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Contexts and challenges

The TIG welding in the nuclear industry

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

e Ensure quality and reliability of the weldment

Benefits of the simulation of welding

e Welding process design,

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

e Help in understanding the limiting factors in the
welding,

e Reduce the number of experiments.
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2D axisymmetric unified model 3D weld pool
including electrode, arc plasma and

molten pool (Michel Brochard, Phd

Thesis 2008)

3D Simulation of the weld pool for the TIG welding taking into account
the free surface and the welding speed, and with the filler metal in the
next step.
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Evaparation

and radiation

Convection and
radiation
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Ccathode(-)

Heat flux

Free surface

drag force
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Widening the pool

Marangom

dy/dT<0
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Arc drag force

Buoyancy
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Deepening the pool
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Lorentz force
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Importance of the various forces

Quantity of power :
e Power of the Marangoni force :/r FMarangoni - udl ~ 107 * W
e Power of the arc drag force : /rFArc_drag cudl =~ 107*W
e Power of the Lorentz force : /Q Florentz - udQ ~ 107 °W

e Power of the Buoyancy force : / FBuoyancy - U dQ2 = 1077 -~ 107%wW
Q

Main forces :Futarangoni and Farc drag

PArc_drag il PLorentz ) PBuoyancy ~ 0.01

PMarangoni PMarangoni PMarangoni
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Developed Model

Hypothesis

A laminar, Newtonian fluid of the liquid metal and a stationary state

e Boussinesq approximation

Free surface of the weld pool

. 0 . . .
Variation of —:Iy_ and thermophysical properties depending on
temperature

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

Effect not modelled

e Lorentz force

e Metal evaporation
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Conclusion and perspectives
Conservation equations and boundary conditions
e Continuity :V.w =10

e Momentum :p(Vv).(v — vs) + Vp — V.u(Vv + VTv) =
fBuoyancy + fExtinction

e Energy : pc,(Vh).(v—vs) =V.AVT

Cathode(-) Y
AVT.n =g+ qc +qs on aqurf
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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 Radial evolution of the arc  Radial evolution of the heat
pressure of the arc drag force source

Arc sources added in the 3D
weld pool as boundary
conditions

£
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Two different simulations : with and without free surface

VAL - 150
3.00E102

< 2.49E+03

1.12e403
1.01r103
9137107
8.11F107
7.09F 107
6.067107
5.047107
4.07F102
3.00F102

1.016+03
9.136+02

Calculated weld pool without free
surface

Calculated weld pool with free surface

Model Trar  Umaz Vmnaz Winaz Width Depth Volume
(K)  (ms) (ms) (msl) (mm) (mm) (mmd)

With free surface 2486 0.31 0.32 0.15 3.60 2.36 70.6
Without free surface 2706 0.18 0.23 0.06 3.60 1.50 51.7

Weld pool characteristics with and without free surface

[m] = = =

Da
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With free surface 5.3
Temperature field with and without Difference of the temperature field on

free surface the bottom surface

® ATpa =135°C

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

workpiece

IR camera

£
Current  Voltage Arc length  Welding speed 5
(A) (V) (mm) (mm/s)
150 10 2 25

e 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 flux (W) [ Welding speed (mm/s) |

1 326 1021 2
2 407 1021 2
3 326 1276

4 326 1276

5 407 25
6 407 2
7 407 1276 2.5
8 326 1021 2.5

Regression model for the sensitivity analysis

[ ) y =
ar+ax Xp+as Xe+as Xy +as Xp Xe+as Xp Xv +ar Xe Xv +ag Xp Xe Xv
e y the response, X,, Xr, Xy the factors (pressure, heat flux and
welding speed).
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Contributions of the different factors

Factors | Penetration P | Width L | P/L | Volume of the pool
Xp 54.01 0.06 92.62 3.80
Xe 42.00 79.26 2.7 64.91
Xy 241 20.49 2.7 8.79
XpXr 0,13 0,06 0.06 6.00
XpXy 0.02 0.06 0.06 6.30
XeX, 0,33 0,00 0.50 2.50
XpXeXy 1.11 0,06 1.38 7.69

e Trends consistent with those of the
literature,

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

Conclusions :

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

o Numerical sensitivity analysis of the influence of the free surface, the
welding speed, the heat flux and the quantity of sulfur composition.

Perspectives :

e Simulation of the metal evaporation,
o Simulation of the filler metal.
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