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Table 1 Main feature of the SPLICE code.

L. Basic comtion Phase-mixed time-averaged Navier-Stokes equation,
and conservation cquatioas for mass aad energy
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+Discretization Finite differeace metbod with staggered mesh armasgements
*Time integration 2% order Runge-Kutta method
*Approx. method for 58 ooder WENO method
convection lerms
*Matrix solver AMG-BICGtab method
*Laser imadiation  Lambert-Beer's law
Interfoce tracking  THINC / WLIC methods
Froe surface Surfece tension force with Marangeni effects
Phase change Temperature recovering methods
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Table2 Calculational conditions for the SPLICE code,

Parameters Case-l Case2 Case3 Cased
Base metal 55400 - - -
Metal powder m - . -
Powder supply rate @y (g/min) 9 30 30
Nozzie diameler de {mm) 1.0 - - -
Stand off { (rem) 50 - - -
Laserpower Py w) 750 - 400 300
Laserlight dameterd, (mm) 02 - - P
SwoepspeedV,  (mmimin) 1000 o~ - =
Gas Velocity Vy (m's) 1 - - -
Energy density D (kJmm?) 48 - 25 1.9
Powder dersity D,  (gimm?) 0025 0005 00038 -
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Numerical Simulation of Laser Welding Different Kinds of Materials
using a thermohyvdraulics Computational Science Numerical Simulation Code SPLICE
O # S, E (Cif ", &34 X",
o wiaT, B e
Toshithars MURAMATSU", Yuji SATO™ Naomutsu KAMEI™,
Yuji AOYAGI™ and Takahisa SHOBU™
T AAEFFHIFFPRE R Japan Atomic Energy Agency

A general-purpose three-dimensional thermohydraulics computational science numerical simulation code SPLICE
was applied to laser welding processes for different kands of matenals to understand the phenomenological welding and
solidifying mechanisms of both the materials. The SPLICE code was developed at JAEA (Japan Atomic Energy
Agency) and designed to deal with gas-liquid-solid consolidated incompressible viscous flows with a phase change
process in various laser applications, such as welding, piercing, drilling. cutting. efc. The solves mass, momentum and
energy conservation equations simultaneously in finite different form to evaluate various complex phenomena, such as a
laser light-material mteraction, liqud metal thermohydraulics in welded pond with a nmshy zone, residual stress
characteristics in welding processes, efc. The result obtained from the numerical simulation of the laser welding
process for different kinds of materials is very encouraging in the sense that the SPLICE code would be used as one of
the efficient tools for the evaluation of thermohydrulic phenomena in the welded pond.

Key Words : Laser light, Welding, Werlded pond, Computational science, Numerical sinmlation, Thermohydraulics
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Fig 1 Physical phenomena appeanng in laser manufactunng processes
Table 1 Main feature of the SPLICE code

1. Basic equation Phase-mixed time-averaged Navier-Stokes equation,
and conservation equations for mass and energy
2. Mathematical models
- Discretization Finite difference method with staggered mesh arrangements
« Time integration 2 order Runge-Kutta method
- Approx. method for 5n order WENO method
convection terms
* Matrix solver AMG-BICGstab method

+ Laserirradiation Lambert-Beer's law

« Interface tracking  THINC / WLIC methods

* Free surface Surface tension force with Marangoni effects
+ Phase change Temperature recovering methods
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Fig. 4 Honzontal distnbution transient of Peclet number on the welded pond surface
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