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PREFACE 

M2D ~2006 is the fifth intemationai gathering of scientists and engineers interested in 

the fields of engineering mechanics, design and materials engineering planned for July 24-26, 
2006 in the beautiful city of Porto: Portugal. This is a well-established meet ing wi th followers 
from some 35 nations. 

The first conference of this series was held ill Toronto in 1996 and attmcted over 150 
delegates. The second was organized by Professors lB. Hull and R. Gentle in Nottingham in 
1998. The third was organized by Professor S.A. Meguid in Orlando in 2000. The fourth was 
organized by Dr. T. Mari and Proressor H. Fujii in Nagoya, Japan in June 2002. These 
meetings resulted from the belief that of those disciplines associated with advanced product 
des ign and manufacture, engineering mechanics and materials engineering have made the 
most significant advance in recent years. Important and dramatic improvements in component 
design can be made by the use of the latest advances in mechanics and materials. Indeed, as a 
resul t of the activilies in these three important fields: Mechanics, rvIaterials and Design, the 
International Journal of Mechanics and lvlaterials in Design was established in 2004. With 
Professor J.F. Silva Gomes being an important member of the Editorial Board and Professor 
Shaker A. Meguid being its Editor-in-Chief. 

It is with this in mind that this F{fth Interllatiollal C01~fel'e1Jce 011 1I1echallics alld A1aterials 
in Design is organized. The purpose is to bring together scientists and engineers from the 
mechanics and materials communities to present their latest results and discuss De\V advances 
over a broad range of topics dealing with analytical , numerical and experimental teclmiques in 
mechanics and advances in materials' technology as well as case studies. ·We have done our 
best to provide the delegates with an environment conducive to exchange of knowledge, 
networking and making new friends. 

Vole take this to thank our colleagues who contributed considerably to the event by organizing 
topical symposia and by helping us to launch this important meeting. We are truly gratefl11 for 
their efforts. \Ve also wish our overseas fTiends to have a great time in Portugal. We wish you 
all a happy and successflll stay in Porto. 

Shaker A. !lleguid 

.I.F. Silm Gomes 
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RESIDUAL STRESS ASSESSMENT USING OPTICAL TECHNIQUES 

.J ouo Rih eirol", Juimc Montcll'o~, 1\1. A. P. V31..\ HCl'nfllli Lopes!, and POllio Piloto l 

I Instit ute Pe litccnico de Bragan9D. Portugal 
11nstiluto de Engenhuria MecfUlica e Gcstiio Industrial, Lel;a do Balio, Portugal 
)Faculdndc de En!!cn harin dn Universidndc do Porto, Portuaal 
Em:li l' (·Ijrih('iro i~lipb.p l -

SYNOPSIS 

The goal of this work is the development or experimenta l techniques to measure residual 
stresses as alternative [Q the hole-drill ing method. The techniques here proposed are based on 
the use of Moire Interferometry and Electronic Speckle Pallern Interfero111etTY (ES P!). They 
are fi eld techniques that allow in-plane displacements measurement without contact and v,dth 
high resolution. Grating replication techniques were developed to record high quality 
diffracli on gratings onto the specimen's surfnces. The developed an optical set-up to genemte 
the master grat ings (vi rtual) is also discussed. In this case an in-plane in terfe rometer to 
measure displacements in two directions was impl c: mented as well as a dri ll ing equipmclll to 
provoke the stress relaxation in the specimens. During residual stresses measurements the 
obtained fringe pattel115 (1vloirc and speckle) are video recorded. Image processing techniques 
are used to assess the in-plane strain fie ld. A fin ite clemenls code (ANSYS®) is used to 
simulate the process or relaxation of stresses to compare wi th experimental results and to 
calculate the hole-drilling calibrLltion constants. 

INTRODUCTION 

In this work, we developed rnl experimental process to measure residual stresses with two 
opticol techniques (in-plone ESPI and Moire ul terferometry) combined with the hole-drill ing 
method. A ring and plug specimen with known residual stress distribution was used to 
valida te the techniques. An aluminium ring and a plug with 0.08 mm of diametrical 
interrerence between them were assembled for that puropose. A numerical simulation wi th 
finit e elements, llsing the ANSYS® programme, \I./as developed to compute the cal ibration 
coefficients needed to obtain the stress values. 

The first test was performed using the in-plane ESPI se t-up. Seveml holes with di fferent 
diameters and depths were drill ed in both ring and plug. Image processing algor ithms were 
used to obtain the displacement fi eld from the interferometric recordings. The second test wus 
done wi th Moire lnterferometry. For that a 1200 Jlnun grating (x and y crosses gratings) was 
replicated on the specimen surface. An optical set up to measure in two directions was used to 
assess the radial and circumferential stress released by several holes drilled in different radial 
distances from the centre of the specimen. 

RESULTS 

For the ESPI technique the phase maps of the interfero metric patterns were calculated using 
temporal phase shift. \Vhen drills are made a strain relaxation occurs and the ESPI system 
measures the difference between tlle two stages, berore and after the drill ing. The obtained 
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phase maps nre simi lar to the one presented In Figure I (n). In Figure I (b) it is possible to see 
lhe displacement fie ld afler image process ing. In this case the stress va lues were codified in a 
false colour table. 

-;-.. , .. " .... ,~ . ~ .- .~ .. " ~', 

(a) (b) 
f ig. I Example o f a Phase map obtained afler stress relaxation (a) find displacemen t field of 

stress relaxation after image processi ng. (b). 

The results obtained after a set of measurements in the specimen used to validate the 
technique ~lI'e presented in Figure 2 

IU"l:~""""' '''''''' -,_--, 
~, - "-, ...... 
· I ' ~;'_ ·'_·_· 'v' , .... • , l>< .. "~ ,, .... ,'" - ...... ....... ~ .. "'"" 
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Fig.1 Co mparison helwecn analYl'lca l calculnti ons and experimental measurements with ESP!. 

CONCLUSIONS 

The experimental results that were measured with ESP! have a good agreement with the 
analytical calculations. Th is op tical technique is il very interesting alternative to the traditional 
hole-drilling method with strain gages and with the advan tage that is poss ible to measure 
displncement fie lds instead of the discrete measurements obtained with the traditional 
methods based on the use of stra in gages. 
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