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Le CND au GeM 

! 15 personnes 

! Thèmes: 
� Résistivité 
�  Fibres optiques 
� Analyse d’image / corrélation d’image 
� Géométrie par laser: modélisation 

� Aide à la décision  
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Généralités sur les cordons de soudure 

! Question de l’industriel : tenue en fatigue des cordons 
! Plusieurs critères : 

�  Type et géométrie du cordon 
�  Technique de soudage 
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! Plusieurs géométries de cordons de soudure.  

Généralités sur les cordons de soudure 

Cordon considéré dans l’étude 

� Bout à bout 

-  Chanfrein en V 

-  Chanfrein en X 

� En T 



©
D

C
N

S
 2

00
7 

- a
ll 

rig
ht

s 
re

se
rv

ed
 / 

to
do

s 
lo

s 
de

re
ch

os
 re

se
rv

ad
os

 / 
to

us
 d

ro
its

 ré
se

rv
és

 

Le rôle de la géométrie 

Huther I., 1996  
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SOMMAIRE 

     Objectif de l’étude 
     (Notions basiques sur les champs stochastiques) 

1. Analyse statistique de la géométrie des cordons 
de soudure 
2. XFEM Stochastiques 
3. Conclusion et suite de la thèse 
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Objectif de l’étude 
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Objectif de l’étude 

! Géométrie de cordons de soudure 

( )réelσ
( )( )

( )RDM

réel

tK σ
σmax

=

Aléa : géométrie aléatoire du cordon de soudure 
(Incertitude Mesure et ou Aléa physique) 

Incertitudes géométriques Aléas 
géométriques 

! Utilisation de XFEM  
� Efficace 
� Géométrie aléatoire (level-sets) pour le cordon de soudure 
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2. Objectif de la thèse 

Mesure et modélisation 
probabiliste Méthode de calcul 

stochastique CND 

Traitement 
statistique 

Modélisation 
probabiliste 

EF Stochastique 

X-SFEM 

XFEM Stochastique Calcul du Kt 

! Assimilation des 
méthodes XFEM 
Stochastiques 

! Recherche d’une 
formulation analytique 
du Kt (coefficient de 
concentration de 
contrainte) 

! Etude statistique des 
cordons de soudure 
(géométrie aléatoire) 

Objectif de l’étude 
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1. Analyse statistique des cordons 
de soudure 



©
D

C
N

S
 2

00
7 

- a
ll 

rig
ht

s 
re

se
rv

ed
 / 

to
do

s 
lo

s 
de

re
ch

os
 re

se
rv

ad
os

 / 
to

us
 d

ro
its

 ré
se

rv
és

 

11 | 04/04/2013 | Analyse de la géométrie aléatoire des cordons de soudure 

Procédés de mesure 
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Methods for automatic inspection of 
weld geometry 
 
 
 
Inger Eriksson  

 

 

Methods for automatic inspection of weld geometry 
 

 1 

1 Introduction 

This project is a part of a Vinnova founded research project KOST/LOST, where 
University West is investigating weld quality issues. This part considers methods for 
automatic inspection of weld geometry. A feasibility study was performed to find 
information suitable for the project and the report presents a resume of the literature 
survey, a short presentation of the collaborated company, and the result of this work. 
This thesis work is performed at Production Technology Centre/University West in 
Trollhättan. 

1.1 Background 

Volvo Construction Equipment (Volvo CE) in Braås, located 30 km northeast from 
Växjö, Sweden, develops and manufactures articulated haulers. Their world market 
share is about 35 percent [1].  Articulated haulers are mainly used to carry rocks, earth 
and grovel around a building site, e.g. a road building, most of them are yellow. The 
payload range for the articulated haulers is 24 – 39 tons. The net weight for the 
articulated hauler is 21 – 31 tons.  

The weld type considered in this paper is a fillet weld, since this is the most used type 
at Volvo CE. The required parameters to take into consideration in visual inspection 
are the shape of the toe, leg-length, the throat angle, and amount of spatter. Figure 1 
shows the leg and the throat of the weld. The weld toe is the junction of the base 
material and the weld face. The weld face is the surface of the weld. The throat is the 
shortest distance between the root, the junction of the base material, and the weld 
face.  

 
Figure 1 The image shows a fillet weld and explains the leg and throat of the weld 
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Procédés de mesure 

Methods for automatic inspection of weld geometry 
 

 3 

One way to develop automated visual inspection is to use some sort of laser line 
projection on the weld surface and a camera based vision system. When the weld bead 
grows along the seam, the vision system can detect the geometry and compare it to 
several pre set parameters in a software [4, 5]. Servo Robot Inc has a system they call 
WISC, which is a portable inspection system for welds. The WISC has a sensor gun 
with a laser and uses embedded firmware and software to analyse the parameters of 
toe angle, throat length, weld face and undercut, see section 2.1 Weld discontinuities 
for definitions. Figure 2 shows the hand held sensor gun that moves along the weld to 
capture the geometry and the software compares it with reference values [4, 5]. 

 

Figure 2 The WISC system from Servo Robot. By courtesy of Jeffrey Noruk Servo Robot Inc. 

Similar technology as in the WISC is offered in automatic and robotic systems. One 
system is called Flexcell [5] also by Servo Robot Inc. The Flexcell monitors in real 
time and this system has two cameras placed behind the head of the welding tool. 
One camera is a high frequency scanner that detects porosity. The other camera 
captures the geometry of the weld [5].  

Seam-tracking devices with laser line or structured light projection and a camera have 
been used in several projects in order to get the welding tool to follow the seam to 
weld. It is interesting to study seam-tracking devices because of the ability to capture 
shapes in a harsh welding environment. Common for most seam trackers is that the 
camera and the laser line have a fixed position relative the work piece. The laser line is 
located at a known distance perpendicular over the weld seam and the camera is 
triangulated with a known distance and angle from the laser line [6, 7]. The output 
from the camera is analysed and the laser line capture from the image becomes a 
number of points that are used to visualise the shape of the weld in a software [8]. 
The information obtained from the analysis is then communicated to the weld tool so 
the weld path will be made at the right position. 

Limites actuelles:  
capacité de stockage 
 
Post traitement pas efficace  
pour rayons raccordement: odg 1 mm 

scanCONTROL 2810

Principle and system advantages

Application

Measurement principle

The system scanCONTROL 2810 detects beads (e.g. a

seam) or grooves (e.g. a channel or gap) and computes their

characteristic dimensions inside the controller. The system

evaluates the measurements taken and provides control

signals via analog and digital outputs. The system can be

easily configured via the parameterization software included

with the sensor package.

The highest point of a bead has the smallest z-distance value

due to scaling from the sensor's viewpoint. The z-distance

value is maximum for a groove.

The laser line scanner scanCONTROL 2810 makes use of the

triangulation principle for the two-dimensional acquisition of

a profile on various target surfaces. Unlike familiar point laser

sensors, a static laser line is projected onto the surface of the

measurement object. A high quality optical camera system

focusses the diffuse reflected light from this laser line onto a

CMOS array. The controller computes the profile data from

the camera picture and outputs it as calibrated x/z

measurement coordinates. In addition the dimensional

properties of the adhesive bead or groove are computed by

the controller and transferred to the output.

02

High speed real time measurement

Synchronous measurement through

synchronous shutter

Flexible measurement field

64 points/profile: 4,000 profiles/s

128 points/profile: 2,000 profiles/s

256 points/profile: 1,000 profiles/s

512 points/profile: 500 profiles/s

1,024 points/profile: 250 profiles/s

Due to the high measuring rate of up to 256,000

measurement points/s, a significant increase in cycle time is

achieved in real time quality inspection or online process

guidance. Depending on the resolution and size of the

measurement range, a profile frequency of up to 4,000

profiles/s can be attained.

Instead of the conventional "rolling shutters" (reading out line

by line), scanCONTROL has an innovative CMOS array with

an instant high speed electronic shutter, which grabs the

entire profile and reads out immediately.

Depending on the application, with scanCONTROL either

the data processing rate or the pixel resolution (x or z axis)

can be further increased through the variable measurement

field. Each second a maximum of 256,000 points are

processed:

Profile frequency of

Profile frequency of

Profile frequency of

Profile frequency of

Profile frequency of

Apart from the processing rate and the number of

measurement points to be read out, the height and width of

the measurement field can be adjusted: e.g. 512 points over

a narrow measurement strip (e.g. edge detection) or 256

points over a wide strip for high speed applications (e.g.

inspection of glue beading).

Bead Groove

Measuring principle

z-axis

x-axis

CMOS-array
light source

receiver

target

The CMOS array active field (where measurements will be taken) can

be programmed according to 96 predefined possibilities, eg. using

only a portion of the array increases data aquisition speed, selecting

the central area increases accuracy.

Flexible measuring field (examples)

Applications

03

Welding bead control

Edge detection

Height profile

Web width

Step & height measurement

Glue bead profile visualisation

Typical applications

Welding bead / welding seam

Gap / joining contact

Groove width / groove depth

scanCONTROL 2810 was specially developed for

measurements on beads (buldges, bumps) or

grooves (indentations, gaps). It operates in a

stationary mode - e.g. a fixed installed sensor unit

looking at moving parts - and in the scanning mode -

e.g. in conjunction with a motion control device or a

robot. The application examples given here are just

some of numerous possible applications.

Surface control
Planarity
Lead-Position

Welding seam inspection

Glue bead inspection

Profile monitoring

Groove width / depth

Robot guidance

Positioning

Door edges

Gap and flush

Angle measurement
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Procédés de mesure 

C-10055  Ind. A Page : 9 / 27 
Mesures dimensionnelles de témoins soudés en croix pour DGA/CEAT  
 

 

 
 
 
 

 
 

 
Figure  1 : Inspection d‘un joint soudé 

 
 

 
 

Figure 2: algorithme de contrôle des joints d’angle 
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Analyse statistique des cordons de soudure 

! Cordon de soudure en T 

! Utilisation d’un système de mesure par laser 
! Tracé d’un nuage de points pour la 

mesure des paramètres 

! 50 trajectoires mesurées 
! 17 paramètres évalués 

Sens de la mesure 
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Analyse statistique des cordons de soudure 

!
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Prétraitement des données : 
§ Analyse du pas moyen de mesure 
§ Comparaison physique du phénomène et résultat de mesure 
§ Prise de trajectoire analysable 

Prétraitement statistique : 
Retrait des trajectoires impliquant un mauvais comportement dans le 
calcul des moyennes et écart-types 

Analyse de stationnarité : 
- Moyenne constante 
- Ecart-type constant 
- Corrélations indépendantes des 
points 

Analyse des distributions : 
• Construction d’échantillon 
• Recherche de probabilité de 
distribution par maximum de 
vraisemblance 

Sorties : distributions 
de probabilités 

Sorties : coefficients de corrélation 
(Pearson), recherche de longueur 
de corrélation 

Analyse statistique des cordons de soudure 
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! Analyse réalisée sur le paramètre S1 
! Résultat des prétraitements des données et statistiques 

�  Nombre de trajectoires conservées : 22/50 

�  Pas moyen : 6.2 mm 

�  Longueur d’analyse : 3.6 m 

Analyse statistique des cordons de soudure 
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Cohérence de la base de données 

1er cas : Forte corrélation 

2ème cas : Faible corrélation 

•  Relation fonctionnelle 

•  Absence de relation fonctionnelle 

Analyse statistique des cordons de soudure 
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! Calcul de la moyenne, de l’écart-type et du coefficient 
de corrélation 

! Etude complémentaires : mesures non-corrélés à un coefficient de 
corrélation 

!                         -> Longueur de corrélation pour distribution : Lc=1.5m 

Moyenne 
Ecart-type 

Corrélation 

( ) 3.05.11 =Sρ

! Moyenne et écart-type considérées comme constants (coefficient de 
variation variant de 1 à 10%) 

( ) 3.01 =ΔxSρ

! Croissance de la corrélation : étude complémentaire en cours 

Analyse statistique des cordons de soudure 
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Notions basiques sur les champs stochastiques 

! Stationnarité au sens faible (second ordre) 
( ) ( )

( )( ) ( )( )

( ) ( )1221

1

2
2

1

2
1

1
2

1
1

;

;1;1

;1;1

xxxxx

mxf
N

mxf
N

xf
N

xf
N

m

Nj

j
j

Nj

j
j

Nj

j
j

Nj

j
j

−=Δ=

−=−

==

∑∑

∑∑
=

=

=

=

=

=

=

=

ρρ

ξξ

ξξ

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠

⎞
⎜
⎝

⎛ += ξπξ
3

2sin, xxf! Exemple de champ stationnaire du second ordre 

! Recherche d’une longueur de corrélation : possibilité de 
combiner des échantillons 
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! Distributions de S1 en 3 points séparés par une longueur Lc=1.5m 

+ 

+ = 

Analyse statistique des cordons de soudure 
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! Maxima peu différent : prise de la log-
normale pour des fins industrielles 

! Gamma. 
Espérance=14.92 
Ecart-type=0.76 
Maximum de vraisemblance=-75.61 

! Log-normal. 
Espérance=14.92 
Ecart-type=0.77 
Maximum de vraisemblance=-75.38 

! Normal. 
Espérance=14.92 
Ecart-type=0.77 
Maximum de vraisemblance=-76.17 

! Construction d’un échantillon combinant les 3 distributions de S1 

Analyse statistique des cordons de soudure 
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2. XFEM Stochastiques 
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Conclusion et suite de l’étude 

! Application à un cordon de soudure 
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3. Conclusion et suite de la thèse 
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Conclusion et suite de l’étude 

! Analyse statistique des cordons de soudure 
� Hypothèse de stationnarité d’ordre 2 : réduction du modèle 

Eléments Finis du 3D au 2D 
� Probabilité de distribution des principaux paramètres : 

connaissance des lois d’entrée et connaissance de leur intervalle 
de variation. 

! XFEM Stochastiques 
� Comparaison et fiabilité des méthodes disponibles 
� Choix d’une méthode de régression adaptée au cas du coefficient 

de concentration de contrainte Kt (grandeur scalaire) 

! Etude de fiabilité 
� Utilisation en post-traitement des surfaces de réponses 

! Possibilités de suite pour l’étude : 
� Prise en compte des interfaces métal de base-métal fondu- Zone 

Affectée Thermiquement 


