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Figure 2 - Residual slress map obtaincd by the contour method for lhe maximum valuc ofGOF 

It was concluded that the optimum results are obtained with an interpalation grid density 
equal to the CMM rneasurement grid density. Conceming the nurnber af srnoothing knots it 
was concluded that its value rnay only be fully tuned by trial and errar but engineering 
judgrnent can help to obtain ncar optimum parameters. 
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NEW METHODOLOGY TO MEASURE RESIDUAL STRESSES BASED 
ON FBG SENSORS 

P.M.G.P. Moreiral'o" J.E.P.C Ribeiro', R. BurbosaI 

[Instituto de Engenharia Mecânica e Gestão Industrial, 4200-465, Porto, Portugal 
1Faculdade de Engenharia, Universidade do Porto, 4200-465 Porto, Portugal 
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ABSTRACT 

Residual stresses are locked-in stresses which exist in a structural part without the application 
of any service or other extemalloads. The effects of residual stress rnay be either beneficiai ar 
detrirnental, depending upon the magnitude, sign, and distribution of the stress with respect to 
the in service applied loads. In most cases, residual stresses arise from the production processo 

In arder to measure residual stress mechanical1y, the locked-in stress rnust be relieved so that 
a sensor can register the change in stmin caused by the relaxation of the stress. One of the 
most common methods to measure residual stresses is the hole drilling method, which can be 
considered almost non-destructive due to the hole small diameter. Electrical stmin gage 
rosettes are the sensors commonly used in this method. This type ofsensor can be problematic 
when used on industrial environments. In arder to eliminate this drawback the present study is 
focused on the development of a new methodology to replace thesc electrical sensors with 
fiber optie Bragg sensors. The results obtained, partieularly with the 3.2mm length grating 
sensors, were encouraging. The residual stress profile is in agreement with the one obtained 
for the electrical sensors. 

INTRODUCTION 

Today, due to weight and cost reduction policies there is an increasing pressure to bettcr 
understand the effect af residual stresses on the mechanical properties of a 
component/structure. lts failure ean be due to externaI loading eonjugated with loeked-in 
residual stresses. In most cases, residual stresses are created due to mechanically induced 
plasticity or by thermal effeets (Withers and Bhadeshia, 2001). Quantitative estimation of 
residual stresses is impartant for a safe perfonnance of structuraI components, 
(Venkitakrishnan et aI., 2007). 

In arder to measure residual stress mechanical1y, the locked-in stress must be relieved so that 
a sensor can register the change in stmin caused by the relaxation of the stress. One of the 
most common methods to measure residual stresses is the hole drilling method, which can be 
considered almost non-destructive due to the hole small diarneter (Mathar 1934). This 
method, technique widely accepted for rneasuring residual stresses, involvcs drilling a small 
hole ioto the surface of a component at the centre of a special strain gage rosette and 
measuring the relieved strains. This type of sensor can be problematic when used on industrial 
environrnents, rnainly due to electrical noise and magnetic fields. In arder to eliminate this 
drawback, this study is focused on the development of a new rnethodology to replace the 
electrical sensors with fiber optie sensors, fiber Bragg grating (FBG) sensors. Afier 
installation and residual stress measurements, this new type af sensors can also be used to 
monitor the strain loading ofthe component during service. 

Symp _19: Advanced lvfechanics for Residual Stress Measllrement 1133 
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RESULTS 

A MIG welded plate was used as a component containing residual stresses. Two fiber optic 
rosettes, with 1.6 and 3.2mm gratings, were developed and tested. For comparison, two 
similar electric strain gage rosettes were also used. A detai! of a FBG rosette is presented in 
Figure 1. The results obtained for the 3.2mm sensor length, for the case of an clectrical and a 
FBG rosette, are presented in Figure 2. 

Figure I - Experimental sctup, libcr optical roscttc. Figure 2 - Residual stress lield, 3.2mm Icngth scnsors. 

CONCLUSIONS 

The results obtained, particularly with the 3.2mm length grating sensors, were encouraging. 
The residual stress profile is in agreement with the one obtained with eleetrical sensors. New 
developments are being perfonned in arder to improve the methodology already developed. 
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ULTRASONIC MEASUREMENT OF RESIDUAL STRESSES IN 
WELDED ELEMENTS AND STRUCTURES 

Yuri Kudryavtscv(') 

Structurallntegrity Tcchnologics Inc., Markham, Ootario, Canada 
(.)Emai/: ykudryavlsev@sintcc.ca 

ABSTRACT 

The objective of the study dcscribed in this paper is to identify the residual stress distribution 
and relaxation in standard welded specimens, large-scale welded panel imitating criticai, from 
the fatigue point ofview, zones ofwe!ded structure. The RS were measured after welding and 
in the process of fatigue loading of welded elements by the UltraMARS system that is based 
on using ultrasound. 

INTRODUCTION 

The residual stresses (RS) are one of the main faetors detennining the fatigue strength of 
materiais, parts and welded elements and this faetor should be taken into aceount during the 
design and manufacturing of different products (Trufyakov, 1995). Although certain progress 
has becn achicved in the developrnent of different experimental techniques, a considerable 
effort is still required to develop efficient and cost-effeetivc methods of residual stress 
analysis (Kudryavtsev, 2008). The application of an ultrasonic non-destructive method for 
residual stress measurernents had shown that, in many cases, this tcehnique is very efficicnt 
and allows measuring the residual stresses both in Iaboratory conditions and in real structurcs 
in field for a wide range ofmaterials (Kudryavtsev. 1985). 

RESULTS AND CONCLUSIONS 

The rneasurements af welding residual stress were perfonned for 8 and 15 mm thick 
specimens with longitudinal attachments welded from both sides and a large-scale welded 
pane!. The main plate dimensions are 700x115mm and 600x70mm for 15mm and 8mm thick 
specimens, respectively. The process ofresidual stress rneasurement in 15 mm thick specimen 
by using the UltraMARS system is presented in Figure I. 

Figure I - Process af mcasurcmcnt ofrcsidual strcsscs in a wc!dcd 
spccimcn using the UltraMARS-7 systcm 

s..vmp_19: Advanced Meclwllicsfor ResidI/ai Srress /lleasllremelll 1135 
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