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Welding Process 



Multi -scale challenge of metal processing (solidification 

and its application in casting and welding) 
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energetic and kinetic properties of S/L 

are determined by atomic scale 

processes acting over the nano-meter 

scale with width W of the real S/L 

interface.  

W is three-orders of magnitude smaller 

than the curvature of the dendritic tip 

(r), 

Dendritic tip radius (r) is one or two 

orders of magnitude smaller than the 

thickness of the solute diffusion 

boundary layer (l) .  
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Phase field simulations of 

dendritic growth use a microscopic 

interface width (WPF). 

 WPF >> W and is just small 

enough to resolve the curvature of 

the advancing crystals, but large 

enough to render the computations 

tractable.  
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scale (time/length)  

quantum 

(10-12s / 10-10 to 10-9m) 

classical 

(10-7s / 10-9 to 10-

8m) 

nano-micro 

(10-3s / 10-9 to 10-3m) 

grain 

(10-3 to 101s / 10-4 to 10-

2m) 

models 

ab-initio              

quantum mechanical 

molecular 

dynamics 

phase field crystal  

phase field 

front tracking 

computational fluid dynamics 

finite element analysis macro 

(102s / 10-3 to 10-1m) 

structural 

integrity, 

 

 hot cracking  

+  

hydrogen 

embrittlemen

t 

Computational 

thermo-dynamics 
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Radiography/ 

tomography 

 topography 

Phenonmena can be validated (2 examples)  

180̄  

X-rays 

sample 

Á In-situ SR radiography ( 1998 ï NTNU (ESRF)) 

   - 2D, direct, Drn ~ 1.2 ɛm/ Dte ~ 0.1 s, good dynamic absorption/refraction contrast, alloys 

   - s/l-interface, solute boundary, hydrodynamics 

   - 2008: Performed by > 12 groups world wide  

 

         

Á Ultra-fast in-situ SR tomography (2004 - INPG (ESRF)) 

  - 3D indirect, Drn ~ 3 ɛm/ Dte ~ 10 s, absorption/refraction contrast, alloys, fs > 0.3 

  - s/l-interface, final stages of solidification (hot tears, porosity,  precipitates) 

    

       

X-ray imaging techniques 



An industrial-scale arc-welding setup 
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