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Contexts and challenges

The TIG welding in the nuclear industry

• Assembly of the nuclear components with large
thickness by TIG welding

• Ensure quality and reliability of the weldment

Bene�ts of the simulation of welding

• Welding process design,

• Prediction of the deformations and the residual
stresses, interpretation of the technological test,

• Help in understanding the limiting factors in the
welding,

• Reduce the number of experiments.
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Goal

2D axisymmetric uni�ed model
including electrode, arc plasma and
molten pool (Michel Brochard, Phd
Thesis 2008)

3D weld pool

3D Simulation of the weld pool for the TIG welding taking into account
the free surface and the welding speed, and with the �ller metal in the
next step.
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Physical phenomena in the weld pool
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Importance of the various forces

Quantity of power :

• Power of the Marangoni force :

∫
Γ

FMarangoni · u dΓ ≈ 10−4W

• Power of the arc drag force :

∫
Γ

FArc_drag · u dΓ ≈ 10−4W

• Power of the Lorentz force :

∫
Ω

FLorentz · u dΩ ≈ 10−5W

• Power of the Buoyancy force :

∫
Ω

FBuoyancy · u dΩ ≈ 10−7 v 10−6W

Main forces :FMarangoni and FArc_drag

PArc_drag

PMarangoni

≈ 1,
PLorentz

PMarangoni

≈ 0.1,
PBuoyancy

PMarangoni

≈ 0.01.
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Developed Model

Hypothesis

• A laminar, Newtonian �uid of the liquid metal and a stationary state

• Boussinesq approximation

• Free surface of the weld pool

• Variation of
∂γ

∂T
and thermophysical properties depending on

temperature

• The constant speed vs of welding, the equation solved in a reference
frame moving with the heat source

E�ect not modelled

• Lorentz force

• Metal evaporation

8/21



Introduction Model Results and analyses Conclusion and perspectives

Outline

Introduction

Model
Physical model
Mathematical model
Numerical model

Results and analyses
In�uence of the free surface
Numerical sensitivity

Conclusion and perspectives

9/21



Introduction Model Results and analyses Conclusion and perspectives

Conservation equations and boundary conditions

• Continuity :∇.v = 0
• Momentum :ρ(∇v).(v − vs) +∇p −∇.µ(∇v +∇Tv) =
fBuoyancy + fExtinction

• Energy : ρcp(∇h).(v − vs) = ∇.λ∇T
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Hybrid approach 2D axisymmetric arc model + 3D weld

pool model

2D arc model provides the arc source

Radial evolution of the
pressure of the arc

Radial evolution of the arc
drag force

Radial evolution of the heat
source
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Two di�erent simulations : with and without free surface

Calculated weld pool without free
surface

Calculated weld pool with free surface

Weld pool characteristics with and without free surface
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In�uence of the free surface on the temperature �eld of the

bottom surface

Temperature �eld with and without
free surface

Di�erence of the temperature �eld on
the bottom surface

• ∆Tmax = 135�C

• The weld pool length is larger in the model with free surface
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Comparison between the simulation and the experiment

• The calculated penetration and weld shape in the model with free surface

agree well with the experiment.
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Design of numerical experiments

Tests Pressure (Pa) Heat �ux (W) Welding speed (mm/s)

1 326 1021 2
2 407 1021 2
3 326 1276 2
4 326 1276 2.5
5 407 1021 2.5
6 407 1276 2
7 407 1276 2.5
8 326 1021 2.5

Regression model for the sensitivity analysis

• y =
a1+a2XP+a3XF +a4XV +a5XpXF +a6XPXV +a7XFXV +a8XPXFXV

• y the response, Xp,XF ,XV the factors (pressure, heat �ux and
welding speed).
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Contributions of the di�erent factors

Factors Penetration P Width L P/L Volume of the pool
XP 54.01 0.06 92.62 3.80
XF 42.00 79.26 2.7 64.91
Xv 2.41 20.49 2.7 8.79

XPXF 0,13 0,06 0.06 6.00
XPXV 0.02 0.06 0.06 6.30
XFXv 0,33 0,00 0.50 2.50

XPXFXV 1.11 0,06 1.38 7.69

• Trends consistent with those of the
literature,

• In progress : validation of the model by
correlations with the corresponding
experimental tests.
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Conclusions and perspectives

Conclusions :

• The model taking into account the free surface predicts better the
weld pool shape than the model without the free surface,

• Numerical sensitivity analysis of the in�uence of the free surface, the
welding speed, the heat �ux and the quantity of sulfur composition.

Perspectives :

• Simulation of the metal evaporation,

• Simulation of the �ller metal.
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Thank you for your attention !
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