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INTRODUCTION: The present work summarizes the RESULTS: Optimal parameters allow to reproduce the
numerical challenges in creation and validation of free- whole lifetime of the keyhole during pulsed welding of
surface models using ALE moving mesh coupled with heat Ti6Al4V alloy (temperature field + velocity field).
transfer equation and Navier-Stokes fluid flow. The acte a5 L il P

influence of a set of numerical parameters as well as
physical hypotheses on the dynamics of the keyhole and
the characteristics of the melt formed in titanium alloy Ti-
6Al-4V is analyzed.

COMPUTATIONAL METHODS:
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Figure 1. Nd:YAG laser pulse of 6 ms, 1.5 kW, @ = 560 um, 1.4 = 200 Pa-s.

(T — \ Influence of critical parameters:
eg — — — : L : :
C FU -VT =V-(/1VT) (1T : : * Parasite velocities in solid
P Lp a Gy Avoid low solid
\ Y, o AT viscosity * Less profound keyhole
e _ _ . . .
C, —CerDm-Lm D, = : * Unphysical relaxation of solid
P A (_X2+y2j \/ﬂ-AT Relaxation of solidified ring Red profile - end of solidification
2 . :
L o Wireframe — end of cooling
g, =—e (t<tue) {
72'r0 _Relaxation of MZ center
A = Agiig +(Aviquia Asolia) - TIC2hs(T-Ty,, AT), §
Aiquid = Asurr T (Axn-Agur) - TIC2hs(T-T,, AT),
100 Pa-s 200 Pa-s
Navier-Stokes Newtonian quuid Figure 2. Unphysical relaxation of solidified weld between the end of
Mean v'scosity in solid phase solidification and the end of cooling for different solid viscosities.
. oy : 700 P : 8 evhole | Viscosity of the soli
nconsistent stabilization oo mrogresion e |t e o0 pas
— — \ I ---- 100 Pa*s & T 100 Pa*s
— —_— — >00 kevhole i <
A=pl+n(T)U-V+U-V] ||+F i iaion 7 £
p 77 3 o keyhole X 4 “— end of the pulse (6 ms)
B a =300 «~ collapse 53 erhole
B - 200 A 2 progression | | eyhole
U(T)_ 77 solid +(77 ||C|U|d- 77 SO|Id) ﬂCZhS(T-Tm) AD 100 o the ol emaining dedression (1) fﬂw """ . I _____________ c O”apse
enatural convection (Boussinesq approximation), O o oo ooos oo oon gon 002 0004 0006 0008 001 0.012
.: - : - t(s) ts)
*surface tension force /Marangon convection Figure 3. The influence of solid viscosity on the evolution of maximal
® recoil pressure in the keyhole (1_|_ IB) _E+C temperature, melt velocity and keyhole depth for standalone Nd:YAG laser
— .a-e! pulse on Ti-6Al-4V plate (6 ms, 1.5 kW, @ = 560 um).
r 2
A>0.8 Convergence problems
ALE eHyperelastic smoothing is better B>0.5 Important undershoots of pressure
e Deformation driven by velocity field and stress accumulation around the
Impact zone
Parametric studies : CONCLUSIONS:
*ALE smoothing methods * Convergence problems associated with too important
*Numerical stabilization of N-5 equation deformation of free surface (remeshing?)
*Solid and liquid viscosity » Keyhole depth sensitive to : solid and liquid viscosity,
*Adsorption in the keyhole Ay, keyhole adsorption coefficient and condensation
*Condensation coefficient coefficient

e[ncompressible VS weakly compressible N-S e Acceptable mass conservation



