:elllwria- UNESI'/Fl:'/S

CEP 15.385-000 Ilha Solteim · S.P .. /Jmsi/- Av. /Jmsi/ Centro, 56 

Wilson Sergio Venturini 
Departamento de L'strutums. l:'scola de E1If.:elllwria de Siío Ca rlos · USI'/EESC 
CEP I 3.560-250 Silo Carlos- S. I'., !Jmsi/ - Av. Dr. Cario.\· /Jotelho. 1465 

This work deals with up dateel Lagrangcan formulation to analyse gcomctric non-lincar plane 
trusses anel framcs, using finitc clcmcnts. Thc cquilibrium is cnforccd at lhe actual posi tion, allowing 
to compute internal efforts using thc truc displacemcnt ficld. Appropriate shape functions are adopted 
to cach type of elcmcnt, giving thercfore thc corresponding normal strain component representcd by 
thc complete Grecn-Lagrange tensor. For thc truss formulation, ali tcrms are taken into account to 
derive the global stiffness matrix , whilc for frames, some tcrms of highcr orders havc becn neglected. 
Thc Lagrangean formulation is used to write the equilibrium at the position giving thc final tangent 
and secant incremental stitTncss matrices . Static anel dynamic numcrical examplcs are shown to illus
trate the accuracy of the proposed formulation . 

Keywords: Stmc/llral analvsis; Nrm-/inear belwl'iour I An'âli.l'e estmtural; Comportamel1/o nüu-lineur 
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COB656 ANÁLISE ELASTO-PLÁSTICA DE LAJES UTILIZANDO O MÉTODO 
DOS ELEMENTOS FINITOS E PROGRAMAÇÃO MATEMÁTICA I 
ELASTO-PLAST/C ANALYSIS OF SLABS USING THE METHOD OF THE 
FINITE ELEMENTS AND MATHEMATICAL PROGRAMMING 

Alexandre Miranda Mont'alverne 
Departamento de Engenharia Civil. Pontifícia Universidade Cat!Íiic:a do Rio de Janeiro (PUC-Rio). Rio de 
Janeiro. RJ, CEP 22453-900. Brasil. E-mail: mimnda @tecgl'li(J>IIc-rio.br. mirwula @civ.pw:-rio.br 

Luiz Eloy Vaz 
Departamento de E11genlwria Civil. Pontif{cia Universidade Cauilic:a do l?io de Janeim (I'UC-Rio), Rio de 
Jwzeiro, RJ, CEI' 22453-900, Brasil. E-mail: e!oy@civ.puc-rio.br 

A e lastoplastic analysis by non-linear Mathcmatical Programming is developed for thin and 
thick bending platcs, under small deformations. Thc Finite Element Method is used to discretize the 
model. The equilibrium equations at the structurallcvel are solved by a conventional Newton-Raphson 
technique. The elastoplastic constitutivc problem is statcd for strcss variablcs at Gauss points o f the 
discretized structurc as a Mathematical Programming problcm. Thc strength critcria proposcd by 
Johansen and Velasco are uscd in this work. Thc tangcnt consistem matrix is uscd to update the el ns to

plnstic stiffness matrix. A Ncwton-like interior point mcthod is uscd to solve thc Mathemntical 
Progmmming problem. 

Keywords: Lajes de Concreto Armado, Método dos Elementos Finitos, Análise E/asto-Piástica, 
Programaçâo Matemática I Slabs (if' Reit!fi>rced Concrete, Metlwd (~f'the Finite Elements, Elasto
Piastic Analysis. Mathematical Progmmmi11g. 

COB657 ANÁLISE ESTÁTICA DE VIGAS LAMINADAS ORTOTRÓPICAS 
PELO MÉTODO DOS ELEMENTOS FINITOS/STAT/C ANALISYS OF 
ORTHOTROPIC BEAMS BY FINJTE ELEMENT METHOD 

Amir Elias Abdalla Kurban 
Departamento de Engenharia de Fortific:artio e Comtruçtio. /M E. R J. Bmsil. amir@aquarius.ime.eb.br 

Anderson Dolinski Campos 
Deparwmento de Üz)ielllzaria Meul11ica. PEM. COPPEIUFRJ, R J. Bmsi/ 

Humberto Lima Soriano 
DME, EEIUFRJ e PEC.COPPEIUFRJ. R J. Bmsil 

This pnper prcscnts a finitc elcment fonnulation of multilaycred orthotropic beams for static 
analysis. This formulation is dcvclopcd bnscd on n transversc shcar dcformat ion thcory which 
accounts piecewise linear distribution across the interfaces bctwccn thc layers of the displaccment u 
and sntisfies thc contact conditions at the interfaces. The clemcnt is quite vcrsatile and it can bc used 
to annlysc not only thin beams with negligible shcar dcformation but also thick beams and bcams of 
sandwich construction in which shcar cffcct is important Numcrical cxamples are workcd out to com
plete the theoretical formulation. 

Keywords: FEM, ortlw tropic beams, vigas ortotrôpicas, nwltilayered bemns, vigas lamúwdas 
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COB661 ANÁLISE DE UM BANCO VEICULAR SUJEITO A GRANDES 
DEFORMAÇÕES POR COLISÃO I ANALYSIS OF VEHICULAR SEAT SUB
MITED TO LARGE DEFORMATIONS BY COLISION 

Mauro Speranza Neto 
Departamento de Enxenilaria Meuíniu1- I'UC-Ri11- E-111ai/: lll.m@llleC.JIIIc-rill.hr 
Fernando Ribeiro da Silva 
Depar/allle/1111 de En)ielwria Meci111ica e de Materiais- /ME- E-111ail: d4fer/1an@epq.ime.eh.hr 
Jorge Dias Lage 
lnstilllto Tec11olli!iico- PUC-Rio- E-111ail: jla)ie @vellll.l'.rdc.puc-rio.br 

This work prcscnts an analysis of a vehiclc seat under dynamic load, during a colision. From 
the deformated scat after thc colision, wc determine thc probable vchiclc velocity just before thc aci
dent, using simplc modcls, systcm dynamic tools and some engineering analysis procedures. We 
describe our methodology and discuss our analysis showing thc most important results. 

Keywords: Análise Dinâmica, Colisâo de Veículos, Método dos Elementos Finitos, Simulaçclo 
Dinâmica. Dynamic Analysis, Vehicle Colisions, Finite Element Metlwds, Dynamic Sinwlation 

COB831 STRESS STIFFENING EFFECTS ON LAMINATED TIMOSHENKO 
BEAMS WITH PIEZOELECTRIC ACTUATORS 

Donatus C D. Oguamanan 
U11iver.~ity ofToro/11;,_ lmtillllefilr Aemspm:e St11dies, 4925 /Juf(eri/1 St .. Dow/1.\'View. 0111., Ca11ada M3H 5T6 
Sérgio Frascino Müller de Almeida 
111.1'/Í/1110 Tecl/11/iÍ)iil.'ll de Aer/1/UÍIIIica - Di v. r:n)iil Meuínica-Aemii/ÍIIIica. 
12221?-900 Sii11 José dos Ca111po.1· - SI'- E-mail: .fi·ascino@lllec.illl.clll.hr 
.Jorn S. Hansen 
University i!{ Tom/lili- lmtilllte.filr Aemspm:e St11dies, 4925 D11f/ài11 St., Dow11sview, 0111 .. Ca11ada MJH 5T6 

Thc effectivcncss of using piczoelcctric elemcnts to control thc mechanical performancc of lami
nated structures by inducing favorablc in-plane strcsscs is invcstigatcd. A finitc elemcnt formulation is 
presentcd for the analysis of laminatcd Timoshcnko bcams with an arbitrary numbcr of piezoelcctric actu
ators and/or scnsors placcd along thc lcnglh of thc bcam. Von Kàrmàn non-linear strain-displacement rela
tions are uscd and ideal linear bchavior is assumed for the piezoclectric actuation. lt is shown that with 
propcr boundary conditions thc piezoclcctric actuators inducc in-planc strcsscs that may signilicanlly 
affcct the mcchanical bchavior ol· thc hcam. lt is shown that the strcss stiffening is more pronounccd for 
slendcr bcams. A configuration with a piezoclcctric actuator at thc top of a slender bcam and a sensor at 
the bottom is analyzcd. lt is dcmonstratcd that neglccting Lhe strcss stiffening effccts may lead to largc 
errors in both thc slatic and dynamic analyscs of this widcly uscd configuration. Further, thc stiffncss of 
the bearn can bc clcctrically tuncd lo a dcsircd valuc with intcresting applications in active structures. 

Keywords: Piezoe/ectric, .finite elements, stress sti.ffening, vibration. 

COB832 AXlSYMMETRIC ACTUA TION OF COMPOSITE CYLINDRICAL 
SHELLS WITH PIEZOELECTRIC RINGS 

Alfredo Rocha de Faria 
Unit•ersil \' o{'/inmtlo- ln .<IÍIIIIe fúr Aerospoc:e Studie.1· 
4925 DuÚe;in St .. Dou·mt•iew. 0111 .. Cwwdo MJH 5'1'6 /o'-uwil . ./ilria @fmchutios.utoronw.ca 
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Sérgio Frascino Müller de Almeida 
Instituto Tecnoi!Íf.iico de Aeronáutica - Di v. El/ f.ia Mecâllica-Aermuíutica 
1222R-900 Süo José dos Campos- SP- E-11wil: ji"ascil!o@mec. ita.c/li .!Jr 

T76 

Axi symmctric stati c and frcqucn cy ana lyscs of anisolropic cylindrical shells with onc and two 
pc rfcctly bondcd ring piczoactuators are pcrformed. The shell is assumcd to bc linear clastic and madc 
of laminated compositc materiai s. The cl cctroc lastic constitulive rclations for thc piezoel ectric mate
riais are al so assumcd to bc linear. A simpl e closcd-form soluti on of thc cquilibrium equations is 
obtaincd for the case o f a in finitc she ll with onc or two actuators . Thc finitc clcmcnt mcthod wilh class 
CI continuity elements is then appli cd to obtain thc stiiTness and mass matl·ices requircd for the stat
ic and dynamic analyses of arbitrary cylindrical shells with piczoelcctri c actuators. Good agree ment is 
rcachcd between Lhe analytical soluti on found and thc numeri cal procedure implementcd. Rcsults indi 
catc thatlhc maximum normalized di splaccmcnl and its location vary according to lhe actuator lc ngth . 
Furthcrmore, a frcquency analysis is carricd on in a broad range of frequcncics to invcstigatc the cffect 
of mass propertics on the rcsponsc of a simply supported cylindrical shell. 

Keywords: Cylindrical Shell, Piezoelectric Aclttation, Composite Materiais. 

COB837 INFLUÊNCIA DO AMORTECIMENTO INTERNO EM PLACAS SOB 
AÇÃO DE CARREGAMENTO NÃO CONSERVATIVO I INTERNAL 
DAMPING lN PLATE WITH NON CONSERVA TIVE LOAD 

.Tánes Landre Júnior 
Departamento de Ü tf.iellllllria Mecâ11ica. 1/'UC - PUC-Mi11as - Belo Horizo11te. CE/'30.535-610 Belo Horizonte, 
Brasil 

ln lhe present work, that deals wi th the dynamic analysis of pi ates by using the finite el ements 
method , thcre wcre uscd commun elcments for structurcs in bcnding.ln orde r to work the s tructurcs o f 
pi ates undcr thc action of followcr forces and internal damping, it was necessary study pi ate problcms 
with different boundary conditions, so that loss of slahility could he studied. Thi s sludy proves the 
destabilizing effccl of low internal damping coellicicnts al pi ates, for lhi s used graphs and tables for 
differcnt criticai loads valucs. 

Keywords: Structuml Vibration, Plate, Nott-Conservatil'e Load I Vibmçüo de t.'struturas, Placas, 
Cargas Não Cmzservati vw ·. 

COB1357 INFLUÊNCIA DAS JUNTAS SEMI-RÍGIDAS NO COMPORTAMENTO 
DINÂMICO DE PÓRTICOS PLANOS I JNFLUENCE OF SEMI-RIGID 
CONNECTIONS ON THE DYNAMJC BEHA VI OUR OF PLANE FRAMES 

Carmen Lucia Sahlit & Milton Soares Filho 
Depar/1/lllelltll de l:.Úf.ielllwria Civil, Faculdade de Tec11ologio - U11i versidade de Brosília -
70910-900, Brasília. DF. /Jmsil - /:_'- mail: lucbbm11 @nulalu ·,mi./Jr I milto11.1'(@ f.iUlll'lll l)'. Cf>d.un!J. br 

Thc hchav iou r of framed slructurcs with semi-rig id co nneclions su bjecled lo dynamic loads is 
studied . Attention is given to the cffect o f joint flex ibility o n thc natural frequcncies and correspond-
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ing mode shapes, as well as on lhe dynamic displacemcnls and generalised stresses. The tlexible con
nections are represenlcd by zero-lcnglh rolalional springs with linear momem-rotalion relationship. 
The mass and slillness malrices are dcvelopcd as lhe sum of lhe conventional finile clement matrices 
and correclion matriccs which ineorporate lhe tlexibilily of lhe end joints. The problem of forced 
vibrations is then solved by means of the modal superposition method or, alternatively, by numerieal 
inlegrat ion of lhe molion equations. Numcrical results are prescnlcd and it is shown thal thc consider
ation of semi-rigid conncctions altcrs significanlly lhe dynamie bchaviour of the structure. 

Keywords: listrutura reticulada, conexüo semi-rígida, resposta dinâmica, análise de vibmçi5es. I 
Framed stnu:ture, semi-rigid connection, dynamic response, vibration analysis. 
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TEMA 77 - Mecânica da Fratura 

COB154 CRACK GROWTH RESISTANCE CURVES lN WOOD MODELLED 
AS AN ORTHOTROPIC STRAIN-SOFTENING MATERIAL 

Theophile Mehinto, Gerard Chalant, Sylvie ldrissi-Ronel 
Universilé des Anlilles e/ de la Guyane ( UAG), Celllre de Rec:lierc!Je Scienlifique e/ Teclmologique de Guyane 
(CRSTG) 
Laboraloire "Mécwzique, Malériaux, Em•irowzemelll" (LMME), B.P. 792, F-97337 CAYENNE Cedex, Guiana 
Francesa 

This paper depicting resistance curves in wood is bascd on two concepts. Firstly, the fictitious 
crack model which takes into account the slrain-softening behaviour of lhe material. Since wood is 
modelled as an orthotropic (radial R, longitudinal L and tangential Taxes) medium, crack propaga
tion along the grain in poplar had been studied using a nonlinear finite element method. Thus load (P)
load displacement (*)curves have been dedueed for lhree specimen gcometries submilted to opening 
mode : lhe double cantilevcr beam (DCB), lhe compact tension (CT) and the single-edge notched in 
bending (SENB). Three crack configurations had been studied: TL, RL and TR. Sccondly, the equi
valent crack lcngth conccpt is used, taking into account the effcctive length of the fracture process 
zone. From P-'' curves, the estimation ol· thc equivalent crack length makes it possible to plot R
curves. The eiTects of initial crack lengths and specimen geometries are thus analyzcd. The existence 
of a single - resistance versus crack extension -curve for each crack configuration makes it possible 
to predict fracture loads confirmed by experimental results. This successful comparison allows future 
research taking into account the behaviour of other wood spccies particularly tropical ones. 

Keywords: Equivalent length, Finite elements, Fracture proces.1· zone, R-curves, Wood. 

COB184 CONTINUUM DAMAGE PROBLEMS SOLVED BY THE SPLITTING 
TECHNIQUE lN CONNECTION WITH FINITE ELEMENT METHOD 

Stella Maris Pires-Domingues & Heraldo Costa-Mattos 
Meclwnic:al En!{illeerin!{ Deparll/le/l/, U11iversidade Fedem/ 1-'/umille/lse - UFF 
CEP 24210-240, Niterríi, lU, /Jrazil- E-mail: maris@c:all.l(tr/n· 
Fernando Alves Rochinha 
Meclumical Ell!{illeerill!{ Program, EE-COPPEIUFRJ. Ulli•·ersidade Fedem/ do Rio de la11eiro 
CEP 21945-970, Rio de la11eiro. RJ, /Jrazil- E-mail: .firro@lalmzfl.com.ll/ij.l>r 

Ditlerent continuum damage theories for elastic materiais have bcen proposed in lhe iast years. ln 
order to avoid the ioss of well-posedness in lhe post-locaiization range, some continuum damage theories 
for eiastic materiais introduce higher order gradicnts of thc damage variable in the constitutive model. 
Aithough such theories allow a mathematically correct modeiing of the strain iocalization phenomena, they 
are usually considered very compiex to handie from the numerical point of view. The prcsent work is con
cerned with the numericai impiememation of a gradient-enhanced damage theory for ciastic materiais. A 
simple numerical techniquc, based on the finite eiement method, is proposed to approximate the soiution of 
the resuiting noniinear mathematical probiems. The coupiing betwecn damage and strain variables is cir
cumvented by means of a spiitting techniquc. 

Keywords: Damage Mechanics; Finite Elemenls; Splilting Teclmiqtte. 
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COB3S2 OSMOSIS, FILTRA TION AND FRACTURE OF POROUS MEDIA 

Roberto Suarez AntoJa 
Facul/ad de lngeniería, Universidad Catrílicu de/ Uruguay 
8 de Octubre 2738. C. I'. 1.600. Montevideo. Uruguay- E-mail: rsuarez@ucu.edu.uy 

Filtration was produced in a small scalc physical model of a granular porous medi um of cylin
drical shape. The same volume flow was obtained either applying a difference in hydrostatic pressure 
or in osmotic pressure. ln the first case a process of sustained erosion ending in an hydraulic short-cir
cuit was observed, while in the second case the material remained stable. This paradoxical strength 
behaviour is explained using some results from dillerential geometry, classical field theory and ther
mo-kinetie theory. The fracture process of a continuous matrix in a porous medium under the com
bined e ffect of filtration and ex terna! mechanicalloads is thcn considercd. The obtaincd results can be 
applied to the fl ex ural and compressive strength of wet concrete. 

Keywords: Filtration pressure, osmosis, meclwnicalfailure. 

COB391 ANALYSIS OF FRACTURE lN THIN COATINGS SUBJECTED TO 
CONTACT LOADING 

Sonia A.G. Oliveira' & Allan llowcr' 
1-Dep. Engenharia Meul11iw. Uni1•. Federal de Uberlâ11dia -UFU. CEP. 38400-900 Cx.P. 593 Ubertandia. MG 
E-Mail sgoulart@ufit.br 
'- BroiVII University. l'rovidence. RI - USt\ 

Hard coatings, which are used to protect surfaces that are subjected to contact loading, may 
fracture or delaminate from their substrates. A simple model of the fracture process is presented. The 
thin coating is idealized as a brittle elastic layer of uniform thickness, which is bonded to the surface 
of a half-space. The coating and substrate are assumed to contain mierocraeks. The solid is loaded by 
a rigid cylindrical indenter, which si ides over thc surface of the coating. Methods o f linear clastic frac
ture mechanics are then used to ealeulate the loads required to initiate fracture in the coating. lt is 
shown that thc frac ture loads are strongly inlluenced by the mismateh in elastic prop-crties between 
the laycr and its substrate, the thic kness of the layer, the initial crack size and the friction eoetTieient. 

Keywords: Fmcture; Rolling Contac/; Coaling; Wear I Fralura, Conlalo, Reveslitnenlo, Desgas/e. 

COB1003 DETERMINAÇÃO DA CURVA J-R UTILIZANDO UM ÚNICO CORPO 
DE PROVA BASEADO NO MÉTODO DA NORMALIZAÇÃO DE HER
RERA E LANDES/ DETEI?MINATION OF 1-R CURVE USING A SINGLE 
SPECIMEN BASED ON HERRERA AND LANDES ' NORMALIZATION 
METHOD 

Neilor Cesar dos Santos 
Coordenu;:üo de Mecúnic:u . Escola Técniw Fedem / do l'amí!Jo - GOMEC!DDEIETFI'B. t\1'. Primeiro de Maio, 
720- Jaguaribe - CEP 5fi059 900. }(}(/o l'essou - 1'/J - /Jrusil E,nlllil: neilor@jpu.etfjib./Jr 
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Marco Antonio dos Santos 
Dejlltr/alllento de EnMenliuriu Menlniw. DEMICCTIUFI'IJ-CIIInJ>II.I' li. Cuixu l'ostul 10023 - Cumpinu Grande -
PB- Brasil. lo'-nwil: Sl/11/os@lct[:ufi>!J.!Jr 

Herrera and Landes normalization method (Key Curve) to determine thc J-R curve was studied. 
lts aplicability was analised for two HSLA steels: a controlled rolled API 5L-X70 pipelines steel platc, 
produced with inclusions morphology control, and an ASTM A516-GR65 pressurc vesscls stecl platc. 
The tests were made at room temperaturc and threc point bcnd specimens werc uscd. The normalization 
curve(Key Curve) was analytically dctcnnined and the points fit was executed by a power law. The 
Ramberg-Osgood's functional form rclationship was uscd. The rcsults werc confronted with other 
obtained by thc multi pie specimcns test method. Sueh proccdure brought in to cvidcncc that Hcrrera and 
Landcs nonnalization method is suitable tu determinate J-R curve for lhe studied steels. 

Keywords: ftltegral J, Curva .1-R, Método da Nomwliwç:üo, Método de Um Único CotJHJ de Prova, 
"Key Curve" . ./ lntegml . .1-R Cww', Nomwlization Metlwd. Single Speci11ten Metltod, "Key Curve". 

COB1078 O EFEITO DA ESPESSURA DO CORPO DE PROVA SOBRE OS V A
LORES DE TENACIDADE À FRATURA DO AÇO ASTM A516-GR65/ 
EFFECT OF SPECIMEN THICKNESS ON THE VALUES OF THE FRAC
TURE TOUGHNESS OF THE ASTM A516-GR.65 STEEL 

José Jefferson da Silva Nascimento & Marco Anti'mio dos Santos 
Departtul/el/to de Engellfl/lria Medi11ica, Unil'ersidade Fedem/ da i'umílw- !Jmsil 
CCT/UF!'B- Bmsil, lo'-lllllif: s<tllllls@lct(t!/i>!J.!Jr 

This work is concerncd wilh lhe thickncss c!Tect of the specimen in values of toughness to ini
tial fracture (di) and to maximum load (dmáx, Jmáx). Specimens of lhe type lkxure at three points were 
tested at the room temperature in a universal machine for testings, hydraulic-servo (MTS 81 0), under 
contrai of displacement with displacement speed of lhe table equal to 3,33x I 0-3 m/s (0,2 mm/111in). The 
thieknesscs of the tested specimens changed bctween 7x I 0-3 111 and 20x I 0-3 111. Thc invcstigated stecl 
was thc ASTM A516-GR65 class. Thc values of toughness to fracture in lhe beginning of propagation 
of crack (di) as well as the ones of maximum load (dmáx. Jmáx). decreascd with thc rcduction of thc 
thickness of lhe specimen. The behaviour that the sleel presents was invcstigated and diseussed. 

Keywords: Pressure vessel steel, d-R Stress curve, Fracture /oughness initial, Maxillumload touglmess. 

COB1270 ADAPTIVE FINITE ELEMENT MODELING OF THREE-DIMEN
SIONAL ELASTIC-PLASTIC CRACK PROPAGATION 

Fernando César Mcira Menandro 
/)epur/Wt/e/1/11 de Ellgelllillria Mecfi11icu. Unil ·ersidade Fedem/ do lo·.,.f>Írito Sun/11. /Jmsil. 

James D Lee & Harold Liehowitz 
Civil, Meduuliwf. mui /Oitvirowllelltllf Engillel'l'illg /)epunme/1/, '1'/ie George Wasltingwu Ullil•ersity. U.S.i\ 

A three-dimensional adaptive elastic-plastic t'inite element algorithm for crack propagation is 
developed. The crnek propagation algorithm uses theoretical parameters t'rom fracture mechanics to 
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model erack growth. A maximum encrgy release rate criterion is adapted to use in threc dimensions, 
eombined with a maximum crack tip opening angle criterion. The crror cstimator adoptcd is of the flux 
projection typc, which uses the diiTerencc between the calculntcd strains/stresses nnd a eontinuous 
'smooth' strain/strcss distribution calculated also from the obtained solution. This difference is, in ge
neral, integrated over the element to give an energy error value. The mesh is then regenerated. targeting 
an equidistribution of !h is error value, using a mesh generator which takes the previous mesh to serve as 
a background grid. Ncw procedurcs for strain recovery and crror estimation, adequate for clastic-plastic 
problems and for crack propagation problcms, are proposed and testcd . The proposed algorithm is ana
lyzed qualitatively, and found to pcrform adequatcly for the problems of interest. 

Keywords: adaptive jinite elements, crack propagatíon, erro r estimation, .fi"actltre mechanícs, plasticity. 

COB1271 INFLUÊNCIA DA EMISSÃO DE DISCORDÂNCIAS SOBRE A 
TRANSIÇÃO FRÁGIL-DÚCTIL 

Maria Angela Loyola de Oliveira * & Gcrard MichoF* 
*Deparwmenro de D1gen!wria Mecânica -Cenrro Teuwlúgico da Universidade Fedem/ do Espíri//1 San r o- Bmsil. 
'"*Laborawire de l'l!ysique du Solide e r Sciences des Matériaux- /:"cu/e des Mines de Nancy- INPL- France 

ln-situ syncrotron observalions of loadecl pre-crackecl silicon single crystals at high temperalure 
allowed for a beller unclerslanding of lhe conclitions for dislocation nucleation anel dcvelopment anel, con
sequently, a better comprchension of the origins of the brittle to ductilc transition. For a given load rate 
it ean be consiclered that when thc tcst is accomplished al !ransition tcmperature therc is a balance 
between inereasc of appliecl stress and increasc in thc numbcr of dislocations emillcd gencrating a stress 
field opposed to thc applied anel causing a retardation of lhe criticai rupture conclition given by Kef = 
KIC. Such phenomenon occurs duc lo the interaction betwecn lhe stress fielcls from thc crack anel the dis
locations (shielding). ll has been observed that thc dislocations are emitted preferably from dcfects on 
the craek tip, hetcrogeneously. which involves lhe introduclion of lhe crack lip qualily as a supplcmen
tary parameter. Furthennore. il is shown that in lhe absence of dislocation emission a vnrialion of lhe 
notch curvature radius can oceur, which recalls the intercst for the crack tip hlunting baseei moclels. This 
gcomelric variation of lhe crack lip can occur cilhcr hy plastic deformation, caused by lhe emergence of 
disloeations on the crack lip when t.hese me localed in preferrecl planes, or by superficial atomie diiTu
sion which occurs prcferably on lhe highly stresscd surface. Experimental results show that, when the 
erystalline perfection is suiTicicnt, the dislocation nucleation can be inhibited. This supposes that the brit
tle to ductile transitionlemperalure measurements taken to this date are approximate and that this is not 
an intrinsic characterist.ic of lhe material. Prc-cracked specimens were loacled at high tempemlure (650 
to 800°C) during a period lhal varicd from a few minutes to a few hours anel then ruplurecl at room tem
peralure: the ohserved loughness incrcase DK is quantificd and depeneis on thc applied load anel on the 
time of heal trcatment. 

Keywords: Trincas, transiçclo .fi"úgil - dúctil, discordâncias, zona plástica, fato r de intensidade de 
tensôes. 

21 3 



ABSTRACT 178 

TEMA 78 - Análise Experimental de Tensões 

COB1358 ANÁLISE NUMÉRICA. E EXPERIMENTAL DE UMA PLATAFORMA 
DE FORÇAS I NUMERICAL AND EXPERIMENTAL ANALYSIS OF A 
FORCE PLATFORM 

Rafael Antônio Comparsi Laranja, Léia Bernardi Bagesteiro, Alberto Tamagna 
Departamento de En!(enlwria Mecânica. Grupo de Mecânica Aplicada, Escola de En!(enlwria, UFRGS 
Sarmemo Leite, 425 Porto Ale/ire, RS, CEP 90050-170, /Jrasil ·E-mail: c:omparsi@vortex.uji·!(s.br 

This paper presents a comparison with numerical and experimental analysis of a force plate. 
The platform was built with four octagonal steel load cells, each one measures two uncoupled forces, 
horizontal and vertical. The complete system allows to measures three orthogonal forces and three 
moments. The load cells were analyzed using the finite element method, the clement used was a struc
tural solid element (20 nodes) and the aluminum plates uscd a structural shell elemcnt (8 nodes). 
Dynamic analysis was developed to determine the lowest natural frequencics with permits to get the 
working frequency band. Thc expcriment to get thc frequency rcsponse, was rcalized bounding an 
accelerometer in each direction of a force plate connectcd to Fast Fourier Analyzcr. Numerical and 
experimental results were comparcd, thc resulting linear frcquency band is zero to 180 Hz in a con
servative form . 

Keywords: Force, p!atform, modal analysis, nwnerical simufation, experimental mwlysis. Força, 
platctforma, analise modal, simufaçüo numérica, a11alise experimental. 
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TEMA 81- Metrologia 

COB587 CORREÇÃO DE ERROS SISTEMÁTICOS DE APALPADORES DE 
MÁQUINAS DE MEDIR POR COORDENADAS ATRAVÉS DA 
ANÁLISE DE FOURIER. I SYSTEMATIC ERRO RS CORRECTION OF THE 
COORDINATE MEASURING MACHINES PROCESS THROUGH FOURRI
ER ANALYSIS 

Olívio Novaski & André Luis Chautard llarczak 
Deparfllmento de EltRelllwria de Fabricaçtio- UNICAMP- CP 6122 CEP 13083-970 

CAMPINAS- SP- /Jmsil- E-mail: 'wvmki@jem.unicamp.l>r 

One of the most imponant sources of uncenainties in Coordinate Measuring Machines (CMM) 
is related with the probes, especially in manual CMM. These probes are mainly mechanical (touch trig
ger probe or TTP) and suffcr from imponant systematic errors. Duc to construction shape, these crrors 
representa Jarge amount on the machine uncertainty. lt is possible to make errar corrections eliminating 
most of these systematic errors. This is not an obvious task, although it can be aided by compu[er tech
niques. ln this paper a characteristic profile of the behavior of the probe is determined, through Fourier 
analysis, and it is used to corrcct thc coordinates of the touched points. The measurement were done o v~ r 
a certified standard sphere of Perthen, and the CMM was a microval of the Brown & Sharpe. The tina! 
result could bc improved up to 40% for circularity. This procedure can be used to other shapes, since one 
has standards of this same shape. Also the pro file is determined for a probe and an equation can be ston:d 
for it. An exchange of the probe can be associatcd to this equation, making it easier to proceed to errar 
corrections when more than one probe (ora setup of this probe) is available. 

Keywords: Máquinas de medir por coordenadas, Análise de Fourier, Incertezas, Metrologia, 
Apalpadores e/erro-mecânicos. I Coordinate measuring mchines, Fourier Analysis, Uncertanty, 
Metrology, Electro-meclzanical process 

COB589 COMPARAÇÃO ENTRE UM ALGORITMO DE ZONA MÍNIMA Dl~ 
TOLERÂNCIA E UM ALGORITMO DE MÍNIMOS QUADRADOS I 
COMPARISON BETWEEN A MINIMUM ZONE CENTER ANDA LEAST 
SQUARE CENTER ALGORITHM 

Olívio Novaski & André Luis Chautard llarczak 
Departamento de DtRenlwria de Fabric:oçüo- UNICAMP- CP 6122 CEP 13083-970- CAMPINAS- SP- /Jrasil 
E-ntail: novaski@fem.wticwttp.l>r 

The Coordinate mcasuring machine (CMM) becamc an importam metrology too! in modem man
ufacturing. They can rneasure accurately and quickly improving automation conditions. Most of these 
machines still use least squares center algorithms to calcu!ate circularity and other shape deviations. 
J~ecently the American Society of Mechanica! Engineering (ASME) printed new Y !4.5 and Y 14.5.1 stan
dards. They established detinitively that minimum zone center (MZC) algorithms should be used instead of 
~.SC ones. ln thc last years some MZC algorithms had been proposed. ln this paper one of these MljC 
methods, the Voronoi algorithm. is comparcd with thc LSC. Thc results show that the differences between 
Lhe methods are negligible whcn using CMMs with highcr uncertainties. However when using better 
CMMs (with smallcr unccrtainties), the differcnccs are important. 
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Keywords: Melro/ogia, circularidade, mínimos quadrados, algorilmos, zona mínima de lo/erância./ 
Melrology, Circularity, Lesl squares center.algorithms, Mi11imum ZOIIC cen/er 

COBI007 FONTES DE ERROS NA MEDIÇÃO DA TEXTURA SUPERFICIAL 
COM ESTILETE E COM SONDA ÓPTICA I SURFACE TEXTURE MEA
SUREMENT ERRORS SOURCES WITH STYLUS AND OPT!CAL PROBES 

Lourival Boehs & Gustavo Renê Mosti<lck 
*Depar/llmento de Engenharia Mee<lnica- Couro de Tecno/ogitt - UFSC. 
Caixa Posta/476- RíW40-900- F/orionúpolis/SC- /Jrasil- E-moi/: /b @gruwn. Lt{l·c. br 

Luciano net 
Departamento de En};enlwrio Mectlnica - Cenlro de Tecnologia - UFNN 
Caixa Posto/1657- 5 9072-970- Naw/INN- Brasil- E-mail: he! @lcc:a.ufi'n.br 

M any different systems of roughness measuremenL are avaiable Loday. AILhough Lhe modern 
instruments are very sophistieated, still exist many sources and kinds of error in surfaee texture mea
surement. Most i mportant sources of errors are lho se related wilh the measurement insLruments as well 
as Lhe enviroment they are being used. Only stylus and optical follower instruments would be dis
cussed here. These instruments represent onc that are bcing uscd in most of the laboratories and indus
tries that handlc surfacc texturc meauremcnt. Bccausc of thc growing intercst in the relationship sur
face texture/technological function , it is vital to improve lhe mcthods in ordcr to lind out and elimi
natc thc mcasurement crrors or at least minimise their effects. Thc scope of this papcr is to present the 
most important sources of errors in surfacc texture measurement and to propose ways to climinate or 
minimize their eflects in the measurement results. 

Keywords: Surfàce Texture - Measurement - Stylus- Optical Fol/ower- Errors I Textura Superficial 
- Mediçiio - Estilete - Sonda Óptica - erros 

COB1157 TECHNIQUE FOR ASSESSING THE PERFORMANCE OF CO-ORDI
NATE MEASURING MACHINES (CMMs) 

.Toao Bosco de Aquino Silva 
Deparlmncnto de f:.'ll);l!ltlwria Mecwtim. Ut~i• ·e rsidacle Federal ela !'amiba 
CEI' 58 100-000 Ci111111ina Grallti<' . l'b. Brasil- !:-mail: jlwsulllll@lerra.rtpd.ufj!b.br 

M. Burdekin 
/Jepartmen/ o{Meclwnical F:lt};ineerin};. U11iversi1v o(Mmtches/er /nstitllle o(Scie11ce mui Tecltnology. UMJS7: UK 

A new technique is proposed for asscssing lhe performance of co-ordinate measuring 
machines(CMMs). Thi s tcchnique comprises a new form of spacc frame which has the form of a tetra
hedron anel is refcrred to as modular space frame as differcnt configurations of tetrahedron can be 
obtained easily and rapidly. The modular space frame comprises magnetie ball links and a ball plate. 
The volumetric error data obtaincd when a CMM measures the calibrated modular space frame ean 
bc used to verify whether a CMM mainwins the manufaeturer spccifications. The experimental results 
have demonstrated that the modular space frame techniquc has an aceeptablc repeatability and pro
vides a practical and cost effcetive mechanical artefact for calibration. verification, pcriodic reverifi
cation and acceptance test of any type of CMM. 

Keywords: Calibration; Verification; Co-ordinate Measuring Machin es 
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TEMA 82 - Soldagem 

UMA CONTRIBUIÇÃO AO ESTUDO DA SOLDAGEM COM OS 
ARAMES TUBULARES AUTOPROTEGIDOS I A CONTRIBUTJON 
FROM STUDY OF SELF-SHIELDED FLUX-CORED ARC WELDING 

Augusto José de Almeida Buschinclli, Carlos Alberto Mendes da Mota, Estela Surian & 
Jesualdo Pereira Farias 
Universidade Federal do Ceará/Compus do l'ici/CTIOEMIENGESOLDA-Bioco 715; CEI' 60.455-760 Forfllleza
CE, Bmsil 

E- mail: jpj@rruenet-r:e.com.br; Fax: (085) 288 9636 

Eight A WS E71T(7 flux-corcd stccl wclding wircs wcrc fonnulated with systematic changcs 
in thc Ni-conte nt between 0% - 3,5% and with the addition of 0 ,5% and 1,0% Mn in Lhe tlux . The 
eiTects of Lhe above changcs and lhe eiTects of the welding eurrenl and stickout on the eeonomieal 
eharaeteristics of lhe wire (fusion rate and deposition elliciency) and on lhe welding bead geometry 
were examined. The eiTect of lhe above wires and the welding parameters on the we ld bead hardness 
were also analiscd. The results showed Lhal the welding parametrs as well as the wire compositions 
affected the economical characteristics as wcll as the wcld bead gcometry. Otherwire, the effec of the 
heat imput on the weld bead hardness is less significant .. 

Keywords: Cored 1vire: Flow: Siability I Am111e tu/miar: Fluxo: Eslabilidade. 

COB7 EFEITO DO MAGNÉSIO SOBRE A GEOMETRIA DA SOLDA 1~ 
SOBRE AS CARACTERÍSTICAS ECONÔMICAS DE ELETRODOS 
A WS E7024 I THE EFFECT OF MAGNESIUM ON THE GEOMETRIC AND 
ECONOMIC CHARACTERISTICS OF THE AWS E7024 ELECTRODES 

Celina Leal Mendes da Silva"', Vinícius Sales Rocha"', Estela Surian'-'', .Jesualdo Pereira Farias'" 
(I )Tv. ApinaJ.iés. 9731402- /Jairro /Jalislil CalllfNIS- 66045- 11 0 -!Jelém -I' a .. Fones: (091) 224 9883 e (091) 222 0617. 
Fax: (09/) 241-3415- e-mail: he/ucio@siiJiridad.com. IJr 
(2)Cwllpus do PICI- /Jioco 714 -IH'M - 60455-760- Fortalem- Ce, ! ·imes: (085) 288 9617 
(3)Cwnpus do 1' /CI-/J/oco 71 4 -IH'M- 60455-7611- Fortaleza- Ce. !·imes: (085) 288 9617 
(4)/?ua /Jen/11 ;\1/mqllel'lfJIC. 1550/201. Jlairro l'ajJit:u- 6111911- 080- Fortaleza- Ce .. l ·i mes: (085) 288 9617 e 
(085) 288 9600. 
FAX (085) 288 9636- e-mail: Jpi@IJW'IIef-ce.coiiJ.br 

Among the di!Terent kinds of electrodes, the rutilic types are acknowledged as those whieh allow 
the easiest opera tion and handling. Their mechanical propcrties, however, are inferior to those of basic and 
cellulosic electrodes. A recent study has shown that adding magnesium to the coating of A WS E7024 rutil
ic elcetrodes improves considerably lhe impact strength of lhe welding metal and to reduce the content of 
diiTusible hydrogen. This work attempls to analysc thc cllect of magnesium on Lhe economic characteris
tics of rutilic electrodes and also on the gcometric characteristics of the experimental welding electrodes. 
f?erived from lhe A WS E7024 class wcre dcvelopcd, with 3.25 mm diam. , and exhibiting tive differcnt 
amounts of metallic magnesium ( from O to 4% ). Simple deposition automatic weldings in plane position 
with current DC+, DC- and AC werc perlünned in 170x50x6 mm ABNT 1020 all-weld metal , using a 
computeriscd de v ice. Thc rcsulls obtained wcre comparcd using the ANOY A method, and showcd that 
magnesium contenl does no! cllect wclding gcometry neithcr ecpnomic characteri sti cs of consumablcs. 

Keywords: electmdes,nwgnesiwn, welding,rutiliclelerrodo.i·, magnh·io, soldo, rulílico 
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COB9 UM CRITÉRIO PARA AVALIAÇÃO DA ESTABILIDADE DO ARCO 
ELÉTRICO DE SOLDAGEM EM PROCESSOS GMA W I A CR/TERIA 
FOR EVALUAT/ONOF ARC STABILITY lN GMAW 

Carla Barata Ribeiro e Sadek C. Absi Alfaru. 
Universidade de !Jmsíliu. GR!ICO: Grupo de Au/1111/II(.'Üfl e Con trole. t:NM-FT-UnB. CEI' 70.9 /0- 900. Bmsília
DF. Brasil - E-mail: sodek @jozz.Mraco.unb.br 

This work prcsems the evaluation of thc are stability in GMA W (Gas Metal Are Welding) 
processes by thc sound emi tted during opcration. Using a neural nctwork, thc relation betwecn some 
cri teria bascd on thc oscilograms of voltagc and currcnt and some charactcristics of thc sound of thc 
are allows the rccognition of stablc or unstablc bchaviour pattcrns, and givcs an intclligent and simple 
control of the welding. 

Keywords: Are s/abilily, GMA W, Are Welding 

COB12 SELF CALIBRATION AND OFF-LINE PROGRAMMING OF WELD
ING CELLS 

Milton L. Siqueira; Guilherme C. Carvalho & Sadck C.A. Alfaro 
GRACO- Gntptl de !ltrtottutçtio e Controle. Depto de btg. Mecânico. FI'. Universidade de Brasília. CEP- 70-
910-900- /Jrasí!io-DF. f.lmzil. E-mail- millon@guarany.wrb./Jr 

The objective of GRACO's research is to implement an off-linc programming system, which 
includes welding parameters generation, as well as to intcgrate the joint location. the scam tracking, 
and the stand-otT control featurcs into a wclding monitoring and contrai systcm for the GMA W 
proccss. Thc resultam combination is going to provide full oiT-line programming facilities allied to 
self-adjusting capabilities for an automatic welding ccll. 

Keywords: Alllomalion, Robolic, O.frline prograntming, Sel{calibralion, welding 

COB13 APLICAÇÃO DE VISÃO POR COMPUTADOR PARA GUIAGEM DA 
TOCHA EM UMA CÉLULA DE SOLDAGEM I COMPUTER VISION 
APPLICATION ON TORCH CU/DANCE lN A WELDING CELL 

Lélio Ribeiro Soares .Tr, Víctor Hugo Casanova Alcaide & Sadek Absi Alfaro 
Gntpo de Aulotnartio e Controle, Faculdade de TecnoloMill. Uni,•ersidillle de Brasília - UnfJ- CEI' 70.9/0-900-
Brasília. DF; E-moi/: cnwmm·o@Muorany.cpd.unb.br 

A computer vision systcm is proposcd for guiding the welding torch in a robotic welding sta
tion. Thc vision sensing system consists of a lascr-cmitting diodc, a CCD vidco camera, a framc grab
ber card anda PC compu ter. Thc camcra and thc laser device are fixcd to thc wclding toreh. Thc laser 
bcam produces a lu minous stripc across thc wclding path and in advancc of thc torch. By capturing 
images from thc workpicces rcllecting the laser stripc an imagc proccssing algorithm estnbli shes a 
welding refcrcncc path and compares it with thc actual path. A trajcctory dcviation crror is gcnerated 
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and transmitted to the robot control unit for the necessary action. Provisions for the implcmcntation of 
a complete visual servo control for thc robotic wclding station are also discussed. 

Keywords: Computer Vision Cuidance; Welding Seam Tracking; Robotic Weldilrg Station; I Cuiagem 
por Visào Compuwcional; Rastreamento de Trajetória de Soldagem; Estaçào Robótica para Soldagem 

COB14 USO DE REDES NEURAIS EM SOLDAGEM MIG/MAG SINÉRGICO 
PULSADO I USE OF NEURAL NETWORK lN PULSED SINERCIC CMA W 

José Hilton Ferreira da Silva e S:rdck Crisóstomo Ahsi Alf'aro 
Universidade de /Jmsília. GRIICO: CntJW de llu!OIIIliÇ<7o ~ Conrrole. ENM-FT-UnB. CEP 70.9/0-900. flrasília · 
DF. flrasil E-111ail: .wdek@jazz.J.:rm:o.wt/J.hr 

The present work is aimed 10 optirnise lhe syncrgic pulscd MIG/MAG weld process ' parameters. 
The experimental methodology was planned using factorial design 34. The welding parameters con
trolled were thc currcnt, trirn valuc, wclding spccd and stick-out. The rcsults analyscs were based on the 
bead geornetry. A Neural Network like back-propagation was used to establish thc best wcld conditions. 
The results obtaincd hcre shows the practical use of factorial designs in wclding experience. The neural 
network is useful in optirnising lhe wclding parameters and it is also showed in this work. 

Keywords: Neuralnetwork, Opti11ri.mtion, Pulsed Welding 

C O BIS OTIMIZAÇÃO DE PARÂMETROS DE SOLDAGEM NO PROCESSO 
GMAW UTILIZANDO ANÁLISE ESTÁTICA E REDES NEURAIS I 
OPTIMISATION OF CMA W PARAMETERS USINC STATISTIC ANALYSIS 
AND NEURAL NETWORK. 

Marcelo Elias, M. L. Siqueira e Sadek C. Absi All"aro 
Uni versidade de /Jrasíliu. GRIICO: CrttJ!tl de llu/0/llliÇ<Io ~ Conrrole. ENM-FT-U111J. CEP 70.910-900. /Jrasília
DF. Brasil- E-mui/: sadek@jazz.gruco.ullh.l>r 

This work !las two rnain purposcs. Firstly, idcntify operating envelopes for GMA W (Gas Metal 
Are Welding) proccss in cornrnerci<JI sheet steels produced in Bmzil with 3.0 mm thickness. Secondly, 
establish mathematical relations hetween wclding paramcters and wclding dimensions. besides their per
fonnancc in wcldcd joints; for doing that, some prc-dctermincd conditions were established: such as 
shielding gas, electrodc diarncters and weld position . ln this work was also verified if a comrnercial 
powcr source is efl1cicnt or not whcn used in scmi-automatic proccss. The experimental methodology 
was planned using factorial dcsign. The stecl's plates wcrc welded in butt weld position and aided by a 
machinery too I, which was adaptcd to opcrate in thc weld spced. The welding controlled parameters werc 
current, tension and travei specd. The analysed parameters were bascd on the bcad geometry and resis
tance of the weld joint. The mathcmatical modcls were determined by multi pie regression and neural net
work which shows to bc useful in optimise the welding parameters and the mechanical resistance of 
welding joint and bead geometry. 

Keywords: Automation. Opti11ú.wtio11 , Welding, Factorial· /Jesign . Multiple Regression Analysis, 
Neural Network 
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COB25 UTILIZAÇÃO DOS CAMPOS DE TEMPERATURA GERADOS 
DURANTE A SOLDAGEM À ARCO PARA AUTOMAÇÃO DO 
PROCESSO!THE USE OF TEMPERATURE FIELDS GENERATED DUR
ING ARC WELDING FOR PROCESS AUTOMATION 

lvanilza Felizardo & Alexandre Queiroz Ura~:arense 
Dep(/rf(/1//ell/o de Engenlwria Mec:finica- UFMG- Belo Noriwnre -
CEP 312700-90 1 -Belo Noriwnre. /3r(lzj/- E-mail: queiroz@I•C'SfJer.demec. ufing./Jr 

ln are welding proeess, the thennal energy from the eleetrie are is responsible for the fusion of the weld 
pool and for an abrupt thermal eyele in the adjaeent unmelted meta l. lt is expected that the heat supplied 
by the are should be suffieient for fu sion atTecting on minimum the rest of the m:.~ terial. However, one 
of the greatest problem resultcd from the proeess is the oeeu rrence of residual stresses. To cvaluatc the 
extension of the heating etTeet and looking for thc development of a welding automation system, math
ematicat model ing can be applied. Onc objection howcver is that , the cx istemmodcls are static and usu
ally eomplex . Rosenthal's modc l is onc of thcsc existent models and despi te it is static, it is vcry simplc 
to apply. This paper prescnts a study of Rosenthal's model modification to descrihe lhe thermal pro fil es 
on the base metal produced "during" welding. With lhe modification, it was possible to vcrify the more 
suitable welding parameter to he used as a dynamic manipulated variable in a wclding control system, 
looking forward to a robotics appl ication . 

Keywords: Soldagem robotizada, Modelamen/o wwlítico, perfis térmicos, tensi)es residuais, 
automaçâo e controle. Robot Weldi11g, Analytical Modeling, Themwl Projile, Residual Stresses, 
Autonwlilm and Control 

COB375 EFEITO DAS DISTORÇÕES SOBRE A DISTRIBUIÇÃO DAS 
TENSÕES RESIDUAIS NA SOLDAGEM I DISTORTIONS EFFECTS ON 
WELDING RESIDUAL STRESSES DISTRIBUTIONS 

Augusto Eduardo Uaptista Antunes 
UNESP- CalllfWS de Gtf(fl'lllinguerâ. Fac:uldtf(/e de Engenharia 
CEP.: 12500-000 - GuamringueltÍ. Esludo de Slio Paulo e-mui/: lidia @iea v.clti./Jr 

ln lhe wclded steel shects by shielded metal-are welding :.J nd by oxyaeetylcne torch, the distor
tions were recordcd and lhe residual strcsses hy X-rays diiTracti on measured. Thus, it was possihle to 
show how the differents forms o f distortions atlcct lhe macroscopie residual stresscs distributions in 
welding junctions. 

Keywords: weldillg , residual stresses, distor'lion. 

COB376 DIFICULDADADES NA DETERMINAÇÃO DE TENSÕES RESIDUAIS 
NA SOLDAGEM POR DIFRAÇÃO DE RAIOS-X I DIFFICULTIES lN 
WELDING RESIDUAL STRESSES DETERMINATION BY X-RA YS DIFRACT/ON 

A\1gusto Eduardo Baptista Antunes 
UNESP- Cwnpus de Gl!aralillgueuí. Facilidade de EIIJ;e!llwria 
CI!.P.: 12500-000- Guararinguerú. /:'srat!o de Silo l'ulllo. e-11111il: lidia @ieav.C/u.!Jr 
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The X-rays diffraction methods are convenient for the welding residual stresses determination, 
and ean be rcasonably cvalluatcd with such prccision thc grcat stress gradient that occur near the weld 
beads, prescnting rcsults scldom obtaincd by other experimental proeedures. Nevertheless, the X-rays 
mcthods are not trivial ii ' discernment and confidence are expected; it is particularly true in the welding 
residual stresses dete rmination. This papcr, tries to prcsent thc practical difficulties and possible solutions 
encountcred to solve thcm. A lot of strcss mcasurcments cffectuated, hy the author, in sheets of diiTer
ents kinds of steel, welded hy shielded metal-are welding and oxy-aeetylcnc toreh are thc basi s for dis
cussion. 

Keywords: Residual stresses, we/ding, X-mys dijim.·tion . 

COB556 SELEÇÃO DE PROCESSO DE SOLDAGEM BASEADA EM ANÁLISE 
CONJUNTA DE CUSTO E QUALIDADE I WELDINC PROCESS SELEC
TION BASED ON COMBINED COST AND QUALITY ANALYSIS 

César Rezende Silva & Valtair Antonio Ferraresi 
Depar/all/en/o de Engm!wria Mecânica. Universidade Fedem! de Uherlândia -- UFU 
CEI' 3/!.400·902 - C.!'. 593- Uherlúndia, !Jmsil- 1,·-mai/: crezell//e@ufit .br; l'llllair{@ufú.hr 

The diversity of wclding processes and their variants makes the choice of process diiTicult. 8oth 
Cost and Quality analysi s are a good indicativc to considcr during lhe sclcction, because in the market exi
gencies ol· Cost and Quality must bc allendcd in order to bc competi ti ve. ln fact. thc best proccss will be 
the one that analysing thesc factors together rcsult in lhe bcst global performancc. The objective of this 
work is to selcct the bcsl proccss for a practical case study, using a thin carbon steel shcct as the work
piece nonnaly used in dredging pipes. The processes considered are: GMA W - short-circuit , spray and 
pulscd, and GTA W - convencional and pulscd. The results showed that . for the welding set conditions, in 
terms of Quality, lhe bcst was spray GMA W. ln terms o f Cost, shorl-circuit GMA W outperfonncd lhe 
others. Howcvcr, considering both Cost and Quality requircmcnts, lhe bcst was sh01t-circuit GMA W. 

Keywords: Weldillg, Cosi, Qua/ity, Thi11 sheel, Gaseous l'rolection I Soldagem, Custo, Qualidade, 
Chapa fina , Proteçüo gasosa 

COB557 UTILIZAÇÃO DA EMISSÃO ACÚSTICA NO ESTUDO DA TRINCA 
DE REAQUECJMENTO/ACOUST/C EMISSION UTILIZATION lN STUDY 
OF REHEAT CRACKINC 

Valtair Antonio Ferraresi 
Deparlwlle/1111 de Engenharia Menínica. Ullil'ersidade Fedem/ de Uberlândia- UFUID EEME 
CEP 38.400·902 C. I' 593. Uber/ândia. MG. /Jm sil - E-lllllil: willair{@t!fú.hr 

Roseana da Exaltação Trcvisan 
Deparlmnen/1! deEngelllwria de Fahriwçüo. Faculdade de lo11gengaria Mectlnica- UNICAMP 
CEP 13083·970 C.P. 6122- Cmnpinas, SP, Bmsil- ló-lllllil: roseww@fem.unicalllp.br 

Thc Rc hcat Crac king phcnomenon can occur eithcr in the heat atlected zone or in thc fusion 
zone during Post Wcld Hcal Treatment (PWHT) for stress relief as wcll as in high temperature oper
at ion. An Acoustic Emission Mcasuremenl System (AE MS) was used in this work to determine the 
instant of propagation of reheat cracking. The AEMS was connccted to a Modil'ied lmplant Test which 
is applied for simulation of thermal cyclcs typicall y. Thi s study wcrc developcd using a high strenglh 
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low alloy steel commercially produced. Tcsts varying initial loads and different heat-treatment tem
peralures, mainlaining conslant lhe welding condilions. lt was concluded lhat lhe AEMS is very ade
quate for the purpose, where lhe modes fractures showed a predominance for low-ductility intergran
ular fracture. For lhe modes of fracture by creep cavitation were not possible determine wilh clarity 
the instant of propagation of rcheat cracking. 

Keywords: Welding, Reheat cracki11g. Themwltreatment,.fi'acture swfàce, Acoustic emission/Soldagem, 
Trinca de Reaquecimento, Tmtamento Térmico, Supetj/cie Fraturada, Emissiio Acústica 

COB660 MODELAGEM E SIMULAÇÃO DA DINÂMICA DE UM SISTEMA 
PARA SOLDA DE CHAPAS A FRIO/ PRESS JOININC SYSTEM DYNAM
ICS MODEL/NC AND SIMULAT/ON 

Vicente Faxina Déo' e Mauro Speranza Neto' 
I Xerox do Brasil- Engenharia do Produto e Manufiltura - E-11111il: deo@nglll.br.xero.r.coll/ 
2Departall/ellto de Engenlwria Mecânica- PU C-Rio- E-111ail: 1/I.W®tllec.puc-rio.br 

This paper covers the description and modeling proeedure, hased on the Bond Graph language, 
of the Press Joining industrial method for fastcning sheet metal parts. Thc computacional simulation 
of its dynamics and lhe appliealions of lhese results are prcsented, aiming to show thc advantages of 
using thcse mcthodologies in thc design of industrial process. 

Keywords: Modelagem Dinâmica, GrajiJs de Ligaçiio, Simulaçiio Diniimim, Solda à Frio, Processo 
Industrial. Dynamic Modeling , Bond Graplts, Dynwnic Simttlation, Fastening Shee/, lnduslrial Processes 

COB1261 AUTOMATIC VOLTAGE TUNING - A MEANS OF ENSURING 
PROCESS STABILITY AND WELD QUALITY lN GMA WELDING 

Guilherme C. Carvalho*, Bahatunde O~unbiyit, Robert McMastert & Sadek C.A. Alfaro* 
• CNPq/GRACO. Depar!w11ento de Engenharia Mecânica. Faculdade de Tecnologia. Un!J. CEI' 70910-900. 
Bmsíliu D.F .. !Jmsil- E-lllllil: S/lllek @gllur<lll)'.cpd.ullb.lir 
' Welding GroliJ'. Sc:lwol of'lndustrialulltl Munufilcturing Sciel/ce, Cnmfie/d U11iversity, Cmnfield. !Jedf(ml, MK43 
OAL. EnJ.:Iond- E-11111il: wu917p@cmll{ie/d.oc.uk 

This papcr presents a method of attaining process stability and ensuring good weld quality in 
conventional gas metal are welding by automatie vollage tuning. The proeess is rirst monitored, its sta
bility assessed and, bascd on the assessmcnt. voltagc control eommands are issucd. The automatie 
voltagc tuning algorithm uliliscs fuzzy produelion rulcs, whieh use as inputs lhe values of four moni
toring índices calculatcd from the wclding eurrcnt and vollage wavcform fcatures. Thc main contrai 
objective of the algorithm is to ensure that the welding voltage is not too low or unneccssarily high, 
thereby preventing are instability, minimising the levei of fume and spattcr generated, and reducing 
thc risk of defects such as undercut and Jack of fusion. The rcsult of this present research work shows 
that welding proccdures can be adapted to give good weld quality and stable welding ares by trimming 
the welding voltage to a suitable levei. 

Keywords: Gas Metal Are Welding, Aulomalic Vollltge Twzing, Metal Tmnsfer, Process Monitoring 
and Con/rol. 
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TEMA 83 - Conformação 

DETERMINAÇÃO DE ABERTURAS ENTRE CILINDROS DE 
LAMINAÇÃO, VIA LÓGICA NEBULOSA I DETERMINATION OF THE 
ROLLING MILL CAP BY USING FUZZY LOGIC 

Carmen Déa Moraes Pataro & Horacio Helman 
Departamento de EIJf.ienlwria Eletnlnica, Escola de Enf.ienlwria da UFMG 
Av. Antonio Carlos, 6627, Belo Horizonte, MG, Bmsil, CEP 30.161-970.- E- mail: Carmen@eee.J(fiugbr 

ln the present work, a method for lhe delermination of the rolling mi li gap of tlat products by using 
fuzzy logic was developed. The rolling mill gap is determined by considering the aimed and accumulated 
deformations, classitied as "high", "medium" and "low". The rules to decide the corresponding actions are 
obtained from lhe input data. This schedule is non-dependcnt upon the knowledge of lhe mechanical prop
erties of the material to be rolled and the characteristies of the rolling process. 

Keywords: Rolling Process, Fuzzy Logic, Laminaçâo, Lógica Nebulosa 

COB161 ANÁLISE COMPARATIVA DE ESTIRAMENTO lN-PLANE VERSUS 
OUT-OF-PLANE/COMPARATIVE ANALYSIS OF lN-PLANE VERSUS 
OUT-OF-PLANE STRETCHING 

'Fernando Ferreira Fernandez & Hazim Ali Al-Qureshi 
Departamento de Tecnolof.iia, Instituto Tecnolâf.iil:o de Aeronáutica- ITA-CTA 
CEP 12228-900 Süo José dos Campos, /Jmsil- E-mail: lwzim@mec.ita.cta.br 

The limit strains, or lhe maximum plastic strains that a sheet can support up to lhe necking 
point, admitting free deformation on the sheet plane (ln plane strains-IP) are quite different ofthe biax
ially stretching operations wilh spherical punch or pressure (Out of plane strains-OP). The last one, 
which represents the real industrial operations, are greater than the lP strains, for lhe sarne degree of 
biaxial tension. The main scope of this work is to perform stretch operations lP, using a specially 
designed deviee able to input lP strains, and verify if differences between theoretieal models anu 
experimental data are based on the factthe stretching operation be lP or OP. 

Keywords: Chapas metálicas, Estiramento Biaxial, Dejórmaçiies limites. Slzeet metais, Biaxially 
stretching, Limit strains 

COB377 PROCESSO DE FABRICAÇÃO POR CONFORMAÇÃO SUPER
PLÁSTICA EM CHAPAS DE TITÂNIO I FABRICATION PROCESS BY 
SUPERPLASTIC FORMING lN TITANIUM SHEETS 

Augusto Eduardo Baptista Antunes 
Uuiversidade Estadual Paulisw-UNESI'. Alameda das Rosas. 79, 12223-900- e-maillidia@ieav.cta.br, Süo Jost! 
dos Campos/SI' j, 
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ln this work, activities related to application of superplastic forming technics, in getting pieces 
with titanium alloy sheets of the type Ti 6AI 4V, are presented and discussed. The results show that 
the forming proeess presents no difficulties. Rut , lhe whole set of lhe acccssories and thc arlificc to gel 
good performanee of the process involve teehnics that must be wcll controlled and improved, depend
ing on the size or complexity fo the piece worked. The equipments and devices to prepare the exper
iments were particularly designed and constructed to the purpose, and sullered constantly moditka
tions to attend improvements and propitiate versatility and producibility during the course of the activ
ities. The gotlen pieces showed a good finishing and possibility of a good dimensional prcci sion. The 
much more interesting result of the experiment was the experience obtained during the development 
of lhe process and so, we intend to prcsent its many stages, technical characteristics and the potential 
applieation in differents industrial segments. 

Keywords: Supe11J/astic Forming. tilanium alloys 

COB393 EXPERIMENTAL DETERMINATION OF FRICTION COEFFICIENT 
AND STRESS-STRAIN CURVE FOR APPLICATION lN METAL FORM
ING ANAL YSES 

Alexandre Farina Marcou, Eduardo Hittencourt & Guillermo Juan Creus 
CEM A COM I CPGEC I PROMEC. Escola de E11!ie11haria · UI'RGS- CEP 90035-190 Porto Alegre. RS, /Jrasil 
E-mail: IIIIIIUII! @vorrex.ufi'J~.I'.br 

The compression test of a ring is customarily used to determine lhe friction coetTicient in metal 
forming problems. The aim of this work is to devclop a procedure to obtain, for metais in large deforma-
tion, the stress-strain curve and the friction coefficient through lhe sarne ring tesl. The friction coefficient 
is evaluated comparing curves obtained by a finite element eode with the experimental curves. The stress
strain curve is obtained inve11ing an analytic solution, calculated by lhe lower upper-bound approach. 

Keywords: Frictiorl, Stress-slrOÜl curve, Rillg test, Large (/i~fonna/ion 

COB548 NUMERICAL AND EXPERIMENTAL ANALYSES OF FORMING 
AND PENETRATION PROBLEMS 

Franco Olmi, Eduardo Bittencourt & Guillcrmo Juan Creus 
CEMACOMICPGt:·oPROMEC. Escolo de Engenlwria. UF/?GS. 
CEP 90035-190- Por/o Alegre, R :i. Brasil - E-mail: olmi@l'tlrlex.ufi-g.,_br 

ln lhis work lhe large elasto-plastie deformations taking place in metal forming and impact are 
analyzed, using numerical and experimental procedures. lnitially, lhe procedurcs used for remeshing 
and transferencc of variables are deseribed. Then, the analyses of two practical problems are per
formed, using the code METAFOR (METAl FORming). Thc first corresponds to a forming operation 
using alternatively one and two forging stages. ln the second one, the penctration of a stecl conic head 
into an aluminum cylinder is analyzed, both numerieally and experimentally. lt is seen that, for this 
kind of applications, remeshing is indispensable to obtain adequate final solutions. 

Keywords: Finite elements met/wd ( FEM ), large elasto-plastic de.fbnnations. remeshing 
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COBS75 ANALYSIS OF METAL FORMING PROCESSES BASED ON A 
REPRODUCING KERNEL PARTICLE METHOD 

Cristina Maria Oliveira Lima Roque, Sérgio Tonini Hutton 
Depar/111ent o( Meclulllical Engineering. S/(1/e Universiry o( Campinas, Campinas. SI', 13083-970, caixa postal 

6122. !Jmzil e-nwil: crism@fém.unicamp.hr 

.Jiun-Shyan Chen, Chunhui Pan 
Department o{ Meclwnical Engineering and Cenrer .filr Computer-Aided Design. Tile Uni1·ersity o( Iowa, Iowa 

City, Iowa 52242. USA e-mail: jscilen@icaen.uioH'a.edu 

Thc cxccssivc plastic dcformalion during metal forming processes ex hibits characteris
tics of hoth solid and fluid flow. and convcnlional finitc clcmcnt melhods oftcn brcak down duc 
to scverc mesh distorlion. Sincc 1993, considcrablc rcsearch work in computalional mechanics 

has been dcvotcd lo the devclopmcnt of mcshlcss mclhods. The main fcaturc of lhese mcthods is 
that thc domain of thc problcm is represenled by a sct of nodes, and finítc element mesh is total
ly unneccssary. This ncw gencralion of computalional mcthods reduces timc-consuming model 
generalion and refinement ellort, and providcs a higher rale of convergence lhan that of the con
ventional finite elcment mcthods. A meshless method bascd on lhe reproducing kernel partiele 

method is applied to metal forming analysis. With this method, lhe model refincment in metal 
forming simulation ean bc done simply by inserting nodes wilhout remeshing. Metal forming 
cxamples. such as sheet metal slamping and upsetting, are analyzed to demonstrate the perfor

mance of lhe method. 

Keywords: Meshless Metlwd, Reflrodu cing Kemel Particle Metlwd. Mewl Forming, Elasto

P/asticity, Large Deformatirm. Método sem malha, Método RKI'M, Confámwçclo Mecânica, Elas/o

plasticidade, Grandes defórnurçr'Jes. 

COB577 SISTEMA ESPECIALISTA PARA FORJAMENTO A QUENTE I 
EXPERT SYSTEM FOR HOT FORG/NG DESIGN 

Ângelo Caporalli Filho, Luciano Antonio Gileno, Sérgio Tonini Button 
Deparramen/11 de longenlwria de Materiais. Faculdade de Engenharia Mecúnica - UNICAI' 

CEP 1301!3-970- Campirws, S.P. Umsil. E-11111il: sergio1 C<j)fém.unicomp./Jr 

Planning hot forging process is a time-consuming activity with high costs involvcd, because 

ofthe trial-and-error iterative methods used to design dies and to choose equipmcnts and process eon
dítions. Some processes demand many months to produce forgcd parts with controlled shapes, dimen
sions and microstructure. This paper shows how expert systems can help engineers to reduce the time 

needed to design precision forged parts and dies from machined parts, with the software APFFQ inter
facing Visual Basic v.4.0 and SolidEdge v.2.0. The software was used to dcsign flashless hot forged 
gears, chosen from families of gears. 

Keywords: Precision Forging, Erpert Systems, Hot Forgirzg. I Fotjamento de precisão, Sistemas 
Especialistas, Fotjamento a Quente 
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COB590 AÇÃO DE CONTROLE SOBRE A ESPESSURA DE SAÍDA DE TIRAS 
LAMINADAS UTILIZANDO A LÓGICA NEBULOSA I CONTROL 
ACTION ON THE ROLLED STR!PS THICKNESS USING FUZZY LOGIC 

Regina Fátima Gibson Gonçalves 
Departamento de En~enlwria Elétrica. EEUFMG.- /\1 •. J\nrônio Carlos. 6627. Cai.ml'osra/209 
CEP: 30.161-970 fJe/o HorizonTe. MG.- E-lllllil: ~onca!l·e@n:e.ll{ing.br 

Horacio Helman 
Depar/amento de Dt~enlwria Meta/úr~ica. EEUFMG. -R. Espíri/0 SanTo. 35. 
CEP: 30.160-010 llelo HorizonTe, MG.- t'-mail: hhelnlltn@demet.t(/in~.br 

Thc thickncss of a rollcd strip, which must rcmain within vcry closc limits. is une of the cri
ticai paramctcrs in thc eharactcrization of its quality. The process of controlling this thickncss frc
qucntly rcquircs actions which may a!Tcct other importa11t characteristics of the strip. such as profile 
and shapc. Two control proccdures me commo11ly uscd for this purposc, one on thc scrcw-dow11 mech
anism a11d thc other 011 the strip fro11t or bnck te11sions. 011c or the othcr may bc more adequatc, 
dcpcnding on the operatio11al co11ditions. Thesc co11trol actions have bccn 11ormally detcrmined and 
cxecutcd in corrcspondence with the variatio11 of only o11e of the parametcrs of the process. ln the pre
sent work, a mcthod is developed bascd 011 thc applic,Hion or fuzzy logic. which allows for thc cal
culation of suitable control actions to adjust the final thick11ess of thc strip. co11sidcring the simulta
neous variatio11 of a11y t wo opcrational parametcrs of thc process. 

Keywords: Strie mlling, gage conrrol, .fitzzy logic. lmnirwç:c7o de tims. controle de espessura, lógica 
nebulosa 
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TEMA 84- Usinagem 

COB31 SISTEMA DE APOIO À DECISÃO NA ESCOLHA DE CONDIÇÕES 
OPERACIONAIS PARA PROCESSOS DE USINAGEM 

Geraldo Accetturi de Araújo 
Deparfllmento de En~enlutria Menlnica - EPUSP- E-Mail: ~aaraujo@usp.lJr 
Mercedes-Benz do Brasil. Süo Bemardo do Campo. 

Nivaldo Lemos Coppini 
Departamento de En~enltaria Mecânica- EPUSI'- Av.l'roj: Mel/o Momes, 2231, Cid. Uni1•ersittÍria 
05508-900- Süo Paulo, SP E-Mail: coppiui@fem.unicantp.br 

Process planning is an essential activity in lhe severa! stages of the manufacturing cycle and has 
been developing with the use ol· CAPP systems. particularly for maehining processes. This paper presents 
the model for a prototype system to ai <.I lhe planning dccisions and intending to obtain the machine, the too I 
anda thcoretical spccillcation of the dcpth of cut. fccd and cutting specd of the proeess. lt was considered 
aspects like machinability of thc pmt material, sccondary and auxiliary manufacturing times, and the logis
ties applied to the tlow of pmts at the shop-lloor through the dctinition of the used machine to be or nota 
production neck beyond its machine capacity. As optimization critcrion it was proposed a study ofthe com
promise between cost and manufacturing time for the maximum eiTicieney interval, with lhe restrictions of 
the maehine-tool-part set. The system has a practical testing module intended to retine the theoretical va
lues of the adoptcd euuing speed to garantee its application to the adopted machine and tooling. The sys
tem approaeh is semi-generative, with algorithmic and knowledge based solutions, with a simple and user
fricndly interface. 

Keywords: Planejamento de {Jrocesso, CAPP, processos de usinagem, velocidade de corte, otimiza
ção de processo 

COB115 ANÁLISE COMPARATIVA ENTRE USINAGEM DE COMPÓSITO 
PRFC E USINAGEM CONVENCIONAL DOS METAIS I COMPARA
TIVE ANALYSIS BETWEEN CFRP COMPOSITE MACHJNING AND MET
ALS CONVENTIONAL MACHINING 

João R. Ferreira (1) , Nivaldo I. Coppini (2) , & Gilberto W. A. Miranda (3) & Flamínio Levy 
Neto.(4) 
(I) Depw. l'roduçtlo, Escola Fedem/ de bt~/1 . ltuju/Jií-EFEI. ltajuiJií-MG. E-nutil: jorofe @fem.unicwup.br 
(2) Depto. En~/1. Fubricaçüo. UNI CAMI'/F/:'M. Campinas-SI'. E-mail: coppini@(em.unicamp br 
(3) Depto. Enga. Mecânica. UNITA V. Tuubuté-SI'. E-mail: arenus@fem.unicump.br 
(4) Depto. de En~a. Mecânint (FT-ENM). UnB. Bras[lia-DF. E-mail: levy@eum.unb.br 

ln reason of their characteristics the applications of composite materiais based on Carbon 
l'ibre Reinforced Plastic (CFRP) growing considerably. So, new manufacturing process and produc
tion techniques must be developed to cnsure high precision and good surface quality to the compo
nents. ln function of this manufacturing sccnario, is necessary to study thc machining process. This 
work shows practical expcrimcnts in turning of earbon fiber (einforccd resin to study the performancc 
of different tool materiais likc ceramics. cemcntcd carbidc. cubic boron nitride (CBN), and diamond 
(PCD). Thc tests were carried out with ccmented carbide tpol in various cutting speeds and feeds. For 
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finish operation werc uscd thc PCD tüois wilh positive and negative gcomctry. During thc tests werc 
obscrvcd tooi wear, machining forces, and mflin cngine power. ln function results is done a compara
tive analysis bctwecn CFRP composite maçhinabiiity in rcialion ABNT 4340 steel. Finaiiy, the work 
shows that the cutting conditions optimisation is cxtremeiy important in the scicction of too is and cut
ting condition to be uscd during CFRP manufncturing process. 

Keywords: CFRP Composite, Machinabilily, Tools. Roughness, Machining Forces, Culling 
Conditiom!Compósito PRFC, Usinabilidade, Ferralllen/as, Forçm de Usinagem, Condições de Corte 

COB116 ANÁLISE COMPARATIVA ENTRE USINAGEM DE COMPÓSITO 
PRFC E USINAGEM CONVENCIONAL DOS METAIS I COMPARA
TIVE ANALYS/S BETWEEN CFRP COMPOSITE MACHINING AND ME
TALS CONVENTIONAL MACHINING 

João R. Ferreira0
', Nivaldo I. Coppini"', & Gilberto W. A. Miranda''' & Flamínio Levy Neto'" 
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ln rcason of their charactcristics lhe appiications of compositc materiais based on Carbon 
Fibrc Reinforced Piastic (CFRP) growing considcrahiy. So. new manufacturing process and produc
tion techniques must he deveioped 10 ensure high prccision and good surfacc quaiity to thc compo
ncnts. ln function of this manufacturing sccnario, is nccessary to study the machining proccss. This 
work shows practicai experiments in turning of carbon fíbcr reinforced resin to study thc performance 
of different tooi materiais iike ceramics, ccmentcd carbide. cubic boron nitride (CBN), and diamond 
(PCD). The tcsts werc carricd out with cemcnted carbide tool in various culling speeds and feeds. For 
finish operation were used lhe PCD toois with positive and negative geometry. During lhe tcsts were 
observed looi wear, machining forces, and main engine power. ln runction results is done a compara
tive anaiysis betwcen CFRP composite machinabiiity in rciation ABNT 4340 steel. Finaliy, the work 
shows that the cutting conditions optimisation is extremeiy important in the seiection of toois and cut
ting condition to be used during CFRP manufacturing process. 

Keywords: CFRP Composite, Machinobility, Tools, Roughness, Machining Forces, Cutting 
Conditions/ Compósi/o PRFC, Usinabilidade, Fermmenlas, Forças de Usinagem, Condições de 
Corte. 
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Severa! turning experiments were carried out in quenched AIS I E521 00 steel with average 
hardness of 60 HRc, using blended ceramic too! material. A 22 kW CNC lathe was used and aeoustic 
emission and electrical current of the main machine motor were monitored in real time, aiming to indi
rectly determine thc cnd of too! life. When thc workpicce surface roughness rcachcd Ra = 0.6 mm, the 
expcriment fini shed and the too! was replaccd . This value of Ra was used beeause it is a typical sur
face roughness value for grinding and the main goal of hard turning proccss is to replacc grinding 
process. Thc results point out that , due to the low valuc of llank wcar allowed to thc too! in order to 
not pass this surface roughncss, the 2 monitoring methods used are not suitable for establishing the 
end of too! lifc without furthcr signal conditioning. 

Keywords: Hard Tuming, Cemmic Tools, Too! Wear, Too/ Monitoring, Sensor, Machining. 
Torneamento de Aços Endurecidos, Monitorametllo, Usinagem, Sensores, Ferramentas Cerâmicas 
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MONITORING OF HARD TURNING USING ACOUSTIC EMISSION AND 
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Severa! turning cxpcriments werc carricd uut in quenched AISI E52100 stecl with average 
hardness of 60 HRc, using blcndcd ceramic too! material. A 22 kW CNC lathc was uscd and acoustic 
cmission and elcctrical currcnt of thc main machinc motor wcre monitorcd in real time, aiming to indi
rectly determine the end of tool life. When the workpiece surface roughness reached Ra = 0.6 mm, the 
experiment finished and the too! was replaced. This value of Ra was used beeause it is a typical sur
face roughncss value for grinding and the main goal of hard turning process is to replace grinding 
process. The results point out that, duc to the low value of llank wear allowed to the too! in order to 
not pass this surface roughness , the 2 monitoring methods used are not suitable for establishing the 
end of too! li re without further signal conditioning. 

Keywords: Hard Tuming, Cerwnic Tools, Too! Wear, Too! Monitoring, Sensor, Machining. 
Tomeametllo de Aços Hndurecidos, Monitommetllo, Usinagem, Sensores, Ferramentas Cerâmicas. 
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Two too! materiais were tested at the sarne time: the stecl AIS! D-6 and the stellitc-1. The 
wet and the ai r dried "Euealyptus grandis" wood werc maehined with the following cutting speed: 
25,4- 35,0- 42,6 and 50,5 m/s. The test was carried out in a molding machine, on whieh we set up 

a built too! holder and attached a feeder for the wood beams with stepless regulation speed. With 
regard to the two tool mnterials tested over tens of kilometers of cutting lengths, in the wet or the 
nir dried wood machining, it was lhe slellite-1 toolmateriallhat showed a bctter pcrformance in the 
wct, as wcll as in the a ir dried wood m<tchining. Thc experimental outcome showed di fferent trends, 
as to the life of thc tools. The plots of thc toollifc for thc a ir dried wood are bent downwards, that 
is, for the lower cutting speeds thc too! life lasts longer. From a ccrtain value of speed, the toollife 
falis, whilc for the wet wood mnchining lhe toollife bends upw<trds, that is, by increasing the cut
ting speed vnlue a little bit, lhe tool life decreases, whcreas, from a cert<tin value of the cutting 
speed, the too! life stnbilizes . 

Keywords: Wood working, Wood machining, Too/ wear I Processamento da madeim. Usinagem da 
madeira, Desgaste de feramemas 

COBI41 UM SISTEMA AUXILIADO POR COMPUTADOR PARA DETERMI
NAR O DESGASTE DAS FERRAMENTAS NA USINAGEM DA 
MADEIRA I A COMPUTER AIDED PROCESS TO DEFINE THE TOOL 
WEAR lN WOOD MACHINING 
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Becausc of the difficully in measuring the wear of the saw teeth and other wood cutters and 
because of the inaccuracy of thc use of an oplical measuring projector for that purpose, we devel
oped a too! holder wilh twelve holes to hold lhe tools in lhe same direclion of lhe axis, forming an 

end mill, which would be applied ata molding machine. We also built upa syslem to measure the 
too! wear using a coordinate tablc , two digital clectronic mcasuring instruments, a muhiplcxcr and 
a computcr constituting a profile analyzer. The tool wears werc measured for too! machining def

inire cutting lcngth , for instance I O km, 25 km, 40 km , and so on. Afie r having obtaincd thc wears 
whieh took plaee along the cutting cdge from the vertex wilh a step of O, I mm until its useful 
length (3,0 to 3,5 mm), we built the edge wear graphs showing lhe evolution of lhe too! cdge wear. 
We eoncluded that the built tool holder and lhe wear measurement system used werc accurate and 
suitable. With such a system, it is possible to have a great amounr of information. in regard to 
the too! wear insidc a computcr. 

Keywords: Wood working, Wood machining, Too/ wear I Processamento da madeim, Usinagem da 
madeira, Desgaste de f erramentas. 
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COB144 OPTIMIZACIÓN DEL MECANIZADO DE Ti-6Al-4V Y Ni-19Cr-19Fe-Nb 

Joseba Pérez Bilbatua, Norbcrto Lúpez de Lacalle, José Antonio Sánchez & José Ignacio 
Llorente 
Departamento de ln,.;eniería Mecânica. Escuela Técnica Superior de ln,.;enieros lndustria/es C! Alameda de 
Urquijo sln, 4XOJ 3 Bil/uw. Espana - e mail : ilnl'f>e/Jij@bi.ellll.es 

This papcr descrihcs severa! aspccts on the Titanium based Alloys and Nickcl bascd alloys 
machining technology, its role in the aeronautical industry, as wcll as thcir propcrties, disadvantages and 
the efforts carricd out in the optimization of the convcntional machining process (modifying the cutting 
parameters, too! materiais, geomctry, and other parameters involved in the process). This paper also 
describes different aspects relatcd to using coated tools (TiCN, TiN, CrN) in the machining of titanium 
alloys, in order to protcct cutting edges against flank wear. 

Keywords: Mecanizado, Ti-6AI-4V, Ni-19Cr-19Fe-Nb. Aeronálllica, Fresas, Recubrimientos 
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The paper investigates the too! life of two grades of polycrystalline cubic boron nitride tools 
(high and low CBN contcnt) and thrce grades of ccramic tools (mixcd alumina, whisker reinforced alu
mina and silicon nitridc-based ccramic) whcn continuous turning AIS I E521 00 bearing stcel (62 HRC). 
Thc tests were conducted over a range of cutting paramctcrs involving roughing and finishing conditions. 
A too! life criterion was estahlished ror an average llank wcar of YBB=0.3 mm and the surfacc rough
ness of lhe maehined surface was monitored throughout lhe tcst programme. The rcsults indicated that, 
in general, longes t too! lives were obtaincd whcn machining using the mixed alumina and low content 
PCBN tools, followcd by the whiskcr reinforccd alumina, high content PCBN and finally silicon nitride
based ceramic (which prescntcd the poorcst performanee). Surface linish values as low as Ra=0.14mm 
were obtained under tinishing conditions. 

Reywords: Machining. Hardened Stee/s, PCBN and Ceramic Tools, Too/ Life 
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MACHINING USING INFRARED SENSOR 
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This work describes a tcchniquc that uses an infrared sensor to mcasurc the tcmperature on the 
machined surfacc of the workpiece. This tempcl·aturc is obtained artcr extrapolation of threc measured 
temperatures bclow the culling cdgc: at 3mm; 6mm and 9mm. The technique was first devcloped to be 
used in dry cuts. but was improved to allow measurements when cutting tluid is applied. Results from 
machining an AI SII 040 steel are prcscntcd for dry cut and when a mineral o ii is used as luhricanl. 

Keywords: Usinagem: Tempera/lira de llSÍilagem: Fluidos de corte I Machining: Machitzing temper
ature; Culling .fluids 

COB387 OTIMIZAÇÃO DO PROCESSO DE USINAGEM DE MATERIAIS 
FRÁGEIS COM FERRAMENTA DE PONTA ÚNICA DE DIAMANTE/ 
OPTIMIZATION OF THE SINGLE POINT DIAMOND MACHINING OF 
BRITTLE MATERIALS 

Carlos Renato Pagotto, Jaime Gilberto Duduch, Juan Carlos Campos Ruhio, Renato Goulart 
Jasinevicius & Arthur .José Vieira Porto 
Deparrame11to de L11geulwria Meuíuint - /:."scola de /:."uge111wria de Silo Carlos - USI' Rua l>r. Carlos Botellw. 
1465 CEI' 13560-970 Stlo Carlos-SI'.IJmsil ló-uwil: pagorwr@sc.usp.hr 

Rcscarches on single-point machining of brittlc materiais show that criticai chip thickness should 
bc of submicromctrc ordcr. Condition of cut to obtain crack-free surfaccs, howcvcr, vary significantly from 
material to material. According to thc geometry of thc too! , culling depths and fccd rates can hc of the order 
of a few micromctres. This has implications for the economics of thc process. This papcr discusses quali
tativc rcsults of cuts both with round and truncated too! tip. Both showcd that lhe condition of cut are lim
ited by the dinamics of lhe proccss rather than gcomctrie factors to obtain low subsurface damagc. 

Keywords: Ultraprecision machiniflg, brittle rtutterials, siflgle point diamond too/ 

COB392 INFLUÊNCIA DOS TERMOS DE SEGUNDA ORDEM NOS MODELOS 
MATEMÁTICOS DE MÁQUINAS FERRAMENTAS I SECOND ORDER 
TERMS INFLUENCEAND MATHEMATICALMODELS FOR MACHINETOOLS 

Benedito Di Giacomo, Denise P. Vieira Sato & Roxana M. Martinez Orrego 
Departamento de Engenharia Mecúnic:a. EESC- Uni1•ersidade de Silo Paulo- Silo Carlos 
CEI' 13560-970. Silo Carlos. Brasil- E-111ail: satodeni @sc.usiJ.i>r & rox@sc.usp.l>r 

Using the Homogeneous Transformation Matrices , a mathcmatical model of thc volumetric 
crror of a machine too! was dcvclopcd. Normally , simplifications are madc by ncglccting thc second 
order tcrms in the calculations. For verifying if thcsc simplifications are valid even for high-precision 
machines, a comparation was made using thc error of a CNC cylindrical grinding machinc. The 
maehinc erro r was calculatcd with and without lhe sccond ordcr tcnns: ncgligiblc di ITcrcnces were 
found in these two procedures. 

Keywords: Máquinas Ferrwnetlllt.l" , termos de segunda ordem, erro volumétrico, modelo mmemático 
I Machine Too/s, second arder terms, volwnctric error, mathematicalmodel 
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ASPECTOS DA SUPERFÍCIE USINADA DO AÇO RÁPIDO ABNT M2 
PELO PROCESSO DE ELETROEROSÃO I ASPECTS OF THE INTEGRITY 
OF MOLYBDENIUM HIGH-SPEED STEEL MACH/NED SURF'ACE WITH 
ELECTRICAL DISCHARGE MACHINING 

Francisco Elicivaldo Lima & Claudionor Cruz 
UFU- Universidade Federal de U!Jerlt1111/ia- De{JilrtaiiiC'II/o de E11ge11haria Mec:tlllicll 
Uberlt1udia- MG- /Jmsil - E-111ai/: jélirna@{éiii.Wii<:ciiiiJ>.br & cc:ruz@l/{ÍI.br 

Thi s work prcscnls a sludy o r lhe lcxLure and some. Thc bits wcrc machinccl in rour grades o r 
finish: Basic, scmi-finishcd, rinishcd and supcr-rini shcd. Coppcr and graphitc clcctrodes wcre used. 
The surfacc tcxture study is rcstrictcd lo measurc Lhe roughness paramelers Ra, Rq, Ry and Rt. The 
surrace intcgrity sLudy is rcstricLcd to lhe rollowing aspects: mclt layer thickncss, hcat affectcd zone, 
micro hardncss prorile and lhe prcscncc of micro cracks. Thc melhodology uscd as wcll as lhe result 
in lhe form or graphs, tablc and micrographs ror ali combinations of grades of fini sh and cutting clec
lrodes are presenteei. Gencrally, il is concludcd lhat conccrning lhe supcrricialtcxturc quality, no prc
ferencc cxists ror any of lhe two typcs of clcctrodcs. Also, it was found that the bits machincd with thc 
graphite clcctrode had a lhinncr mciL laycr than the oncs mach incd with thc copper elcctrode. 
Additionally, thc micro cracks present in Lhe bits machined with graphite cleclrode were deeper than 
the ones of thc hits machined with lhe copper elecLrode. The mclt layer surfaee contains particles 
which are lhe cause of lhe micro cracks. 

Keywords: Usirwgem por Descwsas E/étricas: Textum Supet.ficial; Integridade Supet:ficial I 
Electrical Discharge Machining; Surfúce Texture; Swface lntegrity 

COB579 COMPARAÇÃO DA UTILIZAÇÃO DE DIFERENTES SENSORES 
NO ESTABELECIMENTO DO FIM DA VIDA DE REBOLOS I COM
PARISON OF USING DIFFERENT SENSORS TO ESTABLISH THE 
GRINDING WHEEL LIFE 

Amauri Hassui'\ Anselmo Eduardo Diniz*, .João Fernando Gomes De Oliveira*'', .Juarez Felipe 
.lr*. & .João Jorge De Faria Gomes** 
*Deportcunento ele Engenharia ele Fa/Jricurelo. Faculdade de [,·ugeulwria Mecânica - UN/CAMI'- Campinas CP 
6/22 CEI' 13083-970 Ca111pina.1· . SI'. /Jmsil- E-moi/: an.wllllo@jem.unicciiiiJI.hr 
'''*Departwnento de J::ngenlwria Mecânica. Escola de Engmlwria de Selo Carlos- USI'- Selo Carlos 

Dressi ng is necessary to rehuild lhe grinding wheel surfacc, as its grains losc their edges and 
brcak. Dressing must bc donc to avoid the part rejcction, rnainly due to the surface roughness 
growlh. The establishing of the exact rnomcnt to dress the wheel is slill a non preci se task. Most of 
lhe times, the grinding machine operator decides the moment to dress the wheel based on non pre
cise criteria. likc thc sound madc by thc whcel during the cut. Lately. many works have heen donc 
trying to find out ways to monitor the process, in order to determine the end of tool lifc in sueh a 
way that do not need the presence or an operator. The goal of this work follows this Lrend. Severa! 
experimcnts were carried out, grinding harclencd steel parts, up to the moment that , dueto the wheel 
wcar, the roughness part reached values higger than thc cxpecLed in precision grinding. During 
these experiments, thc systcm vibration anel lhe acoustic 'cmission of thc proccss were mcasurcd in 
2 points of lhe machine. The main conclusion of this work is that lhe vibration signal is the hcst to 
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follow the increasc of surface roughness and. thercfore, lhe most suitable to bc uscd to cstablish the 
momcnt to dress thc wheel. 

Keywords: Retifiwçiio; Dres.mgem; Monitoramento; Emissiio Actístim;/ Crinding; Dressing; 
Monitoring; Acoustic Emission 

COB580 INFLUÊNCIA DOS PARÂMETROS DE CORTE NA RUGOSIDADE DE 
PEÇAS TORNEADAS I INF'LUENCE OF CUITING CONDITIONS lN THE 
SURFACE ROUGHNESS OF TURNED WORKPIECES 

Anselmo Eduardo Diniz & Pedro Yoshito Noritomi 
Departamento de ÜtRenlwria de Fa!Jricaçiio. Faculdade de t:nRenlwria Mecânica- UNICIIMI'- Campinas 
CP 6122- CEP 13083-970- GIIIIIIÚtliS. Sl', Bmsil- E-mail: 11/tselmo@{em.unicallll'·"r 

Thc main goal of this work is to analyzc lhe influcncc of fccd rate, dcpth or cu t and cutting 
speed in thc surfacc roughncss ol· turned workpicccs madc of 4 di!Tcrcnt stccls. Thc rcsults obtaincd 
were compareci with thosc prcdictcd by thc litcraturc. lnthis way, a sccond goal coulcl hc rcached, that 
i s to compare thc machinahility of thcsc stccls rclatcd to how casy i t is to gel a good su rfacc rough
ness, in cach one of thesc stccl s. Aiming these purposcs. workpieccs macle of I 045 (carhon stcel), 
4340 (alloy stcel ). 1212 (easy to machine stccl) c 316 (austenitic stainlcss stccl) wcrc turnccl with 5 
diffcrent fccdratcs. 5 depth of cul anel 5 cutting spccds. Among thc conc lusions of thcsc work, it must 
be noted that severa! of thcm elo not agrec with thc prcvious lilcraturc about lhis subjcc t. 

Keywords: Rugosidade, Tom eamen/0, Condiçlies de Usinagem, Usinagem de Aços I Surface 
Roughness, Tunting, Cutting Conditions, Mac!tining 11{ Steels 

COB581 INFLUÊNCIA DOS PARÂMETROS DE USINAGEM NOS ESFORÇOS DE 
CORTE DE PEÇAS TORNEADAS DE DIVERSOS AÇOS I INFLUENCE 
OF CUITING CONDITIONS lN THE CUTTING FORCES OF TURNED 
WORKPIECES OF DIFFERENT STEELS 

Anselmo Eduardo Diniz & Pedro Yoshito Noritomi 
Departamento de EnRenlw ria de Fabriwçiio. Faculdade de t:nRellllllria Men1nica- UNICIIMI'- Cm11pilws 
CP 6122- CEP 13083-970 Campi11as. SP. JJrosi!- E-mail: mtselmo@fem.wlicamp.!Jr 

The main goal of this work is to analyze lhe inllucncc of feccl rate, dcpth of cut and cutting speed 
in thc cutting forces generatccl cluring the turning of workpieces madc of 4 diffcrcnt steels. Thc results 
obtained were compared with thosc prcdicted by lhe literaturc. ln this way, a second go<~l could bc reached, 
lhat is to compare the machinability of thesc stccls rei ateei lo how casy it is to get low cull ing forces, in 
each one of these sleels. Aiming lhcsc purposcs, workpicces maclc ol· I 045 (carbon stccl). 4340 (alloy 
~teci), 1212 (casy to machine steel) c 316 (austcnitic stainless steel) wcrc turnecl with 5 di !Tcrcnt feed rates, 
5 depth of cut and 5 cutting specds. Among thc conclusions of lhesc work, it musl hc notcd that the intlu
encc of feed rate and clepth of cut in thc cutting forces are biggcr than lhat prcdictcd by thc l itcrature. 

Keywords: Esforços de Corte, Torneamento, Condiçlies de Usüwgem, Usinag e11t de Aços I Culting 
Forces, Tuming. Cuning Conditions, Machining of' Steels 

234 



COB585 

ANAIS oo ConEM97 T84 
---- - - - - ·--- - - --- - ---- -

APLICAÇÃO DE BROCAS HELICOIDAIS COM AFIAÇÕES ESPECIAIS 
NA FURAÇÃO DE LIGA DE TITÂNIO I APPLICATION OF TWIST DRILLS 
WITH SPECIAL POINTS TO DRILLING TITANIUM ALLOY. 

Olívio Novaski 
Depamlllle/1111 de t."n~-:enlwria de Fa/Jrica("llo. Faculdade de lôngt'nlwria Mecânica - UNICAMI' - CP 6122- CEI' 
13083-790- Ctunpinas. SP. /Jmsil 

Carlos Cesar de Castro Deonisio 
Centro Técnico Aeroespacial- CTA I IA I:'! AS!\- 1'. l'ra(:t l Mal Eduardo Go111es. 50. Vila das Anícim. CEP /222R 
- 904, Stlo José dos Campos - SI'. /Jmsi/ 

With lhe tlevelopment antl application of new materiais, the manufacturing processes needs to 
be optimizetl through thc improvcmcnt of thc gcometry and material of the tools antl the use of lhe 
adequatc manufacturing parameters. The objective of this work is to study thc drilling process of lhe 
Ti-6AI-4 V alloy. which reprcsents 45% of thc total protluction of titanium and its alloys. and is heav
ily used in the aerospace, chemical, maritime. electronic antl hiomedical industries. For this purpose, 
the objective of this work conccntratc on thc sclcction of thc adequatc too I point geometry for the man
ufacturing of Ti-6AI-4Y alloy with high spcetl stcel twisl tlrills. Tests with various too I point geome
trics werc donc and thc bchaviour of the tools was ohscrved regarding cutting forces. tool wcar, form 
of thc chips and dimensional dcviation of lhe hoJe. The results show that the "Bick!'ord". NAS-P3 e 
"Helical" are the bcst choicc for machining Ti-6AI-4Y alloy. 

Keywords: Dril/ing!Furaçiio; Tilaniwuífilânio; Twisl dri/1/Droca helicoidal; High speed sleei/Aço 
rápido; MachiniHglusinagem 

COB586 FURAÇÃO EM LIGA DE TITÂNIO UTILIZANDO BROCAS HELI
COIDAIS COM DIFERENTES PERFIS DA SEÇÃO TRANSVERSAL I 
DRILL/NG lN TITANIUM ALLOY WITH DIF'ERENTS TWIST DRILL PROFILES 

Olívio Novaski 
Departamento de longenlwria de Fal>ricaçtlo. Facuhlade de i:IJJ.:elllwria Meu lnica- UNIC!IMI'- CP 6122- CEI' 
13083-790- Ca111pinas. SI', !Jmsi/ - L-mail: nm•aski@_fém.unicwn11./Jr 

Carlos Cesar de Castro Dconisio 
Centm Técniw Aemest"'t:ial - CT!\ I /!\E/ASA- P. /'rara Ma/J:."tfuartfo Gomes. 50. Vila tias IICiícias. CEP 12228 
- 904. Stlo Jmé tio.\· Campm - SI'. /Jmsi/ 

Ditlicult to machine alloys are widcly uscd in many industries. The object of this work is to study 
the drilling process of the Ti-6AI-4V alloy, wich is hcavily used in the chcmical, maritime, clcctronic and 
biomedical industries and primarily in the acrospacc industry. Because this alloy is difllcult to machine, 
thc selection of apropriated tool gcomctry anclmachining conditions is criticai. This work concentrates on 
the selection of adcquate drill gcomctry and machining conditions for lhe manufacturing of Ti-6AI-4V 
alloy with high speecl stccl twist drills. Tcsts with spccial twist drills werc done and lhe behaviour of the 
tools was observed rcgarcling cutting forces. thc tool wcar. form of thc chips and dimensional deviation of 
thc hole. The results silow that lhe profilc numhcr 13. for a cutting spccd of 11.30 m/min anda fecd rate 
of 0.100 mmlrot, tends to hc thc hest choice, hut when dimensional deviation of the hole was considered 
(work quality ISO IT 9) the use of profilc numher 9 was superior. 

Keywords: Dri/ling/Fumç<io; Tiltrniwn!Titânio: Twist t(ri/11/Jmca helicoidal; High speed s/eei/Aço 
rápido; Machirlinxlrrsirlagetll 
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COB588 A INFLUÊNCIA DAS AFIAÇÕES CÔNICA E CÔNICA RADIAL 
(RACON) EM BROCAS HELICOIDAIS DE AÇO RÁPIDO I THE !NFLU
ENCE OF THE CONVENT/ONAL AND RADIUSED CONVENTIONAL POJNT 
(RACON) lN HSS TWIST DRILLS 

Olívio Novaski & Maurício Corrêa 
Departwuell/o de Eugeuilaria Meniuica. l'iu:uldade de /Ougenl111ria Meniuim - UNJCAMI' 

CEI' 13083- 970- Canltliuas- /Jmsil- !::mail: JIIJI"ll .l'ki@fem.IIIJicliiiiJI.hr; mcorrea@Jem.wlitwiiJI.hr 

Onc detenninant fact to incrcasc high spccd stccl twist drill lifctimc and improve cutting condi
tions in stecl drilling is thc claboration and dcvclopmcnt of new geomctrics to lhe drill points used in this 
kind of too!. This articlc invcstigatcs lifc incrcmcnt and decrcasc ol· forces obtained with thc utilization of 
Racon drill point (radiuscd conventional) whcn cutting SAE 4340 and SAE 1045 stccls, comparativcly to 
thc utilization of thc convcntional drill point 

Kcywords: Jrwchilling. dril!ing, dri/1 poinl, lwisl dri/1, mcon usinage111 . .fúmçclo, afioçlio, broca heli
coidal, mcon 

COB605 ASPECTOS PRÁTICOS DO PROJETO DO FERRAMENTAL NA USI
NAGEM ELETROQUÍMICA DO AÇO AO MOLIBDÊNIO ABNT M2 I 
STUDY OF TOOL/NC DES!CN INFLUENCE ON SHAPE ACCURACY OF ABNT 
M2 STEEL PARTS ELECTROCHEMICALLY MACH/NED 

Mário César Pclizer & Claudionor Cruz 
Depar/WJJeuro de Eugeul111rill Meníuica- (Notl.11h)- UFU 
CEP 38.400-902- Compus Souta Mímica- Uberhíudi11- MG- t:·-ullliiCCRU'I @U[U.br 

This papcr prcscnts a diagram of thc main causes of shapc accuracy Jose of parts machincd hy 
Eletrochcmical Machining (ECM) process. ln addition to a rcsumcd analisys of factors that alTcct accu
racy rcgarding tcchnical litcraturc, two proposals ol· clctrochcmical machining tooling (with opcned and 
with closcd chambcr) are presentcd, which were uscd to machinc a circular groovc in a squarc section 
bar manufacturcd of ABNT M2 steel (molibdenium :t lloycd). Thc prototypc and the tooling dcvclopcd 
in thc laboratory wcrc uscd to perform thc tests. which wcre run with the Sodium Nitrate in thc conccn
tration of20% in wcight as clcctrolite. Five parts werc machincd with each tooling and compareci in tcrms 
of shapc accuracy and surfacc fini shing. 

Keywords: Usinagem Elelroquímim: Acumcidade; Ferramenlal; A(:O A/JNT M2 I:'!Cirochemical 
Machining; Accuracy; Tooling; ABNT M2 s1eel 

COB674 MONITORAMENTO DO ACABAMENTO SUPERFICIAL NO FRESA
MENTO VIA VIBRAÇÕESIPREDICTION OF SURFACE INTEGRITY OF 
MILLING BY MON/TORING VIBRATIONS 

Marcos Morais de Sousa, Marcus Antonio Vianu Duarte & Alisson Rocha Machudo. 
Dep10. de Engenharia Menínicu- Unil'ersidade Fedem/ de U!lerlândiu- Milws Gemis- /Jmsi/ 
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With the development of new automated machine tools the need to monitor either too! wear or 
surface integrity bccame more criticai. The present work uses a CNC milling machine with 15 Kw of 
power to validate proposal of monitoring system. A uses lhe vibrat ion as an alternative to control too! 
wear and surface roughness parameters. The results showed a good correlation between lhe vibration sig
nals and lhe parameters considered. 

Keywords: Munituring, vibmtion, too/ wear, surfúce roughness, Jáce milling 

COB915 INFLUÊNCIA DO FLUIDO DE CORTE NA USINABILIDADE DE AÇOS I 
INFLUENCE OF THE CUTTINC FLUID ON THE MACHININC OF STEELS 

Jalon de Morais Vieira, Alexandre Mendes Ahrão'~, Marcus Antonio Viana Duarte & Álisson 
Rocha Machado 
LEPU I DEEM/0 I UFU. U/Jerlândiu, MG. /Jmsil E~111ail: u!i.,·solun@ufú./Jr 
*UFMG. fle/o Horiwnre, MC 

The inlluence o r lhe application o r synthetic (al 5 and I 0% concentrations) and semi-synthetic (at 
5% concentration) cutting lluids was invesligated during milling of NB 8640 with triple~coated cemen
ted carbide cutting tools. Dry cutting was also perfonned in order to have a hasis ror compari sons. Too! 
life, power consumption, and surface roughness were lhe parametcrs considered. ln order to evaluate the 
coolant ability o r lhe eutting tluids the culling temperature was studicd during turning o r NB I 020 steel 
under dry condition and with the application or the lluids. After lhe too! !ire tests lhe worn tools were 
analysed within SEM. The dry condition showed bellcr too! lives than when a eutting lluid was applied. 
Although only slighlly, lhe synthetic tluids outperrormed the scmi-synlhetic. This can be attributed to the 
lower power eonsumption as well ns lhe lower variation on culling tempcrature obtainecl when eutting dry. 
Thermal microeraeks was present at lhe too! cuuing cdges rcganJiess lhe cooling I lubricant condition 
used. These cracks lecllo lhe clevelopmenl o r cornb cracks. 

Kcywords: Fre.\'{{flll'/1/o, .fluidos de corte, l'ida da ferrammlll, temperatura de corte, polência de 
cor/e./ Milling Ofleratiml, cutting jluids,tooll(fi!, culling telllf'erature, power cousWIIJitiou 

COB916 ASPECTOS PRÁTICOS DO PROJETO DE UM EQUIPAMENTO DE USI
NAGEM ELETROQUÍMICA I PRACTJCAL CONCERNS OF AN ELECTRO
CHEMICAL MACHININC EQUIPMENTDESICN 

Evaldo MalatJuias a Silva & Claudionor Cruz 
Deparlwlleii/O de l~ngenlwria Mecâ11iw. Uni1•ersidw/e Fedem! de Ul>erltindia ~ UFU 
CEI' 31!.400~902 U/Jer/(/11!/ia. !Jmsil ~ f-n111il: ema!aqui@ ufii./Jr 

The present work aims lo lhe develop a electrochemical maehining equipment lo be used in 
research. Prior to lhe project specification. it is prcsentcd an cxplanation on the nature of thc electro
chemical process. Al'tcr detailing thc projecl and huilding lhe equipment, the machine was tesled for 
drilling high specd steel. Thc holes werc analysed considering not only lhe remove material rate but also 
the overeut and laper accuracy. Addilionally, lhe rinclings are rclated lo thosc presenteei in the literature 
anel possible reasons ror thc diiTercnces round are discussed. 

Keywords: f:'/ectrochemicalllwclliuing, rJI'ercut and taper: I Usinugem Eletroquímica, sobre~corte e 
conicidade. 
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COB917 FRESAMENTO DE AÇOS JNOXIDÁ VEIS AUSTENÍTICOS NB 316 I 
MILL!NG OF NB 316 AUSTENJTIC STAINLESS STEEL 

Rodrigo Pizzi, Wisley Falco Sales & Alisson Rocha Machado 
LEPU- DEEME- UFU. Uberlândia. MG. Brasil- E-mail: alissonm@ufit.br. 

Alexandre Mendes Abrão 
DEM- UFMG. Belo Horizonre. MG 

Austenitic stainless steels are considered difficult to machine materiais due to their high 
ability to workharden and large chip-tool contact length produced, which generate high cutting 
forces and elevated temperatures, promoting high too! wear rates. The present work compares the 
maehinability of two AIS! 316 austenitie stainless steel one of them has suffered small alteration 
on its chemical composition (within the range allowed in its specification) and manufacturing 
process with the aim of improving its machinability.Tool life, power consumption, surface rough
ness and cutting tempcrature after milling operations with coated carbide tools were the parame
ters cosidered. The steel with the alterations mentioned performed better than lhe standard AIS! 
316 steel. 

Keywords: Aço inoxidável (llfstenítico, .fi'esamento, vida da ferramenta, potência de corte, 
temperatura de corte I Austeniric stainless sreel, milling, tool life, power consllllljJlion, cutting 
temperature 

COB918 DETERMINAÇÃO DA EFICIÊNCIA DE QUEBRA-CAVACOS COM AS 
PRINCIPAIS CONDIÇÕES DE CORTE I DETERMINATION OF CHIP
BREAKER EFFICIENCY WITH THE MAIN MACHINING CONDITJONS 

Wisley Falco Sales, Wilson de Souza Paulino & Álisson Rocha Machado 
LEPU- DEEME- UFU- Uberlândia. MG. Brasil. E-ttwil: alissotllll@ufit.br 

Emmanuel Okechugwu Ezugwu 
Sourli Bank Universiry. Londres, lngfalerra. E-mail: emgwueo@ l'ax.sbu.ac.uk 

The development of the new generation of too! materiais eapable to withstand very high 
cutting spccds, the constant appearance of expensive and high strength work materiais as well as 
the frequent use of automated manufacturing systems does not allow the formation of long con
tinuous chips during machining. Experimental tecniques, mathematical models and engineering 
systems are powerful tools available in order to achieve complete control of the swarf produced 
during machining. More frequently CAD systems are employed to develop new designs of chip
breakcrs. ln the present work four dillerenl chipbreakers were tested during dry and wet cylindri
cal turning of ABNT 5140 steel with coatcd cemented carbide inserts under various cutting condi
tions. The chips were collected after each test and their chip thiekness (h') measured in order to 
determine the chip thickness ratios and the shear angles. This allowed an analysis of the behavior 
of these parameters with the cutting conditions to be done. 

Keywords: Usinagem, torneamento, controle do cavaco, geometrias de quebra cavacos I Machining, 
turning, chip control, chipbreaker geomerrv 
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COB926 ESTUDO DO COMPORTAMENTO DE DISCOS ABRASIVOS, EM 
OPERAÇÕES DO TIPO "CUT-OFF" POR MERGULHO BASCU
LANTE, SUBMETIDOS A DIVERSAS CONDIÇÕES DE CORTE I 
STUDY OF THE DIVING CUT-OFF OPERATION BEHAVIOR UNDER SEV
ERAL CUT CONDITIONS 

Eduardo Carlos Hianchi*, Adriano Rogério Cagnin*, Eduardo Martins de Castro*, Odilson 
Coimbra Fernandes*, Ivan De Domenico Valarelli *,Paulo Roberto Aguiar** 
*Deparramen/11 de EllKenlwria Mecânica. *'''Deparllllllento de EnKenlwria Elétrica - Faculdade de El1Kenlwria e 
Tecnologia- UNESP/FE'I: CEP 17033-360 - /Jaum. /Jmsil - E-mail: hiallcili@lmum.ullesp.br 

The cut-off opcration is a common practice. The foreign competition, through the economy 
globalization, is forcing the brazilian industry to attend the international quality and performance stan
dards. One way for the national industries become more competitives (improving the productivity and 
decreasing the production costs) it is by the detailed knowleclgment of the cut-off operations with abra
sivc whecls. This work shows a rcsearch about thc abrasive wheels behavior, under severa! cutting 
conditions. The results are discussed in function of the cutting speed, donwfeecl of the abrasive wheel 
and average of tangencial cutting force. 

Keywords: Operaçiio Cttt-o.lf. cmuliçiies de corte, otimizaçiio, corte ahmsivo, .fi>rça tallgellcial de corte 

COB929 DETERMINAÇÃO DA PRESSÃO ESPECÍFICA DE CORTE PARA 
DEZ ESPÉCIES DE MADEIRA BRASILEIRA I ANALYSIS OF THE 
SPECIFIC CUTTING FORCE FOR TEN BRAZILIAN WOOD SPECIES 

Marcos T. T. Gonçalves, .Juliano S. I. Takahashi & Rogério Rodrigues 
Deparlillllento de EnKenlwria Meu/nica - FET- UNES!'- !\ v. Luiz Edmundo Corrijo Coube. SIN"- C.P .. 473 CEP: 
17033-360- /Jaum- Siio Paulo- /Jmsil 

The objective of this study is to measure the values of the specitic cutting force " KS" , unitary 
specific cutting force for a cross-sectional arca of I mm2 "KS I", both constant. material attributes anel 
dimensionlcss coctTicient " 1-Z" lhat represent the parameters which affect the cutting performance 
for the parallel direction to the grain (90-0); analyzing the results obtained, for ten different density, 
native and cultivated wood spccies in Brazil. The following cutting parameters were studied: culting 
thickness (h) , tool rake angle (go) and cutting specd (V c), in an orthogonal cutting situation for three 
differcnt moisturc contents (watcr soaked, ai r dried and kiln dried). 

Keywords: Madeim, usilw}ielll, pressiio espec(fico, rell(/imento, otimizaçiio. 
Wood, machitzill!(, specUic cutting .fórce, pujórmance. optimization 

COB930 ANÁLISE DA INFLUÊNCIA DAS CONDIÇÕES DE USINAGEM 
DE MADEIRA SOBRE A FORÇA PRINCIPAL DE CORTE I 
ANALYSIS OF THE INFLUENCES OF THE MACHINING CONDIT/ONS 
OF WOOD ON THE PRINCIPAL CUTTING FORCE 

Marcos T. T. Gonçalves, Rogério Rodrigues & .Juliano S .. I. Takahashi 
Departwlle/1/o de Ell)ienlwria Mecânico - FET- UNES!'- !\v. Luiz Edmundo Carrijo Cou/Je. S/N"- C.!'.: 473 
CEP: 17033-360- /Jouru - Süo Paulo- /Jrasil · 
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The objective of this study was to vcrify thc inllucncc that parameters related to the wood maehin
ing process have over cutting performance, by analysis of the parallel cutting force in orthogonal cutting 
situation.The parameters analyzed were: the rake 'angle of lhe too I, the cutting thickness and cutting speed. 
Ten species of native and cultivated wood wcre studied under three diiTerent conditions of moisture ( 
soaked, ai r dried and kiln dried ). 

Keywords: Experimentaçiio, Força de Corte, Mculeim, Usinagem I Etperimenwtion, Cutting Force, 
Wood, Machining 

COB934 REVISÃO BIBLIOGRÁFICA SOBRE DESGASTE EM FERRAMENTAS 
DE CORTE PARA USINAGEM DE ALTO DESEMPENHO/ A REVIEW ON 
THE WEAR OF CUTTING TOOLS APPLIED TO HIGH PERFORMANCE 
MACHINING 

Aldo Braghini .Junior & Reginaldo Teixeira Coelho 
Deparlamelllo de Engenharia Mecânim. Escola de Engenlwria de Silo Carlos- USI'- Si/O Cor/os 
CEP 13.560-250 Süo Carlos. Bmsil- lo'-nlllil: llidobj@sc.usp.br I rtcoe/lw@sc.usp.br 

The development o r the cutting tools is due to the evolution and introduction of new materiais, 
which pennit that tool wear rates can he each time smaller and consequently tool life extended. A good 
evidence of this fact is that the machining conditions are becoming much more se vere and the increasingly 
use of components made of materiais in the hardened state, instead of in the annealed one. High speed 
steel, cemented carbide, cermet, ceramic, PCBN and PCD, as tool materiais, will have their characteris
tics analysed, hased on the recentliterature, as well as their wear mechanism. The several dillcrent types 
and wear mechanisms, which are mainly related to the maehining conditions, will atlcct directly the pro
ductivity. Thercfore, the knowlectge of wear patterns has a great etlcct upon lhe production processes 
based on machining, which contrihutes to türther improve the performance and toollife. 

Keywords: Materiais de Ferrumel1/a, desgaste deferramenw, fárwnenlns de cerfimica, ferramentas 
de PCBN, ferramentas de PCD I Too/materiais, too/ wenr, ceramic tools, I'C/JN tools, PCD tools 

COB948 A DRESSAGEM DE REBOLOS CONVENCIONAIS E SUPERABRA
SIVOS APLICADOS EM RETIFICAÇÃO DE PRECISÃO - UMA 
REVISÃO BIBLIOGRÁFICA I THE DRESSING OF CONVENT!ONAL AND 
SUPERABRASIVE WHEELS APPLIED TO PRECISION GRINDING- A REVIEW 

Aldo Braghini .Junior & Reginaldo Teixeira Coelho 
Deparli/11/ell/o de Engenliorio Mecânico, Escola de L'ngenlwriu de Silo Curtos- USI'- Si/O Carlos 
CEP 13560-250 Silo Cllrios. /Jmsil- E-11111il: rtcoel/w@sc.usf>.br 

The main objective of the grinding process is to obtain high quality components. As the operation 
is performed, the grincting wheel loses its sharpness. Thus, the dressing operation becomes part of the 
grinding operations, with great importance too. The ctressing operation moctifies the wheel surface (sharp
ness). The sharpness hetween two consecutive dressing operations is mainly relatect to the dressing para
meters employect. On the other hanct, the sharpness cturing the entire wheellife time is rei ateei to the dres-
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sing tool and mainly to its wcar rate. Some solutions have bccn employed to solve this problem, such as 
the dressing tools using diamonds with constam cross section. instead of the single point one. Severa! di
ITercnt researchcs on new dressing methods are analysed at the present work. Researeh and knowledge 
about the severa! different dressing methods allows a better lltting between the new dressing tools and the 
requirements found in each grinding operation. 

Keywords: Métodos de dressagem. retijicaçiio, agressividade, rebolos convellcionais e superabra
sivos I Dressing metlwds, grindi11g, slrarpne.u, co/lVelltimwl wul superabrasive grilldi11g wheels 

COB950 APLICAÇÃO DO SISTEMA ATAC NA OTIMIZAÇÃO DOS PARÂME
TROS DE USINAGEM E SELEÇÃO DE FERRAMENTAS/APPL/ED OF 
ATAC SYSTEM lN OPTIMIZATION OF MACH!NING PARATEMERS AND 
TOOL SELEC7JON 

Marcos Valério Riheiro 
IJeparrame/1 10 de Cngenllllria Quimim. Faculdade de lo'ngenlwria Quimica de Lorena- FIII:NQUIL 
CP: 1/6, CU' 12500-000 Lorena/SP, /Jmsil. 
Nivaldo Lemos Coppini 
Departamellfo de Engenharia de Fa/Jricaçt7o. Faculdade de Engenlwria Mecânica - UNICIIMI'. 
C!': 6122. CEI' 130fl l-970 Cmnpinas. /Jmsil - l'tllail: COJ't'ilti@(ent.unicamp.in 

The proposal of this work is to presenl and discuss a system, which bcsides to managc a data
base is able to execute functions which allow the too i selection and optimizing of the machining para
meters, and to determine in industrial plant the maximum production condition. Utilized then, the stru
turc of a machining datahase. cnlargcd by algorithms for optimization of cutting conditions and tool 
selection. The principal way to start the choicc procedurc of thc optimizcd tools and cutting condi
tions. is made through a piecc codc which is under test. This codc is dcfinccl for a codification and 
classification system bascd in Group Technology. The optimization routines and search of thc storcd 
data in the systcm utilizes thc picce codc to selcct lhe most probablc solutions for the problcm and 
through ali existcnt sequencc of priorities in the codification system files are achievcd. By suitable 
storing in a database of the rcsults and their fast rccovery. rcliable informations can bc estimated for 
ditTerent picces under si milar situations. This allows to obtain initial values for future tcsts. 

Keywords: Databm·e, Maclúning, Optimiúng, Too/ Selection, Process Planning 

COH1009 CARACTERÍSTICAS DE DESGASTE E A VARIAS EM FERRAMENTAS 
CERMET NO TORNEAMENTO DE AÇO AHNT 1045 WEAR AND BREAK
AGE CHARACTEI?ISTICS ON CERMET CUTTING TOOLS lN TURNING AIS/ 
1045 STEEL 

Lourival Boehs, Luiz Airton Consalter & Rodrigo Panosso Zeilmann 
/)epll rlalllenro de L'tt);enlwrin Meuín i('(l , Cell/ro Temolrígir:o, UFSC- CEP 88.0..f0-900 F/oriwuípo/is, limsi/ 
E.-1111til: 1/J @>grucmt.t({:H:. /Jr. 1(/(:@gruum.uf.\·c./n·. ~ei!lltanll @ /a/JIIUII.uf\'1:. /n · 

ln spite or the technological cvolution or the cutting tool materiais which took place in the l a~ 

ycars, and their grcatcr range of application, as is the case o!' CERMET tools, it still occurs sorne break-
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age and wcar that contradict the usual expectations conccrning their application, which rcduces thc relia
bility of the reeommended data obtained through wcar measurements. Thc present work is concerned with 
turning of ABNT I 045 steel w ith last gcnera~ion CERMET too is. und it rcveals lhe prescnce of perma
nent adhesion onthc tool/part interface. <lnd lhe occurrence ol· macrochipping ofthc too! cdges. ln the first 
case, it is estimated that there is a sourcc lhat intensil"ies the temperature. whereas in lhe sccond case it is 
believed that there is a disintcgrating ctTect of lhe unused tool edges due the mechanical action of the 
chips. Based on physical. metallurgical and mechanical analyscs of these occurrcnccs. thi s work aims to 
contribute for thc clucidation of apparently non-typica l characteristics of wcar and breakagc, as wcll to 
discuss the risk of incorrect selcction of cutling too is based on gcneralized recommendations. 

Keywords: CERMET, Tumin g, Cwti11g Tools, Wear I Tom eamen/o, Fermmentas de Corte, Desgaste 

COB1026 ESTUDOS PARA DETERMINAÇÃO DAS CARACTERÍSTICAS DE UMA 
GUIA E SEU DIMENSIONAMENTO I Studies .fár Determination of the 
Guideways ' Characteristics and lts Design 

Hugo Marcelo H. de Carvalho, Noemia Gomes de M. de Mesquita 
Depurrumen/o de t:n;;en/l(l ritl Menínicu, Centro de Tecnolo;;iu e Geoc:iôu:iu - U FI' lo" -l<ecifé 
CEI' 50740-530 Recife. /Jmsil - lo"-muil:lwgom/":@npdl.ufi>e. /Jr. ng>lllll @nt>dl.ufi>e.br 

The guideways are elements that influence directly the preci sion of manufacturing. Thi s papcr 
recommends techniques to incrcase this precision . using guideways combing sliding/rolling to thc turn 
process. lt 's necessary to know the error that occur in this process and al so to specify the pro fil e of the 
surface of the guidcways to decrcase the wear and thc prohabilit y of sur face fat igue. 

Keywords: Machi11ing, precisimt, guideways, tribologv,. wear 

COB1027 ESTUDO DO COMPORTAMENTO DE REBOLOS DIAMANTADOS, 
COM LIGANTE RESINÓIDE, NA RETIFICAÇÃO DE CERÂMICAS 
AVANÇADAS PELA GEOMETRIA DOCA VACO GERADO I STUDY OF 
THE BEHA VIOR OF DIAMOND GRINDING WHEEL.S WITH BONDED RESIN, 
lN THE GRINDING OF MODERNS CERAMICS BY THE GEOMETRY OF THE 
CHIP GENERATED. 

Eduardo Carlos 13ianchi*, Carlos Elias da Silva '''*, (;aldino Ferreira de Souza **'~, Carlos 
Alberto Fortulan **'~''', Odilson Coimbra Fernandes*, Ivan De Domenico Valm·clli*, Paulo 
Roberto de Aguiar* 
* UNESP- Faculdade de fli J.iC llilllria e Tec11ologia -Baum - !\ v. lo"11 g. Luiz Ed1111111do Corrijo Coube. SINo .17033-
360- Bauru- SP - E-111uil: !Jiwu:ili@!wuru.wlesp./Jr 
''*Mestrwulo e111 l:"l!gellhilriu Met:lÍllico !'elo EJ""SC- USP 
***Diretor presidente dtt empresa Mas/o· Dionumd Fernunenllls Dionw11flldas 
****Doutorando e111 E11 J.ie11i111 ria Mení11iw Jie/a EESC - USI' 

Thc aim of thi s work is to study the hehavior o r lhe plan tangential grind ing proccss with diamond 
grinding wheels. The analysis of the grindi ng perfonnance was done regarding the cutting surface wcar 
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behavior of the grinding whecl for cerarnics workpieces. The results discussion cmphasized the wear 
mechanism of the grinding whecl cutting surface and thc cuuing phenomenology of the grinding process. 

Keywords: Rerijlcaçiio de cerfí111icas c!vwu,:adas, rebolos dialllanrados, desgasre de rebolos, relaçclo C 

COB1028 ESTUDO DA RUGOSIDADE SUPERFICIAL DE EIXOS DE LIGAS 
LEVE PARA UTILIZAÇÃO EM MANCAIS AEROSTÁTICOS/ STUDY 
OF AXLES SURFACE FINISH OF LIGHT ALLOY FOR UTILIZAT!ON lN 
AEIWSTATICS BEAN!NG 

Luiz Daré Neto, Eduardo Carlos Hianchi & Odilson Coimbra Fernandes 
Dep111. de E11ge11lwrio Meul11ico do Foc:uldode de ló11genlwrio e Tecn11i11gio - UNES/' - /Jouru, CEI' 17033-360 
/Juu ru. /Jmsil F-11wil: /dore11 @/wum. lllll'Sfi.!Jr 

Thc objective of this work is to study the possibility of producing aluminum axles in order to 
utili ze thirn in aerostatic bearings. using the turning process. Therefore it analysis lhe roughness pro
duced by the two types of insert tungsten carbide, in severa! condition of rnachining. 

Keywords: Aerostatic /Jearing; Surfáce Finish, Surfàce Rouglllless on Tum ed Aluminwlt 
Mancais Aerostâlicos, Ambw11ento Supe1.Jicial, Rugosidade Supu.Ji'cialno Tomealllelllo de Alumínio 

COB1030 INFLUÊNCIA DA GEOMETRIA TEÓRICA DO CAVACO NA 
POTÊNCIA DE CORTE, NO ACABAMENTO SUPERFICIAL E NO 
DESGASTE DE REBOLOS I INFLUENCE OF THE TEOR/CAL GEOME
TRY OF THE CHIP lN THE CUTTING POWER. lN THE SURFACE F/NISH 
AND lN THE WHEEL WEAR 

Odilson Coimbra Fernandes, Eduardo Carlos Bianchi, Carlos Elias da Silva 
UNES!' - Fowldlllle de E11genl111rio e Tec11ologio - /Juum -A 1'. /''ug. Luiz L'dllumdo Curnjo Coube. SINo .17033-
360- fJuuru - SI' 

Grinding operations are influcnccd by a large numher of variables. Thcsc makc it difficult for 
the operator to choose the ideal work ing conditions in order to attain the desired objective. An exper
imental study of thc influence or gçometry or the gcncratcd chip, with rçspçct to lhe cutting powcr, 
surfacc finish and wçar of the grinding whccl manufaeturt:d using threç typcs of vitrificd bonding 
material and two typcs or abrasivc gr:lin. was madt:. Six types or grinding whçd and sample ground 
work picces madc of ductilc stt:d (A B NT I 020) and rragik stççl (ABNT I 045 quencht:d) wçrç uscd. 
By using a tangential grinding proccss. thç cut!ing spt:cd paramctcr was maintai ncd constant and the 
work pit:cc spccd and thc grinding wht:cl pcnctration were varit:d, in order to work with two constant 
v alues of thc equivalt:nt chip thickncss. Also, ror ali thç easçs thç samç gri ndcr drcssing was used. Thc 
resu lts are prescntcd in tahlcs which considcr di ITerem entry parameters , varying thc type of grinding 
wheel and test pieee material. Thc wcar or thc grinding wheel is discusscd hascd on tables of thc G 
ratio. Finally , a compari son was made hetwcen output variabks. involving thc six tests simultaneous
ly, for eaeh valuc of lhe cquivalent chip thickncss. 

Keywords: Crinding; ChiJ' geomerrv; Grinding wheelwear, Vitrijied bond; Abrasive grain 
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COB1083 ROSQUEAMENTO POR USINAGEM EM FERRO FUNDIDO NODU
LAR I CU7TING TAP lN GLOBULAR CASTING IIWN 

Walter Lindolfo Weingaertner & Hewerson Raniére da Silva 
Laboru!tírio de Mecânica de Precisilo- Deparrantenro de Engenlwria Meuínica UFSC 

Cx. P. 476 - EMC- CEP 88.040-600 Florillluípolis. /Jrusil 

Franz Tikal & Christian V ollmer 
lnsrirutoflir Produkrionsrecllllik wul Logisrik- IPIJ GltK, Kurr- Wolrers-Srr. 3 1'/z. 34. I 25 Kussel- Deurscltland

Alemanlttt, E-mail: c\•o/lmer@ltrz.uni-kassel.de 

The lnstitut of Production Tcchnics and Logistic from Gcrmany has dcvcloped a Gcrman 

Society of Rcscarch-Projcet, whosc topie was thc invcstigation of thc hchavior of eoating taps with 

a dctcrminatcd gcometry in casting inlll from typcs GGG 40 and GGG 60. Two parameters were var

ied: the type of cutting fluid introduction (externa! or through thc too!) and thc too! spin angle (I 5o or 

40o). Thc uscd eutting spccds havc crcatcd a ncw limit for thc high spccd cutting tap tools, mainly in 

GGG 40. This work shows how thesc rcscarchcs wcrc madc a mi which paramctcrs must bc eonsidcrcd 

for thc right analysis of this manufacturing proccss. 

Keywords: nwclw de rosquear, ferrofúndido, introduçào de.fluido de corte, ângulo de hélice, veloci
dade de corte Culling Tap, cmting iron, culling .fluids introduction, too! spi11 angle, culling velocity 

COB1084 ASPECTOS TECNOLÓGICOS DO DESENVOLVIMENTO DA 
FURAÇÃO POR ESCOAMENTO !TECHNOLOG/CAL ASPECTS ON THE 
DEVELOPMENT OF THE FLOWDRILL/NG 

Walter Lindolfo Weingaertner, João Carlos Oliveira Lopes, Daniel Carlos da Silva, Otacílio 
Cardoso Duarte Filho, Cristiano Rafael Schramm, Gerson Ismael de Souza, Manfred Molz 
Labora!tírio de Menínicu de l'reci.wlo - lo'MC - UFSC. CillllJIIIS Utti1·ersirúrio Trindade - CP 476 EMC, 

F/orimuípoli.l' - SC, E-mail : 

Franz Tikal, Roland Heiler 
lnsrirutoflir l'rodukrions!eclmik und Logisrik- IPL- GltK. Kur!-Wo/Ters-S!r. 3- 34 125, Kasse/- DeuT.w:!ttand. 
E-mail: lteiler@ltrz.uni-kassel.de 

Flowdrilling is a relative ncw manufacturing proecss for hush forming. A cemented earbidc 

too! with spccial gcomctry is uscd on standard drilling machincs to produce bushes in thin metal 

shcets, without chip remova!. Al'tcr lhe drilling process a cold forming tap is used to gencratc the 
thread in thcsc bushes by plastic dcl'ormation. A thrcadcd bush is thcn uscd like a sheet metal joint 

in many applications. This work is ahout ncw rcscarch !opies which have hccn dcvclopcd in a co

opcration between the Laboratório de Mccftnica de Preeisão/UFSC, from Plorianópolis- Brazil, and 

the lnstitut für Produktionstcchnik und Logistik/GhK from Kassel- Gcrmany. Thcsc !opies are con
ccrned about the dcformation proccss of thc shcct material, dcvclopmcnt of new materiais for thc 

tools, microstructurc analysis of thc shcct material and dcvclopmcnt of some applications of this 

teehnology. 

H.eywords: Furação por escomtu'nto. msqueamento JWI' conformaçclo, defármaç.iío, materiais, cha
pas metálicas. Flowdrilling, .flowtapping, de/(mnation, materiais, sheetmewl 
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COB1087 PROJETO CONCEITUAL DE UMA RETIFICADORA PARA 
OBTENÇÃO DE SUPERFÍCIES COM QUALIDADE SUB
MICROMÉTRICA 

Walter L. Weingaertner, Milton Pereira, Rodrigo L. Stoeterau & Ricardo M. Peres 
htboratârio de Mecânica de preci.wlo, Deportllllll'llto de btgenlwrio Menlnica- UI·'SC. CEP /IRO/O- 970 Cw11p11s 
Universitúrio, Trindode. Floriwuípolis- SC Coixo l'oswl -176. E-11111il: lmt>®illbllllll.u{:~c. br 

This paper presents the eotlCeptual design ora plain grinder which will work with workpicces in 
steel or not. working in a range under I mm. likc metalic relkctive surfaces. At first. the design process 
looks for the machine too! rcquirements and their evaluation. Arter thi s, baseei on a function structure, a 
detailed study or ali maehine componcnts is madc, generating a final coneeption of the grinder. 

Keywords: Precisio11 GriluliHg, Conceptuol Design, Functúm structure, QFD. 

COBI088 DESENVOLVIMENTO DE UMA RETIFICADORA PARA A USI
NAGEM DE LIMAS ENDODÔNTICAS 

Walter L. Weingaertner, Durval João De Barba Jr 
L11lmratário de Menlnic11 de preó.wlo. l.kt>II I'IWIIell to de I:ngenlwria Mecânim- UFSC, Cfl' /180 10- 970 Ci11111>liS 
Universitário. Trind11de. Floriwuit>olis- SC C11i.w l'osw/ -176. l:'-111ail: ''"l' @lo/mwt.u{:>c. br 

This paper shows the conceptual project and lhe functional model conception of a maehine 
too! for the grinding of root canal files type hcdstriicm. lnitially thcrc is a hricf look on the rcamers 
charucteristics for the determinatiOil of lhe grinding process kinematics, Sll to determine a pre-con
ccption. After thal. through QFD. a classification of lhe projcct spccifications for the machinc is 
obtained, which combined with its functions structurc. determines the grinder conception. To prove 
that the grinding proccss for obtaining reamers is proper for lhe small dimensions of the work piece 
(less than I mm in diameter). a runctional model is sct. 

Keywords: Retificaçâo de pequmos diâ111etros, proje to conceilllal, estmtura de jimçiies, modelo flm

cional. 

COB1089 USINAGEM A VERDE DE CERÂMICA A V ANÇADA 

Prol'. Dr.-In~,:. Walter Lindoll'o Wcingaertner'\ Eng.a Flávia Andréa Modesto**, Ariovaldo 
Canani Wiggers''' & Artur Santa Catarina* 
*Labomtúrio de Mecânica de l'rccislio - Unil ·ersidade Fedem/ de Santa Catarina. Caixa l'oswl -176-EMC -
CmltfJIIS Unil'ersittirio- 'hindlllic- 880/IJ-971! - Florimuipolis- SC. Fone: {0-18)23-1-5277: Fax: {0.Jfi)23.J- 15/'J 
- E-lllllil: !lllp@/olmult.lt(l'l:.br 

''"'Det>artwllellto de lcnuenllllria de Moteriais - Unil'enidode L'stadual de Ponta Grossa. l?ua Na /nu ·o de Arw(jo. 
469 - Ca111p11s U\'llrwlliS - 11/m:o /, - 8-1031-510 - l'ontll (irossa - PI?. Fone/Fax: (IN2)223-9355 r3 fi - E-11111il: 
.flavilt@ellll:. u(w:.hr 

ln the last 30 years, thc intcrcst in cera mie materiais incrcased as a result of significant advances 
in thei r development anel usage. mainl y hccause ceramics are superior to other materiai s in tcrms of sta-
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bility at elevated temperaturcs and. under wcar conditions. However, the same properties that make 
ceramics so attractivc for spccial uses, such as its hardncss, preclude the most tradicional machining 
techniques. The grccn machining mcthod is· a solution for this problem and shows many advantages in 
terms of nexibility and economy.This püper shows the green machining of advanced ceramics parts 
using a innovative method with diamond wirc. 

Keywords: Usbwgem a verde, .fio diamantado com movimento alternante, usinagem de cerâmica, 
usinagem abrasiva 

COB1090 BROCAS HELICOIDAIS: INFLUÊNCIA DOS ERROS DE AFIAÇÃO 
NA QUALIDADE DOS FUROS I TWIST DRILL: INFLUENCE OF THE 
INCORRECT SHARPEN/NG ON THE HOLES QUALITY 

Cleiton Rodrigues Teixeira 
Departamento de Materiais e Coustruplo- Fuudartlo Uuil'ersidade do Rio Graude. Caixa Postal 474. CEP 96201-
900. Rio Grande-RS 
Walter Lindolfo Weingaertner 
Departamento de Euueulwria Mec:tluica - Uui•·ersidade Federal de Santa Cmarina. Caixa Postal 476. CE/I 
88010-970. Floriwuípolis-SC 

Due to their complex gcometry and clcvated levei of dit'liculty to obtain symmetry of the drill 
(point anglc, clearance anglc, rclicf anglc and chi scl cdgc anglc) , twist drills oftcn present geometric 
errors derived from thc sharpcnning opcrations. This gcometric crrors aiTect directly thc drill perfor
mancc during cutting. This work idcntil'ics thc main crrors and dcvclop studics of their intluencc on thc 
drilling operation. 

Keywords: Furação, Brocas helicoidais. Erros geométricos, Geometria, Qualidade dos furos I 
Drilling, Twist dri/ls, Geometric errors, Geometry, Holes quality. 

Cob1417 ESTUDO DO COMPORTAMENTO DE DIAMANTES NATURAIS E 
SINTÉTICOS, UTILIZADOS NA FABRICAÇÃO DE PONTAS 
ESCARTÁVEIS EM ODONTOLOGIA I STUDY OF NATURAL AND 
SYNTHET!C DIAMONDS'S BEHAV/OR. UTILIZED TO MAKE DISPOS
ABLE BURS 

Eduardo Carlos Bianchi *,Fabio Andreassa Guedes Cezar *, Eraldo Jannonc da Silva *, Paulo 
Roberto de Aguiar *, Ana Rita Rodrigues Hianchi **, César Antunes de Freitas ** 
* UNESP- FET- Bauru - Deparf!lmento de Euuenharia Medinim -!\v. l:'uu. Luiz Edmuudo Corrijo Coube, SINo 
,17033-360- Bauru - SP E-mail: biauc:hi@bauru.wlesp.br 
** USP - Universidade de Silo Paulo - /Jaum - Departamento de Mweriais Dentários - Rua III. Octávio Pitlil<tiro 
Brisola, 9-75. 170-13- 101 - Bauru- SP 

Eight distincts abrasi ves diamonds wcre uscd to made diamonds burs. Each diamond burs w;1s 
rcsearched to assign the best typc of diamond to be used in rotatory dental diamonds instruments. ln the 
tcsts, glass was grinding, while the tangential force of cut was takcn in real time by compu ter. Thc bc:st 
type of diamond was that could remove more material until a dctcrmincd maxi mal tangcnti al force of 
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cut was hit. The economics and hcalth aspects have also been pondered. Thus, the best type of diamond 
was that proved at the same time the bcst condilions to remove material and the least price, enabling 
the fabrication of disposable diamonds burs. 

Keywords: Tipos de diamante, pontas diamantadas, instrumentos dentários diamantados, diamond, 
diamond burs 
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COB119 

TEMA 85 - CAD/CAM 

PROBLEMAS NA INTEGRAÇÃO DE SISTEMAS CAD/CAE/CAM NO 
PROCESSO DE INJEÇÃO DE PLÁSTICO/ SYSTEMS !NTECRATION 
PROBLEMS ON CAD/CAEICAM lN THE PLASTIC !NJECTION PROCESS 

Carla Cristina Amodio Estorilio & Kazuo Hatakeyama 
Departamenro de Pós-~-:raduaçtio e111 1eclwloJ.:iliii'I'G7E, Núcleo de Pesquisa em Engenharia Simulrânea/NUPES. 

Cenrro Fedem/ de Educaçlio 1'eclwltí~-:ic:a do l'arwuí- CEFETII'R 

CEP 80230-910 Cuririba- PU , Bmsil- E-111ail tllllodio@m,pes.c~felpr. br- /:'-mail kamo@nupes.c~ferpr.br 

Pcrmanently changing markcts situations rcquirc quick and tlcxible rcactions on the part of com

panies. This calls for new strategics and new manufacturing philosophies. At lhe same time, however, these 

characteristics of !lexibility and innovation increased lhe complcxity of managing work processes. 
This papcr reviews important aspccts of lhe cvalualion of lcchnological innovation. ll prescnls the 

systems evaluation CAD/CAE/CAM that can bc uscd in ordcr to acccss thc degrce ol· technological inno

vation for any given project. 
This compulational tools with; Compuler Aided Enginecring (CAE), numcrical simulations antl 

çomputalional tools are incorporated in lhe productive process through thc cslablishmcnt of a multidisci
plinary environmcnt (concuJTCnt engineering) with adequatc task managemcnl. 

Keywords: new strategies, new llzwutf'acturing philosophies, concurrent engineering, Compater 
Aided Engineering (CAE), numerical simulmions, computatiorwl tools. I novas estratégias, nova 
.filosofia de mam({atum, engenharia simultânea, simulaçiio nw11érica, ferramentas computacionais. 

COB124 DESENVOLVIMENTO DE UM BANCO DE DADOS DE 
TOLERÂNCIAS VISANDO A INTEGRAÇÃO COM UM SISTEMA 
"CAD" I DEVELOPMENT OF A TOLERANCE DATABASE TO BE JNTE
GRATED TO A CAD SYSTEM 

Nilson L. Maziero, .João Carlos E. Ferreira & Everton Gubert 
Universidade Fedem! de Sall/a Co/uri11a. DeJ)(tr/l/11/enro de EIIJ.iClliwrio MeclÍ11ica. GRUCON 
Caixa Posw/476, 88040-900. Floriwuípolis, SC- ,,·-mail: )<:f@~-:rucoll.uf.\·c.br 

This papcr dccribcs a mcthoclology uscd ror organizing and maintaining a tolcrance database, 

and its integration to a CAD system. The int'ormation sem·ch can bc carricd out by lhe uscr cilher 
through the CAD systcm or independcntly, and hc/shc has thc t'ollowing options : (i) from examples 

of couplings applications, (ii) from the specification of rit and prccision or the coupling; and (iii) as a 
function of the specific componcnts. The rctrieved infonnation can bc automatically transfcrrcd to thc 
graphical representation of thc CAD software. 

Keywords: Tolerâncias, CAD/CAM, Projeto para a Mwu(/ÍIIum e Mo11tagem I Tolerances, 
CAD/CAM, Design .fár Mwu!fÚcturing wul Assembly 
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DETERMINAÇÃO AUTOMÁTICA DOS PARÂMETROS DE USI
NAGEM E GERAÇÃO DO PROGRAMA NC NUM S~TEMA 
CAD/CAPP/CAM I AUTOMATIC DETERMINATION OF MACHINING 
PARAMETERS AND NC PIWGRAM GENERATION lN A CADICAPPICAM 
SYSTEM 

João Carlos E. Ferreira, César R. K. Stradiotto & Adilson U. Hutzke 
Uni versidade Fedem/ de Smll<l Cowrino. /)eJ)(Irtonlen to de Engenhorio Mecânico. GR UCON 
Caixa l'oslill 476. fi/IO.J0-900, F/orioll iÍJWiis. se -1:'- lllll il: jcf@ grucon.l((I'C, !Jr 

Dcscrihcd w ithin this paper is a techniquc ror detennining the optimum machining paramctcrs 
for turncd componcnts modeled in a CA D/CA PP/CAM system. Thi s rcchniquc considcrs initiall y thc 
area of good chip control , given hy a pai r of valucs of f'ccd and dcplh of cut, which is usually found 
in catalogs ol' too! manufacturcrs. Thcn. lhe rcs lricti ons for machining, such as cuuing forces, cl amp
ing ri gidity and spindlc power are considercd within the arca of good chip contro l. Thc pair whi ch 
lcads to thc minimum machining cosl is se lccled as lhe oplimum machining paramelers. Finally, lhe 
NC program for machining lhe givcn pan is generatcd through a commercial CAM software. 

Keywords: CAM, Parâmetros de Usin11gem, Otimiwçiiu, CAPP, " Feall/res"/CAM, Machining 
Parameters, Optitniw lion, CAPP, Femures 

COB379 SIMPRONC - SIMULADOR DE PROGRAMAS NC: EDIÇÃO E 
SIMULAÇÃO GRÁFICNS!MPRONC- NC PROGRAM SIMULATOR: EDI
TION AND GRAPHIC SIMULATION 

Alberto .José Álvares, Fabricio Rossi Fernandes Lima 
GRA CO- Grul" ' de ;\u/l)}ni/('llll e Colllrole. Ot'J!III'lillll l'nlo de I:'ngellilllrio Meu/nico. F(/(:uldode de Tecnologio. 
Universidode de IJmsílio. CI:'f' 70.910-900. !Jmsíli11. !Jmsil .. llll'/lres@enln .un/J.br . .fii/Jrir:io@enlll.llllb./Jr, 

Thi s work prescnts a simulati on systcm o l' NC program devcloped in GRACO. Thc simulator 
is callcd SIMPRONC and is compositc ol' routines ol' program edilion , graphics simulation and rcport 
l'orms. Thc simulation is cxecuted on scrccn and lhe draw can he printcd. Some data of process plan
ning can hc round in the rcport rorms, like cutting spccd, rpm, time clapscd and tools changes. 

Keywords : / - CNC, 2- CraJillic Si111ulation, 3 - CA D/CAM, 4- C COl!e, 5 - NC PmJimm, 1- CNC, 2-
Simu/açao C râflw , 3- CAD/ CAM, 4- Código C, 5- Pmgm111a NC 

COB473 A CAD SYSTEM TO CONCEPTUAL PHASE OF DESIGN 

Cristiano Machado & Franco(;, Dcdini 
DeparW/1/ell/o de Engenlwrill Meninin t, Fuwldw lc de l:'ngenlwriu Mecânica - Unim mp - Campinas. CF.P 13083-
970 Ca111pinas. JJrasil- /:·-111ail: jiH:a @.fem.ullimmp./Jr 

Thi s work is concerncd about thc conception of tomputer programs to aid the proccss of 
mechanieal dcsign. Today it urges lhe developmcnt of systcms that works l'u rt her than lhe traditional 
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areas dedicated by CAD systcms (Computcr Aidcd Dcsign) that are thc arca of draft. CAD systems 
must aid in thc conceptual phasc of dcsign. This papcr prcsents lhe dcvclopmcnt of a software system 
as a solution to this problcm in dcsign ficld . This program uses dcsign mcthodologics that are pre
scnted in literaturc. lt was dcvclopcd in visual objcct oricntcd language, and it was split into 3 mod
ules with tasks of: dcsign process managemcnt, rcquircments detcnnination and conccption devclop
mcnl. This systcm is directcd towards cducational application, working as a auxiliary too! in undcr
graduated courscs in mcchanical design t'ield. 

Keywords: Conceptual Phase i!f' Design. Pmduct Design, Compu ter Aided Design, E).pert Systems 

COB547 IMPLEMENTAÇÃO DE UM SISTEMA COMPUTACIONAL PARA 
OTIMIZAÇÃO DO CORTE DE RETÂNGULOS I IMPLEMENTATION 
OF A COMPUTATIONAL SYSTEM FOR THE RECTANGLES CUTTING 
OPT!MIZATION 

Raimundo Ricardo Matos da Cunha & Altamir Dias 
Departamenlll de Engenharia Medinica. Uni1·ersidade Fedem/ de San/a Ctr!arina- UFSC 
CEP: R8040-900 · F/ori(//liÍJioli.l'- SC- Hmsil. /:'-mail: ricardo @enu:. uf.\'C./Jr. al!amir@emc.uf.\'i.·./Jr, dias@w.edu 

This work prescnts a proposal of procedurc to solve thc optimization problem involved in uni
dimensional and bidimensional cu!ting ol· rcctanglc picccs from largc stock s. lt trics to define one 
algorithmic structure of an interface wherc lhe definition and solution of cutting pattern ean be reached 
and applied to thc production line. 

Keywords: CAD & CAM, Complllational System, Culling Stock Pmblem, Optimi;:.ation, Encaixe, 
Orimizaçüo, Problema da Orden11~·iío de Cortes, Sistema Complllacimwl 

COB569 2D DIMENSION-DRIVEN DESIGN SYSTEM BASED ON THE HISTO
RY OF OPERATION EXECUTION USING AN ATMS SYSTEM 

Fábio Kawaoka Takase & Marcos de Sales Guerra Tsuzuki 
Escola Po/itéc:nicct da Unive rsidade de S1io Paulo. Def>ll/'1(//1/enlo de Engenharia Mecúnica!Mecatrrinica 
Av. Pro( Mel/o Momes. 2231. CE/':05508-900. Silo Paulo. SI'. !Jmsil, E-wail: jktakase @usp.br 
mrsuzuki @rrsp.br 

ln this papcr wc prcscnt a 2D paramctric CAD systcm that uses thc cxccution history of gco
metric modelling opcrations and thc dcpcndcncy among these operations to providc thc systcm the capa
bility of obtaining an solution cven when the sct of geometric constraints is not complete. This can bc 
achievcd using the implicit information that are prcscnt in drawings as dcfault valucs. The cxccution his
tory of operations gives lhe prcccdcnce order ol· valucs to lhe systcm, which is un csscntial infonnation 
to decide whcther or not to replacc a clloscn valuc. Thc systcm storcs information aboutthe depcnden
cies among thc cxecuted opcrations in an Assumption-bascd Truth Maintenancc Systcm (ATMS) avoid
ing problems with cyclic dcpendcncics and allowing thc visualisation of modcl modil'ications duc to 
opcrations changes. ln the first section an ovcrvicw of diffcrcnt approachcs to thc dimcnsion-driven 
design is given and after that basic conccpts and thc system description is prcscntcd. 
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Keywords: computer-aided design. parametric CAD, dimensiun-driven design, geumetric cu/1-
straints, tmth maintenance systems 

COB570 MODELADOR DE SÓLIDOS CSG PARAMÉTRICO UTILIZANDO 
DIMENSÕES RELATIVAS I PARAMETRIC CSG SOL/D MODELER 
USING RELA TIVE DIMENSIONS 

Marcos de Sales Guerra Tsuzuki 
Deparlamento i/e ÜIJ.ienlwria Meetlnica/Mecalríinica. E.w:ola l'olilécnica lia USP 

CEP 05.50R-900 Stlo Paulo. Bmsil- F:-lllllil: IIII.I'IIZllki@usp.br 

A comp lex solid, accord ing lo a CSG reprcscntation, is rcpresen ted by a combination of 
severa! primitivc so lids. When a comp lcx so lid is creatcd, it is necessary to apply transforma
tion s - translations and rotations - for positioning thc solids such that the des ired configuration 
will bc obtained . It is possible to modify this solid modifying thc value of a primitivc solid's 
dimension. Howcvcr. the transformati ons uscd for positioning will bc maintained constant. ln 
this work we will proposc a parametric representation based on rel ati ve dimens ions for rcpre
senting thc positioning transformati ons. Wc will define rclative dimensions and an algorithm to 

va lidare the relative dimensions wi l l bc presented. Wc will prcsent some rel ati ve dimension 's 
propertics that will allow thc dcfinition or some hcuri stics for lhe solution searching in thc para
metri c problcm. 

Keywords: Parametric CAD, Sulid Modeling, CSC, Dimension Retlreseuwtiun, Assembling 

COB573 SISTEMAS CAD/CAM APLICADOS ENTRE DIFERENTES 
FORNECEDORES I CAD/CAM SYSTEM lN DIFFERENT SUPPL/ERS 

Claudemir Gimenez & Geraldo Nona to Tcllcs 
Depanwnel/lo i/e EnJ.ienlwria i/e Maleriais. /·ill:nldlllle de En~-:enlwria Menln ica- UNICAMP 

13.0R3-970. Cu111pina.1·. S P. /Jm.1·i/. E-lllllil: {e/ande. }iemldolf@_(elil.llllicwnp.br 

Traditionally thc wcstern companics buy its componcnts, parts, and so on in a lot of sup
pli crs. These su ppliers are bascd in the same country which companies or no. ln recent ycars the 
global sourcing conccpt havc bcen discussed like a great innovation against the traditional suppli
cr concept. During last ycars. "kciratsu ", the Japancsc conccpt has bcen discusscd. The suppliers 
are organizcd in hicrarchy in " kciratsu" concept. The new Brazilian VW truck and bus factory 

allow that thc supplicrs work within the company. o r a total I ,400 workcrs whcn thc factory reach
cs fui I speed, just 200 will be VW cmployees. T hi s arti clc study data interchange in trad i tional and 
ncw VW system and proposc thc use o r STEP (STandard for the Exchangc o f Product data modcl) 
and Simultaneous Enginccring. 

Keywords: STEP, CA D/CAM, Global Sourcing, Supp/ier:1·, Simultaneous Engineering I STEP, 
CAD/CAM, Fornecimelllo C/ohal. Fumecedores, Engenha;·ia Silllu!tânea 
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COB584 INDICADORES DO GRAU DE AUTOMAÇÃO DA MANUFATURA I 
AUTOMATION MANUF'ACTURINC FOREF!NCERS 

Rogério Monteiro & Geraldo Nonato Tcllcs 
UNICAMP Faculdade de E11ge11lwria Mecânica FJ~"M- Depana111ento de fo'tlgellllllria de Materiais, DEM!I cai/1-
JIIIS UNIC!IMP CP 6051 CEI' 13083-970 Ca111pinas- SI'- Brasil, /o-111ail: nwllteiro@.felll.unicmnp.br 

The large technologic advance permitted at the enterprises to use recourses more developed 
strategies increasing the tlow vclocity in Manufacturing Systems. Nowadays, factories are gaining a 
profile very flexible,.with capacity to produce greater vari ety of products as in little quantity, because 
the enterprise improves it's agility. We observe increase competition too, in the international market 
where small competition advantages are fundamental to insu re lhe organization survive. Thi s incrcasc 
eompetition together with fast changcs cnvironmcnt rcquiring the busincssman to gct the maxim infor
mation about proccss andas ali organization. Actually, grow thc intercst by indicators capablc to show 
the levei of organization of entcrprise. lhe clcgrec of automation of activity anel the levei of flcxibility 
thc manufacturing systems. The objective this article is prescnt various moclels of automation and to 
compare their characteristics and applicahility in real environment. 

Kcywords: Mwuifacturing Flexible Svste111s, !IU!icators cij'AutollwtÜJil, Flexibiliiy, Productivity. 
Sistemas Flexíveis de Mwwfàlllm, Indicadores de Autollwçiio, Flexibilidade, Produtividade. 

COB603 APLICAÇÃO DE UM SISTEMA CAD PARA GERAÇÃO E 
SIMULAÇÃO DE PROGRAMAS PARA FRESADORAS CNC I CAD 
SYSTEM CENERATION AND SIMULATION FOR CNC MILLINC MACHINE 
PIWCRAM 

Alexandre Dias da Silva, Fáhio Manuel Sá Simões, Fáhio Ferreira Guimarães & Alonso 
Andrade de Paula 
De1wrw111ento de Engenl111riu Mecânica. Uni1·ersidwle Federal de Uberli1ndia - UFU 
CE/'38400-902 Uber/ândia -MG ;L'-nwii:Jinssinwes@ufil.br: adioss@ufil.hr 

Thi s work presents the dcvelopment of a system that racionali zes the program generation for 
CNC Milling Machine, being capable of simulating the cutting process. The interface consist basicaly 
of routincs elaboratcd with Autoli sp languagc, utilizing a very popular CAD platform (Autocad). It is 
possible to integrare lhe project phase ol· a product with thc automatic gcncration of the program for 
the machine in a single environment. By simulating thc relativc movement hetween thc pnrt and the 
eutting too!, it is possihle to have a 3D visuali zation of gencration of the projected clements solicl 
model bcfore its manufacturing. 

Keywords: lntegraç1io CAD/CAM; Mâq11inus CNC; Usin([gem; Simtt!aç.·tio 3D I CA D/CAM 
lntegration; CNC Machine; M([chining; 3/J Sim11/ation 

COB1040 GERAÇÃO DE SEQÜÊNCIAS DE USINAGEM A PARTIR DE 
GEOMETRIAS CRIADAS EM CADITOOL PATH CENERATION FROM 
CEOMETRIES CREATED lN CAD 

Leandro Costa de Oliveira, Álvaro Michcllotti, Élvio Lima & Rodrigo Pivctta 
Depw. de Fahricaçüo e Projew de Múquinas. Ce111ro de Tecnologia, Uni••ersidade Federal de Santa Maria 
CE? 97105-900Santa Maria- RS. Bmsil- E-111ail: /eandro@il!lul\'111./Jr 
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With thc purposc optuniZing programming of Computcr Numcrical Controllcd lathes, lhe 
dcvelopmcnt of a systcm for automatic gcncration of CNC programs bascd in CAD/CAM concept was 
pcrformed. Thus, thc soflw<Jrc AutoCAD was choscn on account of its cxtcnsivc use in industry and 
ac<Jdcmics. ln this softw<Jrc, using AutoLISP languagc, its w<Js developpcd a routine lhat selects enti
ties in the drawing that determines thc contour to be exceutcd, was re<~lized. Ncxt, the sarne routine 
saves the data of selectcd cntitics in DXF formal. Starting from this data, another program, imple
mented in Turbo Pascal, analyses thc drawing geometry and produces lhe CNC program automatical
ly. ln this step are distinguished two typcs of pieccs treatcd in ditlerent forms for two algorithms: the 
growing-geometry picccs <Jnd lhe divcrsc-gcomctry picces. Arte r gcncration of programs, they are vcr
ificated in a simulmor for !ater use in thc lathe. ln this work, two examples are prcsented in details , 
vcrificated in a simu lator and tested in lathc EMCO Compact 5 CNC, of NAFA - CT, UFSM. The 
results obtained prove lhe eficiency of system in the face of proposed problem. 

Keywords: CAIJICAM, Progra11w(iio CNC. Usiuagem CNC I CAD/CAM, CNC Programatio11, CNC 
Maclúning 
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COB8 

TEMA 86 -.Metalurgia do Pó 

RELAÇÃO ENTRE LIMITE DE RESISTÊNCIA A FADIGA E LIMITE 
DE RESISTÊNCIA A TRAÇÃO DE MATERIAIS SINTERIZADOS 

Ernani Sales Palma 
Departamento de Engenharia Mecânica- UFMG, Av. Antonio Carlos, 6627- Campus Pwnpu/1/ll, 31.260-901- Belo 
Horizonte-MG E-Mail:ernani@vesper.demec.t!filig.br 

The influence of porosity on thc rclationship S N /s RES for sintercd iron and steels are investigat
ed. Data are presented for tensilc and fatigue properties in the porosity range 3-14%, in the as sintered con
ditions. lt is observcd that the relationship S N /s RES decreases by increasing porosity. This becomes more 
evident in the sintered steels than in iron. Finally, with exception of Fe, it was shown that experimental 
results do not tit in the results obtaincd from a empirical equation takc of litcrature. 

COB362 NITROCEMENT AÇÃO POR PLASMA DE FERRO PURO SINTERI
ZADO I PLASMANITROCARBURIZING OF PURE SJNTERED IRON 

Elenice C. Borba, Ana M. Maliska, Antônio R. de Souza & Aloísio N. Klein 
LABMATI l.aboratário de Mllleriais- Dep111 de Engenharia Mecânica I UFSC. CEP 88015-100, Florimuípolis, SC 
- BRAZIL 
Fone: (55) 048 231 9261\ ·Fax: (55) 048 234 0059. hllp:llvww. lalmwt.uf.~c.br 

E-mail: elenice@/abmat.u{:çc. br, 1:-mail: <llla@lalmwt.ujsc./Jr, E-mail: rogerio@labmat.uf:çc.br. E-mail: 
klein@labmat.t!f.~c. br 

The microstructure of thc material produced by powdcr mctallurgy in prcscncc in thc nitro
carburizing atmospherc is in ves tigatcd. ln ordcr to study thc inrluencc of the amount of carbon in the 
atmosphere for the formation of thc treated layer, sintered powdcrcd iron was nitrocarburi zcd in 90N 
2 - I O H 2 atmosphere contai ning CH 4 in thc range from I up to 2%. Thc formation of thc surfaçc 
layer was analysed by plasma nitrocarburizing of purc sintered iron. The samples were treated at 3 
Torr, 540 and 570°C, during 1-3 hours, using a de discharge. The nitrocarburezcd layers were exam
ined by standard optical and scanning clcctron microscopy (SEM), X-ray diffraction and electron 
probe microanalyse (EPMA). Results havc shown thm the thickness of compound layer is very sensi
tive to the temperature rises, with microtructural modifi cation. lt was also detected a micropore for-
1!1ation in the outermost compound laycr as a rcsult of incrcasing treatment time. 

Keywords: Nitrocementação por plasma, Sinleriwçclo, Fa.1·e-e, carbonitretol Plasma nitrocarburiz
ing, Sintering, Phase-e, carbonitrites 

~'OB608 PROCESSO DE OBTENÇÃO DE COMPOSTOS INTERMETÁLICOS DI•: 
Ti E AI UTILIZANDO ONDAS DE CHOQUE I PROCESS OF OBTANIN~; 
INTERMETALLIC COMPOUNDS OF Ti ANDAI BY USING SHOCK WA VES 

Arnaldo Ferreira e João Edison Minnicelli 
D!!partamento de Engenlwria Mecânica e de Materiai.ç, lnstituw Militar de Engenharia- /MI::. 
Pn~ça General Tibúrcio 1\0, 22290-270, Praia Verme/lia, Rio de Janeiro. lU - /Jrasil 
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Elemental powders of Ti and AI wcre mixtured and, by employing the flyer plate technique, 
experiments were perfonned in order to determine the threshold chemical reaction between the pow
ders , and to obtain compacts that allow to characterize the reagents compacted by shock wave. 
Different proportional mixtures between Ti and AI were used, as an attempt of obtai ning improved 
reactions and bettcr compaction of the materiais . The experimental parameter that was varied was 
explosive quantity, increasing the amount of energy imparted to the powder material. The intermetal
lic compound TiA! was also mecanically mixtured with Ti and AI powders, in arder to compare the 
compacted material. Analysis by X-Ray diffraction and Scanning Electron Microscopy were per
formed to determine the chemical changes during the comprcssion by shock waves. Successful con
solidation was obtained and was comprovcd by strong bonding bctween individual particles. The 
main parameter that is significant during thc process of chemical reaction and the experimental results 
are prescnted and discussed. 

Keywords: Dynamic: Co11solidation: Slwc:k Wa ves; Shoc:k-lnduced Chemic:al Reactions; Ondas de 
Choque; Metalurgia do Pô 

COB1020 ESTUDO DA DENSIFICAÇÃO DO AÇO lN OXIDÁVEL 316L SINTERI
ZADO EM REATOR DE PLASMA I DENSIF/CATION STUDIES OF 316L 
STA/NLESS STEEL SINTERED lN A PLASMA REACTOR 

Vilson .João Batista, .Jorge Hebert Echudc Silva, Márcio Mafra, .Joel Louis Rene Muzart, Aloísio 
Nelmo Klein 
'Universidade Federal de Uberlâ111lia. OeJwr/allll'lllo de En~-:enlwria Mecânica. Uberlândiu/MG. Jí\400-089. 
/Jmúl E-mail: esmg@enJ.:.IVlllwick.m:.ttk 
' University o( Wanvick. LJel>llrltllenlo( Engineering. Covenny. CV4 7AL. UK 

This study shows thc conso lidation bchavior of AISI-316L Stainlcss Steel sintered in a 
plasma reactor. Thrcc therm al cyc les were followcd varying the sintering temperature and 
time.The final den sities obtaincd here for lhe 316L- SS sintered by this nove! technique were equal 
or hi g hcr than lhe densitics of known slccls sintcred by conventional routcs. Nevertheless, plasma 
si ntering allows a hetter atmosphcrc control, as wcll as cncrgy sav ing. sincc only the si ntcring parts 
are heated up by the ionizcd plasma. Thc main rcsults include densities of thc order of 7.39; 7.43 

and 7.64 g/cm3 fo r sintcring conditions of I 050°C and 1150°C during 60 min., and 1270°C during 
150 min. 

Kcywords: Plasma; Sinterizaçiio, Processo I Plasma; Si11tering; Proces.1· 

COB1045 COMPORTAMENTO À TRAÇÃO DE FERRO E AÇO SINTERIZA
DOS NITRETADOS POR PLASMA -PARTE II I TENSILE BEHAVIOR 
OF PLASMA -NITRIDED SINTERED /RON AND STEEL- PART II 

Helio de Brito Costa, Ingeborg Kühn A. & Antonio Rogério de Souza 
LABMAT- Depw de l:"ttJ.:etJiwriu Mecc1n ica- CTC- UFSC 
Ca ixa l'osliil -1 76 I Rí\040-900 Florian<ÍJ>olis . SC . . Brasil. e -111ail: <lielio @/ulmwl.u{:H:.br>, 
<ingefulrJ.: @enu:.uf.iT. hr> 
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Thc micromechanisms involvcd in lhe tcnsilc fracture of sintcred materiais submittcd to ther
mochemical treatments have as yetnot becn clcarly estab lished. For this purpose, a scanning-electron 
fraetographie analysis was performed on tension-ruptured sintercd spccimens of iron and low-alloy 
molybdenum steel, either no nnitridcd or prev iously plasma nitrided. ln order to investiga re the effect 
of some typieal microstructures , three diiTcrent treatment atmospheres were employed, the nitrogen 
content being varied and a carbon-bearing component being introduced. Results show that nitriding 
generally favors the operation of fracture mi cromechanisms of low energy absorption in the near-sur
face regions. The nature of these mechanisms, their frequency. location and extent, depend on the base 
material, nitriding atmosphere and. in some cases. also on local porosity l'catures. 

Keywords: Plasma Nitriding. Sintered steel. Sintered lmn, TeiiSile Test, Fracwre Micromeclwnisms. 
Nitretação por Plasma, Aço Sinteriz.(/{lo, Ferro Sinteriw do, Ensaio de Tração. Micmmecanismos de 
Fratura 

COB1046 COMPORTAMENTO À TRAÇÃO DE FERRO E AÇO SINTERIZA
DOS NITRETADOS POR PLASMA- PARTE IITENSILE BEHAVIOR OF 
PLASMA-NITRIDED SINTERED IRON AND STEEL- PARTI 

Helio de Brito Costa, lngeborg Kühn A. & Antonio Rogério de Souza 
LAIJMAT- De pro de E11ge11/wria Meul11ica- CTC- U ~~~·c. Caixa f'osra/476 I Xii040-900 Flori11111Ípo/is. SC. /Jrasil 

e-mail: <he/io@ !abmar.u{.~c.br>. <iHge/){Jrg@emc.u(.l'c.!Jr> 

Two tool materiais werc testcd at the sarne time: the steel AIS! D-6 and the stellite-1. The wet 
and the air dried "Eucalyptus grandis" wood were machined with the following cutting specd: 25,4-
35,0- 42,6 and 50,5 m/s. The test was carried out in a molding machine, on which we set upa built tool 
holder and attached a feeder for lhe wood beams with stepless regulalion speed. Wilh regard to the two 
too! materiais tested over tens of kilometers of culting lenglhs , in the wet or the a i r dried wood machin
ing, it was the stellite-1 too! material that showed a better performance in the wct, as well as in the air 
clried wood maehining. The experimental outcome showed dil'fcrent lrends, as to lhe life of the tools. 
The plots of the toollife for the ai r dried wood are bent downwards, that is, for the lower cutting speeds 
the too! life lasts longer. From a certain value of speed, the too! life fali s, while for the wet wood 
machining the tool life bends upwards. that is, by increasing lhe culling specd value a little bit, the tool 
life decreases, whereas, from a certain value of the cutling speed. the too! lifc stabili zes. 

Keywords: Plasma Nitriding, Sintered steel, Sinlered lmn, Meclumical Properties. 
Nitretaçiio por Plasma. Aço Sinteriwdo. Ferro Sinterizado, Propriedades Mecânicas. 

COB1050 DESENVOLVIMENTO DE LIGAS SINTERIZADAS À BASE DE 
FERRO, FÓSFORO E NÍQUEL PARA APLICAÇÕES DE ENGEN
HARIA I DEVELOPMENT OF PHOSPHORUS AND NICKEL, IRON BASED 
SINTERED ALLOYS TO APPLY lN ENG!NEERING 

Paulo Junho de Oliveira, .Júlio Navarro Santos & Edmilson Otoni Corrêa 
Deparramenro de EngeH!Jaria Mecâ11ica. r::l'l'ola Fedem/ de E11ge11!Jaria de /tajubâ - EFI:'/ 

CEP 37500-000 Av. BPS. 1303. Pin!Jeirinlw. lraittlhí. fJmsi/ - /;'-mail: 1111\'arro@iem.efi:i. rmg./ir 
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ln this work thc possibility ol' sintcring ol· iron based alloys with variable contents of nickel and 
the content of phosphorus kcpt conslant in 0.5'Yn has hccn cxamincd. This invcstigation has the aim of 
developing iron bascd alloys for use in cnginccring whcrc lhe introduction of nickel and phosphorus in 
a matrix of iron produees materiais with a more adequate dcnsity and improved strength . The absence 
of carbon has lhe objective to makc thcsc products bc rccompactable, with the advantage of na improved 
linal density and a bcttcr dimensional control. Thi s fact can avoid thc inconvenient of an cxcessive 
fragilily and abrasivity that could he causeel by thc simultancous prescncc of carbon anel phosphorus. The 
mcchanical propcrtics of thc menlioncel alloys wcrc analyzcel. By thcsc rcsults, it was show that, despi te 
lhe prcscncc of porosity, a reasonahlc compromise bclween harelncss and tensile strcngth was obtained 
and this was bctter performed for alloys with a nickcl contcnt of 4°h• and 5% . 

Keywords: desenvoll'illlento, liga.\·.fi:rro.ws si11teriwdus, Propriedades 1nedinicas. 
Development, iro11 based sintered alloys, meclwllicaiJ!roJJerties 

COB1461 PROCESSAMENTOS ALTERNATIVOS PARA A OBTENÇÃO DE 
PASTILHAS SUPERCONDUTORAS DO SISTEMA (Bi,Pb):Sr:Ca:Cu:O 
I ALTERNATIVE PROCESSING TO OBTAIN SUPERCONDUCTING PEL
LETS OF THE (Bi.Ph):Sr:Ca:Cu:O SYSTEM 

DAYSE I. DOS SANTOS & ELISABETE AP. A. RUBO 
Deporl<llllelllo de Física. Focu/dode de Cihu:io.1·- UNES!' Calllpus llouru 
C/1/XA POSTAL 369 - CEI' 17033-360 /Jouru - SI' - /Jmsil 
1:'-111ail: DAYSE@AZUL.IJAUI?U.UNESI'.IJI? 

This work is ahout the ohtaintion and characterizalion of samples of the Bi:Pb:Sr:Ca:Cu:O 
ceramic system. Thc poweler was prcpareel by two processes: oxiele/carbonatc mixture and oxalate 
coprecipitation. Thesc two processes wcrc uscel in ordcr to stablish thc most favorable process to thc 
II O K phase formation. Thc charactcrization tcchniqucs werc lnducti vely Coupled Plasma. Sedigraphy, 
X-ray diffraction and scanning clcctron microscopc. Thc sintcrization was madc by convenlional anel 
an alternative lcchniques. Thc alternative one consists in applying an clcctrical currcnt simultaneously 
to lhe tempcraturc action. Thc cxpcctation was that thi s tcchniquc would accclcrate the rcactions and, 
consequently, to pro mote highcr volume fraclion o r thc II O K phasc. Thc pcllcts were structural, clec
trical and magnetically characleri zcd hy X-ray eliiTract ion. SEM, clectrical resistivity and magnetic sus
ceptib ility. ln the analysis of the elcctrical and structural characterization of thc pcllets made by both 
proccssing mclhods. wc could not t'ind any elillercncc hctwccn them. But, lhe magnctizalion measure
mcllls indicatcd thatlhere are numerous phases wilh criticai tcmpcratures hcllow IIO K, in addition to 
a higher fraction of 2223 phasc. in the pellct madc by coprccipitation or oxalatcs. Thc alternative sin
tering proccss promotcd only some altcrations in thc hchavior of thc elcctrical rcsi stivi ty as a function 
of the tempcraturc. 

Keywords: Cemmic Supercmuluctors. superconductor pellets, chemical process, /Ji :Sr:Ca:Cu:O. I 
Supercondutores cerâmicos, f!Osti!htl.l' supercmrt!utoras, flrocesso q11ÍIIlico, IJi:Sr:Ca:Cu:O 
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COB112 ANÁLISE DE IMAGENS TOMOGRÁFICAS DE MATERIAIS 
COMPÓSITOS E METÁLICOS I ANALYSIS OF TOMOGRAPHIC 
/MACES OF COMPOSJTE AND METALL/C MATERIALS 

Célio Maschio & Antonio Celso Fonseca de Arruda 
Faculdade de En!ienlwria Mecânica. Universidade Esiadual de Ca111pinas- UNICAMP- CEP 13.083-970, Caixa 
Po.na! 6122 - Campinas, Süo Paulo, /Jmsil - E-111ai/: ce!io@colulllbia.detiJelll.llnical/lp.br ou celio@depfem.uni
CWIIfl.br; ce/so@dep.feni.unicalllfl.br 

X-ray computcd tomography (XCf), originally developcd for medical purposes is becoming 
increasingly applied to severa! applications where it is nccessary thc interpretation of lhe internal structurc 
of an object nondcstructivcly. Duc ils qualitativc and quantitativc nature. XCf tcchniquc cstablishcd to bc 
a promising too! of nondcstructive materiais evaluation, and digital imagc proccssing emphasizcs its applic
ability. A problem related to this tcchnique are thc attifacts, prcsents in high dcnsity material imagc, main
ly metallic materiais. One of most common artifacts are caused by beam hardening ciTect. This phenomc
non occurs bccause lhe photons at lower energies are prcfcrcntially attcnuated. Thcn, lhe effcctive energy 
of the beam shifts upwards as thc bcam traveis through lhe medi um. This work dcscribes lhe use of digital 
filtering tcchnique in metallic material imagcs (basically aluminum), for beam hardening cotTection. Low
pass filter (frequency domain) and mcdian filter (spatial domain) have becn used. The results are demon
stratcd through graphical analysis of the imagcs and measuring arca of known dcfects, likc holes in alu
minum samplc. 

Keywords: Tomogrqfla Computodorizada de Raios-X, Processamento Digital de Imagens, Ensaios 
Não Destrutivas I X-ray Computed Tomography, Digitallmage Processing, Nondestructil'e Materiais 
Evaluation 

COB117 CHARACTERISATION OF CARBON/CARBON COMPOSITE MATE
RIALS FOR BRAKE DISCS 

Flaminio Levy Neto, Alexandre C. de Freitas & Carlos A. A. Cairo 
Depar/alllenlo de Ül!iei71Jaria Mecânica. Faculdade de Tecnolo!iill - Un/J - FT- ENM 
CEP 70.9/0-900 Bmsilia, DF, Bmsil- E-111ail: !evy @orion.elun.un!J.br 

The purpose of this work was to measure lhe hardness, thc dcnsity, thc interlaminar shcar and 
bending strengths, as well as lhe flcxural modulus of Carbon/Carbon (C/C) spccimcns extracted frorn 
the brakc disks of a supersonic aircrart anda FI racing car. Two kinds of hardness tcsts wcrc adopt
ed: ( i ) Rockwell L and ( ii ) Micro Vickcrs. For lhe flcxural modulus thc methods of sonic rcso
nance ( non destructivc) and thrcc point bcnding (dcstructivc) wcre used. The intcrlaminar shear anu 
the bending strengths were obtaincd by threc point bcnding only. Thc rcpeatability of the rcsults for 
thc aircraft brakes (solid disk) was in the range of 3% to 22%. For thc FI brakcs, in which the disks 
had ventilation holes (i.c. cylindrical ducts di stributed along thc radial direction), thc variations were 
in the range of 13% to 25%. 

1\eywords: Composile brakes, Mechanical Properties, Carbott I Carbon Composites. 

258 



COB118 

ANAIS [)0 COJJEM97 T87 

DESIGN OF A TEST FIXTURE TO EVALUATE THE TRANSVERSE 
SHEAR STRENGTH OF COMPOSITE MATERIALS 

Flaminio Levy Neto & Willian Mota Baldoino 
DepartamenTo de Engenharia Medinic:a. Faculdade de Tec:nologia - Un/1 - FT- ENM 
CEP 70.910-900 /Jmsilia. DF, /Jmsil- /O-mail: /evy@orion.enm.unb.br 

This experimental invcstigation is conccrned with the design, manufacture, and operation of a 
test fixture to evaluate thc transversc shcar strength of unidirectional composite rods . Fifteen speci
mens of carbon/carbon (c/c) composite wcre testcd to failure, using an lnstron machinc to apply a 
comprcssivc load on thc new apparatus. Thc rcsults are presentcd and analyzed in the paper. 

Keywords: Carbon/carbon COTllJHISites, Tmnsl'erse Shear Strengtlt 

COB363 MOLDAGEM POR INJEÇÃO APLICADA À RECICLAGEM DE PET DE 
GARRAFAS DE REFRIGERANTES/ INJECTION MOLDINC APPL!ED TO 
POST-CONSUMER PET RECYCLINC 

Sandro Donnini Mancini, Maxwell Nascimento Bezerra & Maria Zanin 
Depcmamenlo de /Ongenharia de MaTeriais, Universidade Federal ele Selo Carlos, Rodovia WashingTon Luís, Km 
235. CEI': 13565-905. Te/: (016) 274-8250. e-llwil.psclm @iris.u(I'Car.br 

Post-consumer PET soft-drink bottlcs. after size rcduction. washing and drying wcrc submit
ted to multiple injection processing. Tcnsilc, impact and ditfcrential scanning calorimetry (DSC) wcrc 
made in samples of this rccydcd PET. The rcsults of tensile and impact propcrties are related to 
cristalinity (which incrcascd whcn thc followcd recyclings are made) and proccssing, aftcr compara
tion with the rcsults of the samc tcsts in samplcs made by extrusion. 

Keywords: fnjeçclo, PET, Extmslio, NeciclageTll I IT(jection, PET, Humsion , Necvc/ing 

COB384 DESENVOLVIMENTO DE UM PROCESSO PARA FABRICAÇÃO DE 
PEÇAS EM MATERIAL COMPOSTO PARA APLICAÇÕES AUTOMO
BILÍSTICAS I DEVELOPMENT OF A MANUFACTURINC PROCESS TO 
PARTS lN COMPOSITE MATERIAL FOR AUTOMOTIVE APPLICAT/ONS 

Araujo, Geraldo Accetturi de 
Deparlllmenlo de Engenharia Mec:c7nica - EPUSI' - Cidade Unil·ersilcíri<c -Selo Paulo -SI' 
Mercedes-/Jem. do Brasil S.A. - G/'1', E-mail: gaaractjo@ctsp.br 

Ferreira, Marcelo Prior & Merlotte, Claudemir & Ueda, Marcos Cesar Sussumu Ueda & 
Xavier, Marcelo 
Mercedes-/Jenz do /Jmsi/ S. A. - G/'1'. A\'. Alfi'ed Jurzykmvski. 562 - Vila Pau/icéia - CEP 09R80-900 - Süo 
Bemardo do Cam1w/SP E-mail: 1'1'101 @ mercedes-lienz.colll.br 

This work prcscnts lhe developmcnt of a new compôsitc pari production process for the auto
motive industry and describes ils impact on thc current industry clemands, such as: market globaliza-
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tion, shorter project and production times, lower production costs. highcr production variability 
(smaller batches, according to customcr dcmands) and lhe necd for a fastcr product linc exchange with 
highcr quality levei s. Facing this ncw rei!lity , thc T.R.V. (Vacuum Resin Transfer) process, a new 
technology which concerns resin impregnation undcr vacuum, will hc stated as a composite part pro
duclion proccss. The T.R.V. process is palcnt pcnding at INPI - Thc Brazilian lnstitutc for Industrial 
Property- and is lhe result of lhe cngineers and technici ans experiences, who used scientific princi
pies for thi s development at an important automotive industry in Brazil. 

Keywords: Composítes, auto11wtíve IIUI!lll{acturíng process, materiais compostos, processos de fa
bricaçcio 

COB546 OPTIMIZATION OF FILAMENT WOUND PARTS USING NON-GEO
DESIC WINDING 

Jonas de Carvalho, Mieke Lossie* & Dirk Vandepitte* 
Depanwnento de Engenharia Men1niett , Escola de Lngenlwria de Süo Carlos - USP. CEP I 3560-250 Siio 
Carlos,SP. Brasil- E-111ail: ptjmuts@sc.usp.br 
* Kat/iolieke Uttil•ersiteit Leu1•en . De1>artment o{' Medwnical Engi11eaing. Divisiott o{' l'roduction Engineering, 
Macltin e Design and Auwnwtion, PMA. Celestijnenltwti 300/J. B-3001 flel' erlee, Belgiu111 - E-nwil: lossie @ 
rnech.kuleuven.ac.he 

The basis of the fil ament winding proccss is the high-spced precise lay-down of continuous 
reinforcements in prcscribcd pallcrns. Thc poss ibility to oricnt lhe fibrcs in thc most appropriatc direc
tions makes filamenl winding a vcry attractivc proccss for lhe manufacturing of high perfonnance 
componcnts. However, the ribre paths cannot be freely choscn; in order to obtain an accurate fibrc 
placemcnt, the fibres may not slip on the surface during winding. Thus, lhe selection of slip-free paths 
in such a way to obtain a part with optimal strength and minimum weight, is the most important step 
in the design of filament wound parts. This paper describes two dcsign optimization methodologies 
based on non-geodesic winding. A first methodology concerns the optimization or individual paths 
and a second methodology concerns the coverage optimization of "tube-like" parts. Both methodol o
gies have been implemented in a computer intcgratcd environment. Experimental validations are 
included and the results discussed. 

Keywords: Composites, Design, Filamellf wíndíng, Optimizatirm, Nun-geodesics Compósitus, 
Projeto, Otímizaçüu, Enrolamento .filamentar, Nlio-geodésicas. 

COB561 AVALIAÇÃO DA ESTABILIDADE TÉRMICA DE PC, PBT E DA 
BLENDA PC/PBT PARA FINS DE RECICLAGEM I THERMAL STABI
LITY EVALUATION OF PC. PBT AND PC!PBT BLEND FOR RECYCLING 
POR POSE. 

Elisabete Maria Saraiva Sanchez'~, Joceli Maria Giacomini Angelini*, Caio Glauco Sanchez** 
& Fernando Luis Pacheco De Resende** 
*CPqD- TELEBRÁS- CEP 13083-970- Caixa Postal (){)8/i- Campinas- Brasil- e-mail: .\'llltcltez@ cpqd.!Jr 
**DETF- FEM- UNICAMP- CEP 130/i l-970- Caixa l'oslal 6122- Cwttpinas- IJrusil- e-111ail: caio@jelll.utii
camp.br 
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The aim of this paper is to show the studies that have been made with engineering lhcrmoplas
ties and blcnds in ordcr lo sec lhe thermal slability to commercial recycling process. These is important 
1oday becausc there is a increasing in lhe application of different concentralion of reutili zed material by 
the processing industry ; so, the evaluation of the degradation degree and how this affeet the end produc
t's properties must be mude. For this purposc, the foll owing materiais and techniques were utilized: poly
carbonate (PC), polybutylene terephthalate (PBT) and it 's blend (PC/PBT); melt flow index, di lute solu
tion viscosity, and thermogravimetric analysis. 

Keywords: Reciclagem, temwplástico, degmdaçâo térmica, índice de fluidez, estabilidade térmica, 
termogmvimetrin Recyclillg, thennoplastics. themwl deg mdation, meltflow index, thermal stability, 
thennog ravÚ11etric analysis 

COB564 ESTUDO DO EFEITO DO "SIZE" EM FIBRAS DE CARBONO UTI
LIZANDO A TEORIA DE WEIBULL I THE STUDY OF SIZE EFFECT 
OF CARBON FIBERS BASED ON WEIBULL THEORY 

Ana Léa Dotan*, Giovanni Ciliato, e Hazim Ali al-Qreshi* 
Depar/ameuto de 'J'enwloMi<l, Divi.l'lio de Mediuica-Aermuíutica - /TA - C'f'A - S. J. dos Campos, e-mail: 
/ea@mec.ita.cta.br 

Thc mcchanicul propertics of T300 carbon fibers (with and without sizing) have been mea
surcd atlengths of I ,0, 2.5, 5,0 and 10,0 cm, and lhe usefulness of the Wcibull treatment in correlating 
the rcsults tested . Othcr failure modes for carbon fibers have also becn observed, bascd on Wei bull 
distribution , such as lhe "clamp cllect" on ex pected tcnsi le strength of fibers at small gauge lcngths. 

Keywords: Fibras de carbono, tensào de ruptura, módulo de elasticidade, distribuiçâo de Weibu/1, 
efeito garra, size, carbon.fibers, tensile strength, young modulas, Weibull distribwion, clamp e.ff'ect 

COB567 RESISTÊNCIA AO CISALHAMENTO DE UNIÕES AÇO ZINCADO I 
EPÓXI I AÇO FOSFATIZADO I SHEAR STRENGTH OF ZINCATED STEEL 
I EPOXY ADHESIVE I PHOSPHATIZED STEEL 10/NTS 

Astrid Damasco' , Itamar Ferreira', Marcelo C. Gandur-', Pedro A. P. Nascentel e Nelson G. 
Alcântara' 
I Ceutm de Caracteriwçlio <' De.l'l'lll'oivimento de Materiais. Deparlllmelllo 1/e Eu~enlwria de Materiais. 
Universidade Fedem/ de Süo Carlos. Clol' 13565-905 Slio Ca rlos, SP. /Jmsil. ccdm@power.ut:w:ar.br. 
2 Departameuto de Materiais. Faculdade de l~nMelllwria Medinica. Uuiversidade Esll/dual de Campiuas, CEP 
I 3083-970 Campinas, SP. Hmsil. 
3 Divisüo de Adesivos e Químicos. JM do limsill.tda, Caixa Postal 123. CEP 13001-970 Sumaré, SP. Brasil 

The cffects of sheet thickness ( 1.5 and 2.0 mm) , cleaning state of the surfacc of the steel sheets 
(in a condition without cleani ng and by using Metal Ethyl Ketone as a clcaner), and test time after 
bonding (24 and 96 hours) on thc shcar strcngth of galvanized steel/ epoxy adhesive I phosphatized 
steel joi nts hava been analyzed. The results showed that the sheet thickness and lhe cleaning state of 
the stecl shects had no cllcct lhe shcar slrength ; fo r thesc .conditions the shcar st rcngth was about 9.7 

MPa. On thc other hand, the test time after bonding had a significant ctlect on the shear strength; the 
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shear strength for the 24 h test time aftcr bondiilg was 9.4 MPa and 10.4 MPa for 96 h. ln ali cases the 
standard deviation was very low: maximum of 5%. 

Keywords: Metalladhesive joints, Sltear stre11gth, Steel, Epoxy 

COB571 SIMULAÇÃO DO PERFIL DE TEMPERATURA NO DISPOSITIVO DE 
ALTA PRESSÃO PARA SÍNTESE DE MATERIAIS SUPERDUROS I 
SIMULATION OF TEMPERATURA PROFILE lN HIGH PRESSURE DIVECE 
OF SUPERHARD MATERIAL SYNTHESIS 

João José de Assis Rangel, Serguei Mourachov & Vladimir Poliakov 
Universidade Esradua/ do Norle Fluminense - UENF- CCT- LAMA V 
CEP 21!015-620 Av. A/berro LmileNo. 2000. Campos dos Coira cozes. lU, /Jmsi/ - !:O-mui/: jjrmiNel@ueu{br 

A computational modcl to analysc the synthcsis proccss of carbonado type synthetic poly
crystalline diamond was pcrformcd through numcrical simulation. ln this modcl it is possiblc to 
analyse temperaturc distribution in a part of chamber in both steady and nonsteady states. Thc simu
lation results allowed an understanding of the intluence of tcmperature protile in chamber as well as 
the effect of increasing voltage in the tcmperature distribution during lhe synthcsis process. 

Keywords: Diamante policristalino, carbonado, distribuiçrlo de temperatura, simulação de perfil, 
análise numérica. Polycrystalli11e diamond. carbonado, temperall/re distribution, projile simulation, 
numerical analvsis 

COB978 SINTERIZAÇÃO DE COMPÓSITOS Fe-NbC COM ADITIVOS DO SIS
TEMA Fe-Cu-P: ESTUDOS DILATOMÉTRICO E MICROESTRUTUR
AL I MICROSTRUCTURAL AND DILATOMETRIC CHARACTERIZATION 
OF Fe-NbC COMPOSITES SINTERED WITH Fe-Cu-P ADDITIVES 

Jorge Hebert Echude-Silva, Vilson .João Batista, Antonio Eduardo Martinelli & Aloisio Nelmo Klein 
Deporlameuto de Elll{ellflllrio Mecâuiw, LA/JMAT- UFSC- F/orioii!Ífwlis 
Coixo Poswl 5192, CEP f!IUJ40-970 F!oriwuípolis, SC. !Jrusil -E-mail: jileberr@marrix. com.br 

NbC was added to iron to invcstigatc an alternativc approach for the production of hard phase 
composites by mechanical alloying. The powders wcre mixed in toluenc using an attrition mi li during 
8 h. The slurry was then dried out and the powder was mixed to 0.8 wt.% graphite and 4 wt.% Cu3P
Fc as the sintering additive. Two ditTercnt compositions were invcstigatcd, corrcsponding to eutectic 
points of the ternary Cu-Fc-P phasc diagram. Ncxt , thc samples were uniaxially presscd and sintered in 
a H2 atmosphere. DiiTerent sintering profiles wcrc followcd based on data gathcrcd by diiTercntialther
mal analysis. This work shows lhe dilatometric bchavior of the sintered materiais and the microstruc
tural analysis carried out by scanning electron microscopy and energy dispersivc spectroscopy. The 
results confirmcd the potential of the Cu3P-Fe as a sintcring additivc. Ncvertheless, furthcr experiments 
are required to achieve similar leveis of densi1ication to thosc obtained with the Fc3P additivc. 

Keywords: Sinterizaçclo, Comt)(ísitos. Moagem, Si11terit1g, Composites, Attritor 
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COB1034 INFLUÊNCIA DE ALGUNS PARÂMETROS DO PROCESSO DE 
MOLDAGEM A VÁCUO NA QUALIDADE DAS PEÇAS ACABADAS I 
INFLUENCE OF SOME PARAMETERS OF THE VACUUM MOULDING 
PROCESS lN THE QUALITY OF THE FINAL COMPONENT 

Raimundo Nonato Barbosa Felipe', Renata Carla Tavares dos Santos Felipe' & Eve Maria 
Freire de Aquino' 
I.E.~co/a Técnica Federal do l?io f.ii"Wille do Norte- CEMEC- ETFRN 
2.Prof.i1WIIll de Prís-Grwluaçüo em l:'nf.ienlwria Mecânica- CenTro de Tecnolof.iia- UFRN 
CEP 59072-970 CtTniJILts UniversiTário S/N- Ntaa/- RN- Brasil. E- mail: eve@cT.t(/i'n.br 

This work is the result of an experimental investigation about the damage mechanism on 
both unsaturatcd polyestcr plastic (ALPOLIT LP 8242) and fibcr glass made reservoirs. Thc reser
voirs were obtained Lhrough thc vacuum moulding proccss and the reinforcements werc based on 
choppy roving blankct typc (300g/m2). Thc material is submitted to both Lensile and three-point 
bending efforts under two conditions: dry and wet. The two Lechniques uscd to analyze the 
mechanical fracture wcrc oplics microscopy and micrography. For both test conditions, il is high
lighted Lhe die cracking, thc non-adhcsivc bchavior betwecn thc die and Lhe fiber and the break
age of the fibers. 

Keywords: materiais campos/Os, .fibra de vidro/poliéster, propriedades mecânicas, característica do 
dano I composite materiais, fiber g/as.1/polyester, Tnechmlical properties, absorption moisture, char
acteristic dmnage 

COB1035 ESTUDO DO COMPORTAMENTO MECÂNICO E FRATURA DE 
RESERVATÓRIOS OBTIDOS PELO PROCESSO DE MOLDAGEM A 
VÁCUO I STUDY OF THE MECHANICAL BEHAVIOR AND FRACTURE 
OF RESEVOIRS MOLDED BY VACUUM MOULDING PROCESS 

Renata Carla Tavares dos Santos Felipe', Raimundo Nonato Barbosa Felipe'& Eve Maria 
Freire de A<tuino' 
I.Eswla Técnica Fedem/ do Rio f.irttllde do NorTe- CEMEC- ETFRN 
2.Pmf.il'illllll de Prís-Graduaçtio e111 /ó'ngenltaria Mecânica- CenTro de Tecnologia- UFRN 
CEP 59072-970 CtiiiiJiliS UniversiTário S/N- Naw/- RN- /Jrasil. E- mail: eve@cl.ufi'it.hr 

This work is the result of an experimental investigation about the damage mechanism on 
both unsaturated polycster plastic (ALPOLIT LP 8242) and fibcr glass made rcservoirs. Thc reser
voirs wcrc obtained through thc vacuum moulding process and thc reinforcements were based on 
choppy roving blankct typc (300g/m2). The material is submitted to both tensile and three-point 
bending etlorts under two conditions: dry and wct. The two techniques used to analyze Lhe mechan
ical fracture werc optics microscopy and micrography. For both test conditions, it is highlighted the 
tlie craeking, lhe non-adhesive hehavior bctwcen Lhe die and thc fiber and the breakage of the 
fibers. 

Keywords: materiais comJiostos, .fihra de vidro/poliéster, propriedades mecânicas, característica do 
dano I composite mm e riais. Jiber glasslpolyester, meclwnÍcal properties, abs01ption moisture, char
acteristic dmnage 
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COBI067 BENEFICIAMENTO DO QUARTZO NATURAL BRUTO: CONS
TRUÇÃO DE INSPECTOSCÓPIO E ORIASCÓPIOIPROCESS/NG OF 
RAW NATURAL QUAR7Z.' CONSTRUCT/ON OF INSPECTOSCOPY AND 
ORIASCOPY 

Henara L. Costa, Rafael A. Gonçalves & José Daniel 8. de Mello 
Luboratário de Tri/Jologiu e Muteriuis. Depurlllmellto de Ciê11cius n~icus- UFU 
3í/400 90 1- U!lerlt1 11diu - MG- f -llltlil: ltm -ilenura @ufil.hr 

Raw natural qu artz is mainly uscd by el cctronic industries in rcsonators and pre-dcfincd frc
qucncy generation hi gh preci sion de viccs. Quart z crystal s with adcquatc quality and sizc are signifi 
cantl y found onl y in Braz il, including Minas Gerais statc . The prcsent paper aimed the implementa
tion of a laboratorial infrastructure to aid lhe qualification o f natural quartz. ln a first phase, an cquip
ment that determines the optical ax is of the crystal s in o rdcr to allow its posterior precise orie ntatio n 
with X-ray techniques was constructcd. This equipment, named inspectoscopy, aid also the inspection 
of raw crystal s about macro-defects as color, cracks, twins and inc lusions. ln a second step , an ori as
copy was constructed. Thi s equipment allow lhe initial determination o f X and Y axi s and the detec
tion of electri cal twins in conveniently etched quartz plates. The ori ascopy also all ows to determine if 
the crystal is right-handed or left-handed. The development of thi s phase was associated to sulfuric 
acid ctehing tcchniques. Thc precision cutting o r the plates used a di amond-whecl cutting machining . 
Both in spectoscopy and oriascopy are operational and the obtained rcsults are sati sfactory. 

Keywords: Quartz, illspec/oscopv. def'ects, chemical etc/linl(, cuttúrg . 
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TEMA 88 - Propriedades Mecânicas dos Materiais 

ANÁLISE FRACTOGRÁFICA E PROPRIEDADES MECÂNICAS DE 
TRAÇÃO DE UM AÇO IF AO TITÂNIO FRACTOGRAPHY AND 
MECHANICAL PROPERTIES BY TENSION TESTING OF Ti-ADDED IF
STEEL 

.Jeferson Firmino das Chagas, Alfeu Saraiva Ramos & Tomaz Manabu Hashimoto 
Depal'lwnento de Materiais e TewoloMia. Fawldade de Engenlwria - UNESP - Guamtinguetcí CEP 12500-000 
GuaratinMLtellÍ. Brasil- E-mail: Clutga.\jf@f'eg.unesp.br 

ln recent years, therc hns been signilicant interest in properties and development of interstitial-frec 
(IF) steels. Thesc stecl s, bccausc of their improved formability and deep drawing cnpability offer a number 
of advantages for stnmpcd componcnts in automotive applications. IF steels generally exhibit more consis
tenl mechanical propenics comparcd to conventional aluminium killed deep drawing quality steels. The 
carbon contents of IF stcels are well bclow those of steels which fonn pearlite af'ter hot rolling and anneal
ing. The objective of this work is to analyse by comparison lhe intluence of mechanical properties on the 
mechanism of fracture ofTi-IF steel. It was observed thal the most significam fracture mechanism was the 
coalescence of rnicrovoid, and lhe shapc of lhe "dimplcs"contirmed thc high elongation values of this 
material. 

Keywords: IF Stee/, ductileji'ltcl!tre, microvoid coalescence, mechanical belzavior, ductilityl Aço IF, 
fi'cttura dúctil, coalescência de microvazios, comportamelllo mecii11ico, ductilidade. 

COB33 INFLUENCE OF THE NUMBER OF SPECIMENS lN THE REFER
ENCE TEMPERATURE DETERMINATION- INITIAL APPROACH I 
INFLUÊNCIA DO NÚMERO DE CORPOS DE PROVA NA DETERMINAÇÃO 
DA TEMPERATURA DE REFERÊNCIA- ABORDAGEM INICIAL 

Carlos Alexandre de . .J. Miranda' & .John D. Landes' 
llPEN-CNEN/SP. SP. Brazíl. e-mail: cmimnda@ipen.net.br; 
2University of Tenne.u ee ar K1wxville. USA; e-mail: Jolm-l--lllldes@utk.edu 

The ASTM E08.0R subcommittec is preparing n new standard , currently in the draft version 
# 13, to determine the refcrcnce temperature To for ferritic stcels in the transition region. The minirnun 
number of valid experimental results in lhe data set, to he analyzed hy this proposed standard, for a 
given temperature T. is six. ln this work this assurnption (six results) is verificd by comparison among 
lhe results obtained, in terms ofT-To. with differen t number of toughness values (subsets) taken from 
a given large set lhat fits perfectly lhe Weibull threc-parameter probability distribution. Thc conclu
sion is an indication of lhe way to be followed to determine the minirnum number of 
experiments/results necessary to obtain at lcast 90%, 95% o r 98% of the possible T-To values near thc 
targel one (that of the wholc set from which lhe subsets are taken) 

Neywords: Fracture Meclwnics, Tmnsitiun, Reference Temperature. Reliability I Mecânica dei 
Fratura. Transiçào, Temperatura de Referência. Confiabilidade 
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COB121 FABRICAÇÃO E CARACTERIZAÇÃO DE FERRAMENTAS DE 
CORTE DE Si3N4 I MANUFACTUR/NG AND CHARACTERIZA T!ON OF 
TOOLS OF THE Si3N4 

.João R. Ferreira'", Nivaldo I. Coppini"', & Gilberto W. A. Miranda'·'' & Flamínio Levy Neto'" 
Olivério Moreira de Macedo Silm. Cosme Ro/Jerto Moreira da Silva & Swulro Aparecido /Jaldacim 

Divi.wio de Materiais-Instituto de Aeronáutica e Espaço-Centro Técnir:o Aeroespaciai-Amr!lae/Ctu 

Ce11 12228/904- Süo José dos Campos- SP- /Jrasil 

Silicon nitride based ceramic cutting tools were developcd in Brazil. Ceria and aluminium 
nitride were used as sintering aids. Thc samplcs evaluations were performed using especific mass 
determination. X ray ditTraction, microhardncss tcsting, fracture thoughness by indentation method 
and microstructural cxamination via scanning electron microscopy. Arter samples evaluation, some 
pressurclcss sintcring silicon nitride bascd ceramic cutting tools wcrc madc. A piece of cast iron was 
maehincd using thesc cutting tools. For thc purpose ol· comparison. a commercial hard metal cutting 
tools was also used to perform thc samc machining. 

Keywords: Sinterillg, 10ols. siliconnitride, ceria, alwiiÍiwnnitride I Sillterizaçâo, ferramentas, nitre
lO de silício, céria, nitre/o de alumíllio 

COB151 DETERMINATION OF THE VISCOPLASTIC CHARACTERISTICS OF 
A POL YESTER RESIN MIXTURE 

Luiz Claudio Oliveira', Henner Alberto Gomide' & RmJuel Santini Leandro Radc' 
JMeclwnica/ Engineering Dept. 2Pilysical Sciences Dept. 31'111) Stllllent. Mec/1 l:'!rg DeJJt, UFU - Fedem/ 

University of' Uberlândia - Uberliillllia, MG - CEP 38-100-01!9. E-mails: ldaudio@ufil.br. lwgomide @ufil.br, 

dmningos@ufil.br 

lt is aimcd thc identification of typical basic behaviors of a mixture of two typcs ot· polycster 
resins for a broadcr charactcrization of mcchanical and optical propcrtics to bc uscd in photoplastic 
studics. The first stcp shown in this paper rclcrs to thc ielentification of viscoplastic behavior at dif
ferent temperaturcs through a tcnsion tcst with multiple rclaxations. using specimens with dif-ferent 
proportions o r the typcs of rcsin. Proportional pmts in weight of a tlcxible rcsin (Resapol I 0.069) and 
a rigiel one (I 0.116) are mixcd anel cu reei with hardcners, anel out of this material specimens are 
machineel. A tcmpcraturc control chamber to bc uscd with a polariscope has becn spc-cially designed 
anel constructcd to be aelapted to the universal tcsting machinc used. This chamber is of vcry low cost. 
works at a tempcrature range 0-XO"C, with accuratc mcans of tcmperaturc con-trol. Thcsc experi
mental stuelies intcnd to incorporatc the obtaincd rcsults into a theorctical-computational model in 
development. Thc moelel aims thc broael elescription of the mechanical and op-tical properties anel 
behavior of thc rcsin mixturcs. which will allow the elcsign of cxpcrimental-numcrieal simulations of 
specimens/parts with complex geomctry anel/or loading, through lhe use of prototypcs maelc with the 
moelel material eleveloped. 

Keywords: Mechanical Properties, Resins, Viscoplasticity, Tempemtllre Cmzrm/, Relaxation I 
Propriedade.\· Mecânica.,·, Resinas, Viscoplasticidade, Controle de Tempemtum, Relaxaçlío 
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PROPRIEDADES MECÂNICAS DE UM AÇO MICROLIGADO EM 
ALGUMAS CONDIÇÕES MICROESTRUTURAIS I MECHAN!CAL 
PROPERT!ES OF A MICROALLOYED STEEL lN SOME M!CROSTRUC
TURAL CONDIT!ONS 

Tácito Brandão Pinto, Enrico .José Giordani, Pcterson Ferrandini, Valdir Alves Guimarães & 
Itamar Ferreira 
Deparwmento de Engenlwria de Materiais, Faculdade de E11ge11l{(lria Mec(/llica- UNJCAMP- C.P. 6122- CEP 
/3.0R3-970 Cat1111inas, /Jmsil- J:-11/(/il: itiiiJ{(Ir@.fellt.unicwllp./Jr 

The purpose ol· this work is to analyze the mechanical properties of a titanium and niobium 
microalloyed low carbon stecl, an API 5L X65, in some microstructural conditions: as reccived and 
from the thermal trcatmcnt (qucnching and austcmpering from the intercritical annealing at two tem
peratures: I 043 and I 083 K). Tcnsion, crack tip opcning displacement and Vickcrs hardness tests havc 
been conducted in order to analyzc thc strcngth, ductility, fracture toughncss, and hardncss. The as 
reccived condition. with a ferrite and pcrlitc microstructurc, prcscnted tcnsile strength of 617 MPa, 
elongation of 25.4%, rcduction in arca of 74.3% and fracture toughness of dm=0.35mm. Thc quench
ing in oil from thc intcrcritical zone showcd a microstructurc composcd basically of ferrite and 
martensitc, and prcsentcd, for thc I 083 K. good leveis of tensile strcngth (637 MPa), clongation 
(29.7%), reduction in arca (70.6%), and fracture toughncss (dm=0.45mm); this condition is optimized 
when comparing to Lhe as rcccivcd condition, and for thc I 043 K, high tensilc strcngth leveis (690 
MPa), but low values of rcduction in arca (61.2%) and fracture toughncss (dm=0.27mm). The austem
pering in 643 K. from thc intcrcritical zonc (I 043 K). showcd a microstructurc composcd of ferrite and 
bainite and prescntcd good leveis of tcnsilc strcngth (598 MPa), clongation (28.5 %), and fracture 
toughness (dm=0.44mm), and vcry high leveis of rcduction in arca (81.7 %), indicating a bctter rcla
tionship among thc mechanical propcrtics whcn comparing to the quenching condition from the same 
intcrcritical tempcraturc ( 1043 K), and also an optimization in relation to the as reccivcd condition, in 
spite of thc decreasc in lhe tcnsilc strcngth. 

Keywords: Meclzanical fJI'OJJerties , Microalluyed steel, lntercritical annealing. Propriedades mecâni
cas, Aço microligado. Trata/lle11to térmico illlercrítico. 

COB690 ANÁLISE TÉRMICA DA INFLUÊNCIA DOS SKIDS NO AQUECI
MENTO DE PLACAS EM FORNOS DE REAQUECIMENTO DE 
SOLEIRA MÓVELITHERMAL ANALYSIS OF SKIDS INFLUENCE UPON 
SLABS REHEATING PROCESS lN WALKING BEAM FURNACES 

Bruno Santos Pimentel & Márcio Ziviani 
Deparlllmento de EnKenlwrio Mecânico. Escola de J:'nRenlwria- UFMG- Belo Horizonte- Av. Anulnio Carlos. 
6627- CEP 31.270-010 /Jelo Horizonte. /Jmsil- E-ttlilif: zivioni@l'eSJ>er.demec.t!finghr 

The following papcr presents a mathematical model to simulatc the reheating process of slabs 
in a walking beam furnacc. Thc dctrimental influcnce of the skids upon thc tcmpcrature profilc homo
gencity (skidmarks) is avaliatcd rclativc to thc main characteristics of this specific furnacc. Also, a sim
pie solution to the skidmark problcm is proposcd: a staggered arrengement of the bcams of the soaking 
zone, allowing the cold arcas to not he shicldcd frorn radiation. Thc results of this improvement show 
a largc rcduction of thc skidmarks. providing hcttcr product quality and significant cncrgy saving. 

Keywords: Skidmarks, l?eileatittg Fumaces , Mewltu:gical Quality, E11ergy Saving, Fumos de 
Reaquecimento, Qualidade Metalúrgica, l:'conomia de Energia 
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COB10S2 PROPRIEDADES MECÂNICAS DE UMA LIGA AI-Li I MECHANICAL 
PROPERTIES OF AN Al-LiALLOY 

Luis Augusto Hernandez Terrones, Christianne dos Santos Ferreira & Sérgio Neves Monteiro 
La/}()ruT!Írio de MaTeriais i\vanrllllos. CenTro de Ciência e Tenwlogia- UJ-:NF 
CEP 280/5-620 Campos dos Goytocazes-IU. /Jmsil- 1.-ax: (0247) 23-0/úO 

ln this work the mecha nicai propcrties of a 2090 AI-Li alloy were determined for dillerent ther
mo mechanical treatmcnts. These treatments corrcspond to lhe alloys in the conditions of solution treat
ed and aged at dillercnt times. with and without previous dcformation. The tesults of tension tests have 
shown an increase in the strength of the material (yield anel ultimate stresses) with the aging time. The 
best results were obtaincd for samples which werc pre-dcfonned bcfore aging. The ductiliry was greater 
for the solution treated material and decreases for the aged alloy. An improvement in the ductility occurs 
for the pre-deformed samples before aging. 

The changes observed in the tensile properties are rclated to the different precipitates formed 
during the aging treatment as well as to thc increase in disloeation density dueto the pre-deformation 
before aging. 

Kcywords: Mechonicol ProfJerlies, Alwnilllun Allov, Precipilillion, TeiiSion Tesl, Dislocolions. 

COB1401 INFLUENCE OF THE NUMBER OF SPECIMENS lN THE REFER
ENCE TEMPERATURE DETERMINATION: THE MONTE-CARLO 
APPROACH I INFLUÊNCIA DO NÚMERO DE CORPOS DE PROVA NA 
DETERMINAÇÃO DA TEMPERATURA DE REFERÊ'NC/A: MÉTODO 
MONTE-CARLO 

Carlos Alexandre de . .). Miranda' & .John D. Landes' 
Lo/}()1"1/T!Írio de MoTeri11is Âl'lln(.'ll!los. CenTro de Cii!nci11 e "l'e!:llologill- Ulo'NF 
CEI' 28015-620 Compos dos GorTIICIIZes-IU. /Jmsi/- l-'11.r: (0247) 23-0160 

This work verifies the assumption of six results to determine the master curve for fcrritie st~els, 
as stated by the drart #I 3 of the ASTM EOR.08 subcommillee. using the Relcrencc Tcmperature 
approach. The Monte-Cario Method was used to seleet lhe analyzed subsets represenling Lhe experi
mental results taken from an infinite 'uni verse' that fits pcrfectly the so-C<llled Weibull Three-Parameter 
probability distribution. This verification becornes importanl dueto the large rcsults scaller in the transi
tion and no derined reliability levei in that assumption. A direct approach to address this problem det"in
ing an 'uni verse' represented hy a finite set of results was presented in the part I ol' this work. lt showetl 
the nceessity of a new approach to consider the inrinity possible results givcn by an experiment. The reli
ability of the master curve obtained with a given subset of experimental results is indicated as well the 
minimum number of experimental results neeessary to have a confidence levei o r 90%, 95% or 98% in 
the obtaincd Refcrcnce Temperature value and the respective Master Curve. 

Keywords: Frac/Ltre Mechonics, Transilion, Re.fáence Temperafllre, Re/iahilitv Mecânica da 
Fra/ura, Tra11siçlío, Tempemlltm de Referência, Conflabilidade 
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TEMA 89 - Fratura e Fadiga 

COB26 COMPORTAMENTO À FADIGA DE JUNTAS SOLDADAS DE LIGAS 
DE ALUMÍNIO I FATIGUE OF ALUM!NIUM ALLOY WELDED JO!NTS 

Alfredo a Silva Ribeiro', António Augusto Fernandes' 
/Secçüo de En)ienlwrias · Universidade de 71-!ís-os-Montes e AliO Douro/IDMEC. Quinlll de Prados 5000 Vila Real 
2Faculdade de En)ienlwria, Rua dos /Jra)ias. 4099 Porto Cm/ex. Portugal- f:. mail: aqf@!iarfieldfe.up.pt 

The design of welded joints coupled with thc presencc of weld defects can impair severely the 
fatigue resistance of fabrications subjectcd in service to cyclic loads. Traditionally the design of welded 
structures has been bascd on the use of SN curves, defined experimentally, which do not take into account 
the prcsencc of wcld dctects. New means of fatigue behaviour prcdiction are thus necded. For this purpose 
a comparativc analysis of fatigue prediction modcls, baseei on analytical and experimental methods, was 
carricd out, taking into account, in particular. the initiation phase. The methodologies proposed by Neuber, 
Glinka anel Heuler werc compareci. 

The modcls were validated hy an experimental programme carried out with welded 6061-T651 alu
minium alloy. 

Keywords: Fatigue, slress concentration factor.\·, fatigue iniliation, fatigue propagation, failure , 
fatigue cracks 

COB361 ANISOTHERMAL ANAL YSIS OF THE DAMAGE LOCALIZA TION 
lN METALLIC BARS SUBMITTED TO CYCLIC LOADINGS 

Pedro Manuel Calas Lopes Pacheco 
Departamento de Engenharia Mecânim · CEFJ;T/JU 
Av. Maracwui 229, Mamcw1ü- 20271-110, Rio de Janeim. /Jmsi/- /:;-mail: calas@cefel-lj./Jr 

Heraldo S. Costa-Mattos 
DepartwllelltO t!e Ell )iellilllria Mecânica- UFF. Rua l'mso da Pátria. !56· 24210-240, Nilerríi. /Jrasil- E-mail: 
hemldo @caa.uft:/Jr 

The prcscnt paper presents a mcchanical modcl to study thc thermomechanical coupling 
efTects on low cyele fatigue life of metallic materiais. The ASTM standard for low cycle fatigue test
ing establishes that the gradient of tempcrature during a tcst must not exceed ± 2 K. For high inclas
tic amplitudes and/or high frequcncies it is recommended the use of cooling devices in order to main
tain the specimen temperature in the estahlished range. Experimental curves obtained in such con
trollcd conditions are often used to prcdict the lifetime or real structures, assuming the hypothesis of 
isothermal processes. ln real prohlems without cooling devices, such assumption may lead to inade
quate predictions if small safcty factors are adopted. Simple numerical simulations of 316L stainless 
steel bars are presenteei anel analysed showing that the hypothesis of isothermal processes may bc ina
dequate when cyclic inelastic defonnations are involved . The results show that part of plastic work is 
transfurmed into heat , resulting in a temperature ri se that allccts suhstantially the meehanical beha
viour of the material. 

Keywords: Low-Cycle Fati~:ue . Thennomeclumical Couj1/ing, Dwnage Mecha11ics, Modelli11g 
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COB390 UMA ANÁLISE DO COMPORTAMENTO À FRATURA DE AÇOS 
ESTRUTURAIS MICROLIGADOS UTILIZADOS EM APLICAÇÕES 
ÁRTICAS 

Celso P. M. Pereira*, C. Moura Branco** & A. Sousa e Drito** 
*Faculdade de En~:enlwria de Gwlrt.llillJ:IteltÍ- FEG/ UNESP. CEP 12500-000 Guaralii!J:uerú-SP, Brasil- Fctt 
012 525 24 66 
** Deparlllmenlo de Ell}:elllwria Meni11ica. lmlilulo Superior Técnico - JCEMS/IST 
Av. Rovisco Pais, I - 1096 Lis/JOa Codex, Porru~:al - Fax 0/ 847 40 45 

The fracture toughness behaviour of four rnicroalloycd structural steel, with different cornpo
sition and process routes was evaluated for artic applications. CTOD three point bend tests were car
ried out at a range of ternperatures between +I ooc and -II 0°C in HAZ of subrnerged are butt welded 
specirnens. Microstructural analysis and hardness (HY) profiles rnensurernent were also carried out 
to cornplernent the rnechanical tests. The results show that ali the four steels can work at -50°C and 
withstand a CTOD value in excess of 0.2 mm 

Keywords: Fraclltre Touglmess, Microalloyed Steels, We/d Microstmctures, Welding mui HAZ 
Properties. 

COB558 COMPORTAMENTO DOS POROS NO LIMITE DE FADIGA DE 
ALTO NÚMERO DE CICLOS EM MATRIZ MONOF ÁSICA I BEHA Vl
UOR OF POROUS lN L/MlT ENDURENCE HlGH ClCLIC lN THE 
MlCROSTRUCTURE MONOPHASlC 

Gabriel Federico Calle Sotelo 
De[mrramenlo de En~:enlwria de MaTeriais. Uuil'ersidade Esradua/cle Poura Grossa 
Ponlll Gm.ua - Para11iÍ. Rua Nabuco de Amújo s/11 Cwupu.1· UniversiliÍrio 
CEP.: 84031- 510 Bmsil -E mail: ~:c.wre!o@ ufjJgbr 

Fatigue life curves werc gct up adopting two criterion: onc fracture and other of infinit life. 
The scattering of rcsults of thc sarne tension the rnake ncccssary of analysis statistic. Actually the 
industry aeronautic and auto motive analyse of test fatigue assumcd that distribution of logaritrnic lifc 
is norrnally. Four groups of difcrent sizc wcrc cvaluated with thc sarne porosity. The result showed 
that porous with srnall arca increase of fatigue limit up 59.9% in cornparison with the group higher 
size porous. There is coalescense of porous without rcach of critic size crack. 

Keywords: Simered, Fatigue, Fraclllre, Porosity, Crack I Sinterizttdo, Fadiga, Fratura, Porosidade, Trinca. 

COB618 PROPRIEDADES MECÂNICAS MONOTÔNICAS E CÍCLICAS DE 
UM AÇO MICROLIGADO AO TI E NB NAS CONDIÇÕES COMO
FORNECIDO E NORMALIZADO I MONOTONlC' AND CYCLIC 
MECHANlCAL PROPERTIES OF A TITANIUM AND NJOBIUM MlCROAL
LOYED STEEL lN AS-RECElVED AND NORMALIZED CONDlTlONS 

Eurico José Giordani, Tácito Brandão Pinto, Peterson Ferrandini, Valdir Alves Guimarães & 
Itamar Ferreira 
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The purpose of this work is to analyze the monotonic and cyclic mechanical properties of the 
API 5L X65 steel, a titanium and niobium microalloyed low carbon steel, in two microstructural con
ditions: as-received -CF- and normalized (from 1193 K)-N 1-. Tension and low cycle fatigue tests havc 
been conducted in order to analyze the tension properties [yield strength (O'e), tensile strength (cr1), 

fracture stress (r). reduction in arca (RA), and strain hardening exponent (n)] and low cycle fatigue 
properties [fatigue strength coefficient and exponent (cr' f and b), fatigue ductility coefficient and 
exponent (E' f and c), and cyclic strain hardening exponent (n')]. lt was observed that the N I condition 
showed better behav ior, in the range 0.4% <~E I< I%, when comparing to the CF condition. ln high 
cycle fatigue, for low leveis of strain, lhe CF condition presented better behavior when comparing to 
the N I condition, in spite of the v alues of cr' f for thesc conditions, they are practically the sarne and 
equal to I 075 MPa, dueto the big difference between thc fatigue strength exponent: b = -0.074 for the 
CF condition and b = -0.11 O for the N I condition. The CF condition presented cyclic softening for ali 
strain range, and the N I condition presentcd cyclic softening for~ E I 2 < 0.8% and cyclic hardening 
for ~E /2 < 0.8 %. The lncremenralstep (IS) mcthod was very efficient for obtaining the cyclic stress
strain curve for the CF condition, when comparing to the conventional method (by using severa! spec
imens). However, for the N I condition the results from IS method were not satisfactory. 

Keywords: Mec/zanical properties, u1w cyclefiaigue, Microalloyed steel. Propriedades mecânicas, Fadiga 
em baixo ciclo, Aço microligado. 

COB933 PROPRIEDADES MECÂNICAS DE FADIGA DE BAIXO E ALTO 
CICLO DE UM AÇO Cr-Mn-N I LOW AND HIGH CYCLE FATIGUE 
MECHANICAL PROPERTIES lN A Cr-Mn-N STEEL 

Luiz Vicente Vareda 
Departamen!O de En~-:enlwria de Estru/llras. Escola de E11genlwria de Stio Carlos-USP. Av. Dr. Carlos /Jotellw, 
1465, CEP 13560-250- Sllo Carlos- SI'. Fax: (016)274-9261. . 

Dirceu Spinelli 
Deparwmenro de Engenharia de Materiais. Escola de Engenlwria de Süo Carlos-USP. Fax: (016)274-9213. E

mail: dspine/l@sc.usp.br 

ln the present work, thc low and high cycle fatigue mcchanical properties in a Cr-Mn-N 
austenitic stainless steel uscd for application in drill collars were investigatcd. The tcmperature depen
dence of the tens ilc properties was detcrmined and it was found that the yield strength, ultimate 
strength and elongution valucs dccreasc significantly with the temperaturc. The low and high cycle 
fatigue testing werc carried out at room tempcrature according to ASTM E606 and ASTM E466 stan
dards , with R= -I . At high tcmperaturc , the low cyclc fatigue properties were estimated from monot
onic properties obtained in thc tcnsilc testi ng. The results showed small influencc of temperaturc in 
the fatigue life in thc short-lifc range and great inlluencc in thc long-life range. Near fatigue limit a 
great scattering of data was observcd. The obtained fatigue limit was 452 MPa which represents 47% 
of the ultimate tensilc strenght of material. 

Keywords: Low cycle fatigu e; ltigh cycle fatigue; austenitic stainless steel I Fadiga de baixo ciclo; 
fadiga de alto ciclo; aço inoxidável austenítico 
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COB940 PROPAGAÇÃO DE TRINCAS DE FADIGA EM JUNTAS SOLDADAS 
POR SAW NO AÇO C-Mo 516-?0N/FATICUE CRACK PROPACATION lN 
WELD JOINTS OF C-Mn .516-70N STEEL 

Isabel Cristina Ramos Antunes, Nazareno das Neves & Herman .Tacobus Cornelis Voorwald 
Departamento de Materiais e Tecnologia. Faculdade de Engenlwria- UNES/'- GuaratinguetlÍ CEI': 12.500-000 
GcwratinguetiÍ- E-mail: t•oorwald@jég.une.lp.br 

ln this paper the fatigue crack propagation in wcld metal, dcposited with submcrgcd are weld
ing on carbon-mangancsc steel is investigated. Fivc combinations flux-wire werc studied, with fatigue 
samples subjectcd to cyclic loading. Experimental and theoretical rcsults were comparcd using Paris 
equation, and was also possible to idcntify thc bcst combination rcgarding fatigue crack propagation. 

Keywords: Fadiga, Aço, C-M11 516-70N, Propagaçâo de triucas, Equaçüo de Paris/ Fatigue, C-Mn 
516-70N steel, crack propltgatúm. Paris equatio11 

COB1023 ANALYSIS OF THE DAMAGE lN LOW CYCLE FATIGUE 

Rodrigo Rossi & Marcelo Krajnc Alves 
Departamento de Engenlwria Meu/nica. UFSC. Trindade. CEI' 8/W I0- 970 FloriontÍ1wlis. /Jmsil, E-mail: 
Kmjnc@ grt03.gmnte.uf.';c.br 

We presem, in this work, a thcory and propose an algorithrn for the analysis of the damagc of 
low cyclc fatigue in rnechanical componcnts. A rcturn mapping type of algorithm is used in the inte
gration of the fully couplcd clastoplastic and damage cquations. Thc damagc thcory uscd in this work, 
proposcd by Lcm<lilre ( 1992), is wcll-foundcd in lhe framework of thermodynamics of irrcvcrsible 
process. Thc modcl takes into account a non-lincar isolropic and kincmatic hardcning rulc. The algo
rithm proposcd for lhe intcgration of the set of cvolution equations is based on the algorithm presen
ted by Benallal et ai ( 1988) and uses the Newton-Raphson method in order to solve not only the set of 
local nonlincar cquations but also thc set of global nonlinear equations. A Galcrkin finite clcment 
method is employcd in thc cliscretisation of thc problcm whcrc a QuacltJ clcmcnt has becn implcmcn
ted. A two-dimensional plane strcss problem, conccrning a platc with a hoJe, is so lvcd with thc objec
tive of illustrating the evolution of damage variablc. 

Keywords: damage . .fàtigue, loll' c.yclefàtigue, material degradatioll 

COB1152 MODELOS DE CONFIABILIDADE PARA A PREVISÃO DA VIDA À 
FADIGA I MODELS FOR FATIGUE RELIABILITY ANALYS/S 

Jorge Lui:r. de Almeida Ferreira & José Luiz de França Freire 
Departamento de t :ngenlwria Mecâllica - I'UC-Rio . Rua Mal'lJtt<'·'' de Siío Vicente. 225 - Gú vea. Rio de Jwceiro. 
lU. CEI' 22.453-900 

The prescnt work describcs two analyti ca l models for fatigue rcliability analysis. These modcls 
are developcd under the assumption that cumulativc fatigue damagc and its criticai value follow a log
normal ora Weibull distribution. To verify thc prcdictcd results the Monte Cario analysis was uscd. From 
this analysis it was verified that thc intcrfercncc statistical modcl , bascd on a lognormal distribution, 
dcscribes bettcr thc behavior of thc fatiguc 's reliability. 

)ieywords: acwHulaçiio de Dano, CO!~flabilidade I cwllulative danwge, fatigue reliabi!ity. 
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COB 513 PREDICTIONS OF A FLOW-TYPE SENSITIVE CONSTITUTIVE 
EQUA TION FOR CONTRACTION FLOWS 

Roney L. Thompson, Paulo R. Souza Mendes & Monica F. Naccache 
Department o(Mec!wnica/l.;n~ineerin~ 

Pontijlcia Universidade Catoliw. !?i o de Janeiro. lU 2N 53-9!XJ --- /Jrazil 

A new constitutive cquation for incompressiblc materiais is obtained by asssuming that the strcss 
tensor is an isotropic function of two kinematic quantities, namcly, the ratc-of-deformation tensor and thc 
relativc-ratc-of- rotation tensor. A rcprcscntation theorem is employed to obtain the most general symmet
ric form of this function. The arising coefllcicnts are assumed to be functions of the second invariants of 
the two tensors only. Becausc the sccond invmiant ol· the rclative-rate-of-rotation tensor is an indicator of 
the tlow strength, the cquation is thus sensiti ve to the latter. Forms of these functions are proposed, which 
lend to the constituti ve equation lhe capability of fitting closely and indepcndently data for shear viscosity, 
first and sccond normal stress coefTicients, and extensional viscosity. This constitutive equation is used in 
conjunction with the cquations of mass and momentum conservation to obtain the partia! diiTerential equa
tions that govcrn the steady, ax isymmetrie llow through a 4: I abrupt eontraction. Thcse diffcrcntial cqua
tions are integrated using thc finite volume method to ohtain velocity, pressure and llow-type fields. The 
effcct on flow pattcrn of parameters related to normal stresses and cxtensional viscosity is investigated. 
Among other results, it is observed that the v011cx sizc incrcascs when eithcr the normal stresscs or thc 
ex tensional viscosity slope are increased. Howcver, whcn both the normal stresses and the ex tensional vis
cosity slopc are increased simultaneously, the vortex size increase is milder. 

Keywords: I'Íscoelastic liquids, abrupt-contraction .flmvs. 

COB 154 ABRUPT-EXPANSION FLOWS OF BINGHAM MATERIALS 

Monica F. Naccache & Paulo R. Souza Mendes 
DeJiart /1/e l// o(Meclwnica/J,·ngineerin~ 

l'ontif fcia Uni rersidode Catoliw. Nio de .loneim . lU 22<153 -CJOO --- /Jmzil 

Flows of viscoplasti c materiai s through abrupt axisym mctric expansions are important in a 
numbcr o f manufacturing and packaging industrial processes. Depending upon the expansion ratio and 
Reyno lds number. an axisymmctric jct is ohserved in Lhe llow core. whercas elsewhcrc the material is 
almost stagnant. The conscrvation cquations that govern thi s fl ow are sol vcd numcrica ll y with the aid 
of a fi nite volume tcchnique. The material is assumeclto bchavc as a Gcneralized Newtonian Liquid, 
with a Bingham-Lype viscosit y functi on. To handle numericall y thi s vi scos ity functi on in a compl ex 
llow, thc bi- viscosity modcl has hcen uscd. The cllect o f expansion ratio, Reynolds numbcr and yicld 
strcss on the flow pattern and ellecti vc cross sect ion arca is inves tigated . 

Keywords: Abntf!l ·eJ.})(tllsion .flo ws. /Jingham materiais. 
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TEMA 811 - Solidificação 

INFLUÊNCIA DA ADIÇÃO DE SILÍCIO NA QUALIDADE SUPERFI
CIAL DE UM PISTÃO DE ALUMÍNIO FUNDIDO/ ADITION OF S!Ll
CON JNFLUENCE OF SUPERFICIAL QUALITY ON PISTON OF THE ALU
MINUM CASTING 

Celso Riyoitsi Sokei *, Elaine Alves Pedrosa *, Helder Augustus Trevisso da Silva** 
*Depto. E11g. Mec:âllica-FEIS!Uilesp Ilho So/teira-SP-Bmsil E-11wil: Ce/so@delllfeis.rt/lesp./Jr 
**Depto. E11g. Mecâllico-EESCUSJ>- Srlo Corlos-SP- Bmsil 

ln thc casting proccss o f metal and alloys, thc main objecti ve is to producc good quality pieces, i.c. 
without defects. lf thcy are prescnt, it is absolu tely neccssary to climinatc or minimize thcm, or cise the 
piecc quality and strength may bc scriously impaired. One of the most commonly found defects occurring 
during the casting process of metais is the shrinkagc, i.c. lhe contraction of the piecc. ln the case of alu
minum alloys, it has been proved that shrinkagc can be minimizcd cither by changing the alloy composi
tion with silicon addition or altcring thc mould dcsign. ln thc present work, shrinkage supprcssion obtained 
by experimentully vmy ing thc silicon addition in aluminum alloy is presentcd. Also, the minimum per
centugc of silicon is detcrmincd, in ordcr to maintuin good ductility and mcchunicul strength. Such rcsults 
compure well with the litcraturc. 

Keywords: Fwuliçâo, Ligas de Alumínio, Defeitos, Pist6es/Casting, Alwninwn Alloys, Defects, 
Pisto11s. 
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ASPECTOS FÍSICO-QUÍMICOS DA DECOMPOSIÇÃO SPINODAL 
bm ~ bt OBSERVADA EM LIGA DE TITÂNIO BETA 
METAESTÁVEU PHYSICO-CHEMICAL ASPECTS OF THE SPINODAL 
DECOMPOSIT/ON lN A BETA TITANIUM ALLOY 

Ricardo Artur Sanguinetti Ferreira 
Departamenw de EnJ;enlwria Mecâ11ica da UFI'E. Rua Awdêmico Hélio Ramos s/11 - Cidade U11iversitúria 50740-
530 Recife- PE 
e-lllllil: SaiiJ;IIiuelli@upd.ufjJe.hr 

Elisabeth Gautier 
Laboratoire de Science et Génie des Matérim1x Métalliques- École des Mi11es de Nal/c)'. Pare de Saumpt 54042, Ncmcy 
Cer/ex. Franc:e 

A beta titanium alloy Ti-5.0AI-2.0Sn-4.0Zr-4.0Mo-2.0Cr-1.0Fe ( by weigth) was solution trcated 
and followcd by quenching. ln the supersaturation condition this alloy was reheated at 0.5o C/s and 5.0o 
Cls in order to study lhe sequences of phasc transformation on lhe anisothermal conditions. ln thc tisrt 
stages of hcating, a littlc modiricalion was obscrvcd on the morphology microstructures before the precip
itation of intennediary phases. DiiTerent zones of the matrix presenta darker contras! as a consequence of 
tluctuations in the chemical composition. Chemical microanalysis obtaineid by EDS in transmission elec
tron microscopy revealed that those darker zones were weakened in Mo, Cr and Fe solute elements. 
Morphological analysis in clectron microscopy revealed no interface between rich and poor zones of 
matrix. Elcctron diffraction pattcrns taken from it showcd scattcred spots in the same lattice. The results 
indicatc that solule separation, has no interface and identical lauice for diffcrent zones, thus we conclude 
that spinodal decomposition occurs really in beta titanium alloy at low temperatures. 

Keywords: SjJinodal decomposition; Decomposition in b-Ti; Plwse trcl/lsformation uz b-Ti; 
Decomposiçüo spinodal 

COB23 ESTUDO DA CINÉTICA DE CRESCIMENTO E DA ESTABILIZA
ÇÃO DE GRÃOS EM LIGAS DO SISTEMA CU-ZN-AL I THE STUDF 
OF THE KINETIC OF GROWTH TO STABILIZE THE GRAIN GROWTH lN 
THE CU-ZN-AL SYSTEM 

Ricardo Artur Sanguinetti Ferreint, Severino L. Urtiga Filho & Ney F. de Quadros 
DEMEC - Depurrumenlo de ,,·ngenlwria mecâllica da U11iversidade Federal de Pemambuc:o - UFPE - Av 
Acadêmico Hélio Ramos s/11 Cidade Ullil'ersillÍria50.NI-530. Reci(e-I'E.- /,·-mail: Sanguinelli@upd.ufj>e.br 

Paulo César Botelho de Andrade 
/TEP- luslitulo de Tec:uolo!iia do EsTado de Pemwlllmco -A 1'. l'n1{ Ltu:, Freire 700 Cidade Uuiversi!úria 54.740-
540, l?eci(e-PE 

Thc study of lhe microstruture evolution is of fundamental importance for Cu-Zn-AI shapc 
memory alloy. The growth of grain degrades lhe shape mcmory effect by the displacement of tem
peratures where thc transformations are observed. The dcgradation can bc sortened by the control of 
grain boundary migration or prccipitation as a consequencc oftlic di!Tusion process. The proccss con
trol can be obtaincd by lhe increase lhe activation cncrgy. which is produced by addition of lhe allov 
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elements. ln this study was used a Cu-Zn-Zn alloy without the addition of elements. Based on the arca 
criterion of the ASTM standard, lhe statistic measuremcnts ora grain size were made in samples treat
ed at different temperature of the ageing or <\nncaling treatmenls. The kinetic of the grain growth was 
studied by an Arrhenius empírica! law and lhe activation energy for this proccss (EA) was estimat.ed 

by ln (D) x I rr diagram. At lower temperaturcs , rcsults o r the activation encrgy follow cither theorct
ical or experimental results . Moroevcr. for highcr tcmpcratures or thc thcrmal treatmcnts a change in 
the slope of the ln (D) x lrf diagram was obscrved. This anomalous behavior was assoeialcd with a 

seeondary recrystallization as a consequcnce of lhe intennediary thermomechanical treatments. On thc 
morphological vicw poim. lhe secondary recrystallization was characterized to produce an anormal 
grain size with many houndary faces. Importam conelusions ahout grain growth meehanisms werc 
obtained. After these results, a selection of some or the clements will he made to increasc the activa
tion cnergy (EA) in order to stahilize the grain size. 

Keywords: Gmin growlli ; Kin elic of' growlh Aclivalion energy Seco11dar)' ReCiy sw/!izalúm. 
Cinélica de crescillleii/O 

COB1012 FENOMENOLOGIA DO EFEITO MEMÓRIA DE FORMA NAS LIGAS 
bb-CuZnSn I FENOMENOLOGY ON b-CuZnSn SHAPE MEMORY ALLOYS 

Cezar Henrique Gonzalez, Claudeir Silva de Oliveira & Ney Freitas de Quadros 
Deparra111enlo de Engenlwria Mecânica. Área de Mille riais - CI'G- UFI'I;' - Recifi'- f'emwn/mco- flmsil 
;\ l'enida !lcmlêlllico Hélio Rlllllos. s/11 - CDU- Cio'!' 50 N0-050 - Fon e: (08/) 271 8230 - Fax: (081) 271 8232 

The shape memory ellect on a copper based lernary alloy with J2.9wt. '!'o and 4.0wt% Sn (cop
per balance) was ohta ined on a induetion furnace and suhmitted to thermal trcatrnents to retain the h
phase. The microstruclural carac therization of parent and nwnensilic phases was donc hy optical 
microscopy and the crislalline structure by means of X-rays di!Traclion. The phase trans fonnalionlem
peratures were determined hy resislivily. The inrluence of lherm;ll cycling and of grain diamcter were 
analysed in relation to lhesc characteristical temper;Jiures. 

Keywords: E.f'eilo Me111ória de Forma, Elaslicidwle f~'llwUiollwt.Já, Tran.1jcmnaçiíes de Fase, 

Metalurgia Física I S/wpe 
Memory E.f./('c/, EnatiollwrpliOus E!aslicily, Plwse Tmtl.\/imllalions. Physical Mela!lurgy. 

COB1013 ESTUDO DAS LIGAS bb-CuSn COM EFEITO MEMÓRIA DE FORMA I 
ON h-CuSn SHAPE MEMORY ALLOY 

Cezar Henrique Gonzalez, Claudeir Silva de Oliveira & Ncy Freitas de Quadros 
Depnrlwllelllo de lé'ngenllllriu Mecânica. Área de Maleriais- CU!- UI'"!' I:· - Recifi'- l'ema111/nu:o- /Jrusil 
;\ venida !lwdê111im Hélio Nolltos. s/11 - CDU - CEI' 5/JN/J - 050- Fo11e: (08/ )271 8230- Fox: (08/ )271 8232 

Certain copper bascd alloys are very susceptihles to enanliomorphous phase transformations 
(nucleation and growth with a well determincd hahit plane). The great majority of these alloys ex i bits 
the typical behavior of shape memory effecl alloys and , in particular. lhe enantiomorphous elesticily 
(rubbcr-like), having a good potencial lo industrial applicalions. The physical properlies and 
mierostruetural characteri zation have been donc hy optical microscopy and x-rays dillraction analysis 
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and measurements of resistivity. Hardness Vickers tcsts have been dane to clarify the effects of aging 
at roam and I 00°C tempcratures. 

Keywords: Ligas com t;teilo Memória de Forma, Elaslicidade Ellantiomorfá, Trmz.~fónnaçties de 
Fases, Marlensila I Slwpe Memory qrecl Alloys, t:nmlliomorphous Elaslicity, Displacive Plwse 
Transfonnalions, Marlensile . 

COB1014 ESTUDO COMPARATIVO DAS LIGAS COM EFEITO MEMÓRIA DE 
FORMA bb-CuZnAI e bb-CuZnSn I ON b-CuZnAI e b-CuZnSn SHAPE 
MEMORY EFFECTS ALLOYS: COMPARISION STUDY 

Claudeir Silva de Oliveira, Cezar Henrique Gonzalez & Ney Freitas de Quadros 
Departalllento de En);enlwria 11/ecânica. Área de Materiais- CTG- UF/'1:"- Recife- Penwmbuco- Brasil 
Avenida Acadêmico Hélio Nalllos. s/n- COU- CEI' 50740- 050- Fone: (01\/) 271 1\230- Fax: (08/) 2711\232 

Two tcrnary coppcr baseei alloys with nominal compositions (in wci ght %) of 32.9%Zn-4% Sn 
anel 7.0'/!,zn-17.7%AI (halancc Cu) w ith shape mcmory ellect wherc characterizeel in relation to yours 
mierostruetural anel physical properties. These alloys presenteei transformations tcmperatures that are 
function of composition. Thc alloys were done on a induction furnace using quartz crucibles. The lit
tlc ingots were suhmilled to thermal treatments of homogcnization, "hetatization" anel solubilization. 
The microstructures of each treatment were analyzcel. The material was hot milleel in shapes of plates 
and quadratic section wires and presenteei lhe two-way shape memory eiTcet. The mierostructures of 
the EMF alloys wcre wcrc studicd hy means of optical metallography and R- rays eliffraction. The 
phasc transfonnations tcmperatures wcrc mcasurcd hy resistivity. Thcrmal cycling wcrc cliscusscel. 

Keywords: L,'{eiiO Mmu!riu de Forlllil, Tran.~fórll/(/~·iíes de Fuse, Ligas a /Jase de Cobre e 
Trmt~fbnnaç6es Mar/erJsÍJicos I 
S/wpe Memorv l~f.fec/, Plwse Tmn.l:fómwtions, Co!lfJer /Jaset! Al/ovs, Marlensite Trall.~j{mnalions. 
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TEMA 91- Projeto e Teoria de Sistemas Mecânicos 

COB19 DESIGN OF A FEEDING SYSTEM FOR AN AUTOMATIC SAWING 
MACHINE TO CUT ALUMINIUM PROFILES 

Victor Martins Saraiva 
Universidade do Minho, Escola de En!ienlwria, Deparwmento de Ell!ienlwria Mecâ11iw 
Cwrrpus de Azurém, 4fi/O Guinwrües. Porlu!ial- E-mail: vm.mraiv@en!i.lllllilllw.pt 

The author presents an altemative design solution for an automatic feeding/handling system for a 
sawing machine to cut aluminium protiles. The m<Uor problems arosc from the necd to handle protiles of 
widely differing shape, and also from the need of compalibility wilh lhe rest of the machinc, previously 
designed, mainly concerning space availability. Thc Total Dcsign approach has been used to carry out this 
project. The final design proposal is a combination of pneumatic, electric and electronic systems and com
ponents, essenlially consisting of a pneumatic gripper driven by a servo-motor. 

Keywords: Sawing Machine, Alwniniwn Prci{i./es, Desig11 Process. 

COB86 ESTIMATIVA DE CUSTOS DE PRODUTOS NO PROJETO CON
CEITUAL - METODOLOGIA PARA SELEÇÃO DA ESTRUTURA 
FUNCIONAL E ALTERNATIVA DE CONCEPÇÃO I ESTIMA TE OF 
COSTS PRODUCTS lN THE CONCEPTUAL DESIGN - METODOLOGY 
FOR SELECT/ON OF THE FUNCT/ONAL STRUCTURE AND ALTERNA
TIVE OF CONCEPTION 

Cristiano V. Ferreira, Fernando A. Forcellini & Nelson Hack 
Departamento de En!ienlwria Mecânica- Universidade Federal de Swrla Cawrina- UFSC 
Caixa Postal476- CEP RR000-000- F!oriliii!Ípolis- se- E-mail: C.TiSIÍII!l@!il"a/lle.l(/:W·.br 

ln the conceptual dcsign of a product must bc a constant worry about thc decision taking efft:ct 
over the product's costs during its life cycle stages. The selection stagcs of the best product function
al structure and the more adcquate alternative solution of lhe conceptual design are fundamental for 
its success (AKAO, 1990). ln the work, it will bc presented an estimating model of products ' costs. 
which aims to provide subsidies for decision taking and make possihle thc selection of a functional 
structure and a product altcrnalive solution, more adequate to the target cost. 

Keywords: Cost, Estimatil'e, Metlwdology, Product, Design, Custo, EstimaliPa, Me!odologia, 
Produto, Projeto. 

COB165 ANÁLISE, SIMULAÇÃO E PROJETO DE UM MECANISMO SEPA
RADOR DE GRANULADOS BIFÁSICOS POR VIBRAÇÃO IANALYSIS, 
SIMULAT/ON AND PROJECT OF A GRAINY SEPARATOR MECHANISM 

Adyles Arato .Júnior & Cassiano Bíscaro Pereira 
Departamento de En!ienlwria Mecúniw. Faculdade de Ell!ienlwria - UNESP/FEIS 
CEP 153fi5-000 Ilha Soileira(SI'). Urasil- E-mail: adyles@demji!ís.wre.\"fJ.br 
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Grains transport by forced mechanic vibration in vibrating courses or pools is often used in 
agro-industries, mining and fccding companies. The dcsign of a two-phase grain sharer by mechani
cal vibrations was stimulated by the necessity of some recycling companies. Using a mathematical 
model of thc processa simulation code of a two-phase grain sharcr pool has been developed. ln apre
liminary analysis thc most importam variable involved in the proccss has been detected, followed by 
a proposition of a mechanical model to satisfy thc system' dynamics. With the help of the mechanical 
model, the accelerating condition in the vibration surface could be obtained, just by simulating the 
grain sharer proccss, and employing the optimal aspcct ralio for a grain sharer pool design. 

Keywords: Granulado.1·, Separaçiio de granulados, Vibraçiles, Projeto, Análise, Simulação Grainy, 
Grainy separation, Vibmtion, Project, Analysis, Simulation 

COB197 MODELAGEM E DIMENSIONAMENTO DE UMA MÁQUINA COLHE
DORA DE CAFÉ POR SUCÇÃO AERODINÂMICA I PHYS/CAL-MATHE
MAT!CAL MODEL ELABORA T/ON AND PROJECT PROCESS OF A COFFEE 
HARVESTER MACHINE BY BY AERODYNAMIC SUCTION 

Fernando Silva de Araújo Porto"', José Antonio Perrella Balestieri "', Nazem Nascimento"' & 
Mauro Massayoshi Kimura ... , 
I Faculdade de Engenharia Quí111ica. 1';\/o"NQUIL/ DEMAR. Caixa Pos/a/116. Lorena SP Brasil CEP 12600-000 
/ele.fitx (012) 553 3006 e.nwil:jiilor@eu.wtsp.br - subjecl: Femando Por/o. 
2 Faculdade de Engenlwria de Guartllin)iuetlÍ. FEGI Universidade Esladual Pau/is/a. UNESP - Caixa Poswl 205 
Guamtin)iuetlÍ SP Bmsil CEP 12500-000 te/~flix (012) 532 2466 e. 111ail: perrella @.fe!i.UIIesp.br 
nazeJtt®fe/i.llllesp.br 
3 Rua A)ioslinlw f'upo 6R. Mogi das Cmzes SP /Jrasil CEI' Of/730-450 !ele.fitx (O/I) 461-57fl0 

Thc high costs involved by commercialisation anel operation of harvester machines currcntly 
used at coffee cultivation, lhe possibility of tree clamages by their continuous use, and thc agricultur
a! mcchanisation nccess ity becomes intcresting the development of a simplc and portablc cotTcc 
(Coffea arabica L. , Coffca canephora Pierre) harvcstcr machine. This cquipmcnt should bc not only 
able to do thc fruit' s crop in a shortest time than manual harvcst system, but capablc to operate between 
the coffcc trccs I ines independently of I ines spacc and kind of ground too. Without spccial cxigcncies 
of specific carthwork or appropriate line distance, the machinc implcmentation cost should be only thc 
acquisition pricc. This prcsent work explain the problem physical-mathematical model elaboration and 
prototypc projeet proccss. 

Keywords: Agricultura/ machines, Coffee, Coffee cultivatimz, Harvest machine, Ct~[f"ee lwrvest 
maclzine, Máquinas agrícolas, Cqfé, Cultivo de ct({é. Colheita, Co/hedora. 

COB218 EVOLUÇÃO TECNOLÓGICA NO DIMENSIONAMENTO DA TER
CEIRA UNIDADE GERADORA PARA A UHE COARACY NUNES 

José Adalberto Lage Calainho, Carmo Gonç:1lves, Cid Antunes Horta e Wandyr Ferreira 
ELETRONORTE - Gerência de Proje/11 Dt'lrolllecâniu> Hidrelélrícm- Te/: (061) 212-5753 
SCN-Q. 06-Conj. A- lJI. IJ. Sala 506- /Jrasília-DF - CEI' 70710-000 - Fax: (06 1) 212·5355 
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This work has lhe finality to show !he project ' s philosophies, technologic advances, dimen
sion ' s calcul ation methods and lhe results obtained from an International bid for COARACY NUNES 
Hydropower Station, third generati on uni~ (Kaplan Turbine with vertical shaft and 30 MW) and com
paring its obtained results wilh lhe two operating uni Is , insta lled in 1975 (Kaplan Turbine with verti

cal shaft, and 20MW per unit). 

Keywords: Turbina Kaplan, Coaracy Nunes, Evoluçúo Tecnológica, Estado da Arte, Filosofia de 
Projeto. 

COB219 FILOSOFIA DE PROJETO E A V ANÇO TECNOLÓGICO NO DIMEN
SIONAMENTO DOS EQUIPAMENTOS ELETROMECÂNICOS PARA 
A EXPANSÃO DA UHE TUCURUÍ 

M:írio Dias Miranda, José Adalberto Lage Calainho, Carmo Gonçalves e Wandyr Ferreira 
ELETRONOR7E- Superinlenden!e de /;\lwn.wlo do Ciemçilo - Te/: (061) 2 12-6042 I 2 12-5753 
SCN-Q. 06-Conj. !1- IJ/. IJ. Solo 506- /Jrusílio-DF- CD' 70710-000- {•'ox: (061) 321-3958 

This work has the finality lo show lhe projec t's philosophy, calcula tion methods and thc 
achieved results on the disign or TUCURUI Hydropower Station, second slage eonstruction, com
posed by II (eleven) generation units (Franci s Turbine with vertical shaft 382 MW per unit and 
Generator with 395 MYA per uni!) and also to show lhe tech nologic advances obtuined comparing its 
results with Lhe 12 (lwclve) unit s (Francis Turbine with vertical s h<:~ft a 320 MW per unit, and 
Generator with 350 MVA per unit ), operating since 1984 and the cost reduction dueto the use or 
some equipments install ed in lhe first stage construction as: overhead travelling crane, travelling 

crane, trashrack machine. etc. 

Keywords: Turbina Fmncis, Tucuruí, Evoluçtio Tecnológica, Estado da Arte - Pr(Jjeto. 

COB222 AVALIAÇÃO DOS PARÂMETROS ENVOLVIDOS NO DESEN
VOLVIMENTO DE UMA MÁQUINA COLHEDORA DE CAFÉ POR 
SUCÇÃO AERODINÂMICA I PARAMETEWS EVALUATION OF A COF
FEE HARVESTER MACH!NE BY AERODYNAMIC SUCTION 

Fernando Silva de Araújo Porto (1), José Antonio l'errella Halesticri (2), Nazcm Nascimento (2) 
& Mauro Massayoshi Kimura (3) 
I Foculdade de Engenlwritt Quí111im. F!lí:NQU/LI /JEM!IR, Caixo l'oslo/116. IJJrcllo SI' /Jrusil CEP /2600-000 
/e/efilx (012) 553 3006 e.111ail: Jiilor @eu.tutsp.hr - sul>jeu: Femando l'orl". 
2 Focu/dode de /;'11genlwrio de Guomlingue/IÍ. FEG/ U11i 1·ersidode Fsllllluoll'oulislo. UNI:'SI'- Caixa l'osw/ 205 
Guttralillguellí S I' /Jrosil CEI' 12500-000 lelef{n (0/2) 532 2-166 e.moi/: lll'/Tel/a @feg.tlltesl>.hr 
11ozem @{eg.ullesp./Jr 
3 Rua !lgoslilllw l'upo 6N. Mogi dos Cruzes SI' Brasil CEI' 08730-450 le/efilx (O/I) 461 -5780 

Thc prescnt work has like main objective Lhe nccessary paramcler's evaluation to dcvelopmcnt 
of simple and portable co!Tce (Col'fca arabica L., Col'fca canephora Pierre) harvester machinc by acro
dynamic suction. The paramcter's cvaluation was donc by means or lhe physical-mathcmat ical model 
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elaboration. prolotype design and assembl y, which was ficld tested at eoffee harvest lime. Thc results 
showed the co1Tee g rai ns need llow velocity near 270 m/s for cflici ent suclion, and lhe lea fs me injurcd 
close by 60 m/s llow velocity band. These results pennit lhe follow conclusions: a) lhe main objecti ve, 
lhe harvestmachine projcct paramcters idcnt ificalion and quantification. was successfully performcd ; b) 
the proposed physical-mathematical modcl was appropriated, anticipating the vc locity now valuc neces
sary fo r e iTicicnl coiTce grain suction: c) lhe mclhodology used at this study can be adoplcd in othcrs har
vcst machines projcct dcvclopment proccss, with di stinct targct objectives. likc diffcrcnl fruits, fibres 
(sueh as Chorisia spcc iosa fibres), leafs , or llowcrs with commercial valuc_ 

Keywords: Agricullllml 1/Uichines, Coffá, Cof{ee cultivation, Hun•est IIWchine, Cqf!ee lwrvest 
maclúne, Mâquinus ugrícolos, Café, Culti1•o de co(é, Colheita, Colhedom_ 

COB223 PROJETO DE CONJUGAÇÃO DE OPERAÇÕES PARA IMPLEMEN
TO AGRÍCOLA I DESIGN OF COMBIN/NG EQUIPAMENT FOR AG/?1-
CULTURAL OPERATION 

João Eduardo Guarnctti dos Santos, Abílio G:1rcia dos Santos Filho, João Candido Fcrmmdes 
& Marcos Roberto Uormio 
DeJWrtwueuro de Üigenllilriu Meniniw. Fuculdode de 1:-ngen llilria e Tewologia- UNI:"SI'- /Jauru 
CEI' 17033- 360 /Jourtt . /imsi/ - 1:'-JIIui/: guameti ([_lllwurtt .IIIJesJI.i>r 

According to the ASAE ( 19!\2), the combined tillage operations are those ren li zcd simullane
osly utili z ing two or more dillerent lypes of lillage too ls or imple mcnts to simplify, to control or to 

reduce the number of passo ver a ficld. These systems havc nol bcen lhe study purpose hav ing a smal l 
quantify of researchs about thi s subject in BraziL By this evidence, was dcveloped thi s research to 
study thc influences of an combining equipament over severa! parametcrs and design. 

Keywords: Colli!Jinet! tilluge, t!esign, agricultuml ('(fJÚfJUill<'llf 

COB349 MANCAIS AEROSTÁTICOS PARA EIXOS 
MÁQUINAS FERRAMENTAS 

Benedito de Montes Purqucrio', Luiz Antonio Pinheiro Balcstrcro' 
I Uni1 •e rsidade de Súo /'ou/o - /:"scolo de Lngenlwrio de Stio Carlos 

ÁRVORES DE 

Caixo l'o.l"llli 359- AI'. Dr. Cor/os IJII/e/IJo. 1./65. 13560-250- Súo Corlos/SI '. (016) 2N-3.J.J.J r .3.J.J.J. fWI"IJLi l'
rio @sc.usp./Jr 

2 Depor/oJIIento de Lngenflilriu M ec:ftnim - U :"SC- USI' 
Coixo l'oslll/359 - A1 •. Dr_ Carlos liiJ/eliJo. 1<165. /35(-,{J-250- St7o Cur/os/)'1'. (016) 27./3-N.J 

Thc main charac teri sti cs and dcsign mcthods for machinc tool spindlcs aerostatic journal bL:<lr
ings with orificc rcstrictors are prescnted_ The load capacity and stillncss of front bearing and spindl e 

nosc characteristics obtained in a sensorcd tcs t ri g as funelions of lhe supply prcssure. spindle over
hang and thc di stance bctwccn bearings are anal yscd and compared with the literature. 

Keywords: Aemswtic !Jeurings, 11wclúne too!. spindles, j1;11nwl bearing. or!fice restrictor, stUfízess, 
test rig. spindle nose · 

281 



1\DSTR/\CT T91 

COB451 DETERMINAÇÃO TEÓRICO-EXPERIMENTAL DE ESFORÇOS 
DINÂMICOS EM BOMBAS INJETORA DISTRIBUIDORA DIESEL I 
THEORETICAL AND EXPERIMENTAL ANALYSIS OF DYNAMIC STRAINS 
lN DIESEL FUEL INJECT/ON PUMPS 

I. F. Santos & A. Teixeira Neto 
Dep. de Projeto Mecúuico. Fac. de [ugeulwria Mecúuica- V NICAM/' 

CEP 130113-970 Cw11pi11as. /Jrasil- J::-111ai/: illllar@dp111.fe111.UIIicaiiiJI.br 

ln this work the driving shaft of an injeetion pump is mocleled as a llexible rotor using the 
Finite Element Methoel. Strains aeting on lhe shaft dueto eaeh one of the mechanisms that are cou
pled to it (elriving gear, hydroelynamic bearings, vane type pump, regulator gear anel cam) are cxten
sively studied so that the mathemnticnl model faithfully reproduces the elynamie lonelings of the injec
tion pump. Theoretical anel experimental analysis are conductcd in threc elistinct operating conclitions: 
injeetion pump operating at 2600 rpm, 2000 rpm, anel 1500 rpm. Thc clriving Iorque nnel the loaeling 
of hyelrodynamic bearings. obtained by means of experimental mechanical tests, are useel as parame
ters for comparisons. 

Keywords: méJOdo do.1· elemento.\· .finitos, d({eren~·as jlnitw·, rotares - di11âmica, modelos IIWtemáti
cos . .finite elementmethod, .finile diflàence me!lwd, dynwnics, mathellwlicalmodellillg. 

COB456 DESIGN OF A RECOVERY SYSTEM FOR SMALL ORBITAL PAY
LOADS 

Victor Koldaev, Edmar de Queiroz Figueredo & Paulo Moraes .Ir. 
Divi.Hio de Siste111as Espaciais. Justita/o de ;\eroJIIÍlllica e l':.l'fHI('o!Ceu/ro Tà·uico ;\eroesJJOc:ial 

122211-90-1 S<io José dos CaiiiJIO.I-SI'. /Jmsil 

Small returnable orbital payloaels or spacecra rts necds safe. cl'ficicnt anel nl'fordablc rccovcry 
systcms. Systems baseei on parachutes are the most reliable choice. dueto its proven rcliability anel 
low cost. The prcsent work deals with the prcliminary clesign features of a high performance grouncl 
recovery system for small orbital payloaels baseei on parachutcs. The proposeel system compriscs a 
three stage parachute system with an air-bag as grounel impact attenuntor. Thc paper shows anel dis
cusses thc specillcntion. concept anel clesign of the system. 

Keywords: recoverv sys/e/11, orbiwl payloads. re/llnwble spacecrqji, puraclwte, i111pact atteJ!lla/or 
sistema de recupemção, carga-tÍtil orbital. s(l{é/ite re/onuíl'el. pára-quedas, alenuador de ÜllfHICIO 

COB471 UMA FERRAMENTA COMPUTACIONAL PARA UTILIZAÇÃO DO 
QFD NO DESENVOLVIMENTO DE PRODUTOS I A SOFTWARE TO 
APPLY QFD lN PRODUCT DESIGN 

Cristiano Machado & Franco G. Dcdini 
Depanwueuto de Eugelllwria Mel'l1uiw. Faculdade de E11ge11lwria Mecr/uiu1 - Uuicmup 

CEP I 3083-970 CIIIIIJJillas. /Jrusil - fo'-uwil: juca @(elll .llllical/lfJ./Jr 
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QFD as a whole can be described as a systematie process whieh translate the consumers needs 
into the language necessary to develop goods. This paper prescnts a computational program dcvcloped 
to execute the task necessaries to complete one of the first matrix of QFD, it is callcd "The Housc of 
Quality Matrix ". lt was implcmentecl under a visual objected orientecllanguage (Visual Basic), anel it 
has a modular structure, that means this system can b.: used by other softwares. The program is a pro
totype anel the necessary tests to validate it has not been executcd ycl. This computer program has a 
cclucational characteristic, so, it can be used as a tool in courscs related to mechanical clesign, quality, 
anel correlated ficld s, neverthelcss it is use fui in industries anel commcrci al environment when it is ncc
essary to training pcoplc in QFD. 

Keywords: Quality, Consw1u:r Needs, H ouse t!( Quality, Quality Sr)fiware I Qualidade. Requisitos do 
Consumidor, Caso da Qualidade. Ferramentas Compuwcionais para Qualidade 

COB472 METODOLOGIA DE ANÁLISE DE VIDA EM UMA TRANSMISSÃO 
CONTINUAMENTE VARIÁVEL PARA BICICLETAS I METHODOLO
CY OF LIFETIME ANALYSIS FOI? A CONTINUOUSLY VAI?IABLE TI?ANS
MISSION OF BICYCLES 

Antonio Wagner Forti & Franco Giuscppe Dcdini 
Deparrwnelllo de l ' rojero Menlnico. ,..ttcu/dlf(/e de En!!.enlwriu Mecânica- UNIC!IMP 
Caixa Posw/6051 -CEI' 13083-970- 1:-mui/: uwfilrti@.fént.wlicamp.br. dedini@dpm.felll.llllicuntp.br 

The tracti on drives continuously variahle transmission oper<tte in the high-eontact-stress. The 
<tchievement of a givcn numher of stress repetitions without failures can only be assignecl a probabil
ity. Most clrives are rated against the 90% probahility of surviving the number of stress repetitions 
associatecl with the rateei number of hours of operation at the rateei speed anel load. A contact fatigue 
life analysis for traction drives baseei on a modified Lundhcrg-Palmgrcn fatigue theory anel numerical 
simulations of the Man+Continuosly Variable Transmission+Bicycle system for three different types 
of routc and two value of powcr are used to predict the life of thi s transmission on a bicycle 

Keywords: Bicic.:lew. Tmnsntiss iíes, CVT, Fwligu, Teoriu de conwtoi/Jicycle, Trclllslllission, CVT. 
Fatigue life, Stress wwlysis. 

COB482 INFLUÊNCIA DA GEOMETRIA DOS SELOS DE FLUXO PLANOS 
NAS PERDAS POR ATRITO E NO SALTO DE PRESSÃO AXIAL I 
INFLUENCE OF PLAIN SEAL'S CEOMETI?Y lN FRICT!ON LOSS AND 
AXIAL DROP PRESSURE 

Fabricio Cesar Oda, Kath1 Lucchcsi Cavall:a 
Depro de l'rojelo Mec:útlim - ITM- IJNICA MI'- Cwtt(lilws 
Caixa /'osru/605 1 CEI' 13083-970 Cutlt(>inas-SI'. /Jrusi!lo-ntail: karia @d(>lltfeiii.IIIIÚ:alllp.br 

The main objective of this work is the clevelopment of a Software (Visual Basic 3.0) to analyse 
the influencc of the scal geomctry in its friction loss : vol~mctric flow anel prcssure drop across thc 
seal. The Software is hascd on thc cvaluation of the friction factor, which is calculated using an cxprcs
sion corresponding to the Moody Diagram. The Softw<Jre results are the seal length, pressure drop, 
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volumetric flow and Lhe data to huild diagrams that makes clear Lhe inriuence of seal geometry in fric
tion loss. These diagrams show thc variation of pressure drop and volumetric riow with the seal length 
and with the seal clearance. So. it is possihie to obtain data that ean guide the choose of a hcttcr geom
ctry corresponcling with the situmion the user wishes. For example. a geometry that minimize the fric
tion loss. 

Keywords: Selos de .fluxo .. 1al1o de presstío. l'aztío l'Oiumélrica, Jàtor de a/ri/o I Plaill seals. drop 
pressure, l'Oiumetric .fim v. _fi-iclirm factor 

COB 627 ANÁLISE DOS RECIPIENTES COMPOSTOS SECCIONADOS E 
INTEIRIÇOS USADOS PARA A GERAÇÃO DE ALTA PRESSÃO I 
ANALYSE OF SECMENTEDS AND ENTIRE5' COMPOUNDS VESSELS 
USED TO OBTAIN THE HICH PRESSURE 

Alan Monteiro Ramalho, (;uerold Scrgccvitch Bohrovnitchii & Sérgio Neves Monteiro 
Lobomttírio de Ciência de Mtlll'l'iais !ll'an(.'l/{los da Unirersidadt• /:'sttulna/ tio Norte Vlulllinense. LAMA V- UI:NF. 
CEP 2fUJI5-620 C11n1p11s d11s Gorlilcozes. /Jmsil- 1:·-nfllil: alon@uen{:ln-. 

ln scientific and technological work two kinds of apparalus are normally uscd to obtain high 
prcssurc up to 7 GPa: cylindrical pistons or conic pistons. These sctup allows pressurcs rnuch highcr 
than the limitcd rupture o r materiais which piecc are rnade or. This is possible dueto application of a 
special devicc called compound vcssel. The presem work analyses Lhe construction, undcr normal 
working pressure, thc junction betwecn sector are kept closecl and the junction surfaccs havc normal 
stress close to zero. The obtainecl correlation permits Lhe cletennination, after fabrieation and under 
loading, of stress and strain statcs of internal sector of the segmented rings compouncl vessel. lt was 
neeessary lo design a special profile for the side surface of the sectors to obtain thi s proposcd cuneli
tion. 

Keywords: A/La Pressiio, l<ecipiente Composto I fli glt Pressure. ColllfWllntf V esse/. 

COB640 ENGENHARIA CONCORRENTE: PERSPECTIVAS PARA O SETOR 
ESPACIAL! CONCURRENT ENCINEER!NC: PERSPECTIVES FOR THE 
BRAZILIAN SPA CE SECTOR 

Flávio de Azevedo Corrêa .Jr', Luis Gonz:tga Trahasso' & hak Kruglianskas-' 
1/nstiluto de 1\ermuíuticu e J:'sl't/('11. Centro Témico !lero.\}lllciul. S1io José dos Cillll!WI' - SI'. 

.flavio@ ase2. ia e. cra.!Jr 
e-mail: 

2/nstituto Tecnoltígico de 1\erolliÍutica. Centro Tá·nico !lero.\'/li!Ciul. Stlo José dos Calllt>O.\' - SI'. e-11/ttil: gmt
wga@/1/ec. ittt.cta.hr 
3FEI\ II'!IC1i>. Universitl111le tle Stlo P11ulo. Stio l'aulo - SI'. e-n111il: ikmglia@usf>.br 

Thc elcvclopmcnt cycle of a satellitc launch vehicle is a task thal requires considcrahle matu
rity anel commitment of the dcsign team. The increasing complexity of the tasks involved anel the fre
quent design changcs do create lhe need for attempts to rcelucc Lhe devclopment eycle pcriocl as well 
as to irnplemcnt their rational management. Although onc may considcr thc aerospacc inelustry as a 
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highly developcd onc. it keeps its structure in a sequcntial manner, wherc thc cvcnts quite often do not 
re late to each other, thus prevcnting thc acrospacc industry to hcncfit fro m eiTort and rcwork minimi
sation. Thi s papcr prcsents a retrospccti ve analysis of thc managcmcnt and dcsign tools recenll y used 
in the Brazilian acrospacc pro jecls anel suggests thc utili salion of some eoncurrent cngineering tools 
which could enhance the performance and producti vily of future proj ccts. 

Kcywords: Concurrent engineering. Project 1/UIIWgellu'n/, Desigu teallls, Design tools, Engenharia 
Simultânea 

COB 641 AN ORGANISA TIONAL FRAMEWORK FOR DEVELOPING HIGH 
TECHNOLOGY PRODUCTS -EXPERIENCES OF A BRAZILIAN 
AERONAUTICALCOMPANY 

Antonio da Cunha Campcllo, Luís (;onzaga Trahasso 
I~M/JRAER- DeJNII'Illlllellio r,;cllim- ;\ 1•. /lrigw/eim Furia l.i111u. 2170 - S<io José dos Cillllf!O.\' - SP - /Jrosi/ 
CEP 12227-901 

Divislio de Engeulw rio Mecânico Aemii!ÍIIIicu- luslilu/o '/'enwliígico de At•m JllÍI IIicll - /TA - l'l'l<(.'ll Marec/ial do 
Ar Eduardo Goll/es, 50 - S1/o José dos ColllfWS - SP - 1/rasi/ - CEP 122X-90.J 

This p;Jpcr relates the lnlcgralcd Product Dcvelopmcnt (I PD) approach with the need of hav
ing an improvcd organisational fnllncwork and proposcs an inlegraled management approach to com
panies which dcvelop complcx producls. lt elcscrihcs lhe dcgrcc of complcxity for dcvcloping an air
cra t't , cmphasi sing the market dcmand lo decrease lhe development cyclc time and operalional costs 
as wcll as to increasc lhe customcr sat isfaction and thc emheddcd product quality. The cffecti veness 
of a dcsign that invol vcs complex tcchnologies is highl y affectcd by thc project and process manage
ment approach. Thi s paper descri hes some experi enccs of a Brazili an Acronautical company, rcvcal
ing thc main pitfalls to move fro m a functional to a matrix organi sation, envisioning a team-hased 
working philosophy. lt also dcscri hcs thc rcquired cvolution of thc product devclopmcnt process to 
copc wilh market nccds. lt concludes lhe analysis proposing a managemcnt framework that balance 
thc organi sati onal aspects w ith thc modem product development process. 

Keywords: /ntegmted fJrodu ct /)el'elopment/ /)esen l'olvimento l11tegmdo do Prodlllo, Concurrelll 
Engineeri11glbJgenlwria Silllllitlillea. Aircrqft Design Process/Processo para Projetar Aero/lal'eS, 
Design Managelll ent/Cerellciallfelf iO de Projeto 

COB672 THE DESIGN OF A STABILIZED GONDOLA FOR A GAMMA RAY 
TELESCOPE - PRO.JECT MASCO 

Petrônio Noronha de Souza, Ratlhael de Almeida Fonseca, Thyrso Villela Neto, Mário Kataoka 
Filho 
111.\'lilulll Nlll:im111 l de l'es<tui.l'll.\' /:·.,'l"'ci"i.1· - lN!' /O 
Caixa Poslil/ 5 15. 12227-010. Silo .losl dos Camtws. SI'. /Jrasil- E-111ail: fWiros @delll.illpe.br 

Thi s papcr descrihcs thc mcchanical structure and lhe al titude control system of thc gondola 
that carries thc M ASCO cxperimcnt. This is a gam ma ray tclescopc that llics suspcndcd by a balloon 
at an altilllde of 40 km. Thc gondola is a truss slructure that shall survivc the lancling loads anel fult'il 
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severa! requirements concerned with the mechanical interfaces and constraints of the transportation, 
launehing and recovery. An altitude control system has the objective of pointing and stabilizing the 
telescope moving the gondola in azimuth imd the telescope in elevation. There are severa! targets to 
be observed during the flight and the telescope must hold the altitude for more than one hour towards 
each one. Severa! types of sensors and actuators are employed. The system is compu ter controlled and 
the control software comprises severa! modes of operation according to the phase of the mission and 
the angular distance from the target. 

Keywords: Balloon-borne experiment, Gamma my telescope, Stmctural design, AI/ilude control sys
tem. Balão estrato.çf'érico, Telescópio, Raios Gama, Pn~jeto estrll/ural, Sistema de controle da atitude 

COB952 ESTUDO DA CONFIABILIDADE NO PROCESSO DE PROJETO 
RELIABILITY STUDY lN DESIGN PROCESS 

Julio Cézar de Almeida & Acires Dias 
Cenrro Fedem/ de Educli('ÚII TecniiiiÍgicu dlll'urmuí- CEFI:T-PR I Depw de Engenharia Mecúnicu. Universidade 
Federal de Smilll Cururinu- UFSC e-mui/- ucires@enu:.uf!;c./Jr 

An engineering dcsign consists of comprehcnsible dcsign rcquirements and it should outline 
possible solutions, assess them and sclect lhe best altcrnativc. Today's designer must be skilled and 
have a vast knowledge and a command of ali externa] and internal intluences around him and must 
always aim at achieving an efficient and competi tive product ata low cost. The use, however, of one 
of the severa] well-known methodologies such as: Asimov; Pahl&Beitz; VDI 2221; among others, 
facilitates the designer's job. On lhe other hand, is it worth having an efficient and competi tive prod
uct that is not available atone specific momcnt of its lifespan? The temporal quality or life of a cer
tain system is directly related to its availability, which is a direct function of lhe reliability and main
tainability; aspects normally raiscd in specific arcas such as in lhe nuclear, acronautics and electron
ics arcas. An assessmenl of lhe di ITercnt dcsign approaches raiscd show, however, that neither of these 
models focuscs clcarly on the specific use of thc rcliability in the severa! design stages, which proves 
the necd of a deepcr study of such aspect in the design process. 

Keywords: Confiabilidade, Disponibilidade, Processo de Prl~jeto I Reliability, Availability, Design 
Process. 

COB960 IDENTIFICAÇÃO DE PARÂMETROS UTILIZANDO FILTRO DE 
KALMAN I PARAMETERS IDENTIFICATION USING KALMAN FILTER. 

Jônatas Araújo de Lacerda Júnior & Natanael Victor de Oliveira. 
Deparwmenro de Engeullllriu Mecânica. Universidade Federal du Pumí/Ju UFPIJ - Cumpus 11 - Cwnpina 
Groude- CEI' 58./09-970- Campina Grande, /Jmsi/- f<-'-muil: jomu!jc <ô' n:r. ufjJb.br 

A parameters estimation tecnics of mechanics svstems in the time domain was investigated. 
For that, was utilized a mass-spring-viscous damper system with one freedom degree which oscilat
ing around the equilibrium point. Werc proccssed simulations with the Schrocder's sequencc hannon
ics phased. Was analiscd rclationcds points with the discrctization system and was compared the 
results with the simulations theoretics results. Were commented thc conjunction efficicnce betwcen 
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Kalman filter and Lhe instrumentais variablcs cstimator with that results obtained by instrumentais 
variables and thc lcast squarc mcthods also. 

Keywords: Kalman Fi/ter, Instrumentais Variables. Estimation, Conjunction, Dynamics Systems 
Filtro de Kalman, Variâl'eis Instrumentais , Estimaçiio, Conjunçiio. Sistemas Dinâmicos 

COB962 CONCEPÇÃO, PROJETO E OTIMIZAÇÃO DE UMA MÁQUINA 
PARA BENEFICIAMENTO DE AMENDOIM I CONCEPTION. PRO
JECT ANDA MACHINE TOOL BETTEI?MENT TO SHELL PEANUTS 

Max César de Araújo, Odilon Reny Ribeiro Ferreira da Silva & 
Natanael Victor de Oliveira 
Deparrwueu/11 de l:"n~:enlwria Men1nica. Ce/11/ "() de Ciê11cias e Teowi"Ritt - UFPB - Cwupitlll Gra11de CEP 
5fU09-970 Campina Gmnde. Bmsil- E -11111il: j()ntl/!jc@ccl.UFI'B.hr 

This projcct has the goal of showing an alternativc mcthod of peanuts shelling to small and 
medi um producers. This is one of Lhe proecdures that takes very mueh manual work in northeastern 
Braz il nowadays. For Lhis reason il was dcvcloped a electrical mcchanical device based on a manual 
devicc in order to shell peanuts. Satisfiable results were broughl oul considering shelling capacity, 

grain brcakage and grain and shell separution whcn compared to manual device. 

Keywords: Conception, Meclulllical del'ice bellermelll, Maclrine to//, Crain improvemem, Peanut. I 
Concepçcio, Otimizaçiio, Máquina, /Jenejiciamento, Amendoim. 

COB1002 PROJETO CONCEITUAL DE UM REATOR PILOTO PARA PROCES
SAMENTO DE MATERIAIS METÁLICOS POR PLASMA I CONCEP
TUALDESIGN OFA PILOT I?EACTOR FOI? METALL/C MATEI?IALS PLAS
MA PI?OCESSING 

Luciano Antonio Mendes, Vilson .João Batista, .Joel Louis Rene Muzart, Aloísio Nelmo Klein & 
Nelson Uack 
Deparlwnenr" de Dt!iell!taria Menlnint. UFSC- CEP 1\IW.f().CJOO. F/"rittiiiÍp"lis. SC. Brosi/ 
E-lllllil's: Intendes@ !il"l/llle.u(H:.br: barislct@ lalmwl.L!f.\·c.br: j"e/@!almwr.u(I"C:.br; klein@ /almwf.L!('c.l>r; 
/)(tck @ei/IC.l!(.\·c.br 

This paper presents Lhe development or Lhe conceptual design of a pilot reactor for metallic 
materi a is plasma processing. The uscrs and design requirements or Lhe reactor were established bascd 

on thc rcsults obtained from researchcs dcveloped at thc Materiais Laboratory I Plasma Division I 
UFSC, with emphasis on plasma sintering or metallic materiais. To Lhese informations were applicd 
organization and classification methodologies , such as thc quality function dcployment QFD, to define 

and cstahlish thc nrdcr or priorities or design specifications. Based on these specifications and using a 
functional analysis mclhod, a runctional rnodcl was developcd, containing the rollowing mnin parlial 
functions: vacuum gencration; energy supply; gas rnixlure supply; process containmcnt; structural func
tion; proccss control. This functional model promotes an clcctrical clischargc cnv ironment in abnormal 
regime having thc processing componcnts as the cathodc, in wich a set o r parametcrs, such as pressure, 
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temperature, gas tlows, voltage and current ar'? controlled during the process cycle, in order to repro
duce the route that ensures the desired prop'?rties in the final product. From the functional model was 
built a morphological chart to generate alternative conceptions anel these conceptions were submittecl 
to a selection proceclure to define the most suitable conceptual solution for the reactor. 

Keywords: Projeto de reator; Plasma; Sinteriwçiio; Metodologia de projeto I Reactor design; 
Plasma; Sintering; Design metlwdology 

COB1313 GARRA MECÂNICA FLEXÍVEL PARA MANIPULAÇÃO DE OBJE
TOS COM DIVERSAS GEOMETRIAS/ MANIPULATION OF NA OBJECT 
WITH VAR/OUS GEOMETRIES BY THE ELASTIC MECHANICAL HAND 

Luiz Heleno Moreira Duque 
Programa de Engenlwrio Oceânico - COI'I'EIUFR.I. 2/9.f.5-<J70 - Rio de .!oneiro-R./ - Bmsil - E-mail: 
duque @feg.ulu'sp.l>r 

Tamotsu Hirata 
Departamen111 de Men1nica FEG/UNESI'. 12500-000 - Guomtinguetú-SI' - Brasil - E-11111il: 
11111/0ISU@feg.wle.l'p./Jr 

This work has the proposal to make a clesign, to manufacture a prototype anel evaluation the 
operational conclitions of a flexible mechanical robot hancl clestinecl to grip in lhe "tweezers way" anel 
to grasp object with various geometrical forms, like the correlatecl movements of the human hancl. 
Some clifferent configuration of lhe elastic fingers were evaluatecl in terms of the manipulations capa
bilities. An experimental anel theoritical evaluations of the eiTector positions were were performecl, 
respeetively, by the prototype model and the large deformation beam moclel. lt was concluded that the 
results of the work were successful. 

Keywords: Elastic mecanical hand, mwúpulation capabilitv, End eff'ector position, Degign. 

COB1320 ANALYSIS AND DESIGN OF A MACHINE FOR STEEL WIRE 
INDENT A TION 

A. A. Rojas Salgado 
Deporrament11 de lngenierío Mecânica. Facul/({(1 de lngenierío. UNAM 
Apartad11 P11stal70-256. Cd Unil'ersiraria. O.f-510 México. D. F .. México- E- mail: 1/tll}as@servidor.wuii//.IIIX 
L. Hernández Anda 
Centro de Asimi!ocilín Tecn11lrígica, Focu!wd de Estudios Su1>eriores Cuoutitlún. UNAM. Cuoutitfâll /zcalli. Fdo. 
de México, México. 

The Theory of Elasticity is appliecl to the Mechanics of the Contact on this paper, the equations 
for knowing the magnitude of the forces in the inclentation processare clevelopecl. The pressures, that are 
generated upon producing the notches, are calculatecl baseei on the mechanics of the contact anel the 
boundary conditions as well as the propcrties of the material. The purpose is to apply these equations for 
the designing of the lndentation machine. The equations that clescribe the behavior of the stress in thc 
edges of the notches of the indenter roller are usecl to compare the strcss when its angles changcs. 

Keywords: Mechanics of' contact, Theorv o( Elasticity, Elastic lwlf-space. lndentation, Finite 
Element. 
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TEMA 92 - Controle de Sistemas 

COB107 MAXIMUM ACCELERATION TRAJECTORIES FOR SUPERSONIC 
FIGHTERS 

Pedro .José de Oliveira Neto 
Instituto de Aeronáutica e EsJ!Uço/ASA -L- CTA- CEP 12228-90.J Süo José dos Campos, SP, Brasii
E-mail:pjdemleto@ax.apc.org 

Sandro da Silva Fernandes 
Departamellfo de Matemática, Instituto Tecno/iígico de Aeronáutica- CTA - CEP 12228-900 Süo José dos Campos, 
SP, Brasil- E-mail: smulro@ie(ifil.cfil.br 

This work presents lhe application of lhe finile diffcrence indireet method (also called relaxation 
method) to solve the Two-Point Boundary-V alue Problem (TPBVP) originated by the determinalion of 
supersonic fighters' maximum acceleralion trajectories, when stated by the Pontryagin Maximum Principie. 
ln spite of the problem's complexity, lhe method fitted well. 

Keywords: Finite D([j'erence, Fliglzt Meclzanics, Optimal Contro/, Performance Prediction, 
Traject01y Optimization/ D(j'erenças Finitas, Mecânica do Vôo, Controle Ótimo, Prediçâo de 
Desempenho, Otimizaçâo de Tmjelórias 

COB136 CONTROLADOR DE MÁQUINAS-FERRAMENTAS DE ULTRA
PRECISÃO I CONTROLLER OF ULTRAPRECISION MACHINES TOOLS 

Osvaldo Tadatomo Oshiro, Onofre Trindade .Júnior e Arthur José Vieira Porto 
Depanamento de Engenharia Mecânica. Escola de Engenharia de Süo Carlos (EESC- USP) 
Av. Dr. Carlos Botelho, 1465- Caixa Postal359 CEI' 13560-970- Süo Carlos, SP e-mail: oshiroot@sc.usp.br 

This paper describes the use of a new parallel computer architecture, aimed at complex n;al 
time contrai applications, such as ultraprecision machine too! controllers. Its implementation is based 
on the TMS320C40, a Digital Signal Processor from Texas lnstruments, allowing for fast inter-proces
sor eommunication and high performance computing. Standard commercial eontrollers present sám
ple times around I O ms. Using the new architecture, sample times lower than 25us and positioning pre
cision of I O nm o r better are possible. The controller software is based on the classieal theories for 
analog proportional, integral and derivative control. Current work is on the porting of the controller 
software to the new architecture. Preliminary results have demonstrated its feasibility. 

Keywords: Con/roller, TMS320C40, Pamllel Arclzilec/ttre, Ul!mprecision, wul Maclzine Too/ 

COB168 IDENTIFICAÇÃO E CONTROLE DE PROCESSOS ATRAVÉS DI~ 
ALGORITMOS GENÉTICOS E ESTRATÉGIAS EVOLUTIVAS I 
IDENTJFICATION AND CONTROL OF PROCESSES VIA GENETIC ALGO
RITHMS AND EVOLUTION STRATEGIES 

Leandro dos Santos Coelho & Antonio Augusto Rodrigues Coelho 
Departamento de Autolliii('Üo e .'l'i.l·tellll/S, UFSC, Caixa Poslil/476 
CEI' 88040.900 F/orimuípolis. /Jmsil-lc'-mail: {lscoellw; aarcj@lcmi.ufú·.hr 
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ln this paper. severa! cvolutionary compulation paraoigms in process ioentil"ícation ano con
trolare utili zeo . The following methooologi~s are aooresseo: i ) gcnclic algorilhms (with fl oating point 
representation), ii) hyhrio algorithms composed hy genelic algorilhms wilh simulateo annealing. and 
iii) evolution strategies (without and with self-adaptation mechanisms). Experiments in identification 
were conducted in mono-tank levei and temperalUre processes. Experimental control tests werc eval
uatcd in a non-linear levei proccss, composed of couplcd twin-tanks, which was submiltcd to rc ler
cnce change and load disturhancc. ln this conlrol implcmentation, thc cvolutionary computation par
adigms are utilizcd for tuning o r lhe ocsign paramctcrs ora monovariablc PlD controllcr. 

Keywords: Cenetic Algoritlulls, Evolution Strategies. Process ldentification. Process Colllrol, 
Practical Application I Algoritmos Genéticos. r;slralégias EvoluliPas, ldelllificaçüo de Processos, 
Co111role de Processos. A111icaçiio Prálim. 

COB221 MOTION CONTROL OF A BIAXIAL MACHINE TOOL USING A VER
SATILE CROSS-COUPLING CONTROLLER I CONTROLE DE MOVI
MENTOS DE UMA MÁQUINA-FERRAMENTA BIAXIAL USANDO UM ALGO
RITMO COM EIXOS ACOPLADOS 

Helder Barbieri Lacerda(':') & Eduardo Morgado Belo(* *) 
(*) Fabricmionwul Madline Design [)eparlment, Federal Unirersity o( Santa Maria 

CEP 97. 11 9-900- Sw1ta Maria. US. Brm.il- E-111/lil: ll elderhl @sc.usli.hr 
(* *J Mec/wnil:al Engineering !Jeeartlllellt. EESC. U11i1 •ersity <~( Silo Paulo 
CEI' 13.5fí0 -250 · Siio Carlos. SI'. /Jrazil - E-mail: IJelo@sc.II.I'JI.br 

This work dea ls wilh a lypc of cross-coupling conlrollcr applico lo control lhe machinc too! 
biax ial tablc molions. A spccial algorithm was crcatcd to pcrfonn wcll any kind of trajectory , linear 
and non-línear wilh constam or varying curvaturc radius ano corncrs. Thcrc is no necd lo makc any 
prcvious adjustmellls. ll utili zes information from thc intcrpolator ano axial positioning errors to cal
cu late the instantancous radius and cu rvawrc centre o f thc trajcctory and also, lhe contour crror. 
Moreovcr, il is able to changc lhe proportional , integral and ocri vativc gains of lhe controllaw. accoro
ing lo thc kino o r path. lt can bc put to work togcthcr wilh lhe machinc axial conlrollcrs, hclping thcm. 
The systcm is sirnulatco using a non-lincar machinc modcl which includes friction, back lash, cutling 
forces and the ballscrew clasticity. Thc rcspon se results are comparco with thosc of common PID's in 
order to analysc thc etTccti vcncss of thi s conlrollcr ovcr lhe systcm. 

Keywords: machine 10ols, cross-couplilzg molion colltrollers l mâquinasJerramenta, controladores 
de movimen/o com eixos acoplados 

COB228 ALTA PRECISÃO DE MOVIMENTO E MEDIÇÃO ATRAVÉS DE 
RECURSOS MECATRÔNICOS I HICH MOTION AND MEASUREMENT 
ACCURACY BY MECHATRONICS 

Oswaldo Horikawa 
Departamento de Engenharia Meu1nica. Escola l'olitéolica da Uni1•ersid111le de Srio Paulo - EI'USI' 
CEP 05501?-900 Srio Paulo, SI'. !Jmsil- E-mail: olwrikmv @u.l'll.br 
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The purposc of this work is to show hy two cxamples, that mechatronic techniques, i.e .. thc 
combined use of convcntional mcchanical technology with control, sensoring, actuation technology 
and technology relatcd to thc clcctronics and application of compu ter, it is possible to ohtain devices 
and measuring processes of higher accuracy, or with the sarne accuracy of convcntional one hut with 
a lower cost. One example deals about a controlled type air bearing that by using a piezoclectric actu
ator, a non-contacting sensor anda controller can activelly reduee rotation errors ofthe axis dueto dis
turbancc forces or profile error of bearing parts, aehieving an infinitc static stitlness and nanometer 
order motion aceuraey. The seeond cxamplc is ahout a mcthod to mcasure roundness of objects wilh 
a accuracy highcr than that of the rotary mcchanism uscd in lhe measuremcnt. 

Keywords: Meclwtronics. uir heoring. acti ve heori11g, IIWIÚm tiCCIImcy, mea.\·ure111ent accumcy I 
Mecatrônica, 1/WIIca/a ttr, 11/(ll/ca/ ativo, J>recisâo de lltovimen/o, J>recisâo de medíçlio. 

COB365 SIMULAÇÃO HÍBRIDA INTEGRADA COMO FERRAMENTA DE 
ANÁLISE DE PROCESSO E COMO ACEITAÇÃO DA PRODUÇÃO I 
HARDWARE-IN-THE-LOOP SIMULATION AS PROCESS ANALYSIS TOLL 
AND PRODUCTION ACCEPTANCE TEST 

Waldcmar de Castro Leite Filho 
Divis<io de Si.Hemus Esp"':iuis - Jmtiruro de i\ermuíuriw e Esporo- li\E/C/'i\ 
Depurrwnenro de Compururlio Uernlnica - Unil ·ersidade /Jm z Cubm 
CEI' 1222X-904 S<io José dos Cal/ljiiJ.,, /Jmsil- f-111ail: waldelllar@ase2.iae.c/ll .br 

lt is deseribed the application of a Hardware in the Loop Simulation as an analysis tool of a 
proeess with strong nonlincarities. Bcsides. the main result is thc asscmbly of the test heneh sueh that 
the components of lhe proccss can bc tested and qualified bascd on its global performance. The 
proeess is the control system of a rotating missile whieh uses on-off actuators. lt implies the existenee 
of a limit-cyele besides coupling between maneuver planes. The dynamie of Lhe proeess is very eom
plex whieh impairs the use o!' linear techniques of analysis. Thus, the best option is a simulation loop 
where the real components are prescnt: controller, actuator and sensor. Only Lhe flight dynamic is sim
ulated in an analog computcr. After the preparation of the test environmenl. Lhe bench can be used to 
vcrify lhe quality of the production of the control loop component s. 

Keywords: Simulation, Hardware in the Loop Simulatio11, Contml Svstem , Límit-Cycle. 

COB421 PROPOSTA DE UMA FERRAMENTA AUTOMÁTICA DE PROGRA
MAÇÃO DE CPs A PARTIR DE MODELOS MFG/ A PROPOSAL OF AN 
AUTOMATIC TOOL FOR PIWGRAMMING PCs FROM MFG MODELS 

Diolino J. Santos Filho & Paulo Eigi Miyagi 
Deparramenro de En~enlwria Mectlllica/Mecarríinica. Escola l'olirécllica da USI' 
CEP:0550X-900. Süol'aulo. SI'. /Jrasil · /:'-mail: diolillos@u.çp.br pemiyagi @usp.br 

The use ol· Programmable Controllers (PC) is one 'eflicienl way to realize lhe automation of 
industrial plants. ln this context. is very imponant the exis'tenee of a too! to program the eontrollers in a 
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rationai, sistematic and etTicicnt modc. ln this context there are severa! works that confirm that Petri net 
is a eftlcient technique to modcl and analyse di scrcte evcnt systems and, its derivation, the Mark Flow 
Graph (MFG) is a technique suitable to realize the control strategics. ln the current paper, we introduce 
an approach based on analysis and validation of the MFG model of thc control system (with a MFG sim
ulator, for example) that is translated to an apropriate program language of comercial controllers such as 
STEP5 (that is a program language used in Siemens' PC). The focu s is on the translator tool conccpt. 
With this tool is possible to develop structured STEP5 programs to PC that ensure the inexistence o f 
bumping and deadlock problems. 

Keywords: Programuwble controllers, Progrwnming Language. Sequential control, Petri nets, Mark 
F!Olv Graph. 

COB422 AUTOMAÇÃO DE UM SISTEMA DE RAMPA PARA EMBARQUE E 
DESEMBARQUE DE VEÍCULOS EM NAVIOS/ AUTOMATION OF A 
RAMP SYSTEM FOR SHIP LOADINC AND UNLOAD!NC OF VEHICHES 

Diolino .T. Santos Filho & Paulo Eigi Miyagi 
Departamento de Eugenlwria Mecânica!Mecatrônica. Esr:o/a Politémiw da UST' - CE/':05501'1-900. Silo l'aulo. 
Sf'. /Jrasil 
E-mail: diolin os@ usp.br f!CIIIiya gi@ usfJ.hr 

When do not exist a special port infrastructure, lhe most cummon way to realize lhe access o f 
vehi clcs in ships is trough a ramp system. One alternative to improve lhe etTiciency of this system is 
trough techniques of task automation. This papcr approach this problem through the application of a 
methodology for Event Driven Systcms design hased on Pctri nets. At rirst, a conceptual modcl of thc sys
tem is generatcd by using PFS tcchniquc (Production Flow Schema). Then, the dynamic behavior of the 
system is describcd by a llow of tokens in oriented graphs called MFG (Mark Flow Graph). Through a 
gradual refinement and interpretation procedure a detailed and consistem representation of the control 
strategies is obtained. Yalidation of the control strategies in the prcscnt case were carried out through sim
ulation analysis. Finally, the resulting control strategy mudei is translated to an adcquate language of pro
grammable controllers. The overalltests were carried out in a protutypc mudei ol.the ramp system. 

Keywords: Simulation, Hardll'are i11 the Loop Simulation, Conlrol System, Limit-Cycle. 

COB652 ANÁLISE E EXPERIMENTAÇÃO DE UM PROCESSO "FAN-AND
PLATE": ESTUDO DE CASO DE CONTROLE ROBUSTO VERSUS 
ADAPTATIVO/ ANALYSIS AND EXPERIMENTATION OF A FAN-AND
PLA TE PROCESS: CA SE STUDY OF ROBUST VERSUS ADA PT/V E CONTROL 

Henrique Simas & Antonio Augusto Rodrigues Coelho 
Deparwmento de !lu/IJIIIliÇiio e Siste11ras - Ce111m "l ecnolúgico - UI·~S'C 

C. P. 476- CEI' RR040-900 Floril/luípolis. Brasil- E-mail: {simas.aorc j @!cmi.llf.\·c .br 

The development of a small scale laboratory process can help di sc iplines to mect the practical 
requirements in studying control concepts. The fun-and-plate prototype, a nonlinear control sy stcm, 
was implemented in lhe Process Control Laboratory/UFSC and did not presenta good closed-loop per
form ance when elassical contro llers. such as PI and PlD, were utili zed inthe experimentatio n. ln order 
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to assess the applicahility ol· such proccss . in Lhe contex t of a school laboratory, a complete study and 
analysis of advanccd control tcchniqucs urc nccdcd. Thc implemcntation of predictive and robust con
trol stratcgies was carried out and adcquatc results have servcd as a base for this evaluation. 

Keywords: Lahumtoty education, sel(tuning cmztrol, robusr conrrol, nonlinear wzalysis, sysrems 
engineering I t:nsino em labomrório, controle ali/o-ajustável, conTrole robusTO, análise não-linear, 
engenharia de sistemas 

COB678 O USO DE CONTROLE H• NA ATENUAÇÃO DAS VIBRAÇÕES LA
TERAIS EM ROTORES FLEXÍVEIS 

José Francisco Ribeiro 
Deporrwnento de l:"nf.ie lllwrio Meníniw. Unil'ersidode Fedem/ de Uber!tíndio- UFU 
CEP 38400-902 - Uber!tíndio-MG. /Jrmil - f:'moi/: jri!Jeim@ufit.br 

This work studics the problem o r applying active contralto lateral vihration suppression in llcxi
hle rotors. Dueto the inherent uncertainties that appcar when formulating the rotor model and lhe fact that 
the rotor dynamical characteristics vary with the angular vcloeity, the use of robust H"" (Giover and 
McFarlane, I 9X9) controllers is proposed and implemented. Such controller is discussed, analyzed and 
evaluated using a case study. where numcrical simulations are done in order to test robustness, stability 
and performance. 

Keywords: R obus r Control- Rotor dwuullics- Vibmtions cutllrol - H• con/roller- Magnetic Cmztrol 

COB679 MODELING, EXPERIMENTAL IDENTIFICATION AND LQG!LTR 
CONTROL OFA MULTIBODY SYSTEM W/TH FLEXIBLE APPENDAGES 

Álvaro Manoel de Souza Soares, Luiz Carlos Sandoval Góes & Luiz Carlos Gadelha de Souza 
Deportamento de Enf.ienlwrio Meu/nico. Unil'ersidode Fedem! de Uberlândia- UFU 
CEP 3fi400-902 - U!Jer!tíndio-M(;, Bmsil - t-'moi!: jribeim@ufil.br 

This work shows simulational results of controlusing the LQG/L TR tcchnique. The system uscd 
was a multibocly structure composed hy a huh and two tlexible appendages made of aluminum whieh are 
linked to a DC motor <lllcl represents a satellite likc structure. The modcl used was ob-tained trough Lhe 
Lagrangian approach and the modcl discreti zation was done by Lhe assumed modes method. An expcri
ment assembled in Lhe dynamicallahoratories or !TA (Instituto Tecnológico ele Aeronáutica) was used to 
validate the analytical model. The experimental set up has four kincls of sensors available. One accelcrom
eter in the tipo r one of lhe aluminum beams, two strain-gages loc:.ued in known points of lhe beams, one 
tachometer signal which is provided for thc DC motor and a potentiomcter which measures the hub angu
lar position. A modal analysis o r thc system is shown and the experimental rcsults are used to valida te the 
analylical rnodel. To control this sys-tem a LQG/L TR technique was employcd. This kind of control tech
nique is suitahle for systems like this one that havc some uncertainties clue, for example, model dis
cretization. The aim of the con-trol is to drive lhe hub to an desired angular position. The results of beha
vior of lhe closed loop system with a reference trajeetory are alsoshown. 

Keywords: FI exibi e stmctures, Multihody systetll , Modal wzalvsis. Mudeling, Position Colllrol 

293 



AI3STRACT T92 

COB688 REGULAÇÃO AUTO-AJUSTÁVEL DE NÍVEL COM BASE EM 
ESTRATÉGIAS DE CONJROLE PREDITIVO: ESTUDO DE CASO I 
SELF-TUNING REGULATION OF A LEVEL SYSTEM BASED ON PREDIC
TIVE CONTROL STRATEGIES: CASE STUDY 

Ailan Celestino da Silva, .José Eli Santos dos Santos & Antonio Au~usto R. Coelho 
Departamento de Atllo/1/li(.'ÜO e Sislellws - Cenlro Tecno!tigico - UFSC - Caixa Pos!al 476- CEP 88040-900-
Floriwuipolis- se. Brasil- E-mail:{ allan;sl/II/IJS,'l/llrcj@lcmi.li(SC.br 

Predictivc contrai algorithms with diffcrent contrallcr dcsign wcrc compared whcn applied to a 
practical contrai problem. A case study of a laboratory scale levei pracess has been uscd to evaluate the 
eontrol algorithms. The design of caeh monovariable adaptive eontrol law utilizes predictive control and 
are bascd on minimum variancc strategy. Advanccd contrai tcehniques and idcntification of proccss moei
eis are useful in industrial applieations. A levei control system was used to compare four typcs of con
trollers: D. W . Clarke & P. J. Gawthrop ( 1975), A. A. R. Coelho et ai. ( 1988), K. Furuta et ai. ( 1989) and 
C. M . Lim (1990). Experimental tests were earried out to evalunte servo and rcgulatory bchaviour. fea
tures the tlexibility of each controllcr and closed-loop stability. 

Keywords: Process contro/, ldentification a/gorithms, Levei contro/, Predictive cmurol, Control 
equipment, Minimum variance control I Controle de processos, Algoritmos de ident(ficaçlio, Controle 
de nível, Controle preditívo, Equipamento de controle, Controle de variância mínima 

COB724 THERMAL CONTROL SIMULA TION OF A WIDE FIELD IMAGER 
FOR SPACE APPLICATIONS 

Célio Costa Vaz And Luiz Carlos de Moura Miranda 
lnslituto Nacional de Pesquisa.\· Espaciais - INPE - Departamenlo de Elelrl1niw Aeroespac:itli, Cx. Po.wal 515, 
/2201-970 St7o José dos CllllltJos. SI'. /Jmsil- E-mail: c:elio @dea.illJie.hr 

This papcr presents the results of thc simulation of the netive thermal control systcm of a Wide 
Field lmager (WFI) camcra to bc used on board of a low orbit satellite for emth resources observation. 
The objective of the simulation study was to verify if the active thermal control system could maintain the 
temperature of the optical unit, where the CCD sensors are located. insidc thc specified operational tem
perature range. Simulated rcsults show good agreement with mcasured tcmperaturc values during a thcr
mal vacuum test. ln orbit simulation results show thar thc active thennal contrai can maintain the CCD 
sensors' temperaturc inside thc specified opcrational range. 

Keywords: t:nergy; Sinw/atíon. ; Thennal Contml; Temperature; Matilematícal Modeling. 

COB803 DESENVOLVIMENTO DE UM CONTROLADOR ADAPTATIVC 
PARA MANIPULADORES FLEXÍVEIS COM INCERTEZAS DE CAF 
GAS I DEVELOPMENT OF AN ADAPTIVE CONTROL TO FLEXIBU 
MANIPULATORS WITH UNCERTAINTS PA YLOADS 

Eduardo Gildin, Lucas A. Moscato & Raul Gonzalez-Lima 
E.<r:ola Polilécnica da USP. Oepar/allll'll/o de lollgenllllria Mecli11ica. 
Av. Prof: Melo Momes 223 1. CEP.:05508-900, S<io Paulo. SI'. E-mail : egiltlill@usp.br 
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This articlc deals with the modeling and control of light weight tlexible manipulators. Severa! 
adaptive control stratcgies are compared with respect to the ability to handle abrupt payloads changes. The 
dynamic model of the a onc-link tlexible arm is obtained by Hamilton's Principie, using a tloating refer
ence frame. With a tloating rcference frame thc linearized equations of motion become uncoupled. These 
equations of motion have the advantage that optimal placement of actuators and sensors become straight
forward. The performancc of these controllers have been investigated throught numerical simulations. 

Keywords: Flexible Manipulators, Robots, Adaptive Co/llrol, Pole Placement, Flexible Links I 
Conto/e Adaptativo, Alocação de Pólos, Estruturas Flexíveis, Manipuladores Flexíveis .. 

COB834 CONTROLE MULTIMALHAS DE COLUNAS DE DESTILAÇÃO/ 
MULTULOOP CONTROL OF DISTILLATION COLUMNS 

Fernando Gonçalves & Wu Hong Kwong* 
Deparwmenro de En~-:enlwriu Química. Universidade Federal de Süo Carlos 
Via Wasilin[.:lon Luis. Km 235. CEP 13565-905- Slio Carlos- SP- Brmil- E-nwil: wu@power.l({sc:ar.br 
*Autor a quem devem ser remetidas as correspondências 

This work prescnts an application of thc Modified Biggcst Log Modulus Tuning method (BLTM) 
to a distillation column. Thc original BL T mcthod, developed for tuning multiloop PI controllers, is par
tially modified by proposing that initial adjustments of the SISO controllers can be made by the use of thc 
ISE-IMC-PID approach instcad of thc classical Ziegler-Nichols method. The simulation results obtained 
using rigorous mathcmatical model rcprescntation of the distillation column show the convenience of this 
method by yielding rcasonable scttings with a small amount of enginccring and computational efforts. 

Keywords: Multi/oop control, Controllers twling, BLT metlwd, Modified BLT metlwd, Distillation 
column 

COB969 DIGITAIS DE BAIXO CUSTO I STABILIZATION lN LOW COST DIGITAL 
PIEZOMETR/C POSITIONAL SENSORS 

Nicola Getschko & Roberto Keller Naddeo 
Departamento de En~-:enlwritt Mecúnica , Esw!u l'olitécnicu-USP- CEP 0550R-900 
A 11. Prof: Mel/o Momes 2231, Cidude Ullit•ersitâriu- St7o Puulo, Bmsil 
Depanume11to de Mutenuítiw- Centro dus Ciê11cim Exatus- PUC-SP- CEI' 01303-050 
Rua Marquês de l'ti!Willf.:UlÍ, III -- Süo l'uulo. Brasil 
E-mail: IIf.:e/.w:ilk@usJ>.br. llicoltr~-:@exutu.qnu:sp.lir, muddeo@usa./lel 

This papcr presents a ncw piczometric positional sensor stabilising system which is based on a 
software platform, instcad of thc conventional viscous and/or magnctic damping efftects. The software h as 
bcen designed to be used both in IBM-PC compatible micro-compu ter, using DOS environment, or in ded
icated micro-processar circuits. A complete comparativc analysis, by means of a case study, with the vis
cous and magnctic damping has hecn made and thc results have shown the software damping system -
SDS- using advantages. A rcsolution of 0.5 degrces, with a 0.5 s time responsc and 99% repeatability has 
been reached by thc SDS . 

.Keywords: damping, pendulwn, positiun, sensor, inagnetic, viscom, amortecimento, pêndulo, 
posição, sensor, magnético, viscoso 
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COB1154 AN INTEGRATED CONTR,OL STRUCTURE FOR SURGICAL ASSIST 
ROBOTICS FOR LAPAR.OSCOPY 

A.P. Slade,* .T.R. Hewit,* A. Cuschieri, T. Frank 
*Depart111ento(Applied 1'/iysics. Eleumnic llllll Meclwnicnl EnKineering. Uni•·ersity o(Dundee. Dundee. 
Scotland. DDI 4HN. U.K. E-ttlllil: A.P.Sinde@dundee.ac.rtk J.R.Hewit@dundee.ac.uk 
Ninewells Ho.fllital. Depart111e11t of'Surgery. Dwulee. Swtlwul. DOI 9SY. U.K. 
E-111ail: A. Cusliieri @dundee.nc.uk TC. Fmnk@duwlee.at:.uk 

Minimal Acccss Surgery. commonly known as kcyholc surgcry is rcvolutionising surgcry and has 
heen established as a m<'\ior complement to opcn surgery. lts growing popularity in rccent years, with both 
paticnts and surgeons. is duc to thc numcrous advamagcs it oiTcrs ovcr conventional surgcry. Thcsc 
include small acccss wounds (typically 5 or I O mm in dia meter), no forccablc rctraction of tissue or 
organs, shorter recovcry times and smallcr scars. However, these must be balanccd by Lhe incrcased com
plcxity lcading to longer operating times and thc nccd for evcn skillcd surgcons to undcrgo spccial train
ing in minimal acccss tcchniqucs. The problcms of Minimal Acccss Surgery can bc rcduced by using 
robotic systems and intclligent contrai and interface techniques. ln this papcr, thc authors dcscribc a fully 
integrated control structurc. with three diiTcrcnt command and control input systcms. which is uscd to con
trol a compact six degrcc ol· frccdom surgical assist robot. 

Keywords: Telemonipulator; Surgicol Robotics; Endoscope; Voice control; lntegration 

COB1190 V ARIABLE STRUCTURE CONTROL APPLIED TO LINEAR 
HYDRAULIC ACTUATORS 

Luís Gustavo C.O. Lopes' , Edson R. DePicri' & Raul Guenther .. 
I ú.t!J. Controle e Micro infimtuítiw. Departn111ento de 1\utottlli('ÜO e Sistellllts - CTCIU I·~~· c 
2 Deparlll111enro de E11genliurin Meuinim- CTC/UFSC 
3 Departa111en/O de Engenlwrin E.lénim e Si.,·tellws de Potência- CTIUFf'E 

The work presentcd in this paper is conccrned about robust control dcsign applicd to robots with 
hydraulic actuators. A cascadc structurc is uscd to decouplc thc mechanical dynamics from hydraulics. 
Once a linearizing control for thc hydraulic partis obtaincd, a sliding modc outcr-loop control is applied 
to garantee closed-loop perfonnancc. 

Keywords: Hydraulic ac/twtors, coscade control, variable stmcture. sliding 111odes, rolmstness 
!Atuadores. hidr'aulicos. controle e111 ca.w:aw, eslrutum l•ari'avel. 11111dos deslizantes, robustez 

COB 1332 INTERAÇÃO DO SISTEMA DE CONTROLE E A ESTRUTURA 
FLEXÍVEL DE UM SATÉLITE DURANTE TRANSFERÊNCIA 
ORBITAL I INTERACTION BETWEEN CONTROL SYSTEM AND FLEXI
BLE STRUCTURE OFAN SATELLITE DURINC ORBIT TRANSFER. 

Adenilson Roberto da Silva, Luiz Carlos Gadelha de Souza 
Def'arlantento de Mecânica Or/Jiwl e Conrrole. lnstiwro N{f(:ional de l'esqui.ws t·sfwciais - lN!'/:' 
Stio José dos CwttiiOS - C/Cf' 12227 - 010 .\'tio José dos CitlllfW. /Jmsil - adenilsrm @dent.illlle.br 
gadellw @dem. inpe.br 
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ln this papcr, thc intcraction hctwccn thc altitude control systcm and thc tlexiblc structure of an 
art ificial satcllitc during orbit transl"cr mancuvcring has bccn invcstigmcd. Thc satellite was modelcd by a 
rigid central hody with onc or more llcxihlc appcndages. Thc dynamics cquations werc obtainccl by a 
Lagrangcan approach. Thc llcxihlc appcndages werc trcatcd as a clampcd-frcc bcam and its displaccment 
was discrctizcd hy assumcd-modc mcthod. ln thc satcllitc transfcr mancuvcr a typical Hohmann proce
durc anda hurn-coast-burn stratcgy wcrc uscd, thc altitude was controlled by on-off controller. As a result, 
it was verificd that if any jct firc cycling ncar thc fundamental frcqucncy of tlcxible appcndages, a possi
hility ofthe intcractions hctwccn control systcm and llcxiblc structurc can cxist which could damagc thc 
pcrfonnancc of control systcm. Thcrcforc, as sccurity, in lhe control systcm dcsign a bandwidth with onc 
dccade bclow of first natural frcqucncy ol· lhe llex iblc structurc should bc uscd. 

Keywords: l!.'strutums Flexíveis. Sistemas de Controle, Transf'en~ncia de Órbita I FI exibi e structures; 
Control Systems; Orbil Tm11sjá 

COB1338 DYNAMICS AND DESIGN OF AUTONOMOUS ATTITUDE CON
TROL OF A SA TELLITE USING FUZZY LOGIC 

Rodrigo Guerra , Sandra S:mdri & Marcelo Lopes de Oliveira e Souza 
Natimwllustilute fin .S/)(I<'l' Nc.l'l'llrc!I -INI' t:- C!' 515. 12201-970. Silo .José dos CtiiiiiW·'- SI' - /Jraúl 
E-lllllil: gucrra@dciii.ÚIJW.In·: .\'11/tdri @ /cu ·.ifttJC.In; llllii'U' Ic> @dc!ll.illpe.!Jr; 

Fuzzy logic has rapidly bccomc onc of thc rnost succcssful of today's tcchnologics for dcvclop

ing sophisticatcd control systcms. With its aid. complcx rcquircmcnts may bc implcmcntcd in vcry sim
pie, casily maintaincd and low cost controllcrs, suitablc for small sate llitcs. Thc incrcasc of satcllite auton
omy is a continuing goal for improvi ng its pcrlúnnancc anel reducing its opcrations costs. One approach 
to this autonomy is to use fuzzy logic in thc controllcr, spccially undcr modeli ng unccrtaintics, which has 
severa! f'catures that makc it a uscfu l too! for mancuvcr automation. This cun·ent analysis invcstigates thc 
use of a fuzzy logic controllcr to thc acquisition and control of rotation of a spin stabilizcd satellitc. lt is 
possiblc to control thc satcllitc motion around its spin axis through thc corrcct switching of two magnetic 
coi ls within spccificd ranges hy fine tuning lhe fu zzy control sct domains and by adapting thcm automat
ically to reduce e rror tolcrancc. Sue h controllcr is currcntly undcr dcvclopmcnt and its cffects on the satel
litc dynamics and control will bc discusscd and compareci with a classic controllcr in this work. Severa! 

advantagcs wcrc found undcr this approach. including simplicity, flcxih ility anel robustncss. 

Keywords: Fuzzy Logic Conlml; Satellite A11i111de Contml; Otlerational au/otWIIIV I Controle 
Nebuloso; Controle de Atitude de Satélites; Awonmnia Opemciotwl 

COB1339 SIMULAÇÃO DIGITAL EM TEMPO REAL DE UM SISTEMA DE 
CONTROLE DE ATITUDE MAGNÉTICO AUTÔNOMO DE UM 
SATÉLITE ESTABILIZADO POR ROTAÇÃO/REAL TIME DIGITAL 
SIMULATION OF AN AUTONOMOUS CEOMACNETIC ATJITUDE CON-
7'ROL SYSTEM OF A SPIN STABILIZED SATELLITE 

Silvam> Vargas Prudêncio & Marcelo Lopes de Oliveira e Souza 
In stitu to Nac:ional de l'esquisCI.\' l:'sJICiciais- INI'/:· 
Cx. Postal 5 15. CI:.P 12201-'Jlli - Selo Jose; dos CII IIIJitH. S I' . /Jrosil. 10-mtlil: s i/ vauo @dem .inpe.br; 
marce/o@dem. inpe.!Jr 
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This work discuss the praject and lhe real_ time simulation of lhe Altitude Control Systems-ACS 
of satellites with geomagnetic attitude contrai. !t has the first Brazilian Scientific Applieations Satellite
SACII as application, that will have an autonomous altitude contrai and will bc spin-stabilized with active 
spin rate and precession contrai thraugh magnetic torque coil interactions with lhe geomagnetic ficld . The 
work: I) shows how to use system intcgrated development tools such MATRIXX or MATLAB; 2) shows 

the mathematical model development with the system dynamics and thc controllcr praject and analysis; 
3) shows the system closed loop real time simulation pracess through language C software codification, 
and 4) shows the si mulations done so far. 

Keywords: Simulation!Simulação. Tempo Real/Real Time, Contmle de Atitude/AIIitude Com rol 

COB1342 UTILIZANDO O MATLAB PARA O CONTROLE DE UM SIMU
LADOR DINÂMICO EM TRÊS EIXOS/ USINC MATLAB TO CONTJWL 
A THREE AX/S DYNAMIC SJMULATOR 

Wilson Roberto Freire Rosa & Paulo Giácomo Milani 
Divi.l'tio de Mecâniw [:;,,pw:ial e Cmllmle - DMC. ln.l'tituto Nacional de l'e.l'qui.l'a.l' L:.'.lpaciais- INI'E 
Caixa Po.l'tal 515. CEI' 12. 20 1-970 S<io .José dos CWIIIW.I'. Sf' Bmsil 
e-nwil:lab@delll.inpe.br e lllilani@doll.illt'e. IJr 

This work presents thc description or an interl~tce software hetwcen MATLAB and a three axis 
dynamie simulator Contraves 53M2-30H. The host computer is an IBM-PC which eommunicates with the 
simulator by means of a dedicated interface specially built for this purpose. A software writen in C enables 
to command the si mulator exactly in the same way as if itthe command keyboard of lhe simulator eon
troller were used. An aditional set of routines that are not buill in the simulator colllroller like multi pie rate 

or position reads was also developcd. Based on both sels of routines it was developed an interface soft
ware with MATLAB that enahles the use r to access allthe contrai runctions o r the simulator dircctly from 
the analysis environmcnt ol'that software. 

Keywords: Real Time, lnteractive S<Jfiware, Allilltde Control, P!tvsical Sinwlation. Hardware inthe 
Loop Tempo real, S<!fiware Interativo , Controle de Atitude, Simulaçlio Física, Hardware em malha 

COBI492 MODELAGEM, SIMULAÇÃO E RESULTADOS DE UM EXPERIMEN
TO DE CONTROLE DE UMA UNIDADE TÉRMICA!MODELINC, SIMU
LATION AND RESULTS FOR A THERMAL UNJTY CONTROL EXPEHIMENT 

Agenor de Toledo Fleury 1,2, .Jefferson Eduardo Gizzi2·3, Hilário Marcos Koyama2•3, Marcelo 
Luís Alves Fernandez2.3, Marcos Andrade da Silva2.3 & Marcos Ribeiro de Castro2.3 
I Agn1pamento de Sistemas de Cont role. Divisilo de Mecâniw e Eletricidade- II'T 
Caixa l'osllll 0141 - C/oP OJIJ(,.f.970 Silo Paulo. SI', flmsil- E-111ail: agfleury@ipt./Jr 
2 Departlllllel/lo de Engenharia Mecânica. Escola Politécn ica - USI' 
Av. Pro( Mel/o Morais. 2253- CEI' 05508-901 Silo Paulo. SI', Brasil. 
3 Bolsistas de lniciur<io Cielllí{ico. l'rogl'l!Jlla I'ETICAPES 

This work shows the development of an experimelll implcmented at a Control Systcms 
Laboratory focusing Mechanical Enginecring students. The objctivcs to bc achivied with this equipment 
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nre to reinforce the importance of good dynamic modcls and to point out the limitations ofthe control sys
tem design in the ahsencc ol· a compatiblc dynamic model. The thermal unit is an aluminum box with 
removable internal chicancs lo modify internal air llow, und covered hy an ucrilic window, where, trough 
the use of heaters anda small fan,illlernal prcscribed tempcratures must be maintained at given leveis. As 
the thennal unit has a distrihuted parameter system behavior, lumpcd parameter models allow just mean 
temperature control vcry far from the control objective. The paper bcgins calling attention to the question 
of control education for Mechanical engineers, shows thc design and simulated and experimental control 
results achieved with lumpcd paramcter models to describe thc thermal unity behavior and analyes mod
ifications to he introduccd in lhe experiment in order to gel more realistic results. 

Keywords: Control systems, Themwl contml Svsten1s, Laboratory experiments. Mec!wnical 
Engineering Education 
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COB108 
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TEMA 93 - Instrumentação 

TORQUÍMETRO ELETRÔNICO PARA MEDIDA DE TORQUE EM 
EIXOS MECÂNICOS ROTATIVOS 

Mário Ricardo Gongora Rúhio & João Dragojevic Hosko 
hwituto de Pesquisa.~ Teowlrí~ iw.1· do E~llldo de Silo Paulo, orn: Cidade Ullil'ersitârio. AS. O .. /Jutwllil, CEP -
05508-901. Silo Paulo. S.P., /Jrasil. e-mail: Nf/1/~IIJWII@ ijii./Jr 

A low cost, small wirclcss static and dynamic Iorque measuremcnt strain gagc bascd instrumcnt 
was designed and implememed. This approach is spccially suitcd ror rotating sharts or ships, industrial & 
household machincs and land vehicles. Strain associatcd to this mcasures is oftcn very low, so wc propose 
a method using scmiconductor piezorcsistor strain gagcs to obtain higher scnsitivity with a simplc com
pensation for apparcnt strain due to local tcmperaturc ehangcs in shaft. 

Keywords: Torsion -Measurement, Semiconductor Stmi11 Gages, Telemetry, Temperature 
COIIlJJensatioll. 

COB 153 MEASUREMENT OF RESIDUAL STRESSES BY THE INCREMEN
TAL HOLE-DRILLING TECHNIQUE USING THE TRANSMISSION 
FUNCTION METHOD 

Gerard Chalant, Sylvie ldrissi, Theophile Mehinto 
La/Joratoire "Méc:o11ique. Matériaux. Environnement". Fcu:ulté de 'J'ecluwlogie ele Guyane Université des Antil/es 
er de la Guyone /JP. 792. F-9733 7 CA YfNNE cede.r. Guiana Frmu:e.w . L-mail: gemrd.dw!wJt@univ-a~Ji' 

Residual stress state may cxi st in a Jargc varicty or mcchanical parts of industrial mcchanisms 
and is vcry common. Thc origins of this residual strcss state are numerous andare mainly duc to mater
ial clahoration processes and to body part shaping. Residual stress statc must be wcll known in o rder to 
bc ab le to make <1 proper calculation of mechanical resistance of lhe hody part. Severa! experimental 
methods exist so that residual slress state detennination can hc pcrfonned. Those methods are su rfaec 
oncs (X-ray diffraction tcch niquc) or destruetive and rcstri cted to uniform stress st<Ites (hole-drilling 
technique). Mcthocls suitable ror determining stress gradient ha ve heen dcrived from hole-drilling tech
niquc hut usually complcx caleulations are requcsted for this purposc. The method presentcd hcre is 
based on a normalizcd unique experimental strain variation runction called Transmission Function . Onc;e 
dctcrmincd, this function allows easy step hy step calculation of the stress gradient. 

Keywords: Residual Stresses, Hole- DrillinK Tecluúque. Stres.1· Gradient, lncremenwl Metlwcl, 
Tmnsmission Function 

COB190 DELIMITAÇÃO DO CAMPO DE UTILIZAÇÃO DE UM GERADOR 
PERIÓDICO DE PRESSÃO / DELIMITATION OF THE FIELD OF APPL/
CA T/ON OF A PERIODIC PRESSURE CENERATOR 

Alberto C.G.C. Diniz, Fernando .1. R. Neves & Danilo .J. Santos 
DeJ)(trlamenw de /:'tt~en!Jaria Meccínim. Universiclacle ele /Jro sília, 70910-900 /Jrosi/ia- /)J-'- /Jrosil - L'-lllail: 
f emando @enm.wtb.br 
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This prescnts rcccnl results obtaincd for the characlcri zation of a Periodic Pressurc Gencrator 
developed for the dynamic calibration of prcssure sensors and transducers in the range of up to 35 
mbar, using a sinusoidal cxcitation signal. Continuing prcvious research on this pressure generator, the 
calibralion procedurcs, and the dynamic characterization of lhe pressure generator were now done with 
the aid of a dynamic signal analyzer. Use of the analyzer showed that lhe operating range of the gen
erator is larger than the rcsuhs l'irst presented indieated. On lhe other hand the reli ability of the cali
bration procedure was incrcased. whil e the procedures themselves were simplified by the use of the 
analyzer. 

Keywords: lnstrumeHtação; Calibraçiio; Metrologia Dinâmica; Sensores, Pressão / lnstrumentatioH; 
Calibration; Dynu111ic Metrology; Sensors; Pressure 

COB259 DESENVOLVIMENTO DE UM RADIÔMETRO ELIPSOIDAL DE ALTA 
SENSIBILIDADE I DEVELOPMENT OF A HIGH-SENSITIVITY ELL!P
SOIDAL RADIOMETER 

Amaury Roteger De Oliveira 
!PT - fllslifllto de Pesquisas ·renw/ligica.l' do l:'swdo de Süo Paulo S.A. - Di•·i.wio de Mecâ11ica e f:letricidade . 

CEI' 05508-90 1 - Süo !'ou/o · SI'- /)rmil · E-1/lail: aro/ger@ipl.i>r 

,Jurandir ltizu Yanagihara 
EPUSP - Escola l'olitéclliw da Ur/Í\'ersidade de Siio Paulo - Depanwuento de Ell!{enlwria Mecârlica - CEI' 
05508-900- Siio !'auto - SI'- /Jrosil; E-uwil: jiyarwgi@usp./Jr 

Thc main objective or this work is the development of a high-sensitivity and low-cost cllip
soidal radiometer for measurement o r total radiation. The ellipsoidal cavity has an appropriate geom
etry and high-refleetivity surface so that ali incidcnt radiation is foeuscd on a hcmispherie sensor con
nected to a diffcrcntial thermocouplc. From lhe generated thermoelectri c voltage it is possible to eval
uate direetly lhe incident racliation power through a calibration procedure conducted using a black
body cavity. We achievcd a radiometcr sensitivity that is three times larger than the similar instru
ments in the markct. lt is also worth noting that ali material used in this instrument can bc purchased 
anywhere with low cost. The main applicati on for the radio meter is the measurcment of total radiation 
in furnaces and other high-tcmpcraturc industrial equipments. 

Kcywords: Tltemwl mdimion, to/iii lu:mistJherical radilllion , themwl radiometer, ellipsoidal 
radiometer, di[ferentialthermocouple. Radiaçiio tér111icu, radiaçiio total hemi4'érica, radiômetro tér
mico, radiômetro elipsoidal, temwpar di{'erencial 

COB352 CALIBRAÇÃO SEMI-AUTOMÁTICA DE BALANÇAS PARA TÚNEIS 
DE VENTO EMPREGANDO REDES NEURAIS ARTIFICIAIS/ SEMI
AUTOMATIC CA LIBRATION OF WIND TUNNEL BALANCES USING ARTI
FICIAL NEURAL NETWORKS 

Laurizete s, Camargo & Takashi Y oneyama 
Divistio de l:."n!{enlwria Elelrrinica. lnslilu/o Temo/úgic:o de AeroiuíUiica · IT!I 
CEP 12.228-900 Stio José dos Clll llfJ/JS- /Jrasi/- e-mail: laktaili@ila .c:la.br 
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This work is concerned with a semi-automatic calibration procedure using artificial neural net
works for wind tunnel balances . The adopted structure is suited to a large variety of wind tunnel bal
ances, from one to six dcgrees of freedom:Thc proposed procedure was applied to a piramidal bal
ance with six components. inst alled at the windtunnel TA-2 of Centro Técnico Aeroespacial. The 
estimates of the aerodynamic loading that appear on thc test model are obtaincd dircctly as thc output 
of an artificial neural network. 

Keywords: Neural Networks, N(m-Linear ldentificatioll, i11strwnenl Calibraiion , Windtwmel, 
Bala11ce, Redes Neurais, ldeHt(jicaçiio Niio-Linear, Calibraçlío de fll strumen/os, Túnel de Vento, 
Balança. 

COB527 WO-PHASE FLOW TOMOGRAPHY USING A 8-ELECTRODE ELEC
TRICAL CAPACITANCE SENSOR 

Luiz Felipe Mendes de Moura, Flavio Tamhellini & Francisco Antonio Helo 
Depar/alllelllo de En;:enlwria Térmica e de Fluidos. Faculdade de Engenharia Menlnica- UNICAMPIFEM CEI' 
13.083-970 Ca111pi11as. Brasil - E-mail: .fi:lipe@fenl.wlietll/1!'-hr 
*Cenlro de Tecnolo;:ia, Uniw:rsidade Federal da Pamíha - UFP/JICT JIJ(io Pessoa, Brasil 

This paper describes an electrical capacitance tomography (ECT) system for imaging of two
phase tlows. The capacitancc sensor was built with eight electrodes around an insulating pipe. ln the 
proposed capacitance measurement system, whcn an elcctrode is an cmitter, the seven other electrodes 
are reeeivers, leading to a parallcl reading tomography type. For a 8-electrode sensor. there are 28 
independent rcadings. ln order to improve thc mcasurcment systcm time rcsponse, a new electronic 
transducer was developcd that supports excitation frequency up to I O M Hz. The proposed ECT sys
tem was tested for both st ratified and annular air-watcr tlows. A linear back projection algorithm w<Js 
used to reconstruct the cross section imagc ol' the two-phase flow from thc measurcd c<Jpacitance val
ues. The reconstructed fl ow images obtained using thi s algorithm wcre compared to the real two-phase 
flow distributions. Filtcring tcchniques werc applied to the back projection algorithm in order to 
improve the reconstructcd flo w imagc quality. Limitations and possible future improvement s of this 
technique are also discussed. 

Keywords: Two-p/wse .flmv, To111ogmphy, Capacita/Ice sensor 

COB629 QUALIFICATION TESTS OF THE EMB-145 AIRCRAFT MAIN 
LANDING GEAR 

lvanil Elisiário Hllrhosa and Maurício Pazini Hrandão 
Irwiluto de AemlllÍIIIictl e f:'sl){l(.·o - IA E, CenTro Técnico Aeroes1mcial- CT!I 12221!-90-./, Stio José dos Ca111pos. 
SP, Brazil- pazini @aer.iltl.cltl.brwul 
Clóvis Salvador Rihas 
Dil'i.Hio de Equiptlllleii/Os - EMBRAER-EDE 12237-5--10. S<io José tios Clll llflll.l'. SI'. BmziiSI', Brazil -
pazini@aer. ifll.cla.br and 

This paper presenls lhe procedures, solutions and results found during lhe certification drop tests 
of the newest EMBRAER commercial aircral't, in ordcr to define the gear dynamic behavior while 
absorbing and di ssipating the airplane landing energy. Combined free drop conditions. referring to dif-
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ferent landing weights and vertical sink speeds have been reproduced in the Aerospace Technical Center 
by using a machine composed by a tower and a drop carriage. The specimen has been attached to the 
carriage and dropped from different heights to the ground, allowing the assessment of landings of vari
able severity. The gear attachment has observed the same conditions veritied on the actual aircraft 
assembling. The dynamic characteristics ob1ai11ed duri11g the tests have bee11 correlated with theorctical 
drop test curves prcviously simulated 011 computer. Thc rcsults have veritied the requirements defincd 
in the Brazilian Airworthi11css Certiticatio11 Rcgulations and uscd by the Industrial Fosteri11g a11d 
Coordination l11stitute, thc orticial airworthi11css authority. 

Keywords: Landing gear, drop test, cert(fication. 

COB649 SOME COMMENTS ON DISPLACEMENT MEASUREMENTS USING 
ACCELEROMETERS 

Ribeiro, J.G.T. 
Marerials llllli Meclwnica/ EnKilleeriiiK DefJ<IriiiU'Iil. !ME. Ct'P 22.290-270 !'raça Geneml Tibúrcio 80. Rio de 
Janeiro. R.J., /Jmzil 
E-. mail: d4jose @epq.illle. eh. hr 

Castro, J.T.P. & Freire, .J.L.F. 
Meâwllica/ E11Ki11eeri11~ Departme111. I'UC-f?io. CEI' 22.453-900 R. Marcfuês de S<io Vicellle 225. Rio de l allciro. 
Bmzil- E-mail: jrcasrro@mec.fJllc-rio.hr & jlfi·eire@mec.puc-rio.br 

Some problcms in mcasuring displaccme11ts using nnalog double integmtion of accelcration 
data are di scussed i11 this paper. The ma i11 proble m i11 usi11g a11alog doublc i11tegration is due to the 
nonlinear phase rcspo11se of thc doublc integrator a11d its tra11sient responsc that ca11 i11duce great 
errors. Thesc errors are u11 acceptablc when lhe purpose of thc measureme11t is to verify structural 
i111egrity, s i11ce damage is depende11t 011 lhe pcak a11d valleys of the waveform. ln order to quantify 
some of these errors, severai displaccme111 measureme11ts were made usi11g simultaneousiy double 
i11tegration of acceierali on data a11d a L VDT. These results indicare that accclerorneters should not be 
used to rneasure displacements unless the doublc integratio11 errors are eo11sidercd a11d appropriately 
corrccted. 

Kcywords: Measuremerlls, accelerometers, displacemellls, íntegratiunl Mediçiles, acelerômetros, 
deslocamentos, inte;:raç:âo 

COB662 TRANSDUTOR CAPACITIVO PARA MEDIDAS DE FRAÇÃO DI~ 
VAZIO EM ESCOAMENTOS BIFÁSICOS. PARTE 1: MODELAGEM 
E SIMULAÇÃO I CAPACITIVE TRANSDUCER FOR VOLUME FRAC
TION DETERMINATION lN TWO PHASE FLOW. PART 1: MODELING 
AND SJMULATION. 

M:mro Speranza Neto 
Dc'fWr/tlllle/llo de En~enlwrio Mect111ico - I'UC-Rio- E-moi/: III SII@meqwc- rio. br 

. This papcr shows lhe dynamic modc li11g and sirnulatlon of a two phase tlow capacitive trai1S· 
dut:er. This devicc, coupled lo AC bridge, is used to tlow ineas urcme11ts i11 pelroleum i11du stry a11d it 
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has good characteristics of electrical sensitiyity and low cost. A mathematical model for the capaci
tive transdueer and the complementary electrical circuit was developed and simulated with a com
mercial simulation program aiming the specification of its components and the analysis of the system 
behavior under severa! solicitations. 

Keywords: Sistemas Dinâmicos, /nstrumentaçüo, Medidores de Vazüo, Transdutores Capacitovos, 
Medidas em Escoamentos Bifâsicos. Dynamic Systems, /nstrumentation, Flow Meters, Capacitive 
Transducers, Two Plwse Flow Measurements 

COB663 TRANSDUTOR CAPACITIVO PARA MEDIDAS DE FRAÇÃO DE VAZIO 
EM ESCOAMENTOS BIFÁSICOS. PARTE II: CONSTRUÇÃO DO 
PROTÓTIPO E TESTES EXPERIMENTAIS I CAPACITIVE TRANSDUCER 
FOR VOLUME FRACTION DETERMINA TION lN TWO PHASE FLOW. PART II: 
PROTOTYPE CONSTRUCTION AND EXPERIMENTAL TESTS. 

Mauro Speranza Neto', .Jorge Dias Lage', Marcelo de Albuquerque Lima Gonçalves·' e Cláudio 
Barreiros da Costa e Silva" 
I Departamel1fo de Engenharia Mecânica- I'UC-Rio- E-mail: 1/l.m@mec.tJtlc-rio./Jr 
2/nstituto Tecnolrígico -I'UC-Nio- E-mail: jlage@l'enus.rdc.pttc-rio./Jr 
3 e 4 PETROBRIÍS!CENI'ES- DII'IDTEISEPROTE- te/: (021) 5986548 - ji1.r: (021) 59R6798 

This paper shows lhe construction and calibration procedures of a two phase !low capacitive 
transducer. This clevice, couplcd to AC bridge, is used to llow measuremenls in petroleum inclustry 
anel it has goocl characteristics of electrical sensitivity ancllow cost, but it is very sensitive to the ambi
ent pressure and temperalllre lluctuations and to magnetic fields too. We show how to insulateclthis 
transducer and keep it stable under these adverse conditions. 

Keywords: Sistemas Dinâmicos, lnstmmentaçclo, Medidas de l~'scoamento, Transdutores 
Capacitivos, Medidas em l~'scoamentos B!fâsicos. Dynmnic Svstems, lnstnunentation, Flow Meters, 
Capacitive Transducers, Two Phase Flow Measurements 

COB890 A LOW-COST PROBE TO MEASURE THREE MEAN VELOCITY 
COMPONENTS 

Marco S. A. Veludo Gouveia, .Jorge A. C. Chaves and André L. Amarante Mesquita 
Departamento de Engenllllria Mecânica, Centro Tecnolágico, Universidade Fedem/ do Pará - CEI' 66.075-900 
Belém- PA, Brasil- E-mail: gtdem@alllllliiii.C0/11./Jr 

This paper presents lhe clevelopment of a low cost multihole probe lo measure three dimen
sional flow-fielcls. Details of lhe construction of this prohe are presented as well as the material usecl 
to construct the prohe. The calihration methocl avoids the clilliculties of nulling or pressure halancing, 
as the tlow quantities are related to the hole pressures hy calibration. Experimental procedures and 
results are demonstrated. 

Kcywords: Flow Meosurement I Four-Hole Probe I Five-Hole Prohe 
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SISTEMATIZAÇÃO DA ANÁLISE DE ERROS NA MULTI
PLEXAÇÃO AUTOMATIZADA COM TRANSDUTORES PIEZO
ELÉTRICOS CONVENCIONAIS I SYSTEMATIZATION OF THE ERROR 
ANALYSIS lN THE AUTOMATED MULTIPLEXATION EMPLOYING CON
VENTIONALS PIEZOELECTRIC TRANSDUCERS 

Martim Blank' & C:~rlos Alberto Flcsch' 
Pww111bi- UNIJUÍ 
Cx. Postal: 14 - CEP 9821\0-000- l'wwm/Jiii?S. /Jra sil- E-mail: blank @detec.unijui.tclte.br 
2 - Depar/amento de Engenlwria Meulnic:ct. Uni~·ersidade Federal de San/a Catarina -U FSC 
Cx. Postal: 5053- CU' 88040-970- Floriwuipo!is!SC. Brasil- E-nwil: .f/escll@emc.uf:<c:.br 

ln thi s work is presented a systematization of the error analysis due to the multiplexation in 
conventional piezoeleclric transducers. The multiplexation can minimize instrumentation costs, but it 
is not common in lhesc lransducers. ln lhe use of lhe mulliplexation, measurcment errors are increased. 
The analysis of these errors is more cumplicate because lhe conventional piezoelectrie transducers 
quantify the output sign in electric charge. ln lhis works is reali zed an error analysis employing equiv
alent electrical circuit models and paramelers provided by manufaclurers. The rcsults de monstrare lhat 
the multiplexation can be advantagcous but rccommendalions must be followed. 

Keywords: Alllomed Measurentelll, Measuremellt Ermr, 1-'iezoe/ectric Tra11sducers, Acceleration 
Measureme11t, Multiplexio11, Alllonwçíio da Mediçcio, Erm de Mediçcio, Transdutores Piezoelétricos, 
Mediçcio de Aceleraçcio, Multiplexaç·cio. 

COB973 ANÁLISE COMPARATIVA ENTRE ERROS METROLÓGICOS 
DECORRENTES DA MULTIPLEXAÇÃO AUTOMATIZADA OBTI
DOS EM ANÁLISES TEÓRICA E EXPERIMENTAL I COMPARISON 
BETWEEN MEASUREMENT ERIWRS FROM THE AUTOMATED MULTI
PLEXION OBTAINED lN EXPERIMENTALAND THEORETICAL ANALYSIS 

M:~rtim lll:~nk' & Carlos Alberto Flcsch' 
I - De1wrtamenw de Teowlogia. Uni1•ersidwle Negional do Noroeste do Estwlo do Nio Gmnde do Sul, Campus 
l'ctnambi- UNIJUÍ 
Cx. Postal: 1./- CEI' 98280-000- l'anllllliJJlRS. /Jmsil- /O-mail: blank @detec.ullijui.tc!Je.hr 
2- Departame11111 de btgeulwria Mediuica. Unil'er.l'idade Fedem/ de Sauw Catarina -UFSC 
Cx. Postal: 5053 - CloP 88040-970 - Florianápolis!SC. /Jmsil - ,,._lllllil: .flesch@emc.uf.~c.hr 

ln lhi s work is realized a comparison belween resulls from experimental and theoret ical analy
sis, in the automatcd multiplex<ltion. ln some applications, simultancous measu rements of severa! 
meehanical magnitudes is ncccssary. Thc mulliplexation can reducc instrumenlat ion costs, allowing 
lhe use of only onc conditioning unil for severa! lransduccrs. Bul multiplcxers havc not ideal behav
iour, so measurements errors are introduced in measurcment chai n. Analysis of these crrors is criticai 
dueto laek of infonnations found in bibliography anel providcd by manufac lurers. ln this works is rcal
ized a theorclical analysis in mulliplexers wilh rcl;1y and semiconductor sw ilchcs. This anal ys is 
employcd clcclrical cquivalcnl moclels and paramclcrs provided by manufaclurcrs. The experimental 
analysis aimed lo measure paramcters of inslrumcnts and compare them with valucs supplied by man
ufacturers. By this way. il is evaluated thc suilability of lhe elcctrical equivalent model s. This works 
presents the modeling in lhe usual form and the results of experimental analysi s. 

Kcywords: /)ata Acquisitiou Syste111s, Autm11ated Measurel/lellt, Measurcment l~rror, Multiplexatimt, 
Experimental Researclt, Siste111as de Aquisiçtio de Si11ais, Autonwçclo da Mediçüo, Erro de Mediçiio, 
Multiplexaçrio, Pesquisa 1~\perimenw/. 
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COB1278 RESPOSTA DINÂMICA DE SENSORES DE TEMPERATURA 
ATRAVÉS DO DESMASCARAMENTO EM MEIO LÍQUIDO 

.João Nildo de S. Vianna, Alessandro Borges de S. Oliveira & Arthur Carneiro Neto 
Departwnen/11 de Engenltariu Meninicu. Unit·ersidade de /Jmsilia - fo'NM-Un/I 
CEI' 70910-900 /Jmsília - Hmsil- l:'-111ail: viwlna @enlll.l/11/J./Jr 

This work prcscnts a comparativc study bctween lwo mcthods for lhe generation of a step 
function temperalure signallo be used in the dynamic calibralion of lemperature sensors in liquid. The 
classic method, in which the sensor is rapidly immcrsed in a fluid al di!Tcrcnt lemperature, is compared 
with lhe umnasking mclhod. ln this melhod lhe sensor is placed in the fluid, but is isolatcd from it by 
a mask pressurizcd intcrnally. An cspecially designcd rolaling tank was used in thcse tests. The rcsults 
obtained have shown lhal, al least for a givcn typc of sensor, lhe unmasking method presents better 
results than lhe immcrsion mcthod. 

Keywords: Calibmçiío Dinâmica. Tempo de Resposta, Sen.wres de Tempemlllm, Mediçlio 
Transieure de Temperatura. 

COB1341 CONTROLE DE UM MULTIPROGRAMADOR VIA MATLAB I CON
TROL/NG A MULT/PROGRAMMEI? US/NG MATLAB 

Lourival Pereira de Lima .Jr. e Paulo Giácomo Milani 
Instituto Nacional de l'e.l'lllli.ws EsJwciais. Divisúo de Mec<iniw Espacial e Controle 
12.201-970 Stio José dos CC1111po.1·. SI'. Caixa Postal 515 . .fime:(0/2)325.6/RI . .fúx: (012)325.6226. e-111ail: 
milani@delll.illl'e.hr 

This work presents the software for the command or· an interface between a Multiprogrammer 
STD-85MP (a data acquisilion systcm) and thc MATLAB software. Thc communication bctwecn thc 
multiprogrammer and lhe host compuler (in lhis case an IBM-PC) is donc through a GPIB bus. Many 
different routines havc bcen dcvclopcd, at leasl one for eacb kind of multiprogrammer card availablc. 
The implementcd routines in thc fonn of MEX-files wcre developcd in FORTRAN. Thc syntax of the 
commands follows the synlax used in MATLAB. The objective of this implemenlation is to simplil'y 
the developmcnt ol' software for the control of expcrimcnts in the Physical Simulation Laboratory of 
thc Space Mcchanics and Control Division- DMC of INPE. This too! facilitales the dcvelopment of 
software at lhe samc time that it brings thc experiment data into the powcrful analysis and graphieal 
cnvironment of MATLAB . 

Keywords: Physical Simulation, Sojiware, Device Driver, Hardware ill the Loop!Simulação Física, 
Software, Acionador de Dispositivos, Hardware na Malha 

COB1448 DESENVOLVIMENTO DE UM SENSOR POROSO CAPACITIVO PARA 
MEDIÇÃO DE UMIDADE NO SOLO I DEVELOPMENT OF A POROUS 
CAPACITIVE SENSOR FOR MEASURING OF GROUND HUMIDITY 

Ramos Pinto, C. A. & Hiage, M. 
Deparramenw de E11ge11llllria Mecâ11ica - U11irersidade Federal de Uberiâlllliu 
Campu.f Su/1/ll Mtlllica - CEI' 38-100-903 - U/Jerhindia - MG - lo·-mail: carlosra@u{ii./Jr 
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ln this study was devclopcd a capacitivc sensor to mcasure thc relativc watcr mass prcscnt in 
thc soil. The sensor is hased in lhe ground water diiTusion into diclctric material. where thc capaci
tance of the sensor is reprcsenting the ground relativc water mass variation. The low intlucnce of the 
ground condutivity and tempcrature in de mcasuremcnts usin)! this mcthod justify the use of this tec
nics. Many gcometrit:al dimensions were used in the preliminary m.:asurement tcsts and the sensor 
with the bcst geomctrical t:haractcristics was huilt. Two sensor' wnc uscd in the expcriments. ln thc 
first, thc dielcctric was built with gypsum and the sccond with porous stonc. Thcsc instrumcns wcrc 
expcrimcnted and calibratcd with a balance to mcasure the ground rclative watcr mass variation. Plots, 
for elcctric tension versus ground rclativc watcr mass and capacitance versus ground rclative water 
mass werc designecl. 

Keywords: Growul Humidity (Humidade de solo). Hwnidity Measurement (Medição de humidade). 
Capacitive Sensors (Sensor capacitivo ). lrrigation (Irrigação). /nstrumentation (Instrumentação). 
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TEMA 94 - Automação e Robótica 

COB16 PREDICTIVE SENSOR GUIDED ROBOTIC MANIPULATORS lN 
AUTOMATED WELDING CELLS 

Adolfo Bauchspiess' & Sadck C. Absi Alfaro' 
GRACOIUnlJ - Alllomation and Contml Group I Utúversity o( /Jrmilia 
1 Electrica/ and 2Meclullliwl EnJ.iineerinJ.i Depts. - 70910-900- /Jrasflia I DF -IJRAZIL 
E-mail: bauchspiess@J.iraco.ullb.!Jr. sadek@f.iraco.ullb.br 

This paper presents an on-line tracking optimi zation scheme for sensor guided robotic manipul a
tors by associating sensor infonnation, manipulator dynamics and a path generator model. Feedback lin
earization-decoupling pcrmits thc use of linear SISO prediction models for the dynamics of each robotjoint. 
Scene interpretation of CCD-camera images generates spline fitted segments of future trajectory. ln the sen
sor vision tield the proposed optimi zation critcria minimizes the error between state variables of the pre
diction model and the state variables of lhe spline trajectory generator. These techniques, allied with sepa
ration of distu rbance rejection and path-tracking perfonnance by the proposed fced-forward Followi ng 
Model Predicti vc (FMP) servo-cont rolle r dcsign, pcnnits very high path tracking dynamics (and conse
quently small en-ors). Experimental rcsults on implementation of a CCD-camera guided hydraul ic robot and 
a welding robot demonstrates lhe practical relevance of lhe proposed approach. 

Keywords: Robotic s, Predic tive Control, Senso r guided Manipula to rs, WeldinJ.i Autom ation 

COB17 PATH GENERATION FOR A REDUNDANT SENSOR GUIDIW 
UNLOADING CRANE 

Adolfo Bauchspiess' & Sadek C. Absi Alfaro' 
GRA COIUn lJ- Autonwtio11 lllul Con rrol Group I U11ive rsity of' /Jrasilia 
! Eiectricalwui 2Mec:lwllical EIIJ.ii lleerill f.i Deprs.- 709 10-900 - Brasília I OF - lJRAZIL 
E-mail: bauchspiess@ f.iraco.ullb .br. sadek@ f.irllCO.llll b.!Jr 

The path generation for a redundant sensor guided coai unl oading crane is di scussed in thi s 
paper. After using much of task spccific knowlcdge to rcs tric t the possible Tool Cc nter Point tra-jec
tories to a fcasiblc subspace two approaches are anal y1.ed to optimi ze thc di g head trajcetory in this 
subspacc: a F uzzy Logic and a Dynamic Programming based trajcctory generation. Experimental re
sults are presented for a CCD-ca mera guidcd hydraulic manipul ator tracking an optimi zed unload tra
j .;-ctory. 

1\cywords: Trajec to ry Planning, Robo tics , Fuzzy Lo gic, Dynamic Programming. 

(OB28 LINEARIZAÇÃO EXATA DE UMA MESA POSICIONADORA PARA 
OPERAÇÃO SÍNCRONA EM UMA CÉLULA DE SOLDAGEM. ROBO
TIZADA 

Adolfo Bauehspiess, Getúlio Menezes Bento, Milton Siqucira 
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GRACO- Grupo de Autonwçtio e Controle- UnB- Depto. de En~:enlwria Elétrica - 70910-900- Brasilia I DF
BRASIL- e-11111il: baucltspiess @ene.unh.br 

At GRACO/UnB a two degrees of freedom positioning table is being developed for the already 
opcrating MIG/MAG welding cell. This cell comprises today a Migatronic MBH240 wclding equip
mcnt and an ABB IRB2000 wclding robot. Thc intcgration of thc positioning table with the welding 
eell requires synchronous move-ments, prefcrentially managcd by thc robot control system (S3- from 
ABB). Coneeption, project and simulation of lhe closcd loop controlled positioning table using non 
linear contrai tech-niques are discussed in this paper. Exaet Lincarization decouplcs and linearizes 
both degrees ol· freedom of the system. So it is possible to indepcndently track refercnce paths for each 
joint. The dynamics of the decoupled and linearized table is established hy a state space controller. A 
state observer is used to reconstruct the states that cannot directly be measured. Robustness of the pro
posed approaeh e<Jn hc seen from rcsults for dillercnt loading wnditions. 

Keywords: Exact Linearization. Non Linear Control, Robotics, Welding Auwmation 

COB62 AUTOMAÇÃO HIDRÁULICA E PNEUMÁTICA EMPREGANDO A 
TEORIA DE SISTEMAS A EVENTOS DISCRETOS I FLU!D POWER 
AUTOMATJON USING DISCRETE EVENT SYSTEMS THEORY 

Victor .Juliano DeNegri & Sergio Sarquis Attié 
Depar/l//J/eJi/0 de Engenlwria Mecúnica- UFSC. Lohorauírio de Sistenws Hidráulicos e l'neunuíticos, CepfiRO.J0-
900, Floriwuípolis- Se. IJrasil-lo- JIIIIil: lasllip@ elllc.uf.\T.hr 

This papcr discusses the design of automatic systcms composcd ol· hydraulic & pneumatic 
components. For a practical case of a discrete plant. the main modeling toai s available for the design
ers on hydraulic & pneumatie systems and automation are compared. Thc analysis emphasizes: a) the 
complcment between modcling tools that dcscribe function and behavior; h) lhe use of Grafcet dia
gram (IEC 848) for modcling discrete event systems; c) the possibility to use the supcrvisory control 
theory of discrete cvent systcms to solve logical problems during the design stages of conception, ver
ification, and modification. 

Keywords: Fluid pmver, alllmJwtirm, discrete systems. Grqf'cet; hidráulica, pneumática, autollwçiio, 
sistemas discretos 

COB195 SIMULATION OF ROBOT CALIBRATION PROCEDURES USING 
MODEL OPTIMIZATION UNDER OFF-LINE PROGRAMMING 

José Maurício S.T. Motta* & R.S.McMaster** 
*Departa111ento de Engenlwria Mecânica. Faculdade de Tecnologia - FT/UnB. 
70.910-900 Brasi/ia. /Jra?.il- f: -mail: jmnwlla@jozz. gnu:o.unh.!Jr 
**Sclwol of lndustrialwul Manu/iJUuriiJR Science. Cr<ll(/ield University 
MK43 OAL, CraJ(/ield, t :ngland- 1~·-nwi/: N.Mcmaster@aanfield.ac. uk 

ln this paper techniques are descrihed which allow thc i·obot calibration process to be simu
lated. This allows pre-tcst planning and optimisation to be studied rcsulting in an improvemenl in 
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overall system performance. By introducing random errors thc repeatability characteristics of both the 
robot under test and thc mcasurcment system are simulatcd. This givcs the opportunity to study dif
ferent numerical optimisation routines for the efficient identification of geomctric parameters used to 
describe the kinematic model of the robot. The ovcrall rcsult is an improved and optimised kinematic 
model giving considerablc improvement in the absolutc accuracy of the robot. 

Keywords: Kinematic model, robot ca/ibration, absolute accuracy, numerical optimisation, geome
tric parameters 

COB220 SOBRE O PROBLEMA DE OTIMIZAÇÃO DE TRAJETÓRIAS DE 
ROBÔS MANIPULADORES NA PRESENÇA DE OBSTÁCULOS I 
ABOUT THE PROBLEM OPTIMIZATION OF TRAJECTORY PLANNING 
OF ROBOT MANIPULATORS lN THE PRESENCE OF THE OBSTACLES 

Sezimária F- Pereira Saramago* & Valder Steffen .Júnior** 
*Deparramento de Matemática. **DeparwmentoLie Enjienlwria Mecânica 
Universidade Federal de Uberh1ndia- Bmsil- CEI' 3R400-0R9 - E-mail: 1'.\'te.fTeu®t!fit.br 

This paper prcsents two different stratcgies for the problem of off-line optimal trajectory plan
ning of robot manipulators in the presencc o r fixcd obstacles. Thc first strategy is rclated to the situa
tion where the task imposcs the trajectory to contain agi vcn number of points.The sccond strategy cor
responds to the case whcrc only thc initial and final points are givcn. The optimal traveling time and 
the minimum mcchanical encrgy of the actuators are considered togcther to build a multiobjectivc 
function. The obstaclc avoidancc is exprcss in tcrms of thc distances bctwccn potentially colliding 
parts. A simplc numerical cxamplc involving a Cartesian manipulator arm with two-degree-of-free
dom is described for the two strategics. 

Keywords: Robot numipulmor, Trajectory planning. Obstacle avoidance I Robôs Manipuladores, 
Planejamento de Trajetôrias, Presença de obstáculos 

COB351 PROPOSIÇÃO DE UMA LEI DE CONTROLE PARA ROBÔS DO TIPO 
SCARA I A CONTROL LA W PROPOS!TION TO SCARA MANIPULATOR 
ROBOTS 

Sebastião C. Pinheiro Gomes, Carlos C. Bier & Leandro S. Hellincanta 
Departamento de Malemtitica. Fundli(."Lto Ullil·ersidllde do Rio Grl111de ( FURG). 
Av. ltúlia Km8, CEI' 96201 -900. Nio Grlllule. e-mail dllllscpg @super..fiughr 

SCARA (Selcctively Compliant Aniculatcd Robot Ann) manipulators havc many applications at 
the present, mainly in the industrial domain. Generally, for ali manipulators it is necessary fast and well 
smoothed answers, wilh lhe minimum possible undesirable vibralions_ However, dueto non linear effects, 
mainly in friction form that exisls in the actuators dynamic (motor gear in most cases), there are severa! 
difticulties to track trajeelorics with rapidity and precision. ln this work we propose a eonlrollaw projected 
to overcome these ditliculties and lo provide more qualily in prccision, slahility, answer time and absence 
of undesirable vibrations, indepcndcntly of lhe amplitude levei in lcrms of commandcd final positions. 
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Keywords: Robot, modeling, actuator, .friction, cotllrol. Robô, modelagem, atuador, atrito, controle. 

COB353 PSEUDO-ODOMETRY FOR LEGGED ROBOTS 

Luiz de S. Martins-Filho 1 & Roland Prajoux 
l.AAS/CNRS. 7 Av. du Colonel Rocile. 31077 Toulouse Cedex .J. France 
e-mail: lmarlil!s@laas.fi'. pmjoux@laas.fi' 

This paper discusscs thc problcm of position and altitude determination for legged robots eon
trol arehiteetures. The proposed approach is a geometrie method providing a module equivalcnt to the 
odometry module found on wheelcd mobile robots. This pseudo-odometry module is part of a walk 
supervisor architecturc. Thc system is capable of fast adaptation to a wide variety of situations using 
rule-based reasoning to solve the problcm of force distribution and react to walk cvcnts. Thc main 
modules of this arehitccture are brielly describcd and thc pscudo-odometry mcthod is dctailcd. Finally, 
wc show a numcrical examplc of position and altitude dctcrmination. 

Keywords: Legged robots, walking robots, odometry, alllmwnwus robots, robot localization. 

COB354 DYNAMIC PERFORMANCE OF V ARIABLE STRUCTURE HYBRID 
CONTROL OF MANIPULATORS 

Abílio Azenha & .J. A. Tenreiro Machado 
Department o( Electrical wul Cmnjnller E!r~ineeri11~. Fawltv o( En~ineerin~ .. 
University ti( Porto. Rua dos /Jmgm·. 4099 Porto C(l(/ex. Portugal. f'lume: +351-2-317105. Fax: +351 -2-
200361013 192/W. E-mail: azellila@tolli.fe.up.pt. jtiiJ@je.up.pr 

this paper it is studicd thc implementation of a variablc structurc algorithm in the 
position/forcc hybrid control of robotic manipulators. Thc time and frequency responscs of the system 
are calculatcd and its propcrtics are studied. Moreover, thc cffect of thc controller sampling frequen
cy and the system stability are analysed through a linearization procedure. 

Keywords: Robotics. Manufácturing Systems, lnte/ligent Control. Variable Structure Systems, Force 
Control 

COB355 TRAJECTORY CONTROL OF REDUNDANT MANIPULA TORS 

J.A.Tenreiro Machado'~ & Fernando H.M. Duarte** 
* Faculdade de Engenharia da Unit,ersidade do Porto. Dep. de E11g. Electrotécllica e de Com;mtadores. 
Rua dos Bragas. 4099 Porto Cc"lex. Portu~al. Te/: +351 -2-20099 I 3. Fcr.r:+35 I -2-319280. Email: jtm@ fe.up.fil 
**Esc. Sup. Tecnolo~it1 Viseu- Dep. Matenuítica. CwnfWS l'olitécllico. 3510 Viseu. Portugal 
Te/: +35 I -32--1200500. Fa.r:+J5 I -32--12465 I. Email.:fduarte @gmovasco.ipt'.fJ/ 

This pnper prescnts thc fundamental aspccts of thc theory of the gencralized inverses matrices 
and explores their application on the control of rcdundant manipulators. Rcdundant manipulators have 
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some advantagcs when compareci to' classical arms because thcy allow a trajectory optimization, both 
on the free spacc and on thc presence of ol{staclcs, and thc rcsolution of singularitics. Neverthcless, 
for this type of manipulators lhe kincma,tic control adopts al gorithms that use generalized inverses 
matrices. Consequently, thc concepts associatcd with the control by gencralizcd inverses are tested 
through severa! experiments that reveal the ditTieulties that often ari se. ln this perspective, it is stud
icd the contrai or redundant and hyper-redundant manipulators namcly through the ana lysis in points 
of singularity, showing that wc may get non-optimal ann configurations. 

Keywords: Kinematics, Redtmdant Manipulators, Pseudoin verses, Robots, Singularities 

COB399 CINEMÁTICA E DINÂMICA DA PERNA DE UM ROBÔ HEXÁPODE 
I KINEMAT/CS AND DYNAM/CS OF ONE LEC OF A SIX-LECCED WALK
INC MACHINE 

Luciano Santos Constantin Raptopoulos* & Max Sueli Dutr:1** 
*Universidade Federal do Rio de Janeiro- Escola de !:.'n~;enlwria 

**UNESP - Ilha Sol feira - Depar/ll/1/elllo de E11~;enlwria Mectlnica 
C.P. 31- CEP 15385-000- Ilha Sol/eira- Süo Paulo- Brasil- L'-111ail: nw.r@ delllfeis.une.lp.br 

Thc moving mechani sms of the mobile robot are classified into lhe wheel system, lhe crawlcr 
system, anel the leg system, of which the leg systcm provi eles thc wiclcst range of movcment. The cvo
Jution of legged vehicl es has progressed significantly in recent years. These vehicles o ller the poten
tial of increased mobility for traversing rough terrai n. This paper describes lhe kinematical and dynam
ical analysis o f onc leg of a six-leggecl locomotor. Thc architecturcs of this leg and its clesign is pre
senteei. Thc dynamieal analysis is based in lhe method ol· Lagrange. Thc equations o r motions are gen
eratccl using the mathematical symbolie program MAPLE'. 

Keywords: robotics, walking nwchines, kinematics, d_l'llliiiiÍcs, gait, meclwnisms, legs, machine 
design 

COB400 MODELAGEM E CONTROLE DE UM ROBÔ HEXÁPODE I MOD EL
INC AND CONTROL OF A S/X-LECGED WALKINC MA CH/NE 

Max Sueli Outra'~* & Luciano Santos Constantin Raptopnulos* 
*Universidade Fedem/ do Rio de Janeiro- l:'sco/a de l:'n~;enlwria 

** UNES!'- Ilha Sol!eim- /Jeparramenro de l:'ngmlwria Mec<Íniur 
C.P. 31- CEI' 15385-000 -Ilha .'\'olreim- Süol'au!o- !lmsil- E-mail: 111/tX@denlfeis.unesp./Jr 

The evolution of lcggecl veh icles has progressecl significanlly in recent years. Thcse vchicles ollcr 
the potcntial of incrcascd mobility ror traversing rough lerrain. Thi s papcr describes the kincmatical analy
sis o r a six-leggccl locomotor. The architectures o r thcse legs anel its design is presenteei. The kinematical 
analysis (dircct anel inverse kincmatics) is maclc using the mathematica l symbolic program MAPLE'. 

Keywords: ro!Jotics, 1valking machines, kin ematics, dynwnics, gait, nreclwnisms, legs, nwchine 
design I robótica. nuíqui11as a//da/1/es, cinemática, dinâmica, modo de w1dar, meca11ismos, penra.v, 
projeto de máqui11as. 
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DESENVOLVIMENTO DE UM SISTEMA DE INFORMAÇÃO PARA 
PIPEFA I DEVELOPMENT OF AN INFORMATION SYSTEM FOR PIPEFA 

Renato de Campos "'· Mardus Fabius H. Carvalho u . .João Maurício Rosário ' 
(I) Labora!rírio de i\tllottlll("ilo e No!Jrílir:a. DI'M. FEM. UN/Ci\MI', Cllllll>inas-SI'. Brasil 
(2) lnsrilu/o de i\ulolllll("ilo. Fundaçilo Ce111ro 'f'ec:no/ríJ!,ir:o para a lnfámuírir:a, I?odovia D. Pedro I, Km/43,6 -
Caixa Posra/6/62- CU' 13081 -970- Callll>illlls-SI'. Brasil- lo'-lllllil: llllii'Cius@ia.cri.br 

This paper presents concepts and tools for information system design of production planning and 
contrai system of an experimental platfonn. ln the rirst phase of the methodology for the specification of 
database schcma (requircments analysis), lhe CIMOSA modcl, that covers the function, information, 
resourcc and organiz.ational aspects or an cntcrprise, is proposed. ln the sccond phasc (conceptual dcsign), 
is proposed the EXPRESS languugc or PDN-Ohjcct modelto specify thc darnbasc schcmn. 

Keywords: Modelagem de sis1e11w de illfimtw\·âo, 11Wdelagem de elllpresas, CIMOSA, EXPRESS, 
PDN-Object I lnfimnation system lllode/ing , e/1/etyJrise llwdeling. 

COB486 FERRAMENTAS PARA CONCEPÇÃO DE SISTEMAS AUTOMATI
ZADOS UMA APLICAÇÃO À PLATAFORMA INDUSTRIAL PARA 
PESQUISA, ENSINO E FORMAÇÃO EM AUTOMAÇÃO (PIPEFA) I 
TOOLS FOR CONCEPT/ON OF THE AUTOMATION SYSTEMS AN APPLI
CATION lN AN AUTOMATION INDUSTRIAL PLATFORM 

Emerson dos Santos Araujo, João Maurício Rosário & Antônio Celso Hunnicutt Cortada 
l_a!Jorlllrírio de i\ulolllll("r7o 111/l'gmda e I?oiJríricu - DI'M -FEMIUNIC!\Ml'. Ca11111ilws - SI', Brasil - To-mail: 
1'1/Sllrio@dpllljell/.lllliCIIIIIJI.iJI' 

This work will describe methodologics for intcgration of elemcnts of the Automation System of 
Production. This ideas will be applied ut severa! posts ofthe Industrial Platform to Researeh, Teaching and 
Formntion (PIPEFA), implemented at UNICAMP into a projcct of scientific cooperation to the LI ISI in 
France. The objective of thc PIPEFA platfonn is development ol' mcthods nnd tools for automation of 
small anel middle size induslry. 

Kcywords: AutmJiliÇÚo Industrial, Modeling, Modular Platfimn, PLC progmiiiiiiÍilg, GNAFCET. 

COB591 PROJETO AUTOMATIZADO DE MANIPULADORES MECÂNICOS 
FLEXÍVEIS/ AUTOMATED DES!GN OF FLEXIBLE MAN!PULATORS 

Alcy Rodolfo Dos Santos Carrara 
Deparramenro de b1genlwria 10/érrica. Fw:uldtule de Engenharia de .loinville- UDESC -.loim•i/Je 
CEI' f/9223-100 . .loinville. !Jmzil- ló- mail: t!ee2arsc@dn:.jéj .ude.w:.lir 

Eduardo André f>crondi 
Deplll'ltlllll!tllll de l:úgenllllritl Mecrlniw. Faculdade de l:'ngenl111ria- UFRGS- l'11rW Alegre 
CEI' 90050-1 70. l'orro Alegre, !Jmúl - "'-mail: lll!mtJdi @enu·.u(w:.hr 
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Industries havc suffercd with thc high operational cost of old industrial robots which are 
heavy, slow and havc low productivity. Thcr.e is a compromise between weight and rigidity which is 
the key for the success in the use of industr.ial m<.~nipulators. The ratio of payload to robot weight used 
to be around 5% <.~nd nowadays robots are reaching I 0% using lightweight structures. lt is proposed a 
computer tool that based on CAD designs can dynamically simulatc a robot manipulator of industrial 
complexity. The method used is to integratc motion cquations using RBSM (''Rigid Body Spring 
Models") and finite dillercnces. Gcometric nonlinearitics originatcd from the manipulator's mecha
nism are computed in a stable and economical manncr. Stress leveis and oscillatory motion can. there
fore, be analised and thc robot's architecturc is rebuilt in the CAD. Anothcr module to be developed 
for this Flexible Robots CAD is the controllcr simulator whcre control actions and actu<.~tor dynamics 
are introduced and analiscd by the dcsigncr. 

Keywords: Robô Flexível, Diferenças Finitas, Pr(Jjeto Automatizwlo, Ro/Jô-CAE./ Flexi/Jie Robot, 
Finite D(ff'erences, Alllomated Design 

COB592 PARALLEL CONTROL OF A TWO-LINK FLEXIBLE ARM 

Alcy Rodolfo Dos Santos Carrara 
DeparWIIIen/0 de EnNcnlwrilt E/é r rica. Faculdade de F;nNenlwriu de Joiln•ille - UDESC -Join ville 
CEP R9223-JOO. Join1·ille. /Jrazil- E-111Uil: dee2ursc@dccfej.udesc.br 

Milton Antonio Zaro 
Deparw111enw de Engenharia Mectiniut. Faculdade de Eltgenlwria- UFRGS- l'orto Alegre 
CEP 90050-170, l'orto Alegre. JJrazil- E-mail: Zi\110 @ VORTEX.UFRGS./3R 

The necd for lightwcight, fast and accuratc robots is evidenl. lncreasing complexity is obscrved in 
the mcchanisms of contrai and dynamic modcls with structural tlcxibility added. Thc nonlincar stillness 
of thc harmonic drive rcduccr poses vcry high frequencies that are difficult to contrai. Joint and link tlcx
ibility originate a complcx algorithm that may simulate thc arm, bul cannot bc used for contrai dueto real
time contrai cycle limitalions. Economical modcls can be obtained condensing degrees of freedom. 
Parallel processors are available which can process complex <Jigorilhms with good accuracy in sh01t time. 
Transputers <Jre used in a parallel controller, devcloped over <JII industrial robot platform. A new contrai 
strategy is proposed and referrcd lo as Nonlinear lnlegrated Tabular conlrol (NIT). lt allows the calcula
tion of robot tip position in real-time and also <Jctive control of oscillations. A test rig was built to confirm 
results obtained in lhe analytic<JI simulation. lt consists of a two-link elbow ann with tlexible joints anda 
tlexible forearm. 

Keywords: Flexible Robots. Elbmv Am1, Nonlinear Com rol, Parai/e/ Controller, Transplller./ Robôs 
Flexíveis, IJraço Cotovelar, Colllrole Ntío-Li11ear. Co11trolador Paralelo, Trm!Sj)ttler. 

COB612 SISTEMA MECATRÔNICO PARA SOLDAGEM MULTIPASSES 
MONITORADO POR VISÃO COMPUTADORIZADA I A VISION 
ASSISTED MECHATRON/C SYSTEM FOR ARC WELDING 

Carlos Eduardo Ferreira Silva, Luís Gonzaga Trabasso 
Deparllllllenlo de Engenharia Aeronúurica e Meu/nica- Área de Mecarrônica e Diwímica de Sistemas- lnslitlllo 
TecnoliíNico de AerolllÍIItica- Centro Tenw/iígico de !lemfi(Í!ftiur- Srio José rios CtllltJ>tiS- SI'.- CEP/2200-000 
- E_mail: Monzuga@mec. itll.c:fa.br 

314 



ANAIS DO CüllEM97 T94 

The industrial companies whieh use extensively the are welding process seek to improve the 
productivity of lhe process lhrough lhe use of automated systems which yield high quality and repcal
ibility. When the weldi11g process is made i11 a mullipass fashion, used for i11sta11ce, i11 high tich11ess 
plates, the performa11ce requiremcnts for the aulomated systems are eve11 lighter. Some companics 
which can afford it, solve this problcm with a robotic wcldi11g u11it, co11stitutcd by o11e or more a11thro
pomorphic robots with six dcgrees of freedom i11 general, i11dexi11g tablcs a11d the welding unit itself. 
Medium sizes compa11ies however, do it wilh a lowcr cost mceha11ieal solution which has a displace
mel1t u11it that drives lhe wcldi11g lorch ala co11sta11t spced through the platcs lo be welded . This solu
tiol1 puts a heavy loacl 011 the operator who is required to monitor co11stantly the welding process for 
welding pass tracki11g as well as for adjustmenls of some welcli11g parmneters, for instance. the hei ght 
of the torch. As compared wilh lhesc two possible approaehes, this paper prese11ts a11 altcrnative, 
meehalronic approaeh for thc multipass are welding proeess which adds the essential mo11itori11g fea
tures to the latter. wilh a costthat is tiu· less to the former. 

Keywords: Soldagem a Arco (Are Welding) Vi.wlo por Computador (Computer Vision). Mecatrônica 
( Mecftatronics ), Alllo/1/a(xio da Mmwfátum ( Manu(ac/uring Au/OIIUI/Íon). 

COB642 CARACTERÍSTICAS MECÂNICAS DE UM SISTEMA MÓVEL COM 
DESLOCAMENTO POR SALTOS I MECHANICAL CHARACTERISTICS 
OF A MOBILE SYSTEM WITH ADVANCEMENT BY BOUNCES 

Sandra Frid, Marc Dahan & Pierre .Jacquet 
Departa/1/en/o de Engenlwria Mecúnica. I'UC-Nio.CEI' 22453-900. Rio de Jan eiro.Brasil. E-111ail: 
Slll!fi·itf@IJ/eC./IliC-rio./Jr 
Laborllloire de Mi\ 'tllliiJll<' !IJIJJ!iquée. Universilé de FrwJt:lte- Co/1/lé. Be.wllçon .FrllltÇII. E-
lllllii:lllarc.dallll!l®ltllil•:fi:tmJie . .fi' 

This paper is a contributio11 to thc study of a mode of locomotion allowi11g robots to displace on 
artitieial or natural soils without loss of speed. ln order that, a progression by bonds is suggested. The main 
two problems posed concern jump trajcctory togo rrom a position to the following and the dampi11g to 
platform reception 011 the ground. 

Keywords: FKeywords: DmiiJIÍng, jump. mobile robot, robô mó vel, salto 

COB645 ANÁLISE DE VARIAÇÃO NA POSIÇÃO E ORIENTAÇÃO DA 
PLATAFORMA DE STEWART TIPO 3-3 EM FUNÇÃO DE ERROS 
NOS ATUADORES I 3-3 STEWART PLATFORM POS!TION AND OR!EN
TATION VARIATION ANALYSIS FUNCT/ON OF ACTUATORS ERRORS 

Cláudio Humberto .JumJueira de Sousa & João Carlos Mendes Carvalho 
Depar1wuenro de Eugenlwria Mel.'l1nica. Uni• ·ersidade Federo/ de Uber!t1udiu. CEI' 38400-902 Uberlândia -MG. 
Brasil- E-III<Ji!: jcmendes@ufii./Jr 

ln many ma11ipulator tasks lhe accuracy in positioni11g of the e11d-effector is very impo1tant. The 
traditio11al serial ma11ipulators do not have the rcquired levei of aecuracy. An alternative is using the pm~ 

315 

-- - ~ -



ABSTRACT T94 
--------- - -· 

aliei structure. A well-known parallel structure is the 3-3 Stewart Platform. Thc 4Uestion we pose is: given 
an error of the six spherical-pri smatie-spherical .segments, how is the posit ion and orientation errors of lhe 
platform? We developed an algorithm that e'nable us to analyse lhe shape of the errors. The analysis has 
becn earricd out by considering a inilial position and orientation of the platform, obtaining the nominal 
lcnghl of the SPS segments, using the inverse position kinematic problem. lmposing lenght eiTors from O 
to 20% to the SPS segments, the new position and orientation of the platfonn can he obtained using the 
direct position kinematic equations. Results of the shape of the errors are presented. 

Keywords: Estruturas robótim.1·. Manipulador parulelo, P/aw{im11a de Stewart, Robôs de alta pre
cisão I Robotic structures, ParallelllWilipulator, Stewart platfórm, Robot precision 

COB646 MODELAGEM DE TRANSPORTADORES VIBRATÓRIOS LINEAR
ES COM EXCITAÇÃO REAL/ LINEAR VIBRATORY FEEDERS MODEL
LINC WITH REAL EXCITATION 

Roberto de Souza Martins & .João Carlos Mendes Carvalho 
Laborallirio de AIIIIIIIIIIÇÚII e l?obiÍtico. Depar/lllllelllo de l:úg. Meuí11iw. Unil•. 1-'edem/ de Uberi<Í11dio 
CEP 38400-902. Uberhíndio. Brasil - f:-lllllil: rsouztllll@ufú.in· ou jnllendes @ufú./Jr 

Vibratory feeders are excellent for sellecting and orienting parts with simple or complex shape. 
lts efficiency is traduced by the lransport velocity of parts on its track , that mainly is function of the track 
slope, the friction between the parts and the track an lhe exciter (amplitude, frequenee and cxcit<Jtion 
wave). This work presenls the results of the theorctical convcying vclocity of an industrial vibratory feed
er, using a mathematical model that considers the four movement modes of the parts - baekward sliding, 
forward sliding, tlight and at rest- and the real charaeteristics of the parts, the track and the exciter. The 
theoretical and experi mental mean conveying veloeity are cornpared. 

Keywords: Vibratmy Feeders, Alllomation, HandliiiK, Handling Materiais I Tramportadores 
Vibratôrios, Awonwçclo, Manitmlaçtío, Manipulaçlío de Materiais 

COB818 DETERMINAÇÃO DO NÚMERO DE GRAUS DE LIBERDADE DA 
ESTRUTURA CARTESIANA TOTALMENTE PARALELA I NUMBER 
OF DECREES OF FREEDOM DETERMINATION FOR A FULLY PARAL
LEL CARTESIAN STRUCTURE 

Bezerra, Carlos André Dias & .João Carlos Mendes Carvalho 
Deparlllmento de Engenho rio Mecúniw. Universidwle Fedem/ do CeartÍ - UFC- Cwnptl.l' do Piei 
CEP 60455-760 Fortolew. CearlÍ. /Jrasil - E-mail: cod/J(SJlt!f(.·.br 
Departamento de Engenlwria Mecânico. Universidade Federal de Uberltindia- UFU- CoiiiJIUS Swtlll Mt!nica 
CEP 38400-000 Uberlúndia. Minas Gerais. Brasil- E-111ail: jcmendes@ufú.br 

ln spitc of being widcly used. serial robotic structures still prescnt problcrns dueto their own con
stitution. One <Jltcrnative to using serinl structures is the application o r so-callcd parallel structures made 
of kinematic closed loops. ln lhe study of parallel structures. detennination or number of degrees of free
dom is of paramounl importance sinec this number determines lhe amount of independent parameters 
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nccded to define the spacial eonfiguration of lhe structurc. These paramelers are used to formulate lhe 
cquations of the kincmatics model. This work prcsents thrcc mcthods to obtain the numbcr of degrces of 
freedom for a Fully Parallel Cartesian Strueture. One of lhe methods allows classilicalion of lhe typc of 
parallel slructure. 

Keywords: Parai/e/ Manipulator, IJegrees t!/' Freedom, Robotics, Sfwcial Structures - Manipulador 
Paralelo, Graus de Liberdade, l?ohótica, 1:.1'/rtl/uras E~fwciais. 

COB979 ANÁLISE E DESENVOLVIMENTO EXPERIMENTAL DE UM 
ACIONAMENTO EM MICRO PASSO I ANALISYS AND EXPERIMANTAL 
DEVELOPMENT OF A MICROSTEPPING DRIVER 

Solly A. Segenreich & Renato Viveiros Lima 
Deparwmento de Engt'niwria Meulniw- PU C-RIO- Rua Marq. de Stio Vicente 225- Rio de .Janeiro- Brasil 
CEP: 22.453-900 

Thc prcsent paper repot1s the developmcnt of an inexpensive and reliable microstepping driver to 
be used with 2-phnsc step motors. lncreascd resolution on positioning nnd low vibration levei are lhe main 
advantages obtaincd in motor opcration. The paper prescnts a diseussion on lhe subject and first hand 
experimental results. 

Keywords: Step1no/ors, Drivers, Microstepping 

COB1168 ROBOT RSA2 

O. Daniel Morán, Gerardo Artola, E. Pahlo dei Hoyo, David Novillo 
Universidad Tecno/tigiw Nacional - Facultwl Regional Ctirdo/Ja. Centro Universitario de De.wrrollo en 
Auwmacirín y RoiHítica 
C. 1'. 5009- Cârdo/10 -Argentina- /;-mail: cudar@sa..fi"c.utn.edu.ar 

This work is being mude within the 810-CONICET project called "Modcling, simulation and 
control of manufucturing llexible cclls". lt consists ofthe design und construetion of a tive degrecs of free
elom unthropomorphic robot. Among lhe main fcaturcs, the manipulalor has a trajeetory eontrol. The 
movemcnts of each axes are indepcndcnt, with CC motors for lhe first thrce axes and stepper motors for 
the last ones. The movement conlrol is ohtaineell'tum kinematies anel dynamic analysis and trajectory gen
eration routines. The control is implementcd with a PC anel a digital interface baseei on microeontrolers. 
The elcsign of lhis digital interface has becn maelc in order to bc able to control some auxiliary devices 
(c.g., material handling systems), which can interact together with the robot. This interface ullows to con
trol a more than five axes robot. The mechanic design has bcen implcmentcd with Autoead (in 2 anel 3 
dimensions). Thc manufacturing as made with CNC machincs anel using a CAD-CAM software. The 
high-level control and simulation software, which runs on a PC. implcments a Virtual Reality environ
menl. 

Keywords: Robótica - CAD-CAM - Control - Diseiio - Desúrrollo 
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TEMA 95 - Elementos de Máquinas 

COB453 CARREGAMENTO DINÂMICO DE MANCAIS RADIAIS COM 
CAVITAÇÃO DO FILME DE ÓLEO I DYNAMIC LOADING OF JOUR
NAL BEARINGS WITH 0/L FILM CAVITAT!ON 

Evandro de Souza Santos 
Schulz S. A. - Pesquisa e Desenvolvimento. Rua Dona Francisca 690 I - Disrriro Jndusrrial 
89219-000 Joinville, SC- E-mail: schulz@netville.com.br 

Alvaro Toubes Prata 
Deparramelllo de Enl{enlwria Mecâniw. Unive1:çidade Federal de Sallla Cara ri na 
88040-900 Floriwuípolis. SC- E-mail: praw@nrva.uf.~c.br 

Hydrodynamic lubrication ofjournal bearing is govcrned by the Reynolds equation. The main dif
fieulty in using Reynolds equation resides in the precise determination of the edge or the angular position 
after which the oil cavitales and starts to flow into a series of streamers. One of the objectives of the pre
sent work is to revise and compare some of the numerical algorithms encountered in the open literature to 
deal with the cavitation phenomena. Emphasis is also placed on selection of lhe coordinates system used to 
analyze the problem. Usually the hydrodynamic lubrication problems have been studied based on Reynolds 
equation referred to a rotaling coordinates system where one of lhe coordinates is coincident with the cen
terline of the journal bearing. Here, lhe inlegralion of Reynolds equation is performed with respect to an 
inertial coordinates system, and lhis is a novelly. The numerical results were obtained from both static and 
clynamic loading under conservative and non conservative boundary condition applied to the cavitation 
front. The Reynolds equation in tixed coordinates system performed well, and lhe Elrod Algorithm proved 
to be the most effective method for dynamic loading calculations. 

Keywords: Cavitation in bearings, lubrication, dynamic loading, Reynolds equation infixed coOI·di
nates system. Cavitaçiio, lubr!ficaçiio, carregamento dinâmico, equaçüo de Reynolds em sitema dl' 
coordenadas fixo 

COB477 APLICAÇÃO DE FERRAMENTAS COMPUTACIONAIS NO DESEN
VOLVIMENTO DE PROGRAMAS DIDÁTICOS PARA PROJETO DE 
EIXOS/ APLICATION OF COMPUTATIONAL METHODS TO THE DEVEL
OPMENT OF DIDACTIC PROGRAMS FOR SHAFT DESIGN 

Fabio T. Peggau Jacon & Katia Lucchesi Cavalca 
Departamenro de Projero Mecânico- Faculdade de Engenlwria Mecânica- UNICAMP 
Caixa postal 60S/ - CEP /3083-970- Campinas, SP, Brasil- E-mail: kmia@fem.unicamp.br 

The main purpose of this work is to modernize the project of rotating maehineryng, by the 
tlevelopment of a computational code including lhe calculation procedures adopted in the design of 
these components, considering, however, its dynamical behaviour as a fundamental part of a rotating 
machine. 

Keywords: Funções de Singularidade, Concentraçüo de Tensões, Resistência à Fadiga, Projeto de 
Çixos, Deflexões, Velocidades Críticas. I Singularity Functions, Stress Concentration, FatigU(( 
R~sistance, Shaft Design, De.flection, Criticai Speeds 
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COB1209 MANCAL RADIAL DE DESLIZAMENTO: DETERMINAÇÃO DE 
RAMOS DE SOLUÇÕES PERIÓDICAS E PONTOS DE BIFURCAÇÃO 
COMPLEXOS/RADIAL JOURNAL BEARING: PERIODIC BRANCH!NG 
AND HOPF BIFURCATION PO/NTS DETERM/NATION 

Mário César Ricci e Petrônio Noronha de Souza 
Divi.wio de Mecâniw Espw:ial e Controle. DMCIINPE CEI' 12201-970- Slio José dos Campos, Brasil- E-11lllil: 
mcr@dem.inpe.br 

ln the mcchanical cnginecring moving system's field thc radial journal bearing is one of the 
great interest. lt consists of a circular inncr cylindcr (the rotor) that turns inside a hollow cylindcr of 
slightly larger radius (thc stator). Thc cavity bctwecn the cylindcrs is filled with a lubricant and any 
load carried by thc rotor must be supportcd by thc fluid forces excrted by the lubricant on the rotor. 
The systcm can bc descrihcd by a sct of four first ordcr's' nonlincar ordinary differcntial equations 
which the tluid forces are approximatc solution of partia! diffcrcntial cquations and shows a great rich
ness of behavior samc at the simplest case of cavitation modcl, autonomous, unforced and balanced
mass rotor system. Rigorous gcomctrical constraints are impose on the moving of the rotor's center 
about stator's center to avoid thc contact bctwecn thcm. Othcrwisc. the contact could well result in 
bearing failure. Starting from thc Reynolds approximation for the long bearing the paper uses numer
ical methods for bifurcation problcms to cal cu late Hopf bifurcation points and numcrical methods of 
continuation to obtain branching of pcriodic orbits that emanate from stationary solutions. The paper 
also shows the amplitude and frcqucncy ot· pcriodic solutions as a function of rotor's angular vclocity 
for the low. mcdium and high loads. 

Keywords: Nwnerical methods; Hop( bifitrcmion: radial joumal bearing; manca/ radial hidrod
inâmico; bifitrmção 
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COB266 

TEMA 96 - Tribologia 

O COMPORTAMENTO VISCO-ELÁSTICO DOS FLUIDOS LUBRIFI
CANTES NA ZONA DE VEDAÇÃO DE RETENTORES I THE V/S
COELASTIC BEHAV/OUR OF LUBR/CANT FLU/DS AT SEALING ZONE 
OF RADIAL L/P SEALS 

Sylvio J. R. de Oliveira*, Volkert M. Wollesen**, Manfred Vüttcr** 
*Departamento de Enl{enlwriu Mecúnicu, Escola de Enl{enliuria- UFRJ- Caixal'ostal68503, CEI' 21945-970, Rio 
de Janeiro, RJ, Brasil, E-Mail: sjro@serv.com.t!fij.br 
** Arbeitsbereich Konstruktionstec!mik II- TUHH- Denicke Str. 17, 21073, Hmnburf{o, Alemanha, 
E-Mail: wolleseJt@tu-lwrlmrgd400.de 

The existing models that explain the lubricating and scaling mechanisms of radial lip seals 
consider behaviour of the fluid at sealing zone. Experimental rcsults showed that the tluid supports 
very high shear rates(> I 0' 5 ') At these conditions that fluid may devi ate from newtonian behaviour 
and elastic properties might appcar in thc fluid. Thc non newtonian bchaviour can explain why a 
lubricant film remains in the sealing zone of radial lip seals without lcakage. This work prcscnts a 
new hypothesis including a mathematical description in arder to cxplain the lubricating and sealing 
mechanisms of radial lip seals. 

Keywords: Radial Lip Seal, Non-Newtonian Fluid, Fluid Film Tlzickness, Pwnping Meclzanism 
Retentor, Fluido Não-Newtoniano, Espessura de Filme, Mecanismo de Bombeamelllo 

COB267 SEALING ZONE CONDITIONS OF RADIAL LIP SEALS CONSIDER
ING THE VISCOELASTIC PROPERTIES OF LUBRICATING FLUIDS 

Kay Wiehler, Sylvio Jose Ribeiro de Oliveira & Manfrcd Viitter 
Technische Universitiit Hamburi{-Harlmrl{. Konstruktilmsteclmik 1/, 21071 Hamburl{. Germany, E-mail: 
wieiller@tu-lwrburf{.de 

The proceedings in the sealing zone betwccn a lip scal and shaft surfacc are still not thor
oughly undcrstood. Duc to the small fluid film thickness (micrometer range), the high temperaturcs 
(up to 200°C), the shear stress (MPa range) and the shear rate (> I 06 s-1) it is difficult to achievc 
accurate measurements. A rcccntly devcloped model takes lhe non-newtonian fluid behavior into 
account in arder to describe the existcnce of a fluid film in the scaling zonc. The radial pressure of 
the scal is compensated by the viscoelastic properties of the fluid and no dcviation from parallel of 
the surfaces in micro and macro range is mandatory for this model. The measurement of rheologi
cal data of lubricating fluids at high shear rates is difficult and reliable data is hardly accessibk. 
Therefore the data of higher viscous polymer melt and solution experiments is takcn to model thc 
viscoelastic behavior of lower viscous lubricating tluids. This simulation shows for various work
ing conditions the influencc of thc tluid properties upon fluid film thickncss, torquc and pumping 
;1ction of radial lip seals. 

Keywords: Radial Lip Seal, Non-Newtonian Fluid, Pwnping Mechanism, Fluid Film Tlzickness 
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COB342 NUMERICAL INVESTIGATION OF LAMINAR FLOW lN A FLAT 
W A VY CHANNEL 

Jin Hu and Hans J. Leutheusser 
Depar1111elll o( Meclwnical mui Industrial EnJ.iineerinJ.i . University of'Toronto. Toro/l/O, Onwrio, Canada 

A numerical approach is dcscribcd which was developcd to analyze experimental findings of 
tlow pass ing between a sinusoidally wavy and a flat wall. The experimental data were obtained in a 
two dimensional wind tunnel, spccially dcs igncd to simulate lubricant tl ow in a hydrodynarnic bear
ing when the thickness of the fluid film approaches thc order of magnitude of lhe size of the surface 
roughness. As such, the present investigati on providcs ncw insights into the physics of tluid film tri
bology. 

Keywords: Finite E/eme/1./ Metlwd; Laminar Flow; Lubricatirm; Roughness; Reynolds Eqttation. 
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COB134 

TEMA 97 - Otimização de Sistemas e Processos 

INDÚSTRIA ARTESANAL DE RECICLAGEM DE ANODOS DE 
SACRIFÍCIO DE ZINCO I THE HANDMADE RECYCLED THE SACRI
FICE ANODES OF ZINC. 

Moreira, A.L.S, Leal, R.L.M & Carvalho, L.A.p 
Departamento de En~enlwrill Mecânica, Centro Tecnoltígico, Unil•ersidade Federal do Pará, Compus Universitário 
do Guanuí, Belém, Pará, Guanuí. CEP 66075- I I O, telefime (09 I) 2111320. Fax (09 I) 2 I I I 325 E-mail: lucier@ama
zon.com.br 

ln lhe Amazon region lhe boats lhat do lhe tishing in oiTshore use saerifice zinc anodes as catode 
protection of their metalics hull against the eletrochemical corrosion process, that is a common way of cor
rosion in waters of Equatorial Atlantic. Because of lhe necessity of the maintenance of these boats the local 
small industries began to produce sacrilice zinc anodes but it was observed that they didn't a have good 
work against the con·osion mechanism. This paper considers thc production process of lhese anodes show
ing the most importam opcrational parameters involved. The rcsults show us that the recycle handmadc 
industry doesn't havc a quality and quantitativc comrol having as result the production of inert anodes 
which are not titted lo the desired protection. For I h is research were colected some typcs of samples made 
by these industries. The chemical composion of ali <mudes was analyzed and finally it was made a com
parative study of their micro and macrostructure. 

Keywords: Anodo, Sacrifício, Zinco, Reciclagem, Corro.wio 

COB215 UM MODELO QUANTITATIVO PARA RECONHECIMENTO DE 
PADRÕES EM SISTEMAS DINÂMICOS I A QUANTITATIVE MODEL 
FOR PA7TERN RECOCNITION lN DYNAMIC SYSTEMS 

Edson Pacheco Paladini 
Deparfllmento de En~eniJariu de Produçüo e Sistemas. Universidillle Fedem/ de Sanra Calllrina - Trindade. 
88040-9IO- Floriwuípolis- se. E-mail: IWiadini@iaccess.coll/.br 

This paper descrihes a mudei to analyze relevant properties of dynamic systems. The varia
tions that the system shows during its use has heen considered hy the model. lt identifies actions to 
eorrect and avoid the variations. The actions must be taken in lhe production process (system eonlrol). 
The mudei uses a quantitative evaluation (unusual in this kind ol' analysis). Severa! modules compose 
the modcl. Some of them are describcd in this pape r as well as lhe ir rcsults. lt allows to understand the 
contribution of thc modcl to thc problcm solution. 

Keywords: Dynamic systems, system control, quality evaluation, paliem recogrútion, quality assur
ance. Sisremas dinâmicos, ('Oiltrole de sistemas, al'(l/iaçcio da qualidade. reconhecimento de padrões, 
garantida da qualidade 

COB310 BAYESIAN INFERENCE FOR PLANT DATA RECONCILIATION 
SYSTEMS 

Eugene Uwimana 
Deparramento de En~enlwria Mecúnica. Unil·erJidade I;ederal de U/Jeriúllllia, 
CEP 38.400-902 Uberlândia-MG. fJraJil- E-mail: uwimana @ufit.br 
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ln thc prcsent work, a new method baseei on the Statistical Bayesian lnference and thc 
Maximum Likehood Principie is elcvclopped to analyse a set of measurements data in the presence of 
gross errors. lt permits a rapid localisation, identification and corrcction of source of extremais using 
as criterion of optimization thc satisfaction of cnergy and material equations. The new method allows 
to overcomc thc praticai limitations of previous works which attempteel to eleal with the problem. The 
proposcd stratcgy proceeds in thrcc leveis. Statistical cri teria are uscel to check whether the sct of mea
suremcnts contain gross crrors. A bayesian inference technique anel thc maximum likchood principies 
are uscd to quantify and localize the gross errors. A new set of reconciliatcd plant measurcmcnts is 
calculated for cstimation anel optimization purposes. 

Kcywords: Data adjus/lllellt, w·oss ermrs, statistical Ü(j'ere/lce, themwjluid systems. Tratamento de 
deu/os, erros grosseiros, Ü((erência estatístim, sistemas termofluidos. 

COB425 REDES DE PETRI AUTO MODIFICÁ VEIS PARA SISTEMAS DE MAN
UFATURA CONSIDERANDO FALHAS E PROCEDIMENTOS DE 
MANUTENÇÃO I SELF-MODIFY/NG PETRI NET FOR MANUFACTURING 
SYSTEMS CONSIDERING FAILURES AND MAINTENANCE PROCESSES. 

Luis Alberto Martínez Riascos, Paulo Ei~i miyagi, Wilson Munemasa An1ta. & Newton 
Maruyama. 
'Dep11rtamento de En~-:enlwrilt Mecíinic<IIMeca/nlnic<l. Esco/<1 Polilécnica da USP- CEP 0550fi-900 Süo Paulo, 
SP. Bmsil- lc-llllli!: lri<lscos@usp.br 

Automatcd systcms has bccn more and more complex and largc scaled with the technological 
developmcnt. Examples of such systcms are flexible manufacturing systcms, computers/communica
tion networb, etc. Thcy havc motivatcd thc study from the point of vicw of eliscrete event dynamic 
systems, in which thc state changcs only at discrctc points intime in responsc to the occurrence of spc
cific events. The Pctri nct is a powcrful approach for modeling and analyzing thesc systcms which are 
characterizcel as bcing concurrcnt, asynchronous, elistributcd, etc. Howevcr, unexpecteel evcnts and 
conditions are vcry complex to bc includcd in Lhe ordinary Pctri ncts represcntation of automated sys
tems. Thcreforc, this paper introeluccs an extcnsion or Petri nct calleel Self-modifying Petri net as a 
tool for the design, analysis anel control or tlcxiblc manufacturing systems, which considers failures, 
maintenance processes and opcration mistakcs. 

Keywords: Sistemas de IIJWwj'atura, sistemas dinâmicos ct el'entos discretos, redes de Petri, redes 
auto-llwdificáveis. recupemçiio de falhas e erros. I Mwwf'acturin.g systems. discrete event dynamic 
systems, Petri net, selrmodif_\•ittg net, .fáilure mui error reco!'e1y. 

COB474 ANALISE DA APLICAÇÃO DE METODOLOGIA DE PROJETO NO 
DESENVOLVIMENTO DE NOVOS PRODUTOS!ANALYS!S OF PRO
JECTS METHODOLOGYS APLICATION FOR NEWS PRODUCTS DEVE
LOPMENT 

Viviano Viviani, Franco Giuseppe Dedini 
Departamen/0 de Projeto Mecânico, F{l(:u/dade de Elt~-:enlwria Mecânica- UNICAMP 
CEP 130fi3-970 Campina.f, S.P. ,/Jrasi/ -E -mail: dedini@dpJ.tt.fem.wticwnp.hr 

323 

- ---· __ .. 



ABSTRACT T97 
---~------

The transition from the industrial to lhe knowledge era, is performing social and economic 
deep changes for the industrial comportmen\. These changes in ali the internal and externa! factores 
out the environment deeply affected the products economics and qualitative sufficiency. During the 
preliminary project, is more turning the testes of necessity of these aspccts. These necessity is involv
ing the Manufacturing Si stems, the statment of industrial comportment as well the Social, Economic 
and Financial aspect. Severa! mctodologies are looking at the functional and optimal outputs, but sei
dom are looking the mcntioned aspects and the relative factores for the products development. Still 
less are worried of the Reactive or Proactive Starments and of lhe Dcsigner's Human Resources. With 
the purpose to establish the metodological bases for the future computational development, thi s work 
anali se the conditioning factores of the creative process , throug one of the holistic views of social
industrial universe. 

Keywords: Projeto Mecânico, Economia, Mmll(/(llum, Desenvolvimento de produtos ôtinws I 
Meclumical Design, Economy Mam(/(!c tura, Optiowl, Products De\1elopment. 

COB489 OTIMIZAÇÃO DO POSICIONAMENTO DE ATUADORES PIEZO
CERÂMICOS EM ESTRUTURAS FLEXÍVEIS USANDO UM ALGO
RITMO GENÉTICO 

Virgílio M. da Costa e Silva(*) & José Roberto de França Arruda (**) 
(* ) Departame/llo de Temologia Mectlnica, CTIUFPIJ. CEI': 58059-900. Jotio Pe.uoa. I'B, /Jmsil - (**) 

Deparramento de Mectlnica Compulilcirmal. Faculdade de Engenharia Mecânica, UNICIIMP. CEP: 1308 1-970, 
Campinas. SP. !Jmsil, E-mail: ll/Tlida@fem.uniulllll'-"r 

ln thi s work , a method to determine the optimal location of active elements in structures using 
a genetic algorithm technique involving discrete variables is presented. A finite element formulation 
is used for modeling the dynamics of the structure for both passive and active elements, and an opti
mization algorithm minimizes the dissipation energy with an optimal control designed using the LQR 
theory . The optimal location of active members is treated in terms of (0, I) variables. Numerical 
results obtained for a simply supported beam with two piczoceramic actuators are presented to illus
trate the actuator placement optimization method. Thc obtuined results show that lhe genctic algotithm 
can be sucessfully applied to combinatorial optimization problems such as the actuator placement 
problem in scope. 

Keywords: Posicionamento de Atuadores, Atuadores Piezocerâmicos, Algoritmos Genéticos. 

COB555 ALGORITMOS GENÉTICOS E SUAS POSSIBILIDADES DE APLI
CAÇÕES EM ENGENHARIA MECÂNICAICENETIC ALCORITHMS 
AND ITS APLICATIONS lN M ECHANICAL ENCINEERINC 

Eduardo Vila Gonçalves Filho & Crcusa Sayuri Tahara 
Universidade de Süo Paulo - Escola de l:'ngeulwria de Süo Carlos- Depar/amenlo de Engenharia Mecânica 
Av. Dr. Carlos Bolellw, 1465 · 13560-250- Silo Carlos- SI'. /Jmsil f:·-mail:evila@sc.ItSfJ.br -lalwm @sc:.usp.br 

Genetic algorithm(GA) is a potential tool for lhe rcsolution of combinatorial problems with the 
advantages of simplicity. tlexibility and robustness in the solution. There are some drawbacks in this 
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kind o f algorithms. mainl y because a GA algorithm is usually raylor-made fo r most of the applieation 
proble ms. Thi s paper describcs some possibilities or application for genetic algorithms in thc field of 
engineering activity as production pl anning, assembly line halancing, layout design, eell formation, pro
duclion scheduling and shows a spccifi c application for detcrmination of the maximum profit velocity 
in a lathe operation 

Keywords: Genetic alr,orithm, enr,ineering, otimization, combina/o riais problems/ Algoritmo genéti
co, engenharia, otimizaçâo, problemas combhwtoriais. 

COB614 PROPOSAL OF A FRAMEWORK FOR EFFICIENT MANAGEMENT 
OF THE ENGINEERING CHANGE (EC) PROCESS 

Henrique Benedetto Neto & Luís Gonzaga Trahasso 
D eparra111enlll de Ü1f.ienlwria Mecânica - /l i\ - Insrillllo Teclwilíf.iico de Aerolllítlfictl 
CEI' 12228-904 Sào José dos Co111pos - SP - !Jmsil - E-111ai/: f.iOIIWf.io@ntec.ira.cw.br 

Duc to the never cnding impro vement product dcvclopment proccss requircd hy lhe market, 
the E ng ineering Changc (EC) process is also a never ending proccss with huge impact in the product 
eyele time. Modifications to a project may bc ncccssary not only for product improvcments but also 
for many other rcasons, such as crro r correctio ns, funhcr product informalion needed during lhe man
ufacturing stages, cost reduclio n policy adoptcd by thc company, and changes to re tlect modifications 
in the market. Analysing thcse causes, it is clcar lhat propcr managemenl of thc EC process rcquires 
involveme nt of many departmcnls within the co mpany, thcrcforc, a wcll structurcd approach is need
ed to achi eve it. Thc adoption of lhe Simultaneous Engineering approach supportcd by the Cross -
Funetional Team philosophy cstabli shcs an cnvironment whcrc the EC process may develop success
full y . Thi s papcr aims at prcscnting a framework wherc thc main factors impacting the EC proccss are 
establi shed and the relationships hetwee n and among them are analyscd . Moreove r, thc support given 
to the EC managcmcnt proccss hy an organi sational struclure wherc ali of lhe departments inside the 
organisation sharc thc rcsponsihility o r updaling. using and communicating product data is shown as 
o ne of the esscntial elcmenls for company's success 

Keywords: Engineerinr, Chanr,e, Cltange rtwrwgemenr, Product Developmeru Process. 

COB615 DESENVOLVIMENTO DE UMA CÉLULA FLEXÍVEL DE MANU
FATURA PARA FABRICAÇÃO DE QUADROS DE BICICLETA 
IDEVELOPMENT OF A FLEXIBLE MANUFACTURJNC CELL FOR MAN
UFACTURJNC BJCYCLE FJ?AMES 

Alberto .José Álvares, Pavios Rodopoulos, Sandro Martins Dolghi 
CRACO - GntfUI de Au/IIII IIIÇtio e Cotlfmle. Depurrtllllel lf ll de Enf.iellfltl ria MeclÍIIiW, Faculdade de Temo/of.iill, 
Universidade de /Jrasíliu CEI' 709 / 0 YOO /Jmsíliu DF, /Jmsi/, l tfl'ltres@enm. unb.br. puvlos@bmer.cmtt.br. sa/l
dro@enll/.ullh.br 

Thi s paper shows prcliminary developmcnt of a Flexible Manufacturing Ccll (FMC) for weld
ing bi cyc le framcs. This work present s lhe main units of the FMC and required procedures for weld
ing thc fra me joints. Thc proccss is improvcd hy using lhe ABB IRB 2000 six-degree of frecdom 
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robot, for welding thc tubcs. This innovation providcs a bettcr productivity and repeatability for the 
whole proccss. 

Keywords: 1-System Optimisation and ProcesJ, 2-Automation mui Robotic, 3-Welding, 4-Fiexible 
Manufacturing Ce/1 I 1-0timização de Sistemas e Processos, 2-Autonwçüo e Robótica, ]-Soldagem, 
4-Célula Flexível de Mmu(/CIIura 

COB621 REPRESENTAÇÃO DE PROCESSOS ATRAVÉS DE NÍVEIS 
HIERÁRQUICOS/PROCESS REPRESENTATION BY HIERARCHJCAL 
LEVELS 

Dalberto Dias da Costa & Nivaldo Lemos Coppini 
Depar/Cimell/0 de Meulllica.UF/'1? - C~trili/Ja PR. C. Postal: 19011 - .CEI': R/531-370 - E-mail: 
dalberto@deiiiCC.llfjJr.br 
Departamel/lo de E11geuflaria de Fa/Jricaplo- Faculdade de Euge11flaria Mecâ11ica - Uuicllllll' 
C. Poswl: 6122- CEP: 13081-970 Campinas-SI'-Brosil E-mail: coppi11i®fem.wliu11up./Jr 

The processes planning automation has bccn considcrcd, but stillnot achieved, as a necessary 
condition to integrated design and manufacture activities. Thc main reason for this drawback is found 
out in the enormous and not structurcd body of knowledgc rclatcd to every process. ln this paper we 
purpose a methodology to structurc this knowledgc and, thereforc. wc explain how the information tlow 
can be directed through this structurc. This proposal is based on structural dependence, operational 
dependence and operational flexibility conccpts which will be formalized herc. These concepts will be 
helpful in order to determine the hicrarchy of designed leveis and reducc the planning complexity but 
without losing the interaction among process variables. This interaction will be possible thanks to the 
constraints propagation among ali leveis. For cvcry levei it's possiblc to crcatc an Expert Module which 
can perform in a nearly-indepcndcnt way. The constraint propagation among Modules will characterise 
a multidirectional and opportunistic information flow. This mcthodology has been implementcd suc
cessfully. A practical result was an Expcrt Module used to sclcct machining conditions. 

Keywords: Plcmejamento de Processos, Sistemas Especialistas, Usinagem I Process Plmuling, h.xpert 
Systems, Machining. 

COB623 SEQUENCIAMENTO DE OPERAÇÕES EM AMBIENTE DE 
FABRICAÇÃO DESCONTÍNUA 

.José Francisco Ferreira Ribeiro, Cassilda Maria Ribeiro 
USP- ICMSC-SCE Caixa l'ostal668 Stio Carlos-SI' !:-mail: jfli!c:a.uilda @usp.hr 
Adriana llackx Noronha 
USP-FEARP Av. dos Bandeirantes, 300 Riheirtiol'reto-SI' E-mail: /)(lckx@usp.hr 

The job shop scheduling problcm consists of dctcrmining a sequcncc ofjobs to bc processed on 
each of the available machincs such lhe schedulc time is minimized. The parts are processed in accor
dance with a prespecificd technological ordcring and the required processing times of the operations 
pertaining to each job are known. ln this paper we study the job shop scheduling problem in two ways, 
namely, integer programming and graph theory. A computationnl program based on graph theory was 
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developped and tcsted. This program allows us to sove efticiently severa! ex, .... J.HCS , despite the non
polynomial nature of the problem studied. 

Keywords: .lob Slwp, Optimiw tion. Scheduli11g, lnteger Progra111ming, Graph theory 

COB773 OPTIMIZATION OF A NATURAL GAS DISTRIBUTION SYSTEM 

Wolff, Maria Cristinal & Paulo de Uarros Correia2 
I Deparlllmento de Maremútim. Centro de Ciêll(:ias Exaws e Naturais. UFPA - CEP 66.075-110 Belém. Pa - E

mui I: nvo!lf®ujjw./Jr 
2Deparrumento de Ener~ia. For:uldlllle de En~enlwria Mec:ilnic:a. UNICAMI'- CEP 13.100-000 Campinas. S.P. 
E-mail: c:orreia@.fem.wlicaiiiJI.br 

Optimization prohlcms which co111ain large embedded network strueture arise in a wide range of 
practicnl applientions. Spceialized algorithms that capitalize on lhe grnph st rueturc enn be developed to 
solve efficiently these problcms. ln this paper is dcscribed a study of the nntural gas distribution system 
in the São Pnulo region. Thc mudei dcvclopcd ror optimizing the operation system was structured ns a 
nonlinear programming problem on network with nonlinear side constmints. The network can be repre
sentcd by a graph whosc nodes and ares correspond to the consumers-points/city-gates and pipes, respec
tively. The objective is minimizing lhe pressures in the city-gates satisfying sets of continuity and flow 
constraints. For solving this problem cxploiting the graph structure of the continuity equations it can be 
used the Lagrangian Relaxation method . An etTicient code based on this method has been developed. 
Results and conelusions about thc model developed ror optimizing the operation system are reported. 

Keywords: Nawral Gas Distriblllion S)>stem, Nonlinear Network with Side Constrainrs, Lagrangian 
Rela.mtion Method, Subgmt!ient Methot! 

COB801 OTIMIZAÇÃO DE COLUNA EM CONCRETO COM RESTRIÇÕES 
DINÂMICAS 

Priscila Goldenberg, Marcelo Silva, Reyolando Brasil e Paulo Pimenta 
Deparwmenro de En~enlwrit1 de Hsrrururas e Fundaçiíes. Escola Poliréc:nic:a da Universidade de Siio Paulo -
USPIEPUSP CEP 05.42-1-970 Stio Paulo. Brasil - E-mail: l'~olde@usp.br 

We prcsent lhe Augmcnted Lagrangian in optimization of dynamic problems. This method 
solves a scquence of unconstraincd optimi zation. A program in language C is devcloped and the method 
is applicd to a dynamic problcm. Thc cost of a concrete column is minimi zcd and human confort relat
ed to vibration perception is vcrified. The mathcmatical modcl is viscoelastic. 

Keywords: Análise dinâmiw. mittimizaçcio de custo e cot!fÓr/0. 

COB807 METODOLOGIA PARA DETER~INAÇÃO DE CURVAS E CON
STANTES CARACTERÍSTICAS TÍPICAS EM ACIONAMENTOS 
ELETROMECÂNICOS ROTATIVOS FRACIONÁRIOS I METHODOLO-
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GY FOR DETERM/NING THE TYPICAL CHARACTERIST/C CURVES AND 
CONSTANTS lN ELECTROMECHANICA L ROTA TIVE FRACT/ONARY DRIVES 

D.B. Pimentel & C.A. Martin 
Departamelllo de E11ge11 iwria Mecâ11ica. GRUeON LHW - UFSe 
ecP: 88.040-900- c. 1'.: 476. FloriliiiiÍ!Wiis- se. /Jrasi/ e-mail: david@gnu:oii.L!f."vc.br. Cti iiJ @}{I"LICllll.Uf:\"C.br 

This paper presents the deve lopment and rea li zat ion of a test system that allows the evaluation 
of the wholc variety of fraclional power motor-drives with their stages of electro-elec tron ics, coupling 
different kinds of mechanical loads like friction, inerti a. combined form s and of a wide range of values, 
besides coupling the suitablc scnsors to measure torque. rotation, position, etc. , in order to get informa
tion on thcir static and mainl y onthc dynamic bchavior. for lhe appropriate design and application o f this 
drives. This test system consists of a tcst bench with a numher of mechanical modules, measurement and 
control instrumentation and also includcs a computer fo r data acqui sition and automati c operat ion. 

Keywords: Acionamentos eletromecânicos .fi'ilcimuírios, instrumemaçcio, testes e medidas automáti
cas, freio a pô mag11etizâvel, análises de sistemas dinâmicos I Fmctional electromechaHical drives, 
instrumentation, automatic test mui Jl/.easurement, magnetizahle powder brake, sy.1·tems dynamics 
analysis 

COB808 DESENVOLVIMENTO DE UM POSICIONADO R SUBMICROMÉ
TRICO EMPREGANDO TÉCNICAS DE CONTROLE I DEVELOP

MENT OF A SUB-MICROMETRIC POS/TIONER APPLYING CONTROL 
TECHNIQUES 

Carlos A. Martin, Walter L. Weingaertner, Gilva A. R. de .Jesus, Rodrigo L. Stoctcrau 
Deparramellfo de Engenharia Mecânico, Ullil•ersidade Federa l de San111 Ca tarina - UFSe 
CEP 8R036-001 Florimuipolis. se. !Imsil- E- moi I: gJj@grumn.uf.i·c.br 

This pape r concerns ahou t the optimization of the static and dynamic behavior of a sub-micro
metric positioncr through the impl ementation of posi tioning control techniques. The objective is to 
discuss control strategics which enahlc position and rcpcatability crrors in a sub-micrometric range 
and transient rcsponse as fast as possible without overshoot. lt is ncccssary to keep this bchavior s ta
blc when changcs occur (fecd rate, fri ction , etc.) in lhe sub-rnicromet ri c positioncr's operating condi
tions. The prototype assembly consists of an ai r hearing si ide, with 400 mm of travei , and thc moti on 
is provided by a brushlcss DC linear motor. The position feedback is provided by an opto-electronic 
sca le with 0.1 1-Jrn of resolution or by an interferomctric LASER with 1.54 nm of resolution, and a 
DSP-CNC board hostcd in a persona l computer processes the position feedback through a control 
algorithm, whose behavior is such that it try to make the actual position of thc motor to mate h thc com
manded position. The results ohtained with the application of lhe PI-D+feedforward control and thc 
gain scheduling adaptivc tcchni ques are presented in this paper. Using lhe scale, the results show a 
peak positioning error smaller than I I-Jil1 and an avcrage crror lcss than 0,5 1-Jin when the gain sched
uling adaptive techniques is applicd. Using lhe intcrferomctric LAS ER . the pcak posit ioning error is 
0.27 1-Jrn and the average error is smaller than 30 nm. 

Keywords: Posicionador Sub-micrométrico. LASER li!lofemmétrico. Escala Opto-eletrÔHica, Guias 
aerostáticas, Controle PI-D+feedforward, Escalonamento de Ganhos, Sub-micrometric Positioner, 
lnter.ferometric LASER, Optoelectronic scale, PI-D+Feedfárward Crmtrol, Gain Scheduling 
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COB838 AIRPLANE CONCEPTUAL DESIGN IMPROVEMENT AIMING PER
FORMANCE OPTIMIZATION 

Paulo Martins F. Diniz 
Aerodynamic:.\· Group. Ent11resu /Jrusileiru de Aerowíwicu S.A. - J,MBRAU? 
Av. Brig. Faria Li111a, 2170. CEI' 12227-901 Seio .José dos Campos, SP. Brazil 

Paulo Tadeu M. Lourenção 
Instituto de Ciências Exa/Cis e Tecnologia. Universidade do Vale do l'uraí!Ju UNIVAP 
Pça. Cândido Dias Castejon, 1/ó, CEP 12245-720 Seio .José dos Cumpos. SP. fJmzil 

The objective of this work is to describe a method developed to determine an optimized set of 
aircraft design pmameters with respect to a perfonnance criterion. The conceptual design phase is essen
tially handmade and lhe quality of the resultam aireraft conllgur<Jtion strongly depends on the experience 
of the design group. ln order to devclop an optimization procedure which minimizes a combination of 
perfonn<Jnce parameters, models for estimating thc airplane drag and perfonn<Jnce have been seleeted 
and implemented. Thc pcrlormance cri teria <Jdopted in this work are based on lhe estimated time and fuel 
spent to fly a typical mission prollle. The 2 degrees of frccdom perfonnancc models of elimb, cruise and 
descent are used to cvaluatc the mission block fucl and block time. An cmpirical model calculates the 
takeoff lleld Jength taken as an optimization constraint. To obtain an accurate prediction of thc airplane 
drag, a comprchensivc modcl has been selected and implemcnted due to its eapability of handling 
ehanges in geometric and acrodynamic data. For thc optimization procedure, thc following wing para
meters have been selected as deeision variables: arca, aspcct ratio, taper ratio, thickness to chord ratio 
and sweepback angle. Engine and llap paramcters have bcen also considercd as design variables. The 
main results presentcd in this papcr are sensitivity amlyscs and comparisons among final optimal con
tlgurations obtained using dilkrcnt criteria. 

Keywords: Oprimization; Aitplune pet:finmance; Aerodynwnic Dmg; 

COB872 SISTEMA COMPUTACIONAL PARA O CÁLCULO DE PARÂME
TROS DE DESEMPENHO NA ACELERAÇÃO DE VEÍCULOS CO
MERCIAIS I COMPUTATIONAL SYSTEM FOR THE CALCULATIOM OF 
PERFORMANCE PARAMETERS lN THE ACCELERATION OF COMMER
CIAL VEHICLES 

Hélio Aparecido Navarro 
UNESP- ICCE - DEMAC. Rio Claro- SP- E.ntoil.:!telio@denwc.igce.unesp.!Jr 

Antônio Carlos Canalc 
USP- EESC. Stio Carlos- ,1)/', Bmsil- E.moil: C:CIIIUfe@ sc.usp.br 

José Roberto Saraiva, Nicoh1s Basile V altas & .José Eduardo D'Eiboux 
Mercedes-/JeiiZ do /Jmsil S.A .. Selo Benwrcfo do Contlw-SI'. Bmsil 

The aim of this papcr is to present a computational systcm tor analyses of performanec of the 
commerci al vchiclc. The accelcrating pcrfonnance of a road comrnercial vchicle is an item which shows 
the vehiclc quality lor both, manufacturer and customcr The work contains a dntabase and an interface 
design for commcrcinl vehiclcs. This computational system has heen evaluated based on thc values of 
experimental tests. 

Keywords: Sistema COIIlfJlllacimwl, banco de dados, sitiwlaçc/o, veículos rodoviários comerciais I 
Computational sysrem, database, simulation, road cominercial velticles 
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COB902 OTIMIZAÇÃO APLICADA À CONFIGURAÇÃO E OPERAÇÃO DE 
SISTEMAS DE COGERAÇÃO I SYNTHESIS AND OPERATION OPTIMI
SATION OF COGENERATION SYSTEMS 

Flávio Neves Teixeira, André Ramon Silva Martins & Luiz Augusto Horta Nogueira 
Instituto de En~enlwria Mecíínica. Escola Federal de Engenharia de lwjul"í- EFt:l 
CEP 37.500-000. ltoju!Jú. Minas Gerais. Brasil- E-mail: lwrto@ieiiJ.<>,/ei.rmgbr 

A methodology to specify and operate optimally cogeneration plants is presented, aiming to 
lower the cost for cnergy production, attending electric power. heating and cooling demands. The gen
eral configuration adopted for the cogeneration system includes prime mover, heat recovery steam gen
erator, process hoiler, conventional and absorplion cooling systems and electricity supply from utility. 
The equipment capacities and operational policy for lhe cogeneration plant are determincd simultanc
ously in order to minimise the pay back time. lt is presenteei the modelling of thermal (low and high tcm
peraturc) and elcctric loads, taking into account constant dcmand in S periods of time over the year and 
according thc periods uscd by utililies lo pricc energy. lt is developed lhe modclling of prime movers, 
using lineal approach to simulate the dcpendcncc pcrfonnancc and uscful heat availability on the load 
factor, allowing to consider real commcrcial equipment. A case study is solved for a shopping center, in 
order to demonstrate the validity of thc proposed melhod. 

Keywords: Cogeneration, Optimisation I![Thermal Systems, Gas Turbines, Altematives Engines 
Cogeração, Otimização de Sistemas Térmicos, Turbinas a Gás, Motores Altemativos 

COB922 MONITORAMENTO DE INFORMAÇÃO TECNOLÓGICA SOBRE 
MATERIAIS PARA PASTILHAS DE FREIO/ MON/TORING OF TEC
NOLOG/CAL INFORMATION ON MATERIALS FOR BRAKE L/N!NG PAD 

Leandro Innocentini Lopes de Faria'", .José Angelo Rodrigues Gregolin'" & Raimundo Nonato 
Macedo dos Santos'" 
( 1 )Departamento de Engenlwrio de Mareriois - Universidade Federal de Süo Carlos - Rod. Wasllingt1111 Luís. Km 
235, C.P. 676. 
CEP 13565-905. Süo Carlos- SP- e-mail: /eondro@llit.uf.vcor.bre gregolin@nit.t(fú·ar.br 
(2)CITEC- 1nstituro de l'esqui.1·as Tecnolúgica.\· do Esrudo de Süo Paulo - II'T- Av. Almeida Prado, Cidade 
Universitária, C.P. 7141. 
CEP ()1064-970. Süo Paulo- SI'- e-mail: raimund@.ipr.br 

ln this work, it has bcen developed an informalion trealing procedure lo support the decision 
making in materiais selcction, that allows thc conslant knowlcdgc updatc of availablc materiais, process
es and technologies, enhancing thc inovation. This procedurc involves the subjcct contextualization by 
using the lnternational Patent Classification, lhe recovcring of inlormations available in severa! elec
tronic databascs, its intcgration in an single database, and the apresentation oftable, graphic and text form 
results, obtaincd by automatic information treating. The procedure allows the idcntification of study 
themes, researches, eompanics, rescareh institutions and materiais, related to a focused product. To illus
trate the developed procedure utilization, it has bcen carried out a sludy about lhe product "brake lining 
pad". lt has becn identified the main altcrnatives for lhe solulion of two important problems related to 
this product: the "elimination of asbestos-containing materiais" and the "study of brake systcm originat
ed noise and vibration". 
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Keywords: Seleçüo de Mmeriais; Pasti/11(1 de Freio; !J~fiilmaçüo Tecnológica; Bases de Dados 
Eletrfmicas; C/assificaçâo llllemacimwl de Patentes. I Materiais Selection; 11rake Linitzg Pad; 
Tecluwlol{ical !J~fimnation; Electronic Daw Bases; lntemational Patent Classification. 

COB937 IMPLEMENTAÇÃO DE REQUISITOS QS-9000 EM UM AMBIENTE 
INTEGRADO DE ENGENHARIA I QS-9000 REQUIREMENTS IMPLE
MENTATION lN AN /NTEGRATED MANUFACTURING ENV/ROMENT 

Flávio Neves Teixeira, André Ramon Silva Martins & Lui:~: Augusto Horta Nogueira 
lnstilllto de EnJ.ienlwria Mecúniw. J~'scolo Fedem/ de Engenlwria de lwju/uí- EFEI 
CEP 37.500-000. /taju!Jú. Mi11as Gemis. /Jmsil- E-mail: lwrra@iem.ef'ei.mtg./Jr 

Thc econornic glohalization and growing cornpetitivity bring great challengcs to the 
Mercosul econorny. As an answcr to thesc challcngcs. the companies implcment new technologies 
and philosophics to hecome world class manufacturing companies. QS-9000 certification has as 
goals the guarantee of contínuos improvement. defect prevcntions and rcduction of variation and 
waste, cstablishing a new rclationship bctwecn Original Equipment Manufacturer (OEM) and sup
pliers. The Model lntcgratcd Factory (FIM) is an implcmcntation environment in which occurs the 
assesrnent of metodologies and proposal solutions. Working with Business Processes-BP represen

tation, the lntegrated Engcnccring Group actually works with thc BP Product Developrnent. The 
objective of this articlc is to show how this BP was adcquatcd at lhe QS-9000 rcquirements, a must 
at the automotivc sector nowdays. 

Keywords: QS-9000, product developmetll, referetzce mode/, desetzl'olvimetllo de produtos 

COB941 SELEÇÃO DE SISTEMAS COMPUTACIONAIS COM BASE EM 
MODELOS DE PROCESSO I SELECTION OF SYSTEMS BASED ON 
BUSINESS PROCESS 

Adriana Faro da Silveira Aguiar & Hcnri<tue Ro:~:cnfeld 
Deparllllltelllo de /OIIgelllwria Meccínica - Escola de lóngelllwria de Selo Carlos - USI' 
Av. Dr. Carlos /Jotellto. 1465 -CEI' 13560-250- Süo Cor/os. SI'- f:_'-ttwil: ct.l'llguiar@ .1·c.usp.lir 

Thc proposal of this work is to prcsent a proccdurc to hclp entcrpriscs in the selection proccss of 
inforrnation systcms rcally adcquutc to supply thcir nccds for infonnation. Thc selection proccdure pre
sented is includcd within an intcgration mcthodology. cnabling thc selcction process to start from the 
knowledge of lhe enterprisc's currcnt situation and allowing its information nccds to be cxtracted from a 
reference rnodel , to he defincd from lhe modcling of thc entcrprisc. The systematics is subdivided in 
cight phases wich include thc training of thc personal to be involved in the selection process. detinition 
of the main rcquirements (functional, 1echnical and cornmercial) to be satistied by lhe systcrns available 
in the markct, hcsides thc mcthod uscd to formalize such rcquirernents, in search for the final choicc 
arnong the analyzcd systcms. 

Keywords: S~vstem Selectirm, ftltel{mtiotl, CAD, CAPP. Se!eçlio de Sistemas, lntegraçâo. CAD, CAPP 
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COB943 

·---- --------------·· 

GERENCIAMENTO DE DADOS DE PRODUTO EM AMBIENTE DE 
ENGENHARIA SIMULTÂNEA I PRODUCT DATA MANAGEMENT AT 
CONCURENT ENGENIEiRING ENVIRENEMENT 

Flávio Neves Teixeira, André Ramon Silva Martins & Luiz Augusto Horta Nogueira 
Instituto de EilRenlwria Medinico. Escola Federal de l':nRenlwria de ltajubú - EFEI 

CEP 37.500-000, /tajubâ. Minas Gerais. Brasil- E-mail: lwna @iem.e,fei.nng./Jr 

The eeonomic glohalizatiun and growing competitivity hring great challenges to the 

Mercosul economy. As an answer to these challenges, lhe eompanies implement new technolugics 

and philosophies lo beco me world class manufacturing companies. QS-9000 ccrti fication h as as 

goals lhe guaralllee of continuos improvement, defect preventions and reduction of variation and 

wastc, cstablishing a ncw rclationship betwcen Original Equipmcnt Manufacturer (OEM) and sup

pliers. The Model lntcgratcd Factory (FIM) is an implcmcntatiun cnvironment in which occurs lhe 

assesment of metodologics and proposal solutions. Working with Busincss Processes-BP rcprcscn

tation , the lntegrated Engenccring Group actually works with lhe BP Product Dcvclopmcnt. Thc 

objective of this articlc is to show how this BP was adcquatcd at thc QS-9000 rcquirements, a must 

at thc automotivc sector nowdays. 

Keywords: PDM, lmplelllentcllion Metlwdology, CustoJnizatioll, Workflow. 

COB944 DEFINIÇÃO DE REQUISITOS PARA A IMPLANTAÇÃO DE SIS
TEMAS PDM EM AMBIENTES DE ENGENHARIA SIMULTÂNEA I 
REQUIREMENTS DEFIN/TION FOR PDM SYSTEMS IMPLANTATION lN 
CONCURRENT ENGINEEI?ING ENVIRONMENTS 

Rogerio Omokawa & Henrique Rozcnfcld 
Depto. de EnRenharia Meuinica- léswlu de Engenharia de Stio Carlos- USI'. i\ v. Dr. Cor/os Bo!elho 1465- CEI' 

13560 250- Süo Carlos- SI'. E Mail: romokm\'({@sutsp.br & rtJl@sc.ttSJi.llr 

Concurrent Enginecring is a technology uscd in thc ncw product's proccss dcvelopmenl, 

however, there are prohlcms clerived from the use of this too!, for example, the large amount of 

information generated. Besidcs that. it is necessary that thi s data is always available to pcople who 

need iL The PDM (Product Data Managemcnt) Systems has been implementcd to make the data 

available, however , in the past. its potentinl wasn ' t full y realizccl. The objectives of thi s proj ectare 

to define essential requircmcnts to successfully implcment thc PDM Systcms in cliffercnt kinds of 

enterprises, baseei on the Concurrent Enginccring. Thus, th~: characteristics anel potcntialities of 

PDM are being analyzed, such as projcct revision managemcnt. product structure manage mcnt, pro

gramming and workflow. And, the rcquircments to the system's implementation are discussed, like 

the identificntion of entcrprisc characteristics, lhe formal of the documents that will be managed, the 

users anel their access levei , and the data workflow. 

Keywords: PDM; product dePe!O{JIIlent; daw IIIWW!)CIIIent; Cmu·w-rer1t E11gineering I PDM, desen
volvimento de produtos. gerenciwnento de deu/os, l~ngenlwria Simultânea 
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COB945 MODELO DE REFERÊNCIA PARA O BUSINESS PROCESS DE 
DESENVOLVIMENTO DE NOVOS PRODUTOS I REFERENCE MODEL 
FOR THE NEW PRODUCT DEVELOPMENT BUSINESS PROCESS 

Henrique Rozenfeld, Adriana Faro da Silveira Aguiar & Marcel Resende Porto 
Deparwmenlo de Engenharia Mecânica - /~'scola de Engenharia de Süo Carlos - V SI' 

Av. Dr. Carlos Bo!el!w, 1465 -CIO/' 13560-250- S1i11 Carlos. SI'-- E·IIWil: roz@ sc.us1>.!1r 

Prouuct uevclopmcnl is onc of lhe mosl imporr aclivily concerning to lhe enterprise com
petitivily in a changing global markct, whcre thc prouuct life cyclc is always shortcr. Simultaneous 

Enginecring has hcen adoptcu hy many world class cnlcrpri ses . The real resu lts of its application 
are heyond to lhe expectcu oncs uuc lhe limileu vision of thc conventional Simultaneous 
Engineering. This vision must bc cnhanced lhrough an holi stic vicw of the busincss. The business 
rnapping using a business process (BP) reference mouel allows us gctting thi s holisli c view. After 
an introduelion lo BP mapping is prescntcu a BP rcfcrcncc mouel "Product Devclopmenl". lts first 
levei is thcn discusscu. Thc slralcgics, aclivilics, informnlion, rcsources (methods, techniques, soft

wnrc, .. ) nnd organization (slructurc, knowledge, tcams) are prescnted anu aftcr that the ncw role of 
the engineering arca is uiscusseu. 

Keywords: New Products Del'elopment, R(dàence Model, Simu!taneous Engineering. 
DesenvolvimeHto de Novos t>mdlllos, Modelo de ReJérência, /~ngenlwria Simultânea. 

COB1198 CONCEPÇÃO ÓTIMA DE SISTEMAS MECÂNICOS: DECOM
POSIÇÃO E COORDENAÇÃO I OPTIMAL DESIGN OF MECHANICAL 
SYSTEMS: DECOMPOSITION AND COORDINATION 

Carlos Martins & Jean Guillot 
Labormoire de Génie MécalliiJII<' de Toulouse I.NS.A. Complexe Scielllifique de Ranguei/3 1077 Toulouse Cedex, 
FRANCE- 10-nwil: Ca rlos.Mar!ins@gllllll .in.l·o-/lse.ji' 

Oplimal dcsign of mcchanical engincering syslcms has known a grcal ueveloppemcnl dur
ing the last years. ln fact. uesign prob lems become largcr due to lhe importam number of design 
variables and constraints. so rcsearchcs are lurncd to processes of decomposition in the arca of 
mechanical ucsign. Thc results of lhese rcsearches permit to define two types of deeomposilion: 
hierarchical and non-hicrarchica l. 

Non-hicrarchieal decomposilion based optimizrtlion, especially whcn compared to the hierarchi
cal one, has the avantage lhatno reslri clion is imposcu on how lhe decomposed subsystems should inter
act wilh one anothcr. Howcvcr, lhe dilliculty inherent in non-hierarchical decomposilion is how to coor
dinate togelhcr subproblcms in oruer to achieve a global oplimum. 

ln this paper, a general mclhod of uecomposilion anua proccss of coordination is presented. The 
principal interest of lhis melhou is lo dccomposc ali problcms of oplimal dcsign and to solve the sub
systems by ilerating on linking variabl es until lhe oplimum is achieveu. To illuslrale lhe applieali on of 
this intcrcsling melhod an cxcmplc is lrealcu. 

Keywords: Optilllization, desig11, decomposi!ion, coordinmion, ilemti\ 'e . 
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COB1268 DESARROLLO DE UN HIERRO NODULAR BAINÍTICO PARA FAB
RICAR PIEZAS DE EQUIPOS DE LA CONSTRUCCIÓN./ BAINITIC 
DUCTILE IRON FOR CONSTRUCTION MACHINES PARTS 

Urbano Ordoiíez, Efraín Pantaleón, Yvan Houbaert, Leonardo Goyos, & Carlos Diez 
Departamento de Tenwlogítt de Co!lstruu:itÍn de Maquinaria, Fw:ultad de l11geniería Mec<Ínica.ISPJAE. 
Habana. Cuba, Profesor Visi111111e e11 EI'USP, Dep111 de Enge!lltaria Medinica,Patroci11ado por FAPESP. Email: 

urbyordz@usp.br 

The aim of this work is the development of a fabrication technology for 1,0% copper alloyed 
bainitic ductile iron. Thc alloy is intcndcd for using it in automotivc, construction, agriculturc and other 
related industries, whcre low alloyed carbon stccl sparc parts are impmted at vcry high prices in hard cur
rency. The principal task to bc carricd out was the sclcction of an optimum hcat trcating technology; that 
means; austenization and austcmpcring paramcters. Mctallurgical quality of thc alloy after the heat treat
ment was assessed by mcans of diffcrent tcsts including mcchanical propcrties, optical and SEM 
microscopy and X rays ditTraction and microanalysis. Strain hardening of the alloy was evaluated 
through a compression test. Austenization at 880 o C during two hours and austempering at 380 o C also 
during two hours were the sclected parametcrs for heat treating of severa I spur gears and pneumatic ham
mers handles that are now bcing evaluated. 

Keywords: !ti erro nodular hainítico, fabricaciôn, tratamiento térmico I lwilzitic ductile inm, fabrica
tÍOil , lzeat treatment 

COB1462 UM MÉTODO DE ANÁLISE TERMOECONÔMICA PARA OTIMI
ZAÇÃO DE UM SISTEMA DE COGERAÇÃO/ A THERMOECONOMIC 
ANALYSIS METHOD FOR A COGENERAT/ON SYSTEM OPTIMIZATION 

Celso Eduardo Tuna & José Luz Silveira 
Departamento de Energia. Faculdade de Engenharia Mecúnica - UNES!' - Guaratinguetú 
CEP 12.500-000 Guarmillguei<Í. Bmsil- E-mail: llttw(@.feg.wtesp.br & jose/uz @.feg.wtesp./Jr 

This article prescnts an exergoeconomic analysis of a cogcneration plant, applied as a rational 
technique to produce electric power and saturated stcam. The aim ol· this new methodology is thc mini
mum manufacturing excrgy cost, bascd on thc Sccond Law of Thcrmodynamics. Thc decision variables 
selected for lhe optimization are thc pressurc and the tcmpcralurc ol· the stcam lcaving the boi ler, becausc 
they affect significantly the cncrgy anel lhe cconomic pcrformancc of the cogencration system. The equa
lions for calculating thc capital costs of lhe componcnts are formulatcd as a funclion of these decision 
variables. An application of thc method using real data of a multinational chcmical inclustry located in 
São Paulo State is prescnled. Thc cogcncration system is intcnded to be intcgratcd in a process plant 
whose energy demands are 6000 kW of elcctricity and 5.834 kg/s of saturated stearn at 1.5, 0.6 and 0.25 
Mpa. Thc conditions which establish thc rninimum cost are prcscntcd as linals conclusions. 

Keywords: Termoeconmllia, Segunda Lei da Termodinâmica, Erergia, Cogeração, Otimiz.ação, 
Tlzermoeconomic, Secmu/ Lmv ol Tltemwdynamics, Erergy, Cogeneraticm, Optimiz.ation. 
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TEMA 101- Ensino de Engenharia Mecânica 

MÉTODO KELLER EN MECÁNICA BÁSICA Y DE TECNOLOGÍA 
DE MECÁNICA INDUSTRIAL 

Alexis Tejedor de León 
Vicedecanaro de lnvesri~:acián. Posq~mdo y Extemián; Faculrad de IIIJ:efliería Mecâ11ica 
Universidad TecnoláJ:ica de Pcmcmuí Aparrculo N" 64 PtmWIUÍ, E- mailarejedor@jim.utp.acpa 

The traditional system in college education, specifically in Mechanical Engineering, is not 
appropiate to deal with the ever incrcasing amount of knowledge. ln this regard, andas an alternative, 
the Keller Methods can be considcred as an innovation to thc cducation system, based on independent 
learning; due to the fact that until now changcs in higher education have been applied to a curse in 
Basic Mechanics in an Industrial Mcchanics Associate Degree Program at the Universidad 
Tecnológica de Panamá, Centro Regional de Yeraguas. This paper discuses about its implementation. 
and after two years of application, a comparativc study on the acadcmic performance of the students 
that were under the Keller Mcthod and those under the traditional method is made; taking as a refer
ence those curses with rcqucriments for rcgistration. 

Keywords: Higher education, Independent leaming. Academic Methodoly, Methods of leaming, 
Academic pe!formance 

COB303 ANÁLISE DE REDES DE TUBULAÇÃO: DESENVOLVIMENTO DE 
INSTALAÇÃO EXPERIMENTAL E MODELAGEM MATEMÁTICA I 
ANALYSIS OF PIPELINE NETWORKS: DEVELOPMENT OF EXPERIMENT 
AND MATHEMATICAL MODEL!NG 

.Jorge Andrey Wilhelms Gut, Tah Wun Song & .José Maurício Pinto 
Deparlllmento de En~:enlwria Quimica. [:'scola l'olitécniw - USP- CEP OSSOR-900 Seio Paulo. SP Brasil- E-mail: 
jompinto@usp.br 

An experiment on Fluid Mechanics for educational purposes regarding pipeline flows and 
pump association is dcsigned. Also, a mathematical model for steady-state, isothcrmal tlow of an 
incompressible lluid is dcveloped. Thc model is especially suitablc for cxtensive pipeline networks. 
Thc solution method for thc systcm compriscd of non-lincar algebraic equations is bascd on thc quasi
linearizat ion tcchnique. Simulation rcsults are discusscd. 

Keywords: .fluid mechanics, pipeline lletworks, educational experiment, pipeline mode/ing, quasi-lin
earization I mecânica dosfluidos, redes de wbulação, e.q>erime/1/o didático, modelagem de redes de 
tubos, quasi-linearizaçiio 

~;OB407 SISTEMAS ESPECIALISTAS • ESPECIFICAÇÃO DE CORRENTl~S 
DE ROLOS I EXPERT SYSTEMS- SELECT!ON OF ROLLER CHA!nS 

Sandim, Christiane L. 
Prowwnct de En~:enlwria de Produrclo- !'E!'- UFRJ 
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de Marco Filho, Flávio 
Departamento de ÜJ!ienlwrio Mecânica - DEM - VFRJ. CEP 219-15-970 - Caixa l'ostal: 68503. Brasil - E-mail: 
.flavio@ se rv. com.u/i'j. br 

Ou r intention was to hclp lhe mcchanical cngineering designcr in lhe spccification of machine 
components and diminish the time cxpended on machine design, wc succeedcd in elaborating an 
expert computational systcm for the cvaluation and selection of Rollcr Chains. The algorithm was 
based on recomendations and specifications found in lhe IBAF chain manufacturer catalog. 

Keywords: Palavras ch(wes: Correntes de Rolos, Sistemas /~specia/istas, Elementos de Máquinas, 
Projeto de Mâquinas/Roller Chains, 10-pert Systems, Machine Elements, Machine Design. 

COB408 O ENSINO DA CIÊNCIA E ENGENHARIA DE MATERIAIS NOS CUR
SOS DE GRADUAÇÃO EM ENGENHARIA MECÂNICA I THE TEACH
/NG OF MATERIALS SCIENCE AND ENGINEERING lN THE MECHANICAL 
ENGINEERING COURSES 

Cícero murta Diniz Starling, Maria Teresa Paulino Aguilar & Paulo Roberto Pereira Andery 
Deparwmento de En!iellllllrio de Moteriois e Con.1·truçlio- Escola de Ül!i<'llilllria do UFMG 
R. Espírito Santo. 35- Belo Horizo11te- 30160-030- Belo Horiw11te - MG- /;'-mail: demc @c:c:e.l(/illgbr 

Enginecring for Mechani<:al Engineering courses. Some trends of the Materiais Engineering 
arca are pointed out, focusing aspects like basic programs, compatibility between theoretical and prac
tical approachcs, as well as intcgration of laboratory expcriences and lcctures. Some expcrienecs of 
thc authors in teaching Materiais Scicncc and Enginccring are hriefly discussed. 

Keywords: Materiais Science Teaching, Meclumical Engineerit1g Curricula - Ensino de Ciência dos 
Materiais, Currículo de Engenharia Mecânica 

COB424 AMBIENTE INTEGRADO PARA TREINAMENTO EM CONTROLE 
DE SISTEMAS DINÂMICOS A EVENTOS DISCRETOS I INTEGRATED 
ENVJRONMENT FOR TRAINING ON CONTROL OF DISCRETE EVENT 
DYNAMIC SYSTEMS 

Cristina Toshie Motohashi M_ & Paulo Eigi Miyagi 
Deparwmento de Engenlwria Menlllica!Mewrrrílliw. lo'scola l'olitécnica da USI' - CE/':0550/i-900, Süo Paulo, 
SP. Brasil -E-mail: cristm @usp./Jr pemiyagi @usp./Jr 

ln academic environment , generally, dynamic systems are approached from the poinL of view 
of contínuos variablc dynamic systems (CVDS). Only in very spccial cases, Lhe othcr class of dynam
ic systems, i.e., discrete cvent dynamic systems (DEDS) are considered. However, most of the large
scaled and complcx man-madc systcms requircs contrai systcms based on the conccpt of DEDS. One 
of Lhe problem is thc lack ar an c!Tcctive too! for assimilation or fundamental conccpts involved in 
DEDS. Without a practical cxperiencc it is vcry diiTicult to understand Lhe idea of " cvents", " condi
tions", "conLrol objcct", "control rcalization device", etc. Thc existing didactic simulators and sys
tems with programmablc controllers are very limited to thi s goal bccause of their particularitics. Thesc 
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tools do not consider a mcthodology for design of wholc control systems neither a general technique 
to describc thc control strategies. Thcrcrore, wc introducc an lntegrated Environment ror teaching and 
training of control systems for DEDS. Thc case of a manufacturing ccll is uscd to exemplify the task 
of validation of control stratcgics dcvclopcd in a systcmatic approach based on Production Flow 
Schema/Mnrk Flow Graph (PFS/MFG) technique. 

Keywords: Discrete event dynamic systems, control system design, compute r aided training system, 
PFS!M FC Metlwdology I Sistemas dinâmicos a eventos discretos, projeto de sistemas de controle, fer
ramenta para treinamento auxiliado por computador, metodologia MFG!PF'S. 

COB446 USO DA SIMULAÇÃO NO ENSINO DE ENGENHARIA I USE OF SIM
ULAT/ON FOR ENGJNEERING TEACH/NG 

Elídio de Carvalho Lobão, Arthur Jo~é Vieira Porto 
Departamento de l:11g. Mecâ11ica. F:.l'<:o/a de lóngelllwria de S1lo Car/m - EESC!USP 
Caixa Postal 359, CEI' 13560- 970. S1lo Carlos/SI', /Jmsil 

Thc cconomic globalization hrings a dramatic increasc in lhe compctition among companics. 
lt emerges thcn lhe nccessity to search highcr competitivc leveis with lhe remodelling of the produc
tive systcms (with lhe substilution of obsolcte cquipment and acquisition of more labour qualifica
tion). Thcsc two ractors are decply correlatcd sincc new cquipmcnt is more complex, and handlcs a 
larger numbcr or variablcs. dcmanding thcn, more qualificd labour. Thi s rcquercd qualificntion of 
labour dcmnnds news mcthmls of tcaching and lraining to extend the escopc of traditional methods, 
and simulation arises as a powcrful tool ror this goal. lt allows thc knowledge transmission in a rich
er and more intcractivc manncr than cxpositivc mcthods, with rcduced cost when comparcd with real 
systems. lt also prevcnts pcople and cquipment rrom bcing cxposcd to some risks that normally are 
prescnt nt lcarning stagc. Thi s works aims at standing out thc possibilitics or improvemcnt of thc 
teaching proccss in cnginccring within acadcmic and industrial cnvironmcnt using of simulation 
rcsources. Also commcnts un some cases whcrc thc simulntion is used with succcss to tcaching and 
training are made and. l'inally, a prognostic with thc trcnds in dcvclopment of simulators systcms is 
prcscntcd. 

Keywords: Si11wlaçiío, 1:'11sino e Treinamento , Sistemas Especialistas, Realidade Virtual. 
Simulation, Teaclting a11d Tmining , Erpert Systctm, Virt11al Reality 

COB462 METODOLOGIA PARA ANÁLISE DA DINÂMICA NÃO-LINEAR D~; 
SISTEMAS DE MÚLTIPLOS CORPOS - APLICAÇÃO A SATÉLITES I 
METHODOLOGY FOR ANALYSING THE DYNAM/CS OF NONLJNEAR 
MULTIBODY SYSTEMS- APPLICATIONS TO SATELLITES 

limar Ferreira Santo~, Alexandre Puls Ferretti & Rodrigo de Carvalho 
Dep. de Pmjeto Menínico. Fac. de l:'ngenllllria Meu]nica - UNICAMI' 
CEP 130fi3-970 Clllllf1illll.l'. /Jrasil - E-mail: i/mar@dpm..fent.llllicalltf1./Jr 

This work givcs a praticai contribuition to the Dynamics of Nonlincar Multibody Systcms. A 
methodology bascad on Dynamies' principies anel axiOI)lS formulatcd by Ncwton-Eulcr-Jourdain and 
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computer animation techniques are presented with applieation to Satellite Dynamics. The main goal of 
combining animation techniches and dynamical simul ati on is to become easier understanding nonlinear 
motions and trajectories. Numcrical rcsults .arc prcsented in this papcr in two difcrents ways: graphical
ly, illustrating thc trajcctories dcscrihes by lhe ccntcr of each satcllitc 's face and by compu ter animations. 
Such animation are ablc to illustmtc thc criation of lhe mentioncd trajcctorics. For qualitati vc experi
mental verifications o f the nonlinear dynamics of s<Jtellites with internal rotors, a prototypc is designed . 
lt is mounted on a spec ial support which allows three consccutives rotations (Kardan 's angles). By means 
of this support it is poss ible to simulate phisically the satcllite's attitude in a point of its stablc orhit. This 
mctodology bascd on dynamical modclling, numerical simul ations techniques and proto typc designing 
results in a vcry c#cient too I for cngineering cducation. 

Keywords: Metlwdologylmetodologia, multihody dynamicsldinâ111ica de múltiplos co11JOS, 11011linear 
systemslsistemas não lineares, satellitclsatélite, C0/1/f!llter m1imationlanimaçlio grLifica. 

COB470 O ENSINO DE METODOLOGIAS DE PROJETOS PARA ALUNOS DE 
GRADUAÇÃO I TEACH/NG DESIGN METHODOLOGY TO UNDER
GRADUA TED STUDENTS 

Cristiano Machado, Franco G. Dedini & Katia L. Cavalca 
Deparrwnento de E11 ge11illlria Mecú11ica. Faculdade de E11gelllwria Mectl11ica - UllicWIIf' - Ca111pi11as 
CEP I 3083-970 Ca111pi11as. /Jrasil- E-111ai/: juca@felll.llllicalllp.!Jr 

This paper dcscribes the work done to improve the formation of Unicamp's Mechanical 
Engineer. The development over three years has proved that a mechanical dcsign coursc can provide 
to students a global vision of courses adm inistrated during their fonnatio n. lt was made a e valuation 
of requircmcnts o f a mechanical dcsign discipline to undcrgmduate studcnts . 

Keywords: Engineering Teach, Engineer Fomwtion, Design Metlwdology I Ensino de Engenharia, 
Educaçlio do Engenheiro, Metodologias de Projeto 

COB653 IMPLEMENTAÇÃO DE UMA SERVOVÁLVULA E UM TÚNEL DE 
VENTO PARA ANÁLISE DE CONTROLE EM LABORATÓRIO/ 
IMPLEMENTAT/ON OF A SERVO-VALVE ANDA WIND TUNNEL TO LAB
ORATORY CONTROL ANALYSIS 

César H. F. Amendola, Fábio O. de Araújo, HenrÍ<JUe Simas & Antonio A. R. Coelho 
Departa/1/ellto de Au/11 1111/Çiio e Si.rte/11/IS- Ct' lllm Tecnoltígico - UFSC 
C. P. 476 - CEI' 88040-900 Floriwuipolis. /Jmsil- E-ll lllil: {111/lelldo/a.ome//as. silllas , llllr<.) @ lcllli . uf.~c. lir 

This paper ana lyzes and discusses thc impleme ntation of a servo-valve and a wind tunnel 
process in experiments with conventional control likc PI, PlD and sclf tuning controllers in order to 
study practical aspccts o f control theory. A comparativc study of the applicability of each controller 
was carried out analyzing thcir dynamics and non-linear characteristics. 

Keywords: Laboratory education, conFenrional control, digital co11trol, estimation parameters, self
tuning control, process equipme11t. I Ens ilw em laboratório, controle conFencional, controle digital, 
estimação de parâmetros, controle mao-ajustáFel, equipamento de laboratório. 
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COB845 A UTILIZAÇÃO DA REALIDADE VIRTUAL NA ENGENHARIA 
MECÂNICA/ THE UT/LIZATION OP VIRTUAL REALITY lN MECHANI
CAL ENGINEERING 

Antonio Valerio Netto, Arthur .J.V. Porto & .landira G. Palma 
Depl. de EnMe11i111ria Meninica. /o'sco/a de fo'nMenl111ria de Süo Carlos - I:.ESC/USP 
Av. Dr. Carlos Bolel/w. 1./65 Vi lu l'urew ChP 13560-250 S1io Carlos. S I'- Bwsil 
E-mail: m •neuo@.l'l.'. liSI>.in· ou 'Ú' '!Wrlo @.•·c. usp.i>r 

The virtual reality is an advanced interface teehniquc, in which thc user can immerge, navi
gate and intcract in a synthetic tridimensional computer gcnerntcd cnvironment. Through vi rtunl real
ity so ftware, it is ahle to shape mechanica l apparatus, vehi cles and devices . simulating the real behav
ior of the equipment. This diminishes costs and devclopmcnt cicies and allows training sessions with 
the virtual product. The virtual realit y aids the CA D developmcnt system; the designer ean interaet, 
manipulatc and validatc his workpiece with the facilities providcd by these tool s. Following the idca 
of modelling and simulation. the new trellCI of simulators points at interactive and intelligent systcms, 
in wh ieh will be widely used the virtua l rcalily lechnique. allowing the user not only to interact with 
thc systcm' s components during his "v irtual runction", bu t lo immerge in the mudei giving more real
ism to the sysrem and allowing a richer exploration of it. The virtual reality can also be applied on 
undergradute a courses helping in lectures on utili1.ation or last gencration machinc tools, which are 
cxpensive and large andare nolusuall y available at the universities. 

Keywords: Virtual Reality, Si111ulatüm, Mudel/ing, Virtual Mwllljitctw·üig wul Virwal Reality 
SojiwareRealidade Virtual, Si11wlaçiío, Modela111en/o, Mwu(j{llum Virtual e Sc>fiwares de Realidade Virlllal 

COB867 RESISTÊNCIA DOS MATERIAIS, O NASCIMENTO DE UMA DISCI
PLINA I STRENGTH OF MATERIALS, THE BIRTH OF A DISCIPLINE 

Luiz Teixeira do Vale Pereira 
Deparllllllen/0 de Lngenlwria Mnânica. UFSC. CF .. I ' 88.1J.IO-lJOU. 1-'/orianúpo/is. /Jrosil - E-nwil: 
leixeira @emc.uf.\·c. f>r 

ln th is paper the bases of the Strength or Materiais are discussed. To thi s aim, the cpistemo
logical foundations o r thi s science ure analyzed, espccially in Da Vinci "s and Gal i lei 's works, when 
an understanding of the discipline"s constitution is attempted. lts birth is associuted with an intensified 
rel ationship between theory and practice, sustained hy laboratory-made idealizations of structural ele
ments. Thesc idealizations. hy its turn. would be engaged with the very framc of thc cngineer 's pro
fession. Engincering is undcrstood as a hody o r ideas, compromiscd with paradigms which orients the 
actions of its practitioners. 

Keywords: Strength !({ Materiais; His/ory o( engineering; 1:/Jistenwlogv I Resistência dos Materiais; 
História da engenharia; 1~/>istenwlogia. 

COB869 OBSERVAÇÃO E INTERPRETAÇÃO EM METALOGRAFIA I OBSER
VATION AND INTERPRETATION lN METALLOGRAPHY 

lngeborg Kühn A., Luiz Teixeira do Vale Pereira & Watter A. Bazzo 
Depar/a/1/enlo de Engenlwria Mecânica. UFSC 
8R.040-90U. Florillluípolis. Brosil- lo'-nutil: inMe!Hng @elllc.ll(<c .. br. teixeim@eluc. uj.Çc.br. wbazzo @euu:. uf.Çc.br 
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ln this work Lhe argument that observaiion and interpretation in the technical arca could be 
uncoupled, conceptually and in fact, is contested. Thc inter-relationships betwe.:n thesc two actions 
are discussed, in order to tjuestion thc rcsearcher' s supposed neutrality in face of bi s work. Some met
allographic and optical illusion i muges are analyzed in order to examplify lhe impossibility of this dis
engagement. The theoretical reference adopted includes the metallography speciali st as belonging to 
a professional group aligned with steering paradigms of theoretical and practical procedu res. 

Keywords: Metal/ography; Profe.uiunal belwviour; Pamdigms; Observatimt-interpretation I 
Metalografia; Comportamento pN~/issional; Parculig111as; Observaçcio-úllei7Jretaçcio. 

COB870 SOBRE A FORMAÇÃO DE PROFESSORES DE ENGENHARIA I 
ABOUT THE FORMATION OF ENCINEERINC TEACHERS 

Walter Antonio Bazzo, Luiz Teixeira do Vale Pereira 
DeparWIIIenro de Engen lwria Menlniw - USFC 
CEP flfl040-900, Florianúpolis, Brasil - 1::-llluil: IVbuno@elllc.u{:I'C.·.br. reixeim @euu:.ttf.i·c.br 

The purpose of this paper is to discuss the formation process of cngineering teaehers, poinling 
out some solutions for a problem that is becoming scrious in this t'iclcl . ln the cssay wc assume that the 
present siluation of enginecring teaching in Brazil i s demanding a look towards quality enhanccment. 
The understancling that the possession of techni ca l knowleclge of a profession is a sutTicient premisse 
to transform a legall y graduatecl individual in a teacher is criticized. A fonnation process of egineer
ing teachers for the technical t'i eld which tries to conciliate needed technical-professional qualifica
tions with clidactic-pedagogical ones is proposed. 

Keywords: Engineering teaclring; Furmation of' teaclrer; Didactic. I Ensino de engenharia; 
Formaçcio de professores; Didát ica; 

COB942 CAPACITAÇÃO DE PESSOAL PARA O PROCESSO DE DESEN
VOLVIMENTO DE PRODUTOS/ PERSONNEL QUALIFICAT!ON FOR 
PRODUCT DEVELOPMENT PROCESS 

Adriana Faro da Silveira Aguiar, Henrique Rozenfeld & Eduardo de Senzi Zancul 
Deparwmenro de Engenharia Mecânico - Escola de Eugen!Jaria de Slio Carlos - USI' 
i\ v. Dr. Carlos Borellw. 1465 ~CEI': 13560-250- S<io Ca rlos. SI'~ E-111ail: amguior@ sc.llsp.!Jr 

Nowaclays the formation or people ror working with product developmcnt must be one of the 
main concerns of the enterprises. This is necessary to get the bencfit s of the application of Concurrent 
Engineering techniques anel new compu ter too Is and su rpass lhe challenges of a changing global mar
ket, where procluct cycle is always shorter. Thi s arti cle presents a new protile for the professional 
working in product development and a new eclucation method that has been introduced at Model 
lntegratecl Factory (FIM). Thi s new eclucation method emphasi zes the use of active didactics tech
niques in order to get thc fonnation of peoplc for working with product dcvelopment. 

Keywords: Education Methods, Pmduct Development, Teamwork, Concurrent Engineering I 
Métodos Educacio11ais, Desenvolvime11to de Produtos, Trabalho em Equipe, Engenharia Simultânea 
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A SISTEMÁTICA DE A V ALIAÇÃO NO ENSINO DE PROJETO DE 
MÁQUINAS I EVALUATION PROCEDURES lN MACHINE DESIGN 

TEACHINC 

Nicola Getschko 
Depto. de En;:enlwritt Mecânica tia Escola Politécnica- USP- CEI' 05501'1-900. Av. f'rot: Mel/o Moraes. 2231, 
Cidade Universitária - Sào !'ttulo · SI'. !Jmsil. Depto. de Mateuuítica · Centro das Ciências E.ratas - PUC-SP -
CEP 01303-050. Rua Marques de l'artuwgutÍ. I li - Stio Paulo· SI'. /Jmsil. E-mail: n;:etsc:!tk@usp./Jr. nico
la;: @exatas.pucsp.IJ/' 

This paper discuss some important aspccts rclatcd to Machine Design disciplines evaluations. 
Formcr evaluation mcthods and statcmcnts are <.:ompared with some ncw hypothesis and concepts. ln 
arder to make a <.:ase study, a brief description of the disciplines PMC 201 - lntroduction to M achine 
Design and PMC 205- Construction Machinc Elements I ofthe M echanical Eng. Dept ofthe Polytechnic 
School - University of Sao Paulo . is prcsented. Thc cvaluation systems analysis is made by means of a 
statistieal approaeh, based on four year data. Thc resuhs wnfirm the main suggested hypothesis. 

Keywords: maclline design, evaluation, mechanical engineering, education, statistics I projeto de 
máquinas, avaliaçlio, engenharia mecânica, educação, estatística. 

COBIOOS LEVANTAMENTO DA CURVA DE PRESSÃO DE V APOR DA ÁGUA 
-EXPERIMENTO DIDÁTICO I VAPOR-PRESSURE CURVE DETERMI

NATION 

Vicente de P. Niculau, William A. Lehmkuhl & .José A. Dellini da Cunha Neto 
LMPT- Deparwmento tle ütgenl~t~ria Menínica - UFSC. i'IIW /0- 970 · Floriwuípolis - SC · Brasil- E-mail: 
vicente @ lmpr.uj.\'C. br 

This papcr describes a quite simple experimental set-up which can be used on undergraduate 
studies in thermodynamics. lt de ais with . vapor-liquid phase equilibrium. The substance used is water, 
placed in a hermetic container. This system can be heated to I OO=C and cooled to 20=C. Acquiring 
tempcraturc and pressure valucs during the <.:ooling process. the vapor-prcssure curve can be plotted 
and compared with puhlishcd data in the arca. 

Keywords: Pressclo de l'llfWI', cutwt de .wfllraçiio, equipamento didático, tennodinâtnica, saturation 
curPe. 

COB1176 SIDAM- UM SISTEMA INTELIGENTE PARA DIAGNÓSTICO DE 
AVARIAS EM MOTORES 

António José Ferreira da Silva & Fernando José Ferreira 
DeiJttrtllltte!lto de E!IJ.:e!llwria Met:lÍllica. lmtituto Superior de E!IJ.:ellllllria do Porto. Rua de S. 'linné. 4200 Porto, 
Portu;:al- Email: .f~·ill'll@dent.isep.ipp.pl. lmtsil@deut.isep.ipp.pt 

SIDAM is an lntcgrated Computer System which in<.:ludes an Expert Systcm for diagnosis of 
malfunetion engines. SIDAM is under dcvelopmcnt at.lnstituto Superior de Engenharia do Porto in 
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eooperation with Salvador Caetano (Portuguesc Toyota). The project aim is two fold. lt may be used 
in an industrial environment for diagnosis of malfunction engines and can also be use for didaetic pu r
poses in a mechanical cngineering laboratory. Thc systcm contains a Knowlcdge Base with informa
tion about periodical maintenanee and an historical datahase wilh lhe previous cases solved hy thc 
system. The data base of solvcd prcvious cases is uscd to collect statistics thal guidc future diagnosis. 
It is also possible to simulare lhe more typical sct or elcctrical and mcchanical malfunetions that alleet 
the engines. lt is known that any systcm in this domain has to dcal with ma11y dillerent kinds of kl1owl
edgc a11d informatío11 sourccs and use dillerc11t typcs of inl"crence processes. Artilicial l11tellige11ee 
tech11iques like Production Rules. Framcs, prohabilistic and mathcmatical mudeis are among diiTerent 
knowledgc rcpresemation formalisms which havc bcen used to encodc thc domain knowledge. At lhe 
moment, project SlDAM is in lhe tcsting stagc of devclopment. 

Keywords: Technology Educarion, /iueracfil'e l'ideo, l:'ngine Repair Svsrem, Experr Sysrem. 

COB1383 O ENSINO DA ENGENHARIA MECÂNICA FACE AOS PROCESSOS 
DE GLOBALIZAÇÃO I THE TECHINC OF MECHANICAL ENCINEER
INC FACE THE CLOBALIZATION PROCESS 

António .José Ferreira da Silva & Fernando .José Ferreira 
Progrmrw de f-'ngenlwria Menínicu - COI' I' E/V FIU- Rio de .Janeiro. /Jmsi/ 
Arua/11/en/e: Pro( Visilllnte 1/l/ J:FEI-Irajuba. MG- J:;./1/ai/: lrimra @poi.,·.wll.ierrujei.mrg.br 

The globalization proccss índuccs lhe necessity ora revícw in lhe process and methodology 
used in every arca of human activitics. lt is urgcnt a rcvicw analysis of ali lhe conccpts and method
ology in thc technology domain with cmphasis inthc arca of specialízcd human resourccs; in thi s arca 
the methodology used in the preparation of cnginccrs dcserves a spccial attcntion. This papcr points 
to some aspecls of fundamental importance such as: lhe necess íty of a multidisciplinary approaeh in 
the e11gineeri11g schools, lhe nccessity of lhe developmenl of lhe ability to model c11gineeri11g prob
lems, the neccssity ora scientifíc versus a tcchnologícal information oricntcd approach, etc. 

Keywords: G/oba/izorion, modelling process, transj'er t!{' tec/mo/ogy. 

COB1422 MEDIÇÃO DE EMISSIVIDADE E DE TEMPERATURA SEM CONTA
TO- EXPERIMENTO DIDÁTICO I EMISSIVITY AND NON-CONTACT 
TEMPERATURE MEASUREMENT 

Vicente de Paulo Nicolau & Saulo Güths 
LMPT- Departalllellto de t.'rrgenlwria Mecúnica - UFSC, li/1010-970 - FlorialllÍfwlis - SC- /Jmsi/- E-111ai/: 
vicenre@/mpl.ufú·.br 

This papcr dcscrihes a quite simple experimental sct-up which ca11 hc uscd 011 u11dergraduate 
or graduate studies 011 thermal radiation hcat transfer. lt deals with non-contaet tcmpcrature and emis
sivity measuremc11ts at low temperaturc (amhient to 400 ooC) ín the infrared range. 

Keywords: Emissividade, retllf1enlfum sem conwro, equipwlle/1/0 didnrico, radiaçâo rérmica/ emis
,vivity, tlzermal radiation . 
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TEMA 111 - Bioengenharia 

COB49 TURBULENCE ANO HEMOLYSIS. THE ROLE OF THE SMALLEST 
EDDIES 

Marcos Pinotti 
Deparwmenlo de Engenharia Hidrúulica e Recursos Hídric:os, t:scola de Engenha ria- UFMG 
Av. do Conlomo. 8-12 - 8~ wular. 301 10-060 Belo Horizonte- MG. Brasil. !:-mail: pinolli@cc:e.ujing.br 

Last decadcs havc witnessed ctlorts on thc dcvclopment of methods capable of predicting red 
blood cell (RBC) damagc in artificial organs. l-lowcvcr, all of thcm have had limited success to pre
dict hcmolysis. The primary cause of this problcm is that such modcls do not take into consideration 
structures of turbulcnt flow. lt has bccn observcd a correlation bctween thc size of the smallest eddies 
occurring in the turbulcnt llow and its hcmolytic<Jl potcntial. Thc aim of the present paper is to 
describe a new methodology to cvaluatc mcchanical rcd blood ccll dnmage in turbulent tlow. The cor
relation between thc size of thc sma llcst cddics occurring in thc fl ow and its hemolytic potcntial were 
checked by using d<Jta from thc literaturc of dilTcrcnt well-documcntcd situ<Jtions involving turbulent 
blood tlow. Hcmolytic anel non-hcmo lytic conditi ons wcrc succcssfully identificcl by c mploying thc 
new mcthodology. 

Keywords: Turbulent Flow, Red 13/o(}{/ Ce/1 Damage, Kolmogorov Microscales 

COB60 FLOW VISUALIZATION OF HEART VALVES PROSTHESES lN A 
STEADY FLOW MODEL 

Edson D.R. Vieira, Évcrton Dali' Agnol, Emanuel R.Woiski, Sérgio S. Mansur 
Departamento de Engenlwria Menlnic:a, !'acuidade de Jc'ngenlwria. UNES!'- 11/w Sol/eira 
CEP 15.385-000 11/w Solteira - SI'. /Jmsil. E-1/lllil: delrio@ji:i.l·.une.I'JJ.hr 

Ricardo A. Mazza 
Deparlamento de Energia, !'acuidade de Engenharia Mect7nica, UNIC!\MJ'. Campinas- SI'. /Jrasil 

Marcos Pinotti 
DeJJarlwueulo de Engenharia Hidrúu!icu e Recursos Hídricos, Faculdade de Engenlwria, UFMG, Belo 1/orizonte 
-MG, Brasil 

Domingos M. llrailc 
Braile Biomédica /Jul. Com. e Rep. S.!\ .. Süo José do Rio Prelo - SI'. /Jrasi/ 

Although prosthctic hcart v<J ivcs havc bccn uscd succcssfully for many ycars, <111 ideal pros
thescs has not becn dcvclopcd yct. Sincc thc major part of heart valvc prosthcses relatecl complications 
are dueto flow disturbanccs, valvc hydrodynamic characterization is an useful aid in dcsigning ncw 
prosthcscs. ln thc prcscnt rcporl. J'Jo w visualization in stcady statc flow modcl has bccn c mployed to 
study flow disturbanccs occurring downstrcam two typcs ol· hioprosthesis (porcinc and bovinc pcri
cardium) testcd in thc mitral position. Flow visualization is an important tool for prosthctic valv,$ 
evaluation using simple and low cost racilitics. 

Keywords: F/01v visuali:wtion; dye i11jection; cardiac bioprostilesis; ileart volves testing; steady.flow; 
I'ÜIIalizaçc/o de escoamento; i11jeçiio de cora/l/ e líquido:' bioprôteses cardíacas; teste de válvu(et.l' 

çardíacas; escoamento niio-pulsâtil. 
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COB123 DUREZA DAS RESINAS ODONTOLÓGICAS E QUANTIDADE DE 
RADICAIS DETERMINADAS POR ESR I HARDNESS OF DENTAL 
COMPOSITES AND AMOUNT OF RADICALS DETERMINED BY ESR 

Walter Sano & Cristina Barkevui Mekitarian de Mello 
Departamento de Fístca Aplicado. /nstitu/11 de Físictt - USP - 05315-970 Süo Paulo, SP Brasil E-mail: 
sano@((usp.br 

Light-curing composite resins even being today one of thc most used in restorative dental 
works its photo-polymerization process had not bcen complctcly explained. The type containing Bis
GMA and inorganic chargc of zircon and sílica was studicd afler its activation by a conventional vis
ible light unit. Electron Spin Resonance (ESR) spcctra werc obtained along one monlh, commencing 
immediately aftcr the activation and then rccording periodically, so obtaining the dccay over time of 
the relative number of the free radicais. A post-curing cvidencc was observed in agreement with Watts 
et ai., 1987 who have been reported lhe evolution of the hardness numbcr over time of similar mate
riais. Analyzing the decay of the ESR intensity arter thc lighl activation, it is concluded that the rcsin 
cure process is due to the remaining radicais. Firstly half of them is converted in 1.2 days, in agree
ment with the results of the hardness numbcr which starts from 45% and in one day attains 90% of the 
maximum value. Latterly they dccay more slowly. with half-life of 12.6 days, also in agreement with 
the hardness number whích rcaches 96% ín one wcek and tends to I 00% ín onc month. 

Keywords: dureza, resino odontológica, resina composta, radical livre, ressonância de spin eletrôni
co I hardne.1·s, dental composite, free radical, ESR 

COB175 DINÂMICA DA INTERAÇÃO ENTRE O SISTEMA IMUNOLÓGICO E 
O VÍRUS HIV DYNAMICS OF THE INTERACTION BETWEEN 
IMMUNE SYSTEM AND HIV 

Tiago Rodrigo Alves de Souza 
Departamento de EnRenfutrio Mecfinico. Uni1•ersidode de /Jmsílilt. 70.910.900, Brasília, DF - E-Mail: 
tiliROr@Ruarany. qul.unb.br 

Marcelo Amorim Savi 
Oepartwnelllo de EnRenhario Mec:finic:o e de Materiais. Instituto Militar de EnRenltoria 
22.290.270. Rio de Janeiro, lU- E-Moi/: d4.1'tll'i@epq.illle.eb.hr 

The ímmunc system is a complex network of organs contaíníng cells that provídes thc mcans 
to make rapíd, híghly specífíc, and ín general vcry protectíve responscs against different pathogens. 
The acquired immunodeficicncy syndrome (AIDS) occurs as a consequence of HIV action on organ
isms. Thc vírus enters the bloodstream and destroys ccrtain whítc blood cclls, called T lymphocytes, 
that play a key role ín thc functíoníng of thc ímmunc system. AIDS ímpaírs the immunc system and 
leavcs thc victím susceptíblc to various opportunistic infcctions. This contríbution evaluates the 
dynamical interactíon between immune systcm and HIV described by the modcl proposcd by Holton 
& May (1993). lnitially, a discussion about immunc system. HIV and AIDS is done. Then, thc math
cmatical model is prcsented. Some numcrical simulations are considcrcd . 

Keywords: Nem-linear Dwwmics, HIVIAIDS Dwuunics, /Jiomecllllnics. I Dinâmica Ncio-Linear, 
Dinâmica HIV/AIDS, /Jiomecâniw. 
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COB177 MODELOS CONSTITUTIVOS VISCOELÁSTICOS PARA O 
PULMÃO: CASO UNIDIMENSIONAL VISCOELASTIC CONSTITUTIVE 
MODELS FOR THE LUNG: ONE DIMENSIONAL CASE 

Marcelo Amorim Savi 
Depar/amenlo de Ei1genlwria Mecâniw e de Moleriais, hiSiillllo Miliwr de Engen/wria. 22.290.270, Rio de 
Janeiro, RJ- E-Mail: d4.wvi@epq.ime.ell.br 

Pedro Manuel Calas Lopes Pacheco 
Depanamenlo de E1zgenlwria MeC<1niw. CEFET/RJ, 20.271.110, Rio de Janeiro, RJ- E-Mail: ca/as@cefel-rj.br 

The simulation of vital phenomena may contribute either to define best eonditions for living 
beings or to determine pathological treatments. These simulations need models whieh are eapable to 
describe the behavior of biological systems. The simulation of respiratory system may contribute to eval
uate some physiologic details of this system. Usually, constitutive mudeis used to describe mechanical 
behavior ofthe lung is a combination of mudeis to describe the biological tissue behavior associated with 
models to describe the surface tension stress effect in the alveolar walls. This work presents an overview 
of constitutive models for soft tissues and suggests viscoelastic models to describe the complete response 
of the lung. Polynomial anel exponential mudeis are considered to describe the elastic behavior of bio
logieal tissue. Some viscoelastic moelels are presenteei anel eliscussed. One-dimensional results illustrate 
with qualitative coherence the stress-strain curves prescribed by these models. 

Keywords: Constil!ltive Equations, Mec/umics of Lwzgs, Biomechanics. Equações Constitwivas, 
Mecânica do Pulmão. /Jiomedinim. 

COB199 MODELADO DE LA COLUMNA VERTEBRAL PARA PATOLOGIA 
LUMBAR 

Alvaro Ayala Ruiz*, Miguel A. Cruz Morales*, Felipe M. Camarillo**,J. Alfonso López 
.Timénez'\ Felipe Lu:;:o Ramírez* 
* Cenlro de diseiio Meuínico. Foculllul de lngeniería UNAM. Circui/0 e.nerior. Ta/leres de lngeniería Meuínica, 

CU. México. D.F. 
E-mail: a/varo@finwcji-c.llnwii.IIIX. 
** Médico adscrilo.- Hospillll General de Méxiw. Sen•ic:io de Onopedia. l'a/1el/rÍiz 106. , Dr. Balmis 168. Col. 

Douores, CP 06726. 

This essay is part of an integral spinal analysis (lumbar arca) applying the finite element 
methodology. The software used in Patología lumbar. is NISA DISPLA Y Jll. The objective is under
stand the spinal behavior anel be able to redesign the pedicle screw fit which fail when certain weight 

condition is apply. 

Keywords: Elemento ji11ito, Modelodo, Al/(ílisis. Colwww vertebml. Análisis Plano. 

COB783 ANUMERICAL MODEL FOR LASER -INDUCED SHOCK-WAVES 

D.C. Lobão & M.T.T. Pacheco . 
fn sTilu/0 de l'esquisa e Desenvolvime11111 (!!'[)),Universidade do Vale (lo Pumílw UNIVAP . 
Pmça Cândido /Jios Caslejrm. 116. CU': 12245-720. Süo Jilsé dos Campos. SP. FAX: (012) 341-7248. /1rusil 

345 

------. --....--..... -~--- ·--



ABSTRACT Til I 

A dircct compu ter simulation tcchniquc is dcvclopcd to analyse quantitativcly the intlucncc of 
the fluid llow and heat transfer in thc transient dcvelopment of a laser induced shock-waves in ai r. The 
tluid dynamics of the shock waves propag<Hion gencratcd by thc laser cmission havc bccn mathcmat
ically modclcd for I D sphcrical gcomctry case. Thc TVD (Total Variation Diminishing) method for 
the numerical simulation is uscd to solve lhe compl cx problcm anda vcrsatilc numerical codc has bccn 
devc lopcd. The novelty of this work is to trcat the shock waves propagat ion by a numcrica l procedure 
instead of using thc convcntional point source explosion theory. Comparison of the simulated rcsults 
indicatcs the good accuracy of the numerical proccdure against those prcdictcd by the point-sourcc 
explosion theory . ln this work is prcscntcd a numcrical simulation study involved in photomechanical 
processes associated with laser ablation and fragmcntation induccd hy excimcr laser radiation. The 
shock wave evaluation during photofragmcntation of hard tissuc as kidney stonc is modeled under the 
view point of surrounding a ir fluicl now and hcat transl"cr. 

Keywords: Shock wal'es, TVD se/reme, laser-incluced slwck, !Jiolo}iical tissue. 

COB784 AMODEL OF THE EQUATION OF STATE FOR DYNAMICS SHOCK 
WA VE SINIHOLOGICAL TISSUE TYPE 

D.C. Lobão & M.T.T. Pacheco 
lnsfilllto de Pesquisa e Oe.,·en\'oil'iluento (lf'f)),Unil·ersidade do Vu/e do I'um(/){1 UNIVAI' 

Pimcicaba. Cândido Oius Custejon, 1/ó. Cl:'f': 12U5-720, Silo José dos Cu111pos, Si'. FAX: (012) 34/-724R. 
Bmsi! 

The aim of the present study is to delinc a cquation of state for a condenscd material of hiolog
ica l tissuc typc and formulatc by numcrical mcans thc shock wavc propagation in this medium. 
Theoretical studies are conduccd into thc basic idcas discusscd by Zcl'dovich and Rai zer on shock waves 
in solids in order to derive the equation of state for hiological material. Thc knowleclgc about lhe shock 
wave properties ol· tissue in the domai n of medical sc icncc h as been accumulatecl and investigated recen
tely. This has been conduced bccause the rulcs of such phenomcnon rclated with ablation and cavitation 
bubblcs in the clamage mcchanism of hiological ti ssuc are not well unclcrstood. 

Keywords: Shock H'uves, equutions t!f'stute, nwnericul schellle, /Jiologicul tissue. 

COB853 AVALIAÇÃO DA TRANSFERÊNCIA DE O XI GÊNIO EM OXIGE
NA DORES DE SANGUE UTILIZANDO ÁGUA NO LUGAR DO 
SANGUE I OXYCEN TRANSFER EVALUATION OF BLOOD OXYCENA
TORS WITH WATEI? 

F:\bio Turri & Adolfo A. Leirner 
Divis17o de /Jioe/lgenlwriu - I11Cor - HCFMUSI'- t\ 1•. /)r. E11éus de C Aguiar, 44- Cr:t' 05403-000 Silo l'au!o 
SP, Bmsil- E-11111ii: /; iofii!Jio@illcor4.il/cor.usfJ./Jr 

ln vitro assays with hovinc hlood are a current practice in blood oxygcnators (artificial lung) 
dcvelopment. The aim of thi s work is to show thal it is possihle to use water in those tests instcad of blood 
anel obtain a correlation thal can be uscd to predict hlood-gas oxygen mass transfer rate. Water tests have 
the aclvantagc to avoid logistic problcms regarding blood supply. Four commercial blood oxygcnators 
were firstly tcsted with watcr at the following condition: flow = 6 1/min .• temperature = 37"C, and inlet 
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p02 equal to 30 mmHg. Oxygen 21 1YI> was vented in a I: I hloocl-gas tlow relationship. Each oxygena
tor was secondly tes tecl with hovine fresh bloocl at a tlow of 6 1/min., anel I 00% oxygen at I: I blood
gas flow relationsh ip. Blood parametcrs were set accorcling to the AAMI conditions. Oxygen mass trans
fer effecti veness eoellicicnts (Ef) wcrc calculatecl. Statistica l analysi s shows linear correlat ion with r'= 

0,927 anel EJ;,h"'1 = I ,lJS"'Eiw'"'.,.-1.02. 

Keywords: B/ood oxvgenation , 11te111bmne oxvgenation, cardiopuillW!Iary b)'fHIS.I! Oxigenadores de 
sangue, oxigenadores de ntetnhmna, circulaçâo extra-collHÍrea . 

COB1103 DISTRIBUIÇÃO DE PRESSÃO NA VOLUTA DE UMA BOMBA 
CENTRÍFUGA UTILIZADA EM BYPASS CARDIOPULMONAR COM 
OXIGENADOR DE MEMBRANA/VOLUTE PRESSURE DISTRIBUT!ONS 
OF A CENTR!FUCAL PUMP WHEN USED lN CARDIOPULMONARY 
BYPASS WITH EXTN.ACON.PON.EAL MEMBN.ANE OXYCENATION 

MAZZA, Ricltrdo A. e ROSA, Eugênio S. 
llla zw@jelll.liiiÚ:miiJ!.hr ~ m.w@j(•lli.ll!linliiiJ!.hr- Cr.l'oswl ó/22- UNIC!\MI'IFEM/DE- 13081-970 - Cmllf!illas 

· SI' - /Jrasil 

Vanless centri fugai hlooel pump such <Is Bio-pump has hccn dcsignccl to hc used as a ventricular 
assi st dcvicc (V AD). Due to thc positive results, specially the reportcd low hlood damagc, its use has 
becn cxtcnd to cardiopulmonary hypass (CPB). Uneler an engineering point of view, CPB rcquires a 
highcr opcrational pressure levei elue to the use of a mcmbrane oxygcnator anel arterial f i lters in the blood 
circuit. Despire of thc success ful results in V AD or CPB applications some dcficiencies werc rcported. 
T hc long tcrm use in V AD, witholll pump replacement, is not recommcndecl due to possibility of seal 
leakagc between casing aml pump b:1se. Also, for CPB applications has bcen reportcel blood damagc lev
eis comparabl c to the ones when roller pumps are employcd. ln both cases onc may associate thesc phe
nomena to a non-uniform pressure distribution along thc pump volutc. This work addresses to thc mea
surements o r lhe prcssure elistribution along thc pump volute with an in vitro analog circuito r CPB. The 
working fluid was water anel thc measured pressure elrop. flow rate and rotational speed were eonvcrtecl 
to lhe values correspondent to the measurements clone with a blood an:.1 logue lluid by using of the simi
larity principie. 

Keywords: Centrifitga l Pu111p: IJ/ood Pu111p; Vanless P111111': Volut l'; Pressure Measl!l'elllents 

COB1131 A THERMOREGULATORY MODEL OF THE HUMAN BODY: EXPO
SURE TO HOT ENVIRONMENT 

Maurício Silva Ferreira & Jurandir ltizo Yanagihara 
Departl/1//ento de Engenl!nrin .lvlenlnica. Fxcola l'olitén!ira · USI' 
Av. Prof Mel/o Momes. 2231- Sr/o l'aulo- SI' - CFI' 05508-900 - SI' E-11111il: Jirallagi @usp.!Jr 

A transielll mathematical modcl for the human hcat transfcr systcm has been dcvclopecl. lt is 
baseei on a single cy linucr, rcpresenti ng the body, w ith concentric annu lar layers: core, muscle, fat <"mel 
skin. lt includes melabolic heal gcncration, conduction or heat in ti ssue. convection or hem by llowing 
blood, heat transler by raeliation. convcction anel evapora(i on at thc surl'ace anel loss of heat through thc 
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respiratory tract. The control system has two inputs: the mean temperaturcs from skin and core. Output 
variables are: the skin blood tlow (vasomotor response) and the sweat rate (sudomotor response). The 
model can be used to simulate body's response to a rise in ambient temperature beyond initial value or 
to a sudden exposure to solar radiation . The results were compared to data in the literature and showed 
good agreement. The model with some modilications can be used in thermal comfort applications. 

Keywords: Tempemture regulation, thermoregulatirm. mathematical model, thermal con!fort I 
Regulação da temperatura, termorregulação, modelos matemáticos, conforto térmico. 

COB1264 DETERMINAÇÃO EXPERIMENTAL DO MÓDULO DE ELASTICI
DADE DA TÍBIA HUMANA ATRAVÉS DO DMTA 

Antônio Carlos Shimanol , Mario Francisco Mucheroni2 & Sebastião Vicente Carnevarolo Jr.3 
I Lab. de Bioenuenlwria da Faculdade de Medicina de Ribeinio Preto - USP 
2 Dep. de Enu. Mecânica da Escola de /:'n gen ilaria de S1io Carlos - USP 
3 Dep. de Materiais- Área de Po/(meros - UFSC!\R 

ln this study of lhe mechanical propcrties or boncs. rocused on human tibiac, it was obtained the 
axial dynamic Young's modulus. A large number of spccimens from severallocations and at di ITerem ori
entations were harvested from one fresh human libia. The axial dynamic Young modulus was obtained 
direct ly from lhe Dynamic Meehanical Thermal Analysis (DMTA). Sue h lests are commonly used in poly
mers, and were performcd isolhcrmally at 36,5°C using thrcc frcqucncics: O, I Hz. I ,O Hz and I 0,0 Hz. 

Keywords: Bioengenharia, Ossos, Tíbia Humana, Ensaio Dinâmico, DMTA, Módulo de Elasticidade. 

COB1265 ANÁLISE DINÂMICA EM TÍBIA HUMANA: SIMULAÇÕES E 
TESTES EXPERIMENTAIS 

Antônio Carlos Shimanol & Mario Francisco Mucheroni2 
I ú.tb. de /Jioenuelllwria da Fac11/dade de Medicina de Ribeinio !'relo- USP 
2 Depto. de ling Meninica da r:;scola de Engelllwria de Süo Carlos - USI' 

A study on the theorctical and experimental dctermination of the mode shapes and natural fre
quencies of dry treated and wct fresh human tibi ac is presented. Dynamic simulations are performed 
using the Finite Element Method. Thc experimental modal tcsls are pcrfonned using the hammer impact 
setup, well known in mechanical enginccring applications. The rour first frequencics and corresponding 
mode shapes were obtained. Thc rcsull s are compared and lhe diiTercnces are discussed. 

Keywords: Bioe11genharia, Ossos, Elementos Finitos, Análise Muda/. 

COB1269 MECHANICS OF FACIAL AGING 

Fabiana R. Leta1,4, Aura Conci1,2, Djenane Pamplona3, Hans Weber4 & Ivo PitanguyS 
I Univer.,idade Federal F/uwiue11se. CEP /0-2•10 Niterlii. lU, /Jra.vil- t:-uulil: .fitbi<tllil, acmu:i@ma.uf(!Jr 
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3 Deparramellfo ele EllRenlwria Civil 
4 Departamento ele EnRenlwria Mecâ1Jica 
5 Departamento de Cinuxia P/ústica. l'ont(fi'cia Universidade Cat<ilica elo Rio ele Janeiro. CEP 22453-900 Rio de 
Janeim, Brasil - E-mail: d}emlne @ciV. fJJu:-rio.hr. lums@mec.puc-rio.br 

This paper prcscnts a motlel for face aging. that uses a warping technique to cmulate the aging 
changes. The implcmentetl process considers the age fcatures of selccted parts of a face such as the face 
outline and the shape of lhe lips. These age features were obtainetl by measuring the facial regions of 
women that havc been photographed throughout their lives. Wc propose a new method to define the 
aging pararnetcrs based on mechanics analysis and than graphically represents the age effects. 

Keywords: Facial ap,inp,, meclwnics oj' aging, warping, biomeclumic I envelhecimento facial, bio
mecânica, mecânicc1 do em•elltecimelllo. 

COB1323 A 4-DIMENSIONAL MODEL OF THE HUMAN HEART 

Edilberto Strauss 
Universidade Fedewl Fluminense- UfF/Ci\!1 
Rua Passo da Púrria. !56 Bloco E Solo 350. CEI': 24210-240. Niterríi-RJ. /Jmzil. e-mail: strauss@coa.L(f(br 

Peter Burger 
Imperial ColleRe o{/.1111don. /80 Qneen's (;me. Lmulon- SW7 2/JZ- UK. e-nwil:pb@doc.ic.oc.uk 

Thc dcvelopment of a four-dimensional solid rnotleling systcrn is describcd. Thc applied tcch
nique provitlcs thrce-dimensional visualization antl animation of the human heart tluring its activatcd 
phase (the cardiac cycle). The motleling procetlure is basctl on medical data-irnages generatctl by a mag
netic resonance (MR) scanner. The visualization of the moving hcart is based on a new approach for 
modeling dynamic frec fonn objects which is particularly suitable for animation. The animation proce
tlure is done by a volumetric morphing technique dcscribed as topological mcrging. 

Keywords: Heart Modelling, 4-Dimensional Modellirzp,, Ani11wtion, Visualization, Dynamic 
Modellirzg. 

COB1334 ENVELHECIMENTO FACIAL POR GRAVIDADE I THE ACTION OF 
GRAVITY ON FACIAL AGJNG 

Djenane Pamplona, Hans I. Wehcr & Paula Calux 
DepartamenTO de Engenharia Cil'il. !'rJIItifi'cia Uni1 ·crsidwlc CattÍiim do f?io de Janeiro. Nua Marquês de Stio 
Vicente, 225 - Gdvea 
CEP 22453-900- Rio de Janeiro, lU -/Jmsil- E-moi I: djenane@cil'puc-rio.br 

From the pilotos of thc American astronaut Shannon Lucid, it could be obscrved that she 
looked much youngcr without the gravitational ficltl acting on thc muscles of her face . Facial aging is 
a biological phenomcnon but thc facial movcment of the skin tluring aging is also due to mechanics. 
The present rcsearch is a first stcp in identi fying the mcchanical forces responsiblc for facial defor
rnation owing to time. With thc use of a Nonlincar Finitc Elcments formulation in a facial mask wilh 
the mechanical propenies of the skin . it was possible to tliscuss the effects of gravity in the mechan
ics of facial aging. A strong corrclation betwccn thc cffccts of gravity and the behavior of the aging 
parameters of ou r rccent work was fountl. 

Keywords: EHvelhecilllento. 1/iomembrwws, Elemelllo Finito. I Aging, /Jiolllembranes, Finite 
Elements. 
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COB1397 IMPLANTES METÁLICOS RECOBERTOS COM HIDROXIAPATITA 
I COATINCS OF THE HYDIWXYAPATITE ON THE IMPLANTS METALS 

Eliana Cristina da Silva Ri~o'" , Luci Cristina de Oliveira"' , Luís Alberto dos Santos'" , Raúl 
Garcia Carrodéguas'" & Anselmo Ortega Boschi'" 
Departwne11to de E11gelli111rio de Moteriois - /)/,Mo. Lo!Jo rutlírio de /Jiocert1111icos -/JioLob. Ullil'ersidode Federai 
de Stio Cor/os- UFSC;\N- Rodm•iu Wusliill gloll /.ui ;: - K111 235- CU' 135ó5-905- Stio Carlos- S.P .. e-lllllil: 
eliww@iris.llf.'cur.hr( I) 

Ce!l/l'll de Bio111oteriois - U11il'ersidode de /·lm·tu/11 - l-ltll'<lfiO- Cubo. e-11111il: biollllll@co!llllli.u!J.cu(2) 

Materiais in current use as implants can be classified as bioinert, biotolerable, and bioactive 
depending on the nature ol· thcir interaction with the living ti ssues. Among the severa! materiais 
employed in implantology metais deservc special attention hecause ol· thcir high mechanical strcngth. 
However, melais are biotolerable materiais being not ahle to hind to bone. On lhe other hand, hioactive 
materiais can form strong chcmical hond with bone but fail under high mechanicalloads. Hydroxyapatite 
is thc main component or thc bonc mineral. lt has heen cxtcnsivcly studied as a bonc grart material and 
its excellent bioactivity and osteoconductivity havc hecn clearly established. 1-lowever, hydroxyapatite 
grafting is only advisable in situations of low or only compressive loads becausc of its weakness. 
Numerous efforts have bcen made to combine lhe slrength or metais and lhe biological properti es of 
hydroxyapatite via coating proccclurcs. Mcthods such as ion sputtering, plasma spray. sol-gel, clectroly
sis, and biomimetic procedures have been used. 

ln this work lhe authors present thc above mcntioncd coating tcchniques and commcnt on thcir 
advantages and disadvantages. Thcy also revise brielly the exis ting report s on hydroxyapatite coating on 
metai s by thc diffcrcnt melhods. 

Keywords: Hydroxvapatite, Coming. Uio cerwnics, Calciulll plwsphate. Recobrimento, 
Hidmxiapalito , /Jiocerfimiws, Fosfúto de câlcio 

COIH415 DESENVOLVIMENTO DE UM TORQUÍMETRO DE PRECISÃO PARA 
O ESTUDO DO DESEMPENHO DE IMPLANTES OSSEOINTEGRADOS 
I VELOPMENT OF A TORQUE CAUCE OF HICH PRECISION TO THE 
STUDY OF THE PERFORMANCE ON IMPANTS OSSEOINTECRATION 

Eduardo Carlos Bianchi ''' , Marcelo de Almeida Souza Santos * , Ana Rita Rodri~ucs Bianchi 
** . Jotlo Roberto Gonro/J·es .,.,,,,, & Dorceny /.til/e/la /Jar!>osa ''"''* ''' 
*UNES!'- FET - /Jullm- Dt•f)(lrllnnelllo de lóngl'lllwriu Meu/Jiico - !11·. J:ng. Luiz fdmwulo 
Corrijo Co11/Je. S/N 11. 17033-3ó0- /Ju/11'11 -SI'- ,,·-mail: /Jianchi @/){tlll'll .lllll'.I'!'. /Jr 
** USP- Ullil·ersidode de Stio l'u111o- !Jolll'll - Def!lii'IIIIIICIIIo de Mllleriuis OelltlÍrio.\'- Rua !li. 
OcttÍl'io Pinheiro Brisoiu. 9-75. - 17!N3-IOI- /Joum- SI' 
***Faculdade de Odontologia de !lrtiiWflllll'tl- UNES!'- Def!lll'll/11/l'llfll de Cifnicu lnfilntil 
**** Unil'ersidode de U/Jerlti11di11 - DetJtll'ltlllll' l/111 de Cir11rgia 

This work show the development about a Iorque g:auge of hi g:h precision to improvement of 
odontological research on osseointcg:ration or dental implant. The rcsu lls are exame from prat icai 
analysis on obtained with the clcveloped too! instrumcnt. 

Keywords: Toriflll' gouge oj' lligh precision. odontologicul reseorch. osseointegmtion of' dental 
implant. 
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COB1416 DESENVOLVIMENTO DE UMA METODOLOGIA PARA A 
A V ALIAÇÃO DO DESGASTE ABRASIVO DE RESINAS COM
POSTAS I DEVELOPMENT OF A METODOLOGY TO AVALIAT/ON OF 
THE A/JRASIVE WEAR OF COMPOSITE RESIN 

Eduardo Carlos Bianchr:', Antonio Carlos Pires Dias*, Ana Rita Rodrigues Bianchi*'\ César 
Antunes de F1·eitas'~''' 
* UNESP - FET- /Juurtt - Def)(lrl<llll<'llt() de /o'ngenlucria Meufllic:u - 11 1' . Eng. l.uiz Edlllwl//(1 Currij" Coube. SINo 
.17033-360 - Huuru- SI' 
E-mail: hiwu:lli 0l /wurtt .unesf>.hr 
** USP- Universidade de Stl" !'uu/" - /Jauru - Oeparlillll<'llto de Materiais De/1/iÍrios - Rua III. Octávio Pi11heiro 
Brisolu. 9-75.- 17043-101- /Juurtt- SI' 

This work intends to show a new method whcre there is a test stand watchcd by a eomputer. 
lt ean evaluate lhe wcaring (in a quanlity rorm ) of lhe composite resin usecl in clcntiste rcstoration 

Kcywords: Desgas/e de resitws de111á rias. lri/)1)/ogia de resi11as C/J/1/f!OS/as, mecwtis11/0 de remoção 
de material 

COB1470 ESTAÇÃO PARA AVALIAÇÃO lN VITRO DE OXIGENADORES E 
PERMUTADORES DE CALOR I STAT/ON OF "lN VITRO" TESTS FOR 
OXYGENATORS AND HEAT EXCHANGERS. 

Novello, W .P., Ferreira, M.M., Succi, R.., Pccorario, .). R.& Brailc, D.M. 
Divisüo de Pesquisas e l'uhlicuciíes- OefWrltllnell/os de I'&D nu Mecânica e Eletrlillica da /Jraile Uiomédic:u. 

ln spite or thc great numbcr or cxlracorporcal proccclurcs performecl in Brazil, a few placcs can 
cvaluatc thc basic runction paramctcrs of gas cxchangcrs (oxygcnators) anel hcat exchangers. This paper 
clcscribes thc projecl . construclion and utilization ora station or " in vitro" tcsts lo bc able 10 cvaluatc the 
oxygen transfcr, hcat transfer and pressurc drop. 11 is composed hy on linc hloocl gas monitor. pcri stnllic 
pumps with control and inclicalion o r hlood now. gas hlcndcr. manomctcrs. thcrmometcrs, magnctic water 
pump, water rcservoi r with tcmperaturc control. suppurts or tcst dcviccs. tlow mcters anel supports for 
Nitrogen, Carbon dioxide aml oxygcn cylinclers. Thc projcct incluclcs clectric circuits from watcr tempcr
ature and llow meter managemcnt anel hydraulic circuit for watcr circulation. The tcst circuits anel thc 
quantitativc rcsults of cvaluations are prcscnted inlhc hloocl membranc oxygenalors anel heat exchangcrs 
with cliffcrcntmaleri<ll s and dcs igns. This stalion lcsls was ablc to quantify some ol· lhe main performance 
paramcters of gas anel hcat exchangcrs with casiblc anel safcly. 

Keywords: Enrac:orporeal circululúm. o.rygena/ors. gas exclwngers mlil hea/ exchcmgers. 
Circulação exlmcorpárea, oxigenadores. lrocadores de gases e /rocadores de calor 

COB1474 AN AUGMENTED ENDURANCE TEST WITH ELECTROMECHANI
CAL PULSATILE TOTAL ARTIFICIAL HEART (TAU) 

Yukio Ohashi, Aron de Andrade, Kin-ichi Nakata, Jürgen Müller, Yukihiko Nosé. 
Buy!or College o{ Medici11e. /Jef}{lrtlllelll o{ Surge1y. One /Juylor 1'/uw. Hous/on, Texas 77030. USA - E-111oil: 
yolws!Ji @bclll.tlllc.edu 
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College of Medicine. This TAH successfully underwent a hydrodynamic study, hemolysis 
study and two acute implantations. Before initiating a preclinical study, the reliability of the device 
needs to be documcnted based on the durability of each component including the electrical parts 
through a long-term endurancc study, 

This TAH was submitted to a four-month running test with the most severe driving condition 
where a maximum dP/dt was choscn more than 15,000 mm Hg/scc that is almost six times higher than 
that of a normal driving condition. The pump was submersed into a watcr bath that was maintained at 
370 C. The TAH was drivcn in aLMA variablc rate mode at 8 Llmin outtlow, 15 mm Hg preload, 
100 mm Hg left afterload and 25 mm Hg right afterload. The outllow, prcssures, temperature inside 
the TAH and electrical current werc monitored. 

Severa! stress concentrating portions werc dctected. The conncction betwcen the roller nut and 
support plate lies in one of the most stress concentrating portions, and a more reliable fixing proce
dure was required, A redcsign was made in this porlion to offcr a durablc connection . No malfunction 
of the actuator and controller was detected throughout the testing duration . The required elcctrical 
power was 14.7 ± 1.6 watts and the total efficiency was 12.6 ± 1,4 %. Thc tcmperature in the TAH 
was 45.9 ± 0.90 C on the motor. and 37.8 ± 0.30 C on lhe centerpiece. 

Keywords: total artificial heart, d~trability, augmented endurance study, stress concentrating portion 

COB1475 A V ALIAÇÃO "lN VITRO" DO ÍNDICE HEMO LÍTICO EM VENTRÍ
CULO ARTIFICIAL PULSÁTIL I lN VITRO EVALUATJON OF THE 
HEMOLYSJS INDEX lN A PULSATILE VENTRICULAR ASS!ST DEVICE 

Sergio A. Hayashida, Maria de Lourdes L. Silva, Marina .J. S. M:~izato, ldágene A. Cestari & 
Adolfo A. Leirner 
Divisüo de Bioenl'enlwria - lnCor - HCFMUSP. CEP 05403-000 S1io Paulo. SP, Brasil - E-mail: 
bioserl{io@iiiCOr4.iii CIJr.usp.br 

High biocompatibility and low hcmolysis are important characteristics for allowing long term 
use of blood pumps. We present an improved systcm for testing the hcmolysis produccd by an 
implantable pulsatile ventricular ass ist devicc (V AD) prcsently under developmcnt atou r laboratory. 
The system has two tlexiblc blood chambcrs immerscd in 1luid fillcd reservoirs. Thc chambers are 
connected to V AOs driven by a pneumatic actuator. Thc rcsults obtained with fresh heparinized 
bovine blood in four experiments showcd that thi s systcm has a low degree of contribution on total 
hemolysis produccd and provides a reliable method lo determine hcmolytic performance of V AOs. 

Keywords: Vemricular assist device, hemolysis index, thrombogenicity, in vitro test. Dispositivo de 
assistência venlricular, índice de hemólise, trombogenicidade, teste in vitro. 

COB1476 MÉTODO DE OBTENÇÃO DE UMA PRÓTESE EM SILICONE PARA 
TORACOSTOMIA I METHOD FOR PROSTHESIS PRODUCTION lN SIL
ICONE FOR THORACOSTOMY 

Helena T. T. Oyama, Marina J.S Maizato, Adolfo A. Leirner & Luis T. B. Filomeno*. 
Divisüo de Bioen~<enlwria- lnCor- HCFMUSP. Av. Dr. Enéas de Carvalho AJ{IIiar.44- Cerqueira César- Süo 
Paulo -CEP: 05403-000 
E-mail: biohelena @incor4.incor.usp.br 
*Divi.wio de Ciruri{ÚI 1imícica e Canlio vascular- HC-PMUSI' 
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This paper presents thc design and construction of a thoracostomy silicone prosthesis. lts main 
utilization is in Clagett's and modified Eloesser thoracostomies and for the treatment of chronic and 
post-pneumonectomy empyemas. The prosthesis designed consi sts of a silicone tube corrugated and 
with one internal and one externa! tlange to avoid migration. lt can be placed through 30 to 40 mm 
incision and resection of a segment of solely one rib, minimizing surgical trauma and resulting in a 
esthetically improved aspect, while maintaining adequate and continuous draining ofthe pleural space. 
Hitherto, the prosthesis was utilized in 20 paticnts subjected to thoracostomy with a follow up period 
of li to 312 days. Thc results obtaincd suggest that its utilization presents many advantages in com
parison to the traditional method utilizcd. 

Keywords: Chronic empyema, thoracostomy, tlwracostomy prosthesis. I Empiema crônico, toracos
tomia, prótese de toracostomia. 

COB1477 PRÓTESE VENTRICULAR IMPLANTÁVEL- PROJETO MECÂNICO 
I IMPLANTABLE VENTRICULAR PROSTHESJS-MECHANIC DESIGN 

Marina j. S. Maizato, Milton S. Oshiro, Sérgio A. Hayashida, Maria L. Lopes, Eucydes F. 
Marques, Gina H. Hamamoto, *Cecília A. C. Zavaglia & Adolfo A. Leirner 
Divisüo de flirJeJtl{elllwria do lnstituro do Coraç<io · HC FMUSP, Av. Dr. Enéas de Carvalho A~-:uiar, 44 · 
Cerqueira César· Süo Paulo(Sf')· CEP: 05403-000, e.mail: bionwrina @incor4.itu:or.usp.br 
*Departamento de En~-:enlwritt /Jiomédica · UNICAMI' 

This paper dcscribes the design of an implantable artifici al ventricular assist device to support 
thc heart as a bridge to hcart transplantation. in patients with profound cardiac failure . Thc artificial 
vcntricle prcscntcd has a frec floating membranc, dividing two titanium carcass. The driving unit is 
pneumati c. Two sili cone cannulae are used to conect the device to the patient's heart (left ventricle 
apex to aorta). Each cannula is eqquipcd with one bovine pericardium valvc. A computer program 
(Microstation) was utilized to providc volumctric calculus, bidimensional and tridimensional visual
ization to optimize thc design . Thc rcsulls show perspectives for clinical utilization . 

Keywords: Art(ficial Ventric/e, Mecluuzic Assis! Circulation, Ventricular Assis! Device, Artificial 
Organs, Artificiallmplwzts, Tempor{ll)' Assist Device. I Vellfrículo Artificial, Assistência CirculatóricL 
Mecânica, Dispositivo de Assistência Ventricular, Órgão Artificial, Dispositivo de Assistência 
Temporária. 

COB1479 APRESENTAÇÃO DE UM DISPOSITIVO PARA AVALIAÇÃO "lN 
VIVO" DE ADESIVOS ODONTOLÓGICOS EM ENSAIOS DE 
TRAÇÃO. IPRESENTATION OF A DEVICE TO EVALUATE DENTAL 
ADHESJVES "lN VIVO" BY TENSION TESTS. 

Aparício Fiuza de Carvalho Dekon, Eduardo Carlos Bianchi, César Antunes de Freitas & 
Antonio Santa Rossa Neto 
Departamento de E!t~-:enlwria Medínica. Faculdade de Engenlwria e Tecnologia - UNESP 
Rua EnJ.:. Luis Ed1111111llo Carrijo Coube slll Fo11e: (014) 230 ·- 2111 . Nanwl 148 · FAX: (014) 231-1718 
C~1ixa Posta/473 f-nutil: /Jiall<:hi @bauru.UII.Ip.br, CEI' 17033- 360 /Jauru . Süo Paulo, Brasil 
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The purpose of this study is to present. a device designcd to quantify the force required to 
remove orthodontic brackets directly in the oral environmenl. Elastic dcformation caused by tension 
are transformed in electrical resistance variations by slrain gaugcs pl accd in load cclls. Electrical signs 
generated during lhe movimenl are amplit'ied by an amplifying bridge and lhe variations registercd in 
an oscillograph. A prcvious calibration with difinite wcights allowcd lhe identificalion of lhe force 
required for removing lhe brackcts bonded on dental cnamel. Thc dcvice was used lo verify thc "in 
vivo" perfonnancc or IWO bonding systcms. Onc of lhcm. lhe Onhodontic Concise (3 M - Brazil) 
based in composile resin, is widely used in ürthodontics bcing available sincc severa! years. The 
other, Fuji Ortho LC (GC Corporation) an hybrid compositc and glass ionomcr adhesivc, rccently 
availablc. The results werc mutually compareci and analyscd. 

Keywords: Ertensômelms, Adeslío Or!odôn!ico. Forço de Adestlo I Strain gauges, Or!lwdonlic 
bonding, Bond s/renglh 

COB1481 ÍNDICES DE HEMÓLISE E VISUALIZAÇÃO DO FLUXO NA "SPI
RAL PUMP"(SP), UMA BOMBA CENTRÍFUGA DE SANGUE POR 
FUSO CÔNICOIINDEX OF HEMOLYSIS AND FLOW VIZUALIZAT!ON ON 
THE "SPIRAL PUMP"(SP), A CENTRIFUGAL BLOOD PUMP US!NG A 
CONJCAL SPINDLE 

Aron .T. P. Andrade, Cantídio M. Campos Neto, Vivian M. Escobar, José F. Biscegli 
Deparlamenro de /Jioengenlwrio. lnsrilnlo "Dan/e l'mmnese" de Cordiologio 
Av. Dr. Dan/e l'mwnese. 500. 1/Jimtmem. Silo l'onlo. SI'. /Jmsil. CI:'P: O.fiJ /2 -180 

The Spiral Pump (SP) is a hlood pump that utilizes thc two wcll known centrifugai and axial 
pumping principies. simultaneously. Thc hyclrodynamic pcrfonnancc ol· this pump was studicd at sev
era i test conditions, using a closed circuitloop wilh plastic tuhcs and rcscrvoir, tilled with 500 mi of 
37% glycerin-water solution. The rcsults show thal lhe SP has good pumping pcrforrnancc. The flow 
behavior was studied inthc most important arcas of lhe pump using a slrohoscopic planar helium-neon 
laser light. Arnberlitc plastic particlcs (80 mcsh) wcrc uscd in suspension in lhe solution and wcrc illu
minated by the laser light during thc pumping proccss. Severa i in vitro hcmolysis tests wcre performcd 
using bovine blood, simulating two pump conditions: as lci't ventricular assist dcvicc and as car
diopulmonary bypass. 

Keywords: Centrifugai Pltlllfl , IJ/ood Pwnp, E.xtmcorporea/ CirclllatioH, VeHtriclllar Assis! Device, 
Hemolysis I /Jornba Cenlrífitga, /Jo111ba de SaHglle, Circulaçiío Ew·acotjlfirea, /Jomba de Assislê11cia 
Ventricular, Hemólise 
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TEMA 112 - Produção 

COB34 PORQUE REDESENHAR PROCESSOS FUTUROS I BECAUSE TO 
REDESIGN FUTURE PROCESSES 

Luiz Veriano O. Dalla Valcntina 
Faculdade de EnJ.;enlwria de Joilll'ille-Fh:J/Universidade do Es!ado de San/a Ca/arina-UDESC 
89201-970 Joinville/SC- E-mail: dem2/dv@dcc.kj.udesc./Jr 

Osmar Possamai & Paulo M.Sclig 
Grupo de Análise de Valol! Dej!l. de Eng. da Produ(·i/o/UniJ'er.>idwle Fedem/ de Sal/la Cawrina- UFSC, 88040-900 
Florionôpolis/SC 

Thc prcscnt papcr dcscrihcd some aspccts on lhe incrcasing uscr' s of process redcsign in many 
organization, which can lcad to dramatical improvcmcnts of pcrfonnancc. 

Keywords: Redesign Process, Re-engi11eering, Redesenho de Processos, Reengenharia. 

COB149 UM MÉTODO PARA IDENTIFICAÇÃO DE AGRUPAMENTOS EM 
MANUFATURA CELULAR I AN IDENTIFICATION METHOD FOR 
GROUP/NG MANUFACTUR/NG CELLS 

Nelson C. Macstrelli 
Uiversidade Me!odislll de Pimcica/){1, DeJWr/amenro de h'ngenlwria de Méiodos e Processos, 
Rod. San/a Bérbam- lmceiJIIÍJ!Oiis Km!, 13450-000- Sra Búr/){lm D'Oesre/Sl' 

This papcr prcscnts lhe Simplificd Mcthod for Clustcrs ldcntification (lhe MIDAS mcthod) 
uscd for grouping parts and machincs in ccllular manufacturing. The proposed method identitics and 
eliminates lhe exccptional clcmcnts of lhe incidcncc matrix as a way to ohtain a perfect diagonal struc
turc. The aplication of MIDAS mcthod dcmonstratcs that thc mcthod is useful and more simplificd 

than the traditional grouping algorithms. Thc rcsults pcrmit thc analyst dcals with severa! solution 
alternatives and chooscs the most cllcctivc onc. 

Keywords: CellularMwwfácrrLring-CiusterAIW!ysis-Cei/Fomwtion-CirLslerA/goritlun 

COB394 A INFLUÊNCIA DO MODELO DO SISTEMA DE PRODUÇÃO NA 
SIMULAÇÃO DE ROTAS PARA AGVS I THE MANUFACTURING SYS
TEM MODEL INFLUENCE lN AGVS ROUTES S/MULATION 

Antonio Batocchio & Gustavo Nucci Franco 
Departamenlo de f'ngenlwria de Fa/Jrica(·ilo, Faculdade de Eng. Mecânica, UN1CAMP 
Caixa Posra/6122, CEP 13083 970, Ca/Jiflilll!S, Brasil. 1,·-mai/: barocclli@jeiJt.uiJicamt>.IJr 

Material handling systcm design plays an important rulc in many manufacturing systcms. Many 
times this design is a complcx task, as it's integratcd to lhe wholc systcm. Thc design engineer should 
feel the impact on facilitics layout, logistics policy and production policy. ln this papcr wc discuss the 
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influence of the manufacluring systcm model in Aulomated Guidcd V chicles simulations. We present an 
Arena implemented cxamplc ora llow palh layout, where models of differcnt cscopcs and leveis were 
used in order to feel lhe inllucnce or lhe manufacturing syslcm in lhe material handling system model 
performance. Wc compare a complcx just-in-timc modcl, wherc most of lhe production fcalurcs were 
modclcd, wilh a sim pie modcl , wherc lhe produclion syslcm is modeled jusl as vehicles jobs. 

Keywords: Automated Guided Vehicles; Facility Layout; Material Handli11g Systems; Material Flow; 
Simulation Models. AGVS. Layolll. Movimentaçiio de Materiais, Fluxo de Materiais, Modelos de 
Simulaçcio 

COB842 ESPECIFICAÇÃO E DIMENSIONAMENTO DE SISTEMAS DE 
MANIPULAÇÃO E TRANSPORTE DE MATERIAIS UTILIZANDO 
SIMULAÇÃO E SISTEMA ESPECIALISTA I USE OF SIMULATION AND 
EXPERT SYSTEM FOR MATERIAL HANDLING SYSTEMS SPECIFICATION 

Orides Morandin Junior, José Luiz Miranda Junior, Edilson Reis R. Kato, Arthur J, V. Porto 
Depar/il111ento de En~enlwria Meu1nim - Escola de f:'ngenlwria de Sc/o Ca rlos - V SI' - A v. Dr. Carlos Botellw. 
1465- Süo Carlos- Sf' CEI' 13560-250 

This paper proposes the use of simulation and expcrt. systems for material handling systems 
specifieation. A comercial simu lator is used for modeling a system and give data about its features. 
Then, an cxpcrt syslem is proposed for aid to make dccison using data obtained from simulation and 
some other systems fcaturcs 

Keywords: Expert !:>:vstems, Simulatimz, Mmwfacturing !:>~)'Sfems, Sistemas Especialistas, Simulação, 
Sistemas de Mam!f'atura 

COB865 ESTUDO DA APLICABILIDADE DOS MÉTODOS DE 
SEGMENTAÇÃO DE IMAGENS AO CONTROLE DE QUALIDADE 
NA INDÚSTRIA TÊXTILIINVESTIGAT!ON OF THE SEGMENTATION 
TECHN!QUES TO QUALITY CONTROL ON TEXTILE INDUSTRY 

Claudia B. Proença', Solly A. Scgcnreich' & Aura Conci' 
I Deportai/lento de f:'ngenlwria Mecânica - f'UC-I?io. Nua Marques de Scio Vicenle 225 . Gcí1•et1. CEf' 22 453 -
900 Rio de Janeiro- lU, /Jrasi/- E-lllllil : cpmenca@lllec.puc-rio.br 
2 f'tís Gmd em CoiiiJlliiiiÇâo !lplicada e !lutolllaçâo- C/1/1 - I'GMJ:'C- Uni v. Fedem/ F/umiuenl·e- UFF. Rua 
Passo da Pátria 156. 
CEP 24 210- 240 Nileníi- lU. /Jmsi/- E-mail: 1/CIJIICÍ@wa.uff:/Jr 

ln industrial manufacturing, produet inspection is an important stcp in thc producti on proccss. 
Automated visual inspec ti on has hcen an active ricld of rescarch during thc last fcw years. However, 
very li til e has been increased in thc production I ines of tcxti lc. This paper invcstigates the use of seg
mentation tcchniqucs to automatically dctcct ddccts on tcxtilc industry and prcscnts some examples 
of the defects which can bc usually found. lt also compares thc ciTicicney, in quality control, of mcth
ods such as thrcsholding and cdgc dcteclion. 

Keywords: Complllação visual, in.1peçcio Jêxt il ali/OIIlática, segmelllaçlíol Cmnplller I'ÍSÍ0/1, auiOIIlCII
ed visual inspecJion. Jextile inspeclion. segmentalion, thre.1·/wlding. 
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COB951 FLEXIBILIDADE DE MARKETING PARA UMA FLUIDEZ ENTRE 
MANUFATURA E MERCADOIFLEXIBILITY OF MARKETING FOR 
FLOWING BETWEEN MANUFACTURING AND MARKET 

Abelardo Alves de Queiroz"'; Antonio Valdivia Altamirano"' 
(I) Universidade Fedem! de Sclllf<l Cawrina. Progrciii/CI de Pti.1·-Gruduaçclo em Engenharia Mecânica 
(2) Uni1•ersidade Fedem/ de .'l'clllttl Catarina. Progmma de Pti.1·-Grudcwçüo em Engenharia de Produçüo 
Cx. P. 6069, CEI' 88036-971. Frindlllle . P/oriantitwli., -SC. E-1nail: m •a@gructm.uf.'<c./Jr 

This articlc presents initially the cvolutivc and cumulativc proccss ofthc market trends along time. 
Thesc market tcndcnccs are the reasonablc price. quality and varicty of products, as wcll as customized 
product. Then it is analised the inlluence of these requerimcnts on the enterprise as a whole, and especit: 
ically on the marketing anel manufacturing functions. Thus, lhe nced for dcvelopment the tlexibility of the 
marketing function riscn cluc these market trend. ln thc last part it is developed the coneept of tlexibility 
ofthe marketing-mix, with the aim of linking the requeriments of the customer by a more variety and cus
tomizecl product with the approachs of the manufacturing functions for answer the market challcngcs. 

Keywords: Flexibility, marketing, mctm(facturing, market, customization, Cllstomer 
Flexibilidade, marketing, nwmtfatllm, mercado. personalizado, cliente 

COB1006 GERENCIAMENTO DE FERRAMENTAS E SEUS REFLEXOS SOBRE 
A IMPLANTAÇÃO DE UM SISTEMA DA QUALIDADE BASEADO 
NAS NORMAS ISO 9000 I TOOL MANAGEMENT AND ITS IMPL/CA
T/ONS lN A QUALITY SYSTEM BASED ON ISO 9000 NORMS 

Lourival Bochs, Marcelo Schrocdcr Stcvan & Marco Antonio Schmidt 
Gruc:on, Departamento de Engenlwria Meuíniw, Unil•ersidade Fedem! de Santa Catarina- UFSC 
CEP 1!8040-900 F/oriliiiiÍflolis. /Jmsi! - I;-Mai/: !b @gnu.·on.l(/.l·c.br 

The industrial competitivcness increase has the obliged the companics to revicw their manufac
turing procedurcs in a way of making possiblc thc costs reduction, productivity anel quality enhance. lt 
is verified that the organization anel cuttools adequatcd controls allow many production inconveniencies 
rcduction in the metal mechanic sector companies that employ machincel manufacturing process. The 
tools management techniqucs can be this way used as an important information aelministration and the 
manufacturing proccss maximization manncr. Thc association of thc tool management phylosophy with 
the ISO 9000 Norms rcquircments has allowed that more ctlicicnt and trustablc controls could bc spe
cially adaptcd to thc proccss control items links. 

Keywords: Cerenciamento de ferr(u/letlla síTool Mwwgem etll , Prodwividade/Prodlllivity, ISO 
9000/ISO 9000, Commle de docwlleJI/Os! /Jocwnenl COJI/rol. Controle de processos/ Proces.1· com rol 

COB1047 VALIDAÇÃO DE NOVOS MODELOS DE GERENCIAMENTO DE 
CHÃO DE FÁBRICA ATRAVÉS DE FERRAMENTAS DE 
SIMULAÇÃO I VALIDATION OF NEW SHOP FLOOR MANAGEMENT 
MODELS BY SIMULATION TOOLS 

Herman A. Lcpikson•, Ahclardo A. Quciroz2 & Fábio Soares2 
I Depurttl/1/etl/o de I:'11~enllllritt Meuínictt. UFJJII - L-llulil: illll@gruc:on. uf.\·c:.br 
2 Depurtlllltellfll de Engellilllritl Mec:âllic:a/GNUCON. UFSC - E-11/llil: pps@grut:oll.u{w.·./Jr 
Cwupus UFSC Trindade. 88040-970 F/oriwuipo!i.1·. SC 
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Manufacturing companies face nowadays lhe problem of exponenlial growlh of complexily in 
lheir market relalions associaled with lhe coslunier changing expeclations. Neverlheless, if lhis situation 
imposes new lhreats, it also hrings new opport'unilies, by the inlroduclion ol· new manufacturing organi
zation model s. However, lhe risks involved in inlroducing lhese models are very high, duelo lhe radical 
changes involved. New simulalionlools open lhe opportunily lo lest new solulions wilh low risk and low 
investment. This paper describes lhe SOMA. an organic and aulonomous manufacluring system with 
some innovating characteristics, hased on dislribuled and autonomy concepls. Following. it is discussed 
lhe modeling approach. supporled by dynamic simulalion tools. The resulls allow 10 forcsee and cvalu
ate thc system potenlial for small batch produclion. w ilh good lkxibilily and reliability. 

Keywords: nwnufálllra uutíinonw, eh ii o de .fiíbrico, sillnt!oçiio, modelngent I wllOIWIIWLI.\' nrwwfác
turin.g, slwp.floor, simulation. modeling. 

COB1048 MÉTODO DE AVALIAÇÃO DE MÃO-DE-OBRA PARA A SOL
DAGEM BASEADO EM ANÁLISE COMPUTACIONAL/ A METHOD 
TO EVALUATE WORKM!\NSHIP lN WELDING BASED ON COMPUTA
TION!\L ANALYS'/S 

Sebastião Carlos da Costa 
Escolo Fedem/ de /c'ngcnllllrio de lwiulNí - I:Ff:'/11/õM//JI'R. CU' 37.500-000 - lllljuhiÍ - llmsil - 1:'-lllllil: 
costa@iem.efei.nug./Jr 

This work describes a melhodology based on a data acquisition syslem uscd as a too! for the per
formance analysis of welders based on lhe evalualion of lhe vollage and currenl hehaviour acquired dur
ing experimental welding. The signals fillered by lhe use ol· Fasl Fourier Transform anel standard devia
tions analysis of lhe signal processed granl a quick evalualion ahout lhe skill o r wcldcrs. To evaluatc the 
methodology a series of lesls performed by an aulhomatic machine and a welder was compared. The 
resulls shows lhe superiorily of lhe aulhomalic welding, as expecled. As a consequence o r this sludy, lhe 
methodology described can he an ellcclive melhod for lhe approval ol· wcldcrs in a procedurc qualifica
tion requiremenl oras an allernative procedure for weldcrs lraining syslem to he used in shop lloors. 

Keywords: Weldillg, Data Acquisition, Fast Fourier Tmnsfimn, FF7; Tmn.1:fómwdu.1· Rápidas de 
Fourier. So/dage111 

COBIOSS TEORIA Y METODOS DE DISENO COMO ESTRATEGIAS DE 
DESARROLLO DE NUEVOS PRODUCTOS EN LA EMPRESA 
METALMECANICA CHILENA. 

Pedro Sariego Pastén & Edmundo Scpúlvcda Quiroga 
Veplll'lllllll'lllfl de Mecúuin1 - Unit ·ersúlllll 'f i ;CIIicll Federico Slllllll Mo r/o. 
Cllsillll l/O-V. llli/J!III'IIÍ.w. Chile- L-moi/: J!Sllriego (q'" " ' <'.lllf.i·m_ 

As an activity. design is closc ly rclalcd to field market. everyday hecoming more competitive 
and global worldwide. Thi s slalemenl is a realit y overllowing enlcrpri ses and has meant lhal design is 

:-) ')~ 



ANAIS !)() COBJ :MlJ7 TI 12 

bccoming a stratcgical clcmcnt ror its unfolding, in such a way that dcsign today acquircs a gravitating 
role in thc survival and competi tive support o r thcsc cnterpriscs. ln thc framcwork of a frce markct ccon
omy dcvelopcd in Ch ile, thc national metalmechanic sector does not escape from these prcmiscs and it 
requircs support so to corrcctly back up en increasing ellort to power dcsign in order to add valuc to its 
products, improving itsm presencc in the preselll m;u·kets as well as in the potential markets, such as 
Nafta and Mercosul. ln that perspective, thc project 1:1kes forward to promotc development strategies of 
new products from a reality diagnose of dcsign in this enterpri se and from lhe analysis compared lo the 
theories and mcthodologics or usual dcsigns or devcloping dcsigns in lhe industrializcd countries. 
Knowlcdgc of these thcorics (systematic, intcgraling, axiomatic) and the methodologies springing from 
lhem, will enable the elaboralion ora solution ran or intcrcst whieh will promotc thc modcl gencration, 
appropriated to product developmcn t expcrimenlallype, adequalcd to lhe realily o r lhe enterprise in ques
lion and strategiea lly in terms o r thcir markcts. The limil s of thcsc models and asking proposals wi ll be 
detcnnined hy scries of factors alienated to dcsign among which are presumahly found : human factor, 
organization malurity, availahlc manufacture mcans, and input rcliahility. 

Keywords: Design, Compc:litivl', M(lllll/ilclurillg. 
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TEMA 113 - ·outros Temas 

COBl AUDITORIA AMBIENTAL PELA SÉRIE DE NORMAS ISO 14000 

Renan Billa 
Depar/ilmenro de En,;enlwria Mecânica. Universidade Federal de Uberlândia. 38.400-902 - Uber/â/1{/ia - M.G. -
Brasil 

Silvia I.Ponce 
Éco/e des Hautes Études Commercioles- U.M. . 5255, av. Dec:elles. Mrmtréal (Qb.) Canada H3T IV6 

The ISO 14000 series are designcd for intcgmting more than 15 environnmental standards from 43 
countries. This series describcs the basic elements of an etTcctive environmental management system, by 
considering the main aspects conccrning environmcntal issucs. Up to now, thc ISO 14000 standards are 
volontary. This work is mainly about Environmcntal Auditing. dcscribed by ISO 14010. ISO 1401 l and 
ISO 14012 standards. Nevertheless. it is the ISO 14001. describing lhe basic requirements of an environ
mental management systcm, the standard that organizations will implement and the standard to which they 
will seek third-pmty registration. It is also intcnded here, to present an ovcrview of the ISO 14000 series 
and discuss how an organization could get thc benefits of adopting thc standards. Thc benetits could be 
reached either by using Lhe standards as a guidc to mesure thc cnvironmcntal impact of the organization's 
activities in order to assess ils environmcnlal pcrformance oras a mean to idcntify improvcment oppOitu
nities. The most important consequence of ISO 14000 implementation is thcir significant contribution to 
improve sustainable developement. 

Keywords: Meio Ambiente, ISO 14000. Normalização Ambiental. 

COB27 CARACTERIZAÇÃO DE ESTANHO(Sn) NA SOLIDIFICAÇÃO UNI
DIRECIONAL I CHARACTERIZATION OF TIN (Sn) ON UN/D/RECT/0-
NAL SOLID/FICAT!ON 

.José Rubens de Camargo(l), Olivério Moreira Macedo Silva(1,2), Carlos Kiyan(l) & Francis(,'o 
C. Lourenço de Mello(1,2) 
(I) UNESP- Universidade Estaduall'au/ista- Cm11pus de Guarati11guetrí- Av. Ariúerl!l Pereim da Cunha. 333- CEI' 
- 12500-000. Guamtinguetâ- SP ·Brasil 
(2) Divisào de Materiais -Instituto de Aeronríutico e E'f"tço · AMR-IAE- Centro Técnico Aeroes1wr:io/- CTA. Praça 
Marechal do Ar Eduardo Gomes. 50· CEI'- 12228-9().f- Silo José dm Cttntpos- SP- Brasil 

The present work dcals wilh the charactcrizalion of unidireclional solidification of electrolytie tin 
(99,98% purity) (Mei et ai. , 1980), lo vcri fy the solutc distribution across the whole ingot (Burton et ai., 
1991 ), (Til ler et ai., 1953). An unidircctional solidificalion dcvicc comprising a versatile and erticient water
cooled electrical resistance furnace was assemblcd (Garcia et ai.. 19S3). Macrographic exmnination over 
both longitudinal and cross scctions werc perfonncd. Microhardness tesling, aplicai micrography, 
SEM/EDS examination and also ehernical analysis were performed as well (Pctzow et ai., 1978). The 
obtained results showed an eflicient unidirectional soliditication and so far as lhe solute distribution, across 
the top, middlc and base regions, is eoncerned no changc was dctcclcd, with the exception for iron with 
higher concentration at the base region. 

Keywords: Unidirectiona/, purity, ingot, sulute, tin I unidireciunal, pureza, lingote, soluto, estanho. 
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COBI26 MODELING OF INSIDE-OUTSIDE FLOW lN FABRIC FILTERS 

Antonio C. Caputo & Pacilko M. Pclagagge 
Deparlmellf o( E11er~etics, Fw:ulty o( btgi11eerillg 
University o(L 'IIquilu, 67040 Mo11 tefuco di Roio (1\Q), ltuly, E-mui/: r:apuro@ ing.univaq.it 
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Direction o l· lhe gas llow rrom inside lhe bag lowards lhe oulside is representative of shaker type 
and some reverse-a ir rabric ri i ler cleaning melhods. ln lhis paper, alkr a short description of the general 
characteristics of rabric liltcrs, lhe literature melhods to evaluale pressure drop are brielly reviewed . ln 
order to givc a conlribution toward a more dela iled charac-terizalion o r fabric tilters perfonnances, an one
dimensional time-dependcnt malhemalical modcl has been developed suitable for a fairly precise estima
lion of pressure, velocily and cake lie lds inside the fillcr. The iteralive use ofthis mathematical too! allows 
for an econo-mic optimizalion of rabric rillers design. Having lhis in mind, an application example is pre
senteei with the aim of highlighting thc capabililies of lhe proposed melhodological approach. 

Keywords: Fabricjilter, llwlhemuticulmodel, cO!IIfllller simulotio11 

COB137 POL YFUNCTIONAL PLANTS FOR INDUSTRIAL WASTE DISPOSAL 
I - PROCESS ANO EQUIPMENT DESIGN 

Antonio C. Caputo & Pacifico M. Pclagagge 
Department o( Energetics, Foculty o( L11gi11eerillg 
University o( L'llqui/a, 67040 Mo11teluco di Roi o (1\Q), lw/y, E-mail: coputo@illg.univaq.it 

The struc tu rc ora Pol yfunctional Plant ror liquid and solid industrial wasle trea tment is dis
cussed highli ghting Lhe high leve i of proccss integrati on obtainablc and thc consequent benefits. The 
plant compri ses an incineralion section, a scclion ror chemical-physical-biologi cal treatmcnts and a 
stabilization-solidification seclion. Each scction is briefly descrihed anel an overview of the sizing pro
cedure for main equipmenls is presenteei in orcle r to define a melhodological approach for plant pre
liminary design to he used in economic fcasibility evaluation studies. 

Keywords: Woste tremment, po/yjiuzctionol plwll design, industrial H'aste 

COB233 PROJETO TTS- ESTÁGIO ATUAL E PERSPECTIVAS FUTURAS I 
7TS PROJECT- STATE-OF-ART AND FUTURE PERSPECTIVES 

João Pedro Caminha Escostcguy & Sidney Lagc Nogueira 
In stituto de ll ero/1/ÍIItico e /c's(III('O. Centro 'fécnicoll eroe.\·fNICÍIII- C/i\1/ll f: 
CEP 1222/'i-904 - Stio José dos Ctllllf /1/S, SI' , /Jmsil- E-Moi/, tts@ic:ollet.c:om.hr 

This paper describcs lhe devclopmcnt ol· the "TTS Projccl' ' (Transonic and Supcrsonic Tunnels), 
an effort from lhe 13razilian Air Minislry, through the Cclllro TEcnico Aerocspacinl (CTA), to equip 
Brazil with the installations required for lhe aerodynamic testing at high velocities. The progress obtained 
up to this poinl includes the definilion of basic specifications, Lhe concept design of an industrial tran
sonic tunnel wilh a nove! technical solulion , and Lhe design, fabrication anel initial opcration of a Pilot 
Facility. The transonic regime is the most dillicult one to be simulated by theoretical I computational 
methods. The use of tcst fac ilities (wind tunnel s) is of rorcmost importance in thc projecl of vehicles that 
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crui sc at such vclocilies. as is the case of high-j)crformance transport aircrafts and satcllite launching 
roekcls (in the inilial phase or the rlighiJ. Al lhe lllOillCill, Brazil lacks lhe capahilily or testing at that 
regime. Along with explanations concerning lhe tcchnical aspccls of the projecl, the present paper cov
ers strategic. financial and managcmell! ehallangcs that had to he dealt with. Remarks concerning the 
joint use o!· eomputers and wind tunnel s. and cven the future prospects of the latter. are made. 

Keywords: Erperimenwl aerodvnulllic. wind tunnels. testing 

COB396 CARACTERÍSTICAS FÍSICAS DO CaO c CaO.MgO FORMADO EM 
PROCESSO DE DECOMPOSIÇÃO TÉRMICA DO CALCÁRIO I PHYSI
CAL CHARACTERISTICS OF CaO AND CoOMgO FORMED lN A LIME
STONE THERMICAL DECOMPOSITION 

Angela M. Hayashi, Carla A. M. da Silva, Mcuris Gur~-:cl C. da Silva 
Depllr!WI/el//o de Ternwf/uidodilll)nucu. Fucnldude de Cnge11lwritt ()uf111im- UN/Ci\MI' 
CE!' I 3080-970 Cwllpilllls. SI'. 13msi!- 1:'-uwil: tueuris@hlt ljivunicunlti.IJr 

With thc aim to minimize S02 emission in rluidized hed comhuslion. it has heen used the solid 
alkaline injeclion al high lempcralure. usually th e limeslone. during lhe fo ss il fuel hurn. The eiTieien
ey of the S02 remova! process. depends basically. on lhe characlerislics of lhe reactanl solid devel
oped in lhe caleination step. This work was deve loped in a fi xed bcd experimental systcm and ana
lyzed the inlluence of the limeslone type. the calcinationtemperature and time on spec ifie arca, poros
ity and pore si zc distribution. Two types of limcstonc wcrc uscd, Calcilie and Dolomitc, like sorbent. 
The calcination took placcd at X500C and 950"C and rcactin g times o r 60 and I XO minutes, according 
lo a experimental dcsign. The result s show limestone type and the ealcination tcmpcrature like thc 
most relevanl factors in thc calcinated solid pilysica l structun.: changes. 

Keywords: Aços bifâsicos, elll'elhecimento, pré-d<~fimuuçíio I Duuf-tJ!wse steel, ageing, pre strain 

COB560 ALTERAÇÕES NO LIMITE DE ESCOAMENTO, FORMA DE EN
CRUAMENTO E DUCTILIDADE EM AÇOS IHFÁSICOS ENVELHE
CIDOS I CHANCES lN THE YIELD STRENGTH, HARDENING COEFFI
CIENT AND DUCTILITY lN AGED DUAL PHASE STEELS 

Antonio Jorge Ahdalla & Tomaz Manahu Hashimolo 
Depanamelllo de Materiais e Tecno!ogiu. Fucu!t!ade t!e l:'ngen!wriu- UNES!'- Ciuumtillgueuí 
CE!' 12.500-000- GUM?i\TINGUETÁ - 1:'-uwi/: tlnlt @.f~g. wlesp.hr 

ln lhe present papcr. dual-phase microstructures in two kind of low carbon werc produccd: API-
5L-B and AP!-5L-X52 (mieroalloycd). Thc sludy evaluatcd thc susccptibility to agcing in two kind of 
stcels aftcr dcfonnation I 0% uppcr yicld strcngth. Rcsulls indicatcd that thc agcing trcalment werc 
responsihlc in tllc meehanic;il propcrti es variations, more spccifically in the yield strength.The microal
loycd dual-phase stccls showcd better pcrfonnancc compared to the low carbon dual-phasc slecls with 
no alloying elcmcnts moreovcr uppcr V<liucs in thc yield slrcngth , its ductility was also biggcr. 

Keywords: Aços bifâsicos, enl'elhecimento, pré-de_fámw çiio I Dua!-plwse steel, agei11g, pre strain 
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ESTUDO DA DISTRIBUIÇÃO DE IMPUREZAS EM SILÍCIO PURIFI
CADO VIA FUSÃO POR FEIXE DE ELÉTRONS/ STUDY OF IMPURIT/ES 
DISTRIBUTION lN S/LICON PURIFIED BY ELECTRON BEAM MELTING 

Adriana Fnmco Hueno Braga, Jorge Otubo & Paulo Roberto Mei 
Deparlllmen/11 de Engenl111riu de Mweriuis. Focllldude de Engeniluriu Mecânico- UNICAMP 
CEP /3.083-970 ColllfÚI/1/S, Brasil- lo-nloil: adrillllllil<iNem.wJicomtJ./Jr. jmu/JII@fem.tulil:lllllfl.hr 

Silicon is commonly uscd to convcrt solar cncrgy into electrical encrgy. To make this source 
of energy economically viable wc should dccrcase the cosi of silicon and solar cells dcvices. The 
reduction of silicon eost can bc done hy lhe use of polycrystalline material. lil this work, mctallurgi
cal grade silicon (Si-GM) was purified hy clcclron beam melting process. The advantage of this 
melhod is the vacuum (near I 0-3 Pa) inside lhe chambcr and the no rcaction betwcen molten silicon 
and copper crucihlc. Thc samplcs wcre preparcd using variable heam power and variable time and it 
was conduct that thc process can reduce lhe concentration of Fe. AI ,P, Cr. Ni. Cu. O and C. For the 
resistivity samplc analyzecl, measurements show thalthe conccntration of impurilies was higher in the 
centre of the sample than lhe edge. 

Keywords: Purificaçcio de silício; .fús/io Jlorfei.re de elétrons; silício policristalino I Silicon purifica
tion; electron beam melting; polycryswlline silicon 

COB582 DESENVOLVIMENTO DE PROCESSO ELETROMAGNÉTICO PARA 
A PRODUÇÃO DE LIGAS REOFUNDIDAS I DEVELOPMENT OF AN 
ELETROMAGNETIC PROCESS FOR THE PRODUCTION OF SEMISOLID 
ALLOYS. 

Rubens Luis Hubenik, Marcos Margarido & Maria Helena Robert 
Deporlllll/ell/11 de J:ngenllllrio de Fo!Jricoril11. Focu/dode de Engenlwrio Mecâniw- UNICA MP. CEI' 13083-970 
- CamJÚIIliS, SI'. 
E-mail: bubenik @(em.uniwlllfl.!Jr 

The work deals wilh lhe design and assembly of an equipment for lhe produetion of rheocast 
metallic slurries. based on lhe principie of modifying the solicl growing mechanisms during freezing of 
the alloy from liquid, by means of electromagnctic stirring. The essential pat1s of the equipment are: a 
stator engine, control system, crucihle and cooling system to allow control of Lhe material freezing rate. 
lt was designcd in a such way to producc a magnetic ticld with a horizontal and tangential force, related 
to Lhe erucible longitudinal axis, to promote thc necessary shear conditions within the liquid required to 
the structuralmoditications to produce rheocast slurry. Rhcocast ingots wcre ohtained for Al-4,5wt% Cu 
alloy. submilted lo diftcrenL opcrational conditions, in order to explore the equipment performance and 
potential. Resulls showed thc feasihility of producing rheocast material hy controlled eleetromagnetic 
stirring of liquid alloy in such a type ol' reactor. Rerined rnacrostructurcs. with typical rheocast globular 
microstructurcs and additionally. with recluced prcsence of cntrappcd liquid in the primary phase, were 
produced. Thercfore, rheocast material. presenting superior quality when compareci to those obtained by 
mechanical stirring. could be ohtained hy using a reactor of quite simple conccption. 

Keywords: Solidificaçlio; Reofiuuliçlio; Agiwçâo eletromagnética; Eletromagnetic stirring, 
Rlzeocasting, Semisolids. 
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COB607 CORROSÃO POR ÁGUA ÁCIDA DE AÇOS DOS VASOS DE CRAQUE
AMENTO CATALÍTICO DE REFINARIAS DE PETRÓLEO, POR 
POTENCIOMETRIA ITHE SOUR WATER CORROS!ON OF THE PETROLE
UM REFINER!ES CATALYT!C CRACKING VESSELS BY POTENTIOMETRY 

Marcos Baroncini Pruençat, Célia Marina de A.Freire 1 & Margarita, Balester Santos2 
1- Dep. Eng Moreriais. Fac. E11g. Mecâ11ico. UNICAMI': C/' 6122. 13VS3-I.J70 Cmupiuos-SI'. /Jrasil. 
2- Lab.Hidmgêuio. lusr. Físir:a. UNILI\MP ; Cl' 6V3<J. 13083-970 CaiiiJIÍIIas-SI'.IJrasil. 

The mechanical propcrtics dctrimcnt causcd hy hydrogcn damagcs in catalytic cracking vessel 
wall steels are determinant hlctors to this pctrolcum rcfincrics cquipmcnt's lifc time. This hydrogen is gcn
eratcd, with iron sulphatc, by stccl corrosion in sou r watcr produccd insidc this vcssels. Thc iron sulphatc 
generate a polyssulphatc lilm which givc to stccls surfacc some rcsistancc to hydrogcn ditTusion and con
sequcnt damagcs. Thcrcforc, thc stcels surfacc film stabi l ity is a important factor to major or minor time 
life of this equipmcnt. ln this work the cyclic polarisation was uscd to analysc two stccl used in vcssels 
building in terms or thc stability or thc films gcncratcd by corrosion rcaction. With thc obtaincd results 
was possiblc to cvaluatc what of the two stccls could bc used prefcrentially in this vcsscls building. 

Keywords: dwws por hidmgPnio I hydmgeu dwlla)ieS, seleçâo de aço.1· I .1'/ee/ selec/Üifl, estabilidade 
de películas I layer stability, po/arizaciío cíclica I cvclic polarisotion. 

COB725 FIRE EXPLOSION SAFETY MEANS FOR ROCKET ENG INES WITH 
LIQUID ANO CRYOGENIC PROPELLANTS 

Olga A. Vlassuva 
Dil'isüo de Elefrlíu ica AeronÚtllicll. JusiÍIIIIII Nllcioulll de l'e.l'lJIIÍ.ws I:'.I'JIIICÍIIÍS - INI'fj/)foll 
CEP 12.227-V/0 .. )'../.Cwi!JWS. SI'. limsi/ - /,·-lllllii: olga @deri.ÍII{JI'.br 

Review and analysis of principal means for lire cxplosion proof of launchers with liquid propcl
lant engines are presented. Severa! methods for safcty warr;mty are proposcd. Prevention of origin of 
explosivc mixturcs and climination of sourccs of fire initiation are obligatory conditions for any safcty 
dcsign. Thc govcrning logic of monitoring and control for a safety vcnt system is analyzcd. Comparativc 
analysis for two altcrnativcs of a launchcr with liquid cryogenic propcllant has bccn donc. lt is shown 
that lhe use ol· liquid hydrogen adds a lot of complcxity to thc explosion-prool· system. Thc rcsults of 
modelling of possible scenarios of concentration variation in depcnds ol· rate of lcakagc and time delay 
of the control system are prcsented. 

Keywords: Launcher. explosion, lwmrd. liquid propulsion, .mfi' IV. 

COB873 METODOLOGIA DE DESENVOLVIMENTO DE UM CAMPO 
MARÍTIMO DE PETRÓLEO I METHODOLOGY FOR OFFSHORE 0/L
F/ELD DEVELOPMENT 

Celso K. Morooka & Yadira Diaz Galcanu 
Deparwme111o de lo.llgellilllria de l'emíleo. Fawidrule de E11ge11illlria Mec:r111il'l l - UNICAMI' Clo'f' 13.083-970 
CliiiiJIÍIIliS. Brasil - E-11111ii: llumulka @dep.fém.wlicalllf'· yarlim@rlep..felll.ullic:atllf' 
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Economical , 1echnological and human aspects are some of the very important parameters in a 
engineering dcsign. A devclopment of an oilfield involvcs minimization of capital and operational cost 
investments and maximizalion of oil rccovcry from lhe rcscrvoir. Thc prcsenl paper inlroduces a 
methodology for dcvclopmcnl of ollshorc oilficld bascd on hicrarquical procedure of analysis and 
dcsign spiral mcthod. A systcmatic mcthod for devcloping an oilficld is dcscribcd in order to evaluate 
attractivety or dcvcl oping a oilfi cld . 

Keywords: Metodologia de desenvo! Pimento, análise hierárquico, espiral de projeTo, projeto multi
disciplinar, campo marítimo de petróleo I Methodology.fár project development, lúerarchical analy
sis, design spiral, multidiscipliHwy Jlroject, t!f(vh ore oilfield development .. 

COB931 CARACTERIZAÇÃO DE CRISTAIS DE HALOGENETOS ALCALI
NOS (KCI), DOPADOS COM AS IMPUREZAS CN- E Sn2+/ CHARAC
TERIZATION OF ALKALI HALID E CRYSTALS (KC/) , DOPED WITH CN
AND Sn2+ !MPURITIES. 

Rosa M Fernandes Scalvi 1•2, Lígia de Oliveira 1, Ant(mio Carlos Hernandes2, Máximo Siu Li2 

/.Dep. Física-FC- UNES!'- C/ ' 473. Buum-SI'. <' lllllil:rscu!l'i @if{tsc.sc. usp./Jr 
2.F.C.M.-IFSC- USP- CI'3ó9- Slio Carlos- SI' - 135ó0970. 

Alkali halidc crystals dopcd with ions of cletronic conli guration ns2 in its ground state have been 
cx tensivelly studied . Thesc crystals are considcrcd ideal hosts for color ccnters because their properties 
are strongly affected hy lhe prcsencc of lhcse impurilics. Thcrmally Stimulated Depolarization Current 
(TSDC) measuremcnts in thesc cryslals allow to undersland thc rclaxation processes. ln thi s work we 
prcsenl TSDC rcsults of a KCI samplc, 1.30 mm thick, multipl y dopcd wilh I 0/c, KCN- e 0.5%SnCI 2. Ou r 
results show a widc band about 24H K, whi ch indicates a di polar rclaxation in thc sample. The relaxation 
paramctcrs, Ea, t c Tm are oblained hy thc Prakash simulation mcthod. 

Keywords: Halogenetos alcalinos, reloxaçtlo dipolar, absorçâo óptica, dipolos elétricos/Aikali 
Halide, Dipo/ar Relaxmion, OJilicol Absorplion, Electrical Dipole. 

COB932 CARACTERIZAÇÃO ÓPTICA E ESTRUTURAL DE FILMES DE 
KCI:TI OBTIDOS POR EVAPORAÇÃO RESISTI V A 

Elisabete Ap. A.Rubo"~ ', Máximo Siu Li'" e Lígia de Oliveira'" 
1- Deparramen/0 de F1\ ica. FC- UNES/'1/Juuru . C/' .J73 - CEI' 17033-360 /Jauru. S I' - Brasil - E-mail : 
ruful@ iftfSC.SC:. II.Ip ./Jr 
2- /nsrilll/0 de Fís icu de Süo Curtos. USI'/Süo Carlos. C!' 3ó9- CEI' I 3560-970. S1io Carlos. SP - Brasil 

Thc sllldy of dcfects in alkali halidc thi n film s has shown ncw results about their optical and 
structural propcrtics. ln this work wc prescmoplical absorption rcsults and structural charactcrization of 
KCI :TI+ films at 300K. Thc films wcre prcpared hy resistive evaporation anel they are 0.5mm thickness. 
The absorption spcctra show absorplion bands at 250 and 197nm, likc in crystals. lf thc impurity con
centration increases in thc film thcn thc intcnsity of the optical ahsorption anel its half width incrcases 
too. These fil ms h ave I 0+20 atoms/cm3 of TI+ concentration anel show a largc absorption band; thi s fea
turc suggcst probahle appli cation for band pass riltcr. 

Keywords: A/kali lwlides, KCJ, thallittlll (TI), thinfilm.v, resistive eVClJIO!Ytt ion. 
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COB1017 A TEMPERATURA NOS FENÔMENOS FOTOINDUZIDOS EM AI y 
Ga 1-y As I TEMPERATURE EFFECT ON PHOTOINDUCED PHENOME
NA lN AI y Ga 1-y As 

Marco H. Taquecita1,2, Sidney B. Parreira1 ,2 & Luis V. A. Scalvi L 
1- Deparrwueuto de Física. Fawldade de Ciências- UNESP- /Jauru 
Cx. Postal 473 CEP 17033-360 /Jauru SP. /Jrasil- e-uwil: scalvi @awl.bauru.une.lp.br 
2- Departamento de En};enlwria Elétrica. Faculdade de Eng. e TemoloJ;itl - UNES!'- /Jauru 
CX. Postal473 CEP 17033-360 /Jauru SP. /Jrasil 

We present light induccd elcctrical propertics of AI y Ga I -y As at low tcmperaturc. Heat trans
mission in the samplc holder is discussed, in ordcr to achicve tempcrature control with 0.1 degree of prc
cision. Results of resistance as function of temperaturc with monochromatic light excitation in the range 
0.5- I .5 )Jm and photoconductivity spectra mcasured in thc range 80-200 K are reportcd. Temperature 
dependent resistancc shows strong clcctron freczcout which can hc associated to thc prcsence of two dis
tinct decp leveis whosc hchavior is rclated to energy of cxciting light. Photoconductivity spectra show 
bandgap transition since the measuremcnt tempcrmure is properly sclected. Thc decay of photoconduc
tivity is also measured in the range 50-90 K and its modeling rcvcals thc charge statcs of cxisting defects. 
Persistent photoconductivity in indircct bandgap smnples below 60 K, has much lowcr magnitude than 
in direct bandgap samples. 

Keywords: Ar.seneto de Gálio e Alumínio, focondutividade, criostato, dispositivo.\' eletrônicos I alu
mimun gallium arsenide, plwtoconductivity, o yostat, electronic devices 

COB1042 ESTABILIDADE TÉRMICA DAS LIGAS AMORFAS Fe(Hs-x)B 15Gex 
PROCESSADAS POR "MELT-SPINNING" I THERMAL STABILITY 
OF THE AMORPHOUS Fe185.x1B,5Gex ALLOYS PRODUCED BY "MELT
SPINNING" 

Carlos kleber N. Oliveira' & Severino .Jackson Guedes de Lima' 
I Deparwmento de Engenlwria de Produrlio. CC7: URC'A. Rua Cel. 1\ntânio Luiz-1161,Pimenll/, .fúx:(088) 521 
0049. 63.100-000 - Cm to- CE. /Jrmil. 
2Deparwmenlll de Tecnologia Mecânica. C /'. UFPfl , E-mail: jad.:.wm @ vtn.llpd.u{j>b.!Jr . .fimelfitx: (083) 216 7076 
58059-900- Jocio Pessoa-PIJ. /Jrasil. 

Amorphous alloys Fe(85-X)B 15GeX (x =O-I O) in lhe shapc of ribhons wcre obtained by using 
lhe process of ullra-rapid ''mclt-spinning" solidilication. Thc ideal processing paramelers were deter
mined and lhe alloys were produced in a compositions range. according to a theoretical diagram of amor
phization compositions. Thc amorphous slale was verifiecl hy X-ray difraction, Mossbauer spectroscopy 
and ductility tests . Differential scanning calorimctry (DSC) was uscd to determine thc lhermal stability 
of the alloys and observe lhe evolution of thc crystallization pcaks. Continuous amorphous ribbons were 
obtained reaching, in some cases. as much as 20m of lcngth. prcscnting dimensional homogeneity and 
good supcrticial finish. The DSC thermograms showcd thc crystallization peaks which are characteristic 
of amorphous alloys, whosc lhennal stahility riscs with thc Ge conlent. 

Keywords: Anw171hous alloys, "Melr-spimling ", Magnetic anisotropy, AnlOI]ihiwtion and 
Crystallizaticm. Ligas auwJ.fi:ls, "Me/t-~i>imling ", Anisotropia magnética, Amm.fisaçiio e Crista/izaçiio . 
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COB1053 ANÁLISE DE ELASTO-PLASTICIDADE CÍCLICA EM COMPO
NENTES MECÂNICOS/CYCLIC ELASTO-PLASTIC ANALYSIS OF 
MECHANICAL COMPONENTS 

Rodrigo Rossi & Marcelo Krajnc Alves 
Deparwme11to de E11~e11iwrill Mecú11im - UI·:<;C- Floriwuípolis, C.P. 476, CEP RR0/0-970, F/oriallôpo/is. SC, 
Brasil 
E-mail: Krajllc@~rtOJ.~mll/e. l(/:l"c.IJr 

ln this work we prescnt a theory and propose a rcturn mapping algorithm for the analysis of 
cyclic elastoplastic bchavior in componcnts. Here, wc makc use of the elastoplastic equations proposed 
by Lcmaitre ( 1992). H is thcory is well-founded in thc framework of thermodynamics of irreversible 
process. The modcltakes into account a non-linear isotropic and kinematic hardening rule The algorithm 
proposed for thc integration of the sct of evolution equations is based in the work presented by Si mo & 
Taylor ( 1986) and gcneralized by Benallal et ai ( 1988) and uses the Newton-Raphson method to solve 
the set of local non-liner cquations. as well as the set of global non-liner equations. The tinite element 
method is employed in the discretismion of the body domain. The finite clement obtained makes use of 
the quadratic, nine nodes Lagrangcan intcrpolation functions. A two-dimensional example is solved, 
where we assume a plane stress state. 

Keywords: cyclic plasticity, plasticity 

COB1056 MEDIÇÃO E ANÁLISE DOS ESFORÇOS DE CONTATO 
RODArfRILHO NA ESTRADA DE FERRO CARAJÁS I AN INSTRU
MENTED WHELLSET /NVEST!GATION OF THE EFFECTS OF DYNAMIC 
PERFORMANCE ON GONDOLA CAR AT CARAJÁS RAILROAD 

Adail Barros Filho 
Companltia Vale do Nio Doce. t.".wwla de Ferro Carajús - CVRD/EFC/G/MAQ. 
Av. dos Porru~uese.\' 1000. CEI' 65085-580 Siio Luis- Mil , U11irersidade E.çtadual do Mcmmlu7o -UEM/\ -
Departamellto de Dt~enlwrill Medinicll. Cidade Ullit·ersitcíria Paulo VI- CEI' 65000-000- Siio Luis- MA- E
mail: adai/@elo.colll.br 
Sérgio Inácio Ferreina 
Divisão de Teuwlo~ill dos Tramportes. lmtituto de Pesquisa.\" Tec:llolá~icas - IPT/D/Tf 
CEP0/064-970- Caixa Posta/7141- SÃO PAULO- SI'- E-mail:ferreira@ipt.br. Departalllell/IJ de Ellgelllwria 
Mecânica, CEP 08701-970 - Caixa l'osta/411- Mo~i dt1s c.Tuses - SP 

This paper presents a instrumcnted wheclset clcvclopment fór lateral. vertical and position mea
surcment at Estrada de Ferro Carajás(EFC). lt may identity bener track. rolling stock iteration parameter. 

Keywords: Rodeiro instrumentado . IIIWIIHençcio ferroviâriu , conta/o roda trilho , instrument~d 
wheelset , railroad maintenance. wheel rail contact. 

COB1058 UN ME TODO ALTERNATIVO PARA LA ELABORACION DE MOLDES 
EN UN PROCESO DE FUNDICION DE PRECISION I AN ALTERNA TIVE 
METHOD FOR MAKING SHELLS OF INVESTMENT CASTING 

Nelson Cotella, Osvaldo Oviedo, Pablo V areia, Omar' Radevich, Rodolfo Kohl 
Facultad de lnt-:eniería - Universidad Nac:imwl de Río CucMo. 5800 Río Cuarto - Ar;;entina - E-mail: l/c:otel
/a @ il!~.wlrc:.edu.{lr 
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Investment casting is lhe process wherchy pieces with high dimensional accuracy and very 
good surface quality are made using ceramic shell molds and lost panerns. ln this work evaluations 
were made in order to replace ethyl-silicate ot colloidal silica with sodium-silicate as binder for mold 
manufacluring. By using sodium-silicale lhe following advanlages are oblained: lheir ulilization is 
usual in casting, il produces minimal gass cmission during lhe pouring of lhe molten metal , lhe me
chanical strenglh and permeability values reach or exceed lhose ohlained with olher binders, it is 
water-soluble, it has a low cost and molding time is markedl y shorter than that of lraditional bind-crs. 
ln ordcr to study the rcasibilit.y of lheir use as a hinder, severa! tesls or the variables involvcd in thc 
proccss werc made. To this aim. green and calcincd strenglh, drying, permeability, molding time, per
meabiliy variation wilh temperature, slurries lifetime, shell lhermal properties and cool-ing of the 
pieces in the molds, were cvaluatcd. 

Keywords: Fundición, Silicmo de sodio, Microjitsiôn, Investment Casting, Ceramic Shell, Sodium 
Silicate. 

COB1059 MEDIDAS DE TAMANHOS DE GRÃOS AUSTENÍTICOS ORIGINAIS 
EM AÇOS TEMPERADOS I PRIOR AUSTENIT/C GRAIN SIZE MEA
SUREMENT lN QUENCHED STEEL 

Andrei Barban do Patrocínio, Luiz Carlos Casteletti 
DepartamenTo de Engenlwria de Materiais. Escola de 1:-llgenlwria de Seio Carlos- EESC/USI'. !\v. Dr. Ca rlos 
JJotel/to. 1465 CJ:'P 13560-250 Seio Carlos. SI'- JJrasil- E-mail: Cas/ele!@.IT. IISI'.I"· 

Special surface chemical trcatmcnts were performcd on samples of hardcned martcnsitic steel 
to show the original austcnilic grains prior lo qucnching and tcmpering. Although the samplcs had a 
wide carbon contcnt variation a high quality imagc or the austcnitic grains was achicvcd, allowing 
computerizcd measurcments. Considcring ali the formulas uscd. lhe compound with picric acid (6g), 
ether (I OOml), watcr (I OOml). hydrochloric acid (2m I) anel neutral dctergent (25m I) prcscntcd the bcst 
performancc. 

Keywords: Tamanhos de Grãos/Grains Size, Contornos de Grlio.I/Grain Boundary, lmpactollmpact, 
Ataques Metalográ.ficos/Metallogmpic Etchútg, Télnpera!Qtte/t ching. 

COB1076 MATERIAIS COM EFEITO DE MEMÓRIA DE FORMA, CARAC
TERÍSTICAS PRINCIPAIS E POSSÍVEIS APLICAÇÕES I MATERIALS 
WITH SHAPE MEMORY EFFECT. MAIN CHARACTERIST/CS AND POSSI
BLE APPL/CATIONS 

Jorge Otubo <l.l•, Paulo Roberto Mci '"c Sadamu Koshimizu "' 
(I) FEM. DEM!I. UNIC!IMI'. 1308-1-970. C!' 6122. Ce1111pinos. Sl'. 
(2) IPEN, CNEN. 05508-900. S. Poulo. SP - E-111uil: jotu/Jo @jelll.unicwlll'·'". 

Shape Mcmory Effcct is thc term used to descrihc the ~bility of ccnain materiais to rccover 
ils original shape upon plastic clcfonnation. Convcntional materiais when plastically dcformcd 
bcyond the clastic limit prcscnl plastic deformation. Thi s work will prescnt the main charactcristics 
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or these kind of materiais such as thc rcvcrsibility of martcnsitic transformation. one way and two 
way shapc mcmory and pscudoclasticity. Also it will bc shown how thesc peculiar properties ean 
be orare uscd in practical applications in arcas such as naval, acrospacc. automobilc. nuclear, med
icine, etc. Bcsidc that this group, which is working with thc devclopment of shapc memory alloy 
sincc 1994, intend 10 intcract wilh thc cngineering community aiming mainly the possibility of 
exploring practical applicalions. 

Keywords: Efeilo de Memória de Forma (slwpe ntenwrv e.fli~cl}, tran .~/(mnaçlio martensítica (marte/l
sitie trancljómwtion), pseudo-elusticidade (Ji.l'i'ttdo-e/asticity), a/tJ(Jdores (actuators) . 

COBlOSI DETERMINAÇÃO DE PROPRIEDADES DO PÓ DE NIÓBIO METÁ
LICO I DETERMINATION OF PROPERTIES OF NIOBIUM POWDER 

José Nilson França de Holanda & Guilherme Parente Souza 
Labomtôrio de Materiais Awtnçados. Unil'ersidade /"'swdual do Norte Flu111inense. 2S0/5-620. Ca111pos-RJ 

Hugo Ricardo Sandin & Daltro Garcia l'inaUi 
Departa111enw de lc'n;.;enlwria de Materiais. J·itcu/dade de Engenharia Qui111ica de Lorena, 12600-000. Loreua-Sl' 

This work prcsents the rcsults of thc dctermination or propcrtics of niobium powder classi
fied in four fraetions ol' particlc sizc. Thc propcrtics studied are: particlc sizc, morphology, particle 
sizc distribution, crystal slructurc (X-ray dillraction), spccific surl'acc, apparcnt density and com
pactability. Thc niobium powdcr sludied prcscnls high purily. Thc latticc paramcter determined is 
3.3067 A. The morphology of the parti eles is tipically irregular, as well as presents average particle 

size bctwcen 10.27 - 26.X4 pm. specil'ic surface betwcen 0.463 - 0.630 m2fg, apparent density 

bctween 2.46- 3.14 g/cm.l and fraclional porosity in the range of 63.36- 71.29%. The obtaincd 
rcsults show thal there is a close relationship among thc investigaled propcrties o r the niobium pow

dcr and its particle si;r.e. 

Keywords: Nio!Jium powder I fJ<Í de 11i!Íhio, pmflerties I propriedades, compacti11g I compactaçlio. 

COB1275 STUDY ANO DESIGN OF A BATCH JNCINERATOR FOR TOXIC 
WASTES 

Massimu Bcrtolo & Franccsco Floris 
Uuiversitú di Cogli11ri. Oitiiii'IÍJttetlfo di lugeguerio Mec:c:onii'CI. l'iarat /)'onni 09/23 Cogliori. /toly 

The first chapter describes ways 10 avoid thc recombination ot' dioxins nnd produclion of NOx, 
CO. A computerized procedurc to dcsign the incinerator is described. The second part of the paper 
deals with thc design and opcralion of a fully automatic incinerator. Simple oxygen and thermocouple 
probcs drive a servo-control syslcm to bring emission paramelcrs into line with legislation with no ref
erence to waste composition. The pilol plalll was tested to validate Lhe eomputerized proeedure. For 
temperaturc and gas composilion measurcs inside the rlame. a water cooled probc was designed. Gas 
llow rate was mcasurcd with calibrated diaphragms. Ali data were aequired via computcr. The incin
erator has two combustion chambers. ln the firsl onc lhe waste is dcslroyed in a pyrolysis likc process 
with low oxygcn supply at low tempcrature and turbtilence. The rlue gases enter in the afterburncr 
where they burn at high tempcrature and turbulcnce with cxccss oxygcn. A fluidynamic analysis of 
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afterburner was performed with a finite volume software. The software calculated data werc compared 
with the data collcctcd in the experimental cam[mign and the computcrized procedurc results. 

Keywords: lncineraror, Dioxin, Toxic. Wasre, Fluidww111ic. 

COB1376 RECURSOS DISPONÍVEIS NA INTERNET PARA ENGENHEIROS 
MECÂNICOS I ON UNE MECHANICAL ENGINEERING RESOURCES 
AVAILABLE AT INTERNET 

Paulo César da Costa Pinheiro 
Departwuento de Engeu/wri11 Mecânico do UFMG 
;\v. llntiinio Carlos 6627. 3 1270-901 /Je/o Horizonte. MG. 1:'-nwi/: J>in!Jeim @ommlo.il:c.ufing.hr 

Thc large amount of information availahle in lhe Internet. turns it into a powerful source of 
engineering data. The Engineer's problem is no longcr knowing where to find the inforrnation: it is 
now availahlc in the Internet! The issuc has bccomc, how to finda particular information in this media. 
The present work describes severa! Mechanical Engincering sourccs which are available in the 
Internet Network. Thc main objetivc is to providc an initial list of sitcs, cnabling the starting of a par
ticular search, also providing a global ovcrview of rcsourccs availability. Thc chiei- information 
sourccs and documcnt rctrieval in Mcchanical Enginccring_ hoth in Brazil and ahroad is classificd 
according to the technological and scicntific data structurc. 

Keywords: lntemet, WWW, Web, Mecilanical /~'ngineering Sites I Engenharia Mecânica, Base de 
dados. 

COB1389 DIAMOND LIKE CARBON COATINGS: AN EXAMPLE OF APPLI
CATION TO THE CHEMICAL INDUSTRY 

Hugo Huck, Emilia ll. Halac, Jorge D. Orecchia, Marcelo lgarzahal, Ri poli to Gonzalez & Maria 
A.R. de llenyacar 
P!Jysics Depomuent. Comisiríu Naâonol de Euergfa !ltíimico. !11•da. /Jel J.i/Jertatlor 8250 ( 1429) Buenos Aires. 
Argentina. E-mail: lnu:k@wndar.cneu.edu.ar. VCM grmtt>. /N/JU/'!1. /Ju!Jfa /Ji<lltco. l'rol·iut:io de /Juenos Aires, 

A1xentina. 

A nove! equipment was designed and constructed for the controllcd deposition of hard, amor
phous, diamond-like thin films (a-C films); the starting material. CH4 gas, is ionised before imping
ing on the surfacc to hc coatcd; thc optimum encrgy ol' thc ion bcam is about 30-40kcY. The films 
obtaincd are transparenL amorphous, insulating, hard (hardncss >9 Mohs scale), chemically resistant 
against conccntrated acids and bases, thcy have a high optical rcfractivc index ( 1.8-2.2); high resis
tivity (IOIO- l(JII nem) and show good adherence on many substratcs and good wear resistancc; 
besides they were charactcriscd using Raman spectroscopy. Thc whes to be coatcd werc stainless 
steel, 350mm long, 30mm diamcter and were coatcd with a 7000 A thick hard a-C film. Thesc tubes 
are part of a tluidized bed reactor used in the INDUPA vinyl chloride monomer plant and they are in 
contact with hydrogcn chloridc at about 200°C and with alumina spheres that are constantly imping
ing on thcm; undcr these conditions uncoatcd tubes have an average life of about 8 months whilc a-C 
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coated tubcs ncarly duplicatc this li fc-time. Thc main product (a-C) and thc rcactants are not contam
inating products. 

Keywords: diamond like .fi'lms; prorective coaritrJ.:s. 

COB1390 O SISTEMA NACIONAL DE QUALIFICAÇÃO E CERTIFICAÇÃO DE 
PESSOAL EM ENSAIOS NÃO DESTRUTIVOS I NATIONAL STAFF 
QUALIFICATION AND CERTIFICATION SYSTEM lN NON DESTRUCTIVE 
TESTINGS 

.João Antônio Conte 
Execufil'e Direcror.IIIJENDE- 1\.I'Sf!ciaul" /Jmsileim de l :ú.wif!s N<i" Desrmrirf!S (/Jmzilianlls.wciarimr f!(Nf!ll
Desfrtll:fil'e Tesrings). 
Mwwger o( rire Cerrifica riml !Juretlll. 
Coortlilltl/f!rof'rlie Qualiry Cellter.filrl.ariulllllerictl wultl1e Caril>betl/1. R. Luís Coes. 2 .. NI - Mirandtípolis- Slio 
Paulo- SP- CD': 0-1043-400. 

Although cquipmcnt , tcchniqucs and rulcs applicd in thc pcrformancc of NDA are extremely 
important itcms, thcy bccomc mcrcly acadcmic if thc staff involvcd in thc development and cvalua
tion is not takcn into considcration, sincc thc rcliability is fully bascd on thc professional performing 
thc inspection. Thus, thc issuc StaiT Qualil'ication and Ccrtification in NDA is cxtrcmely important and 
it is actually vital. whcther you considcr thc necd to assess thc inspcctor's knowlcdge and ability or 
whethcr you considcr thc national a mi intcrnational rcquircments, sue h as Rui c ISO 97 I 2 and lhe 
European Rute EN 473. StaiT Qualification and Ccrtification in NDA has been cxtcnsi vely studied by 
the Association for 16 ycars, and it has cstablishcd thc National Staff Qualification and Certification 
Systcm in NDA. Thc National System is bcing cvaluatcd by lN METRO itsclf, bascd on the rcquire
ments establishccl by Rul c DINQP 069 and ABENDE shall bc accreditcd as an Accredited 
Certifi cation Entity- Organismo de Certificação Credenciado OCC. This study tri es to objectively 
approach thc National StaiT Qualification and Ccrtifi cation Systcm in Non-Destructivc Testings. 

Keywords: Qua/!ficaçiio, Certifimçiio. Ensaios Niro Destrutivo.\· I Qualiflcmion, Cerrification, Non
Destructive Teslings. 

COB1494 POL YFUNCTIONAL PLANTS FOR INDUSTRIAL W ASTE DISPOSAL 
II- ECONOMICS ANO MODEL EVALUATION 

Antonio C. Caputo & Pacifico M. Pclagaggc 
Deparrment of' Energerics. Ft~t: ulrr o( 1:'11gint•ering. 
Universily of' L '/\qui/a. fí7040 Monteluco t!i Roi o (IIQ!. lroly. /:'-moi/: CtlfJIIIo@ ing.llllil'lllf.i l 

Some crireria for cstimating capital invcstment and annual opcrat ing costs of polyfunctional 
plants for industrial wastc treatmcnt are presenteei . Thc process and equipment design methods pre
sented in part I o r this papcr. togcthcr with lhe cconomic approach herc proposed allow for complete 
technical-economic analyscs. Thc ovcrall mathcmatical modcl appcars as an uscful tool in economic 
feasibility studi cs. Accuracy of thc dcvclopcd computer mathcmatical model has been demonstrated 
rcfcrring to actual cost data from literaturc. · 

Keywords: Cosi estimatimr. l:'collmllic arwlvsis. Industrial waste 
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