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conference “Enhanced Material and Part Optimization and Process Intensification” 
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            







of type Sinterit Lisa X (Sinterit GmbH, Krakow, Poland), equipped with a NIR laser (λ
−         



            

−

















−



−

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

 −  

          


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         







             



−
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        


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







           

         



    

           






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



















subproject A01 “
      ” of the Collaborative 
             

           





  







           









        

    









   



              

          









         



            

          





  (λnm) and blue (λ     


         



  







         



          







          

   

          





 




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



       

         



            



             

             

           



  





           



        



 







     

  

          

           



    

          





• 



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           



    

          



 
             



    

           



 










 
 

           



▪ 




▪            


▪ 
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
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▪ 


▪ 
    



▪         
          









 
 
            





            





 –  
–






      



standard κε models
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
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







        

           





              

          











––








 








            



 


   





          





  





 


• 


            



• 
         

 



•            


              



•       
  ™        




 
 
             

       –      
–








  













   



       
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            





          



           

5.8 to 11.4 W/(m∙K).



  





 


           



▪ 
          



▪ 
             



▪ 






“Precision Melt Engineering” 
         











 

–
 



 

–
 –
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Table 1: Results for UL-94 testing for 2 mm thick samples. 
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Table 2: Results for UL-94 testing for 2.5 mm thick samples.
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           











         





       

          









the user’s initial assumptions dominat       




“Precision 
Melt Engineering”          
           

          



–






            







           

 



  





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developed a holistic, inverse workflow for temperature‑control design in 
–
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steady‑state 
 a gradient‑based solver adjust         
achieve the target heat‑flux field
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       through physics‑based objectives and material 



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

pressure‑dependent shrinkage
and mesh‑area weighting so neither dense meshes nor a single term 
. Because time integrals are awkward in large, time‑dependent gradient 
problems, CRC1120 ultimately targeted cooling‑rate uniformity and 
     



(cooling‑rate/transition‑time) 
–


However, one important advantage of the CRC1120’s methodology is the independence of the 




After the thermal optimization yields iso‑surfaces that encode where the mold should exchange 
heat with the part, CRC1120 replaces manual drafting with an automatic, path‑planning‑based 
         

segments near the iso‑surfaces by solving a local geometric minimization problem, so that each 
segment follows the target heat‑exchange geometry as closely as manufacturability allows. It then 


, while ensuring collision‑free placement relative to the cavity, parting plane and other channels
and preventing self‑intersections. This removes user‑dependent varia   
translation from iso‑surface to channel, thereby stabilizing the design outcome against individual 
     

          

substantially less user effort and a more reproducible result, supporting the method’s suitability for 


           

the inverse‑design 
intent into this reality, CRC1120 developed an automatic straight‑channel derivation that starts 
from the same iso‑surfaces and simplifies them to extract robust anchor and intersection 
          

approximate the iso‑surface locally while forming a continuous, hydraulically sensible network. 
        





dependence. In simulation, straight‑chann
fields, transient development, and warpage that are very similar to expert‑designed conventional 
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


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          

         









investigation of the automated straight‑channel derivation.





geometry, selected for its warpage sensitivity due to a free‑standing 
rib, large planar walls, right‑angle corners, fillets, and a through‑hole that together produce 
ominal wall thickness is 2 mm






A pre‑existing base 



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
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        

straight‑channel layoutgenerated algorithmically from iso‑surfaces








    

identical across both variants for fair comparison: 8 mm on the 
Core‑cooling fingers were placed at 
               





           

        –  


   –         










Unfilled polybutylene terephthalate Pocan B1305, Envalior GmbH, 
ENGEL e‑motion 160      all‑electric press to emphasize 
crystallization‑related shrinkage and warpage signatures.
     switch‑over volume 12.5A full‑factorial design 
𝑉̇
         layout (Table 1).  


2 h



   

   

   







  






Warpage was quantified using an optical 3D coordinate‑measurement system (GOM ATOS Q 
MV 270, Carl Zeiss GOM Metrology
structured‑light 
          





         




















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








             
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Figure 1: Schematic depiction of the laser-wire brazing setup
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Table 1: Laser brazing parameters
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   

   

   

               




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  





Table 2: OES analysis of base materials and filler wire composition according to [27] in m%

Material C [m%] Si [m%] Mn [m%] P [m%] S [m%] Cr [m%] Mo [m%] 
42CrMo4 0.387 0.281 0.822 0.0078 0.0161 1.06 0.184 
Material Ni [m%] Sn [m%] Zn [m%] Pb [m%] Fe [m%] Mn [m%] P [m%] 
CuSn12Ni2 1.5-2.4 11.3-13.0 ≤0.3 ≤0.2 ≤0.15 ≤0.1 ≤0.05 





          

–






         





Figure 2: Images of the laser brazed samples and cross sections of the analyzed sample sections 

              



   



  







subdivided into the regions “inside,” “center,” and “outside,”








  










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Figure 3: Boxplots of crack length and distribution
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length for the lower energy input (≈154 µm) is significantly higher than that of the higher energy 
input (≈99.5 µm). Additionally, the interquartile range is substantially larger. While the higher 
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Figure 4: Substrate temperatures over time based on 12 measurement points
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Table 3: Calculated substrate temperatures at selected points 

Point Section P = 3,5 kW P = 3,6 kW Difference in % 

Layer 2 Inside 145,2 157,8 8,68 % 
Layer 4 Inside 183,5 192,4 4,85 % 
Layer 6 Center 208,1 219,1 5,29 % 
Layer 8 Center 228,9 233,7 2,1 % 
Layer 10 Outside 284,9 285,8 0,32 % 
Layer 12 Outside 343,2 345,4 0,64 % 
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Figure 5: Quotient pyrography measurement of the process temperatures.









  





               







        









              









  





–




 



         



    







      















of the Collaborative Research Centre SFB1120 236616214 “Bauteilpräzision durch Beherrschung 
von Schmelze und Erstarrung in Produktionsprozessen” and funded by the 



  







 



















 



 



 



 



 –
  



 

 



 –
 



 



     



 

 



 

 —
 



 



 



 

 





  





 



 

 

 



 



 

 



 







  


























            









            













            





              



      



mailto:tobias.kupfer@fau.de


  






              

              

   















             

              





 

             

             





              









             





 



           









  














K preheating temperature, a Gaussian beam with a beam diameter of 4σ = 
              



   

to 1500 W, in beam diameter 4σ fr

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











          



     √3    √2    







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






4σ = 4σat 4σ = 
stacked grid the maximum is located at 4σ












            

         










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

   





 

   

   

   

   

   

   

   

   

   

Robot velocity / mm∙s   

   

Feeding rate / g∙min   





          



  







         



        


























               

    Ωmm.
          
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






           



         
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







   the temperature coefficient α differ  






           



















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

        

             





           







     










            



          



        







236616214 “Bauteilpräzision durch Beherrschung 
von Schmelze und Erstarrung in Produktionsprozessen” and funded by the Deutsche 

























  







 





 



–

 



–

 

–

 





 

–


 





 





 





 

–


 





 





 



 



–



  



























              



            



        



         

–         












             

          







             



      

mailto:warkentin@isf.rwth-aachen.de


  





  

              

   





 











  –         
         

       –   
           

          

–


           



            

          

 –    –     






  





         



            

         











           



           













          

 

           

         

          





–





            

 

          

          







    





  





          



   



           









         



           

      

            





   















        











  
















           



            











             –


          



–


  







–


–














  











            



             

ons, using the latter’s results to define reduced
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

   controlled short‑circuit (SC) welding, pulsed spray‑arc (impulse) 


wire feed waveform, travel speed, shielding‑gas flow, etc.). In addition, the model must be capable 
of representing the actual workpiece geometries, joint configurations, and seam‑preparation 

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must therefore resolve the key physical phenomena that differentiate these modes: rapid arc‑plasma 
     nt droplet detachment and metal‑vapor 
generation, and the resulting transient heat‑transfer and solidification behaviour.  
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framework offers a predictive, parameter‑driven virtual laboratory for the optimisation of 
real‑world welding processes. With the presented simulation framework, a wi  


illustrates the simulation results for industry‑relevant 
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also of depicting process limits, such as a through‑weld shown in  
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Laser‑based powder bed fusion of metals (PBF‑LB/M) enables the fabrication of metallic 
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

has matured into a platform predominantly serving high‑value, performance‑critical applications 
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



  





          











             







             

            



         













              











      

      

      

 


















             
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               
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           
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







                 
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
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            

           


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           
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
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



  




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
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           












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





 

–
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 



 
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 



 

–


 
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

 

–
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




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
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
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extending the “U” geometry to an F


of the “U” is 130 mm


deviation of the opening width of the “U” from the nominal value. 
(Δᵢ–the connection between the two legs of the “U”–
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opening width (ΔO) and the inner length is considered a measure of the shape
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



  




              



            

           

variations, this can be achieved by replacing a die module located between the two legs of the “U”, 






             

             



           







• 


––




•              
            



• 
           



      




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


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Fourier’s law
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



 𝛿𝑇𝛿𝑡 =  𝑎𝑒𝑓𝑓 (1𝑟 𝛿𝑇𝛿𝑟 + 𝛿2𝑇𝛿𝑟2 ) 
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pT-sensor

CO
2
-expansion chamber

Copper shield

Heating ceramic

Cavity plate

Part

4 mm

5 mm

9 mm



  






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
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             
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            

           



      
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

𝑑𝑖




          

  





              

𝑣𝑖


              







            

            



  













𝑥00 = 𝑥𝑖𝑑𝑒𝑎𝑙0 𝑥̃00.
𝑘 =  0, . . . , 𝐾 − 1
𝑥𝑘+1𝑘 = 𝑥𝑖𝑑𝑒𝑎𝑙𝑘 − (𝑥̃𝑘𝑘 − 𝑥𝑘𝑘)
𝑥𝑘+1𝑘+1
𝑥̃𝑘+1𝑘+1
𝑑𝑖𝑥𝑘+1𝑘+1𝑥𝑘+1𝑘 

|𝑑𝑖| > 𝜀 = 10−6𝑥𝑘+1𝑘+1𝑑𝑖
𝑥̃𝑘+1𝑘+1
𝑥𝑖𝑑𝑒𝑎𝑙𝑘+1 = 𝑖𝑛𝑡𝑒𝑟𝑝𝑜𝑙𝑎𝑡𝑒(𝑥𝑘+1𝑘 , 𝑥𝑖𝑑𝑒𝑎𝑙𝑘 , 𝑥𝑘+1𝑘+1)


𝑥𝑖𝑑𝑒𝑎𝑙𝑘+1 𝑥𝑖𝑑𝑒𝑎𝑙0 

𝑣𝑖𝑥𝑖𝑑𝑒𝑎𝑙𝑘+1 






            





𝒙̃𝑘𝑘
𝒙𝑖𝑑𝑒𝑎𝑙𝑘 𝑘
 𝑅𝑀𝑆𝐸𝑘 =  √1𝑁 ∑ ‖𝒙̃𝑘,𝑖𝑘 − 𝒙𝑖𝑑𝑒𝑎𝑙,𝑖𝑘 ‖22𝑁𝑖=1   (1) 











 

                



       





  





















               



    


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
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

        

      













     –       
—



  




      — 
            

          













used for investigating heat transfer and solidification, features a rotationally symmetric “bowl” 


           

 



           






(a) Schematic of the rotationally symmetric “bowl” experimental setup with measurement instrumentation. (b) 


The second setup, developed for investigating distortion behavior, employs an “F”


             



              



  




between the two flanges of the “U”



(a) Schematic of the “F”






            



  

–
       



           





—     
—




  









For the “F”      








   –          


–
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           





       –    
—



  




       





“F”
           



the material’s higher yield point allows substantial elastic strain to accumulate, producing a 
           

            

          










          

          

  

attributed primarily to the Lagrangian mesh formulation’s inability to account for feeding dynamics 




  











           

sprayed mold coatings [7, 10]. For the “F”
f the “U”
   










Position of the four junctions fitted with heating conductor layers on the “F”

            



 —         




          

–




  




         —    
—           




         









            

          

           

             







convergence, reducing the average RMS warpage from 1.95×10⁻² mm to approximately 1×10⁻³ 
          

     

            

        

            







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




          

         

          –
       







          

          

—
           

——


          

–
         

          

             



—
         
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











http://hdl.handle.net/21.11102/b74248f6-6d2e-4a25-86ef-b6f2aa27c885


  












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  











          

   







       








         

          

             

            









            



    



 

 



 

 

 

 













 

 









   











Plate thickness [mm]







  





        

          

        


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

     defined spherulitic α 


         













     



               





SR. Across the 3 mm thickness, 30 cubic spherulitic RVEs with an edge length of 100 μm are 


           

        

         

    



[NN20]. The resulting predictions provide the local effective Poisson’s ratios, 








the effective Poisson’s ratios and elastic moduli across the plate thickness in SR. The comparison 




Poisson’s ratios, both approaches predict similar values in the central part of the plate, but the local 

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





























    






























  














              





            

     



  







      

          

μm, which is within the 
            















            
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



















            

            

           

 —         
—


               

         





           



 —      
            





        

          







        





  







            









   —      
—


           







—


—    












   







            











           


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         

         











  











           

           

      

 

–
            

           

—
—


           



           













  –       
         —    




  












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

 





––
–
     ≈ 239°C) produced compressive residual 




  















        

     –   












     

          —   


      

–—








  















           

           

          







           

   







         







236616214 “Bauteilpräzision durch Beherrschung 
von Schmelze und Erstarrung in Produktionsprozessen” and funded by the Deutsche 
          



           

           
















 



  









 —        –      


—–




–
–


–




        



–








  

–




 









–






–




–







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





236616214 “Bauteilpräzision durch Beherrschung 
von Schmelze und Erstarrung in Produktionsprozessen” and funded by the 
        



  





          














 

–
–

 ‐‐‐

–
 S. Gach, S. Olschok, D. Arntz, U. Reisgen, Erratum: “Residual stress reduction of laser beam welds by use of low

—In situ diagnostic: Image correlation” [J. 


 

—


 ‐‐‐

‐

–
 

–
 



 




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            

   



       









               










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
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







           

    





             

          



               

𝐴
𝐱𝑗𝐴(𝐱) ≈∑ 𝑚𝑗𝜌𝑗𝑗 𝐴(𝐱𝑗)𝑊(𝐱 − 𝐱𝑗 , ℏ),
𝑚is the particle’s mass, 𝜌𝑗𝑊(𝐱 − 𝐱𝑗 , ℏ)
      

ℏ


ℎ̃𝑅
 𝐴𝑖 = 𝐴(𝐱𝑖)𝑊𝑖𝑗 = 𝑊(𝐱 − 𝐱𝑗 , ℎ)
𝑖
𝒩𝑖 


𝜌𝐷𝐯𝐷𝑡 = ∇ ⋅ 𝜎 + 𝐟ext,
𝐯  𝐟ext  𝜎      
𝐷𝜌𝐷𝑡 + 𝜌∇ ⋅ 𝐯 = 0𝜌𝐷𝐯𝐷𝑡 = −∇𝑝 + 𝜇∇2𝐯 + 𝐟st + 𝐟ext,



  





𝑝𝜇𝐟st
            



















            

 𝜇(𝑇(𝑥, 𝑡)) 𝜎(𝑇(𝑥, 𝑡))      


The temperature is being calculated by solving Fourier’s 𝐷(𝜌𝑐𝑝𝑇)𝐷𝑡 = ∇ ⋅ (𝜆∇𝑇) + 𝑞̇‴,
𝑇𝑐𝑝𝜆𝑞̇‴






ℎ(𝑡 + Δ𝑡) = ℎ(𝑡) + Δ𝑡𝜌 (∇ ⋅ (𝜆∇𝑇) + 𝑞̇′′′)
Following their work, both explicitly and implicitly solving Fourier’s equation have been 
           

            







     𝜌 = 𝑐𝑜𝑛𝑠𝑡.→ 𝜌(𝑇)




          




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ℎ̃ =! 4𝑅, 𝑉0 =! 8𝑅3 → ℎ̃(𝑇) = 2√ 𝑚𝜌(𝑇)3


   𝑉0      2𝑅     


ℏ





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













             
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



    



  





            



     

          

              

     



            

   



            









          









      

      

      

      







Melting was performed in an Al₂O₃ crucible using 
           

         ≤10⁻⁵  



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



p ≤10⁻⁵ mbar was maintained.









             









  







      













shear strength τ was calculated.





            







rich γ solid 




   











             
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         





 



            



            

              

           

     







  













▪ 


▪ 


▪ 
▪ 


▪ 
▪ 


▪            








236616214 “Bauteilpräzision durch Beherrschung 
von Schmelze und Erstarrung in Produktionsprozessen” and funded by the 






  















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
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
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               
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            
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


           
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
            
component’s resistance to abrasive wear. In the case of cladd



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

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

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









      


      



  
















            








          
o an active gas containing CO₂ 
(DIN EN ISO 14175 M12, 2% CO₂, 98% Ar).


             
welding is performed using an active gas (18% CO₂, 82% Ar) of cla










   


                



  








           


 





         


––

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















          






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  





         

          





          

        

            

         

     𝑓𝑆     
            





–
         



             





𝑓𝑆 > 0.8
           













        





             

𝑓𝑠𝜕 〈𝜌ℎ〉𝜕𝑡 + 𝛁 ⋅ 〈𝜌ℎ𝐯〉 = −𝛁 ⋅ 𝐪 + 〈𝜌 𝑟̇𝑞〉 ,                                                           (1)
𝜌ℎ𝐪𝑟𝑞
  〈⋅〉  



  





           

𝑐𝑝(𝑇)
𝐿𝑓𝜕〈𝜌ℎ〉𝜕𝑡 = 〈𝜌𝑐𝑝eff(𝑇)〉 𝜕𝑇𝜕𝑡 = (〈𝜌𝑐𝑝(𝑇)〉 − 〈𝜌〉𝐿𝑓  𝜕𝑓𝑠𝜕𝑇) 𝜕𝑇𝜕𝑡  .                                     (2) 
〈𝜌𝑐𝑝eff(𝑇)〉 𝜕𝑇𝜕𝑡 + 𝛁 ⋅ 〈𝜌ℎ𝐯〉 =  −𝛁 ⋅ 𝐪 + 〈𝜌𝑟̇𝑞〉 .                                               (3)
          

          



     𝐺𝑇       
𝑑𝑑𝑡 (∑ ℎ𝛼𝜙𝛼𝛼 ) = −𝑞̇ ,                                                                            (4)
𝑞̇𝜙𝛼ℎ𝛼
ℎ𝛼𝑇
{𝑐𝑘}

∑ 𝜙𝛼 (𝑐𝑝,𝛼𝑑𝑇 + ∑ 𝜕ℎ𝛼𝜕𝑐𝑘  𝑑𝑐𝑘𝑘 )𝛼 + ∑ ℎ𝛼𝑑𝜙𝛼𝛼 =  − 𝑞̇𝑑𝑡  .                                      (5)


𝑑𝑇̅ = 1𝑐𝑝̅ (−𝑞̇𝑑𝑡 − ∑ ∑ 𝜙𝛼 𝑘𝛼
𝜕ℎ𝛼𝜕𝑐𝑘 𝑑𝑐𝑘 + ∑ ℎ𝛼 𝑑𝜙𝛼𝛼 ) = 1𝑐𝑝̅ (−𝑞̇𝑑𝑡 − 𝑑𝑙 )                   (6)

𝑐𝑝̅ =  ∑ 𝜙𝑎𝑐𝑝,𝛼  𝛼 𝑐𝑝,𝛼
ℎ𝑝,𝛼
𝑑𝑙𝑑𝑇𝑑𝑙 = 𝑑ℎ − 𝑐𝑝̅𝑑𝑇     with    ℎ = ∑ 𝜙𝛼𝛼 ℎ𝛼                                                        (7)
           

      

𝑞̇    𝐺𝑇        



  





𝑞̇
            

𝑓𝑠(𝑇) 𝑐𝑝̅(𝑇)𝐿𝑓 = ∫ 𝑑𝑙








𝐯𝑓𝐠𝑝


 𝐊 = 𝜇|𝐠𝑝|  [𝐯𝑓𝑥 , 𝐯𝑓𝑦, 𝐯𝑓𝑧]                                                                          (8)
𝜇
            



           

             



𝐾(𝑇) = 𝜆22180 (1 − 𝑓𝑠(𝑇))3𝑓𝑠2(𝑇)   ,                                                            (9)
𝜆2
              

           

–


𝐾(𝑇) = 𝑐0 (𝑓𝑐 − 𝑓𝑠(𝑇))3𝑆 𝑉2     .                                                        (10)
𝑐0𝑓𝑐
           

𝑆𝑉




  













  𝜀𝑝̇        
Δ𝑝can be calculated based on mass balance and Darcy’s law for fluid flow as                  Δ𝑝 = Δ𝑝𝜀 + Δ𝑝𝑠ℎ= (1 + 𝛽)𝜇𝜀𝑝̇𝐺𝑇2 ∫ 𝐸̃(𝑇)𝐾(𝑇)  𝑑𝑇 𝑇𝑚𝑓𝑇𝑒𝑛𝑑 + 𝑇̇𝛽𝜇𝐺𝑇2 ∫ 1 − 𝑓𝑠(𝑇)𝐾(𝑇)  𝑑𝑇 𝑇𝑚𝑓𝑇𝑒𝑛𝑑   .             (11)
   𝐸̃(𝑇) =  ∫ 𝑓(𝑇̃)𝑑𝑇̃𝑇𝑇𝑒𝑛𝑑  𝛽    𝐺𝑇   
𝑇̇𝜇
 Δ𝑝𝑐   
             



𝐻𝐶𝑆 = 1𝜀𝑝̇,𝑚𝑎𝑥 = ∫ 𝐸̃(𝑇)𝐾(𝑇)𝑇𝑚𝑓𝑇𝑒𝑛𝑑 𝑑𝑇 𝐺𝑇2(1 + 𝛽)𝜇 Δ𝑝𝑐 − 𝑇̇𝛽1 + 𝛽  ∫ 1 − 𝑓𝑠(𝑇)𝐾(𝑇)  𝑑𝑇 𝑇𝑚𝑓𝑇𝑒𝑛𝑑
  .                    (12)

             













         –   
–




         









𝑓𝑠(𝑇)



  





              

       𝑓𝑆(𝑇)  


              



               

     

      



             









𝐸 = ∫ |𝑇𝑠𝑖𝑚(𝑡) − 𝑇𝑒𝑥𝑝(𝑡)|𝑑𝑡𝑡2𝑡1 ∫ |𝑇𝑒𝑥𝑝(𝑡)|𝑑𝑡𝑡2𝑡1 ⋅ 100%








 

  

   

   





  







–
––––
           

–5 wt.% Cu alloy at cooling rates of −4 °C/s, −2 °C/s, and −1 
            

300μm × 300μm ×600μm




             



     





–
  

  

  

  

         













        



  

𝜆2 𝑐0 𝑓𝑐
   

   



  





   
   

–
    a cooling rate of −4 °C/s, shown at 𝑓𝑠        
𝑓𝑠




              

         

            







              



 
–5 wt% Cu alloy𝑓𝑠
−4 °C/s with 15 fcc−2 °C−1 °C/s with 6 fcc







 

𝜆2 𝑐0 𝑓𝑐
   

   
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 

𝑓𝑠


–


         







     

            

            

         

       







236616214 “Bauteilp       
Produktionsprozessen” and       



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–
equipped nozzle (“cutting whistle”) is developed and applied 






           



 

  

 











  







   𝑅𝑧   𝐻burr     







𝑃𝐿 = 6
                



 𝑧𝑓   𝑣𝑓       
         

𝑝0 = 12––
 

             

         

𝑁𝑧𝑄𝑁



              





𝑓0


1.6 × 105
𝑓dom(𝑦, 𝑧)
 𝐴(𝑦, 𝑧  ∣  𝑓0 ± Δ𝑓)       
 𝑓0  
𝑅𝑧             𝐻burr 
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  





𝑣𝑓,max⁡


 𝑝0 𝑁𝑧  𝑣𝑓          






         





          







          

𝑓0 ≈ 15
–


𝑓0𝑝0𝑓01/𝑅𝑐–
 𝑚𝐼             
    𝑄𝑁  𝑁𝑧     𝑁𝑧 ≈ 0.7  
     𝑁𝑧   𝑓0 ≈ 15 𝑁𝑧 ≥ 0.7
𝑁𝑧
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–𝑓0
spans distinct excitation bands: A (low band, ≈ 8–17 kHz), B (mid band, ≈ 15–
band, e.g., ≈ 40–𝑓0
1/𝑅𝑐 
         









          

         𝑓0   
 

  𝑚𝐼 = 𝐼RMS/𝐼       
𝑓0


      

𝑚𝐼
𝑈̂/𝑈̄ ≳ 𝑚𝐼
    Δ𝜏𝑤̅/𝜏̅𝑤 ≈ 12 (𝑈̂/𝑈̄)2 ≳ 12 𝑚𝐼2  𝑚𝐼 ≈ 0.2 –  Δ𝜏𝑤̅/𝜏̅𝑤 ≈ 2–         


𝑁𝑧
𝑝0 = 20𝑄𝑁(𝑁𝑧)
 𝑁𝑧 
 𝑁𝑧 = 0.7          𝑁𝑧
𝑁𝑧
𝑁𝑧 ≥ 0.7𝑓0 ≈ 15
         

            

downward (≈12𝑁𝑧 = 0.5mm and ≈7𝑁𝑧 = 0.3  
𝑃𝑅
𝑓0relative to a local broadband “mask” level around 
   𝑃𝑅 = 𝐿peak − 𝐿mask   𝐿mask      

𝑃𝑅    𝑁𝑧 ≈ 0.5     
𝑁𝑧 ≈ 0.7
          𝑃𝑅 



  





𝑁𝑧 ≈ 0.7
𝑓0










           

otherwise thicken the film and promote intermittent accumulation (“blockingprone” 
           

—         


               

              



          

 𝑓𝑐 ∼ 𝜏̄𝑤𝜂𝑚 𝛿̄ ,
𝜏̄𝑤      𝜂𝑚     𝛿̄ 
𝜏̄𝑤𝛿̄


—
𝑓𝑐


      𝑝0 = 20 𝑁𝑧 = 0.7𝑓dom(𝑦, 𝑧)𝐴(𝑦, 𝑧 ∣ 𝑓0 ± Δ𝑓)               

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  





        –  
     





             



𝑓𝑐(𝑧)


𝛿̄𝜂𝑚𝑓𝑐


          𝑓dom 𝐴( 𝑦, 𝑧 ∣∣ 𝑓0 )    𝑝0 𝑁𝑧  𝑝0
𝑁𝑧 ≈ 0.7𝑁𝑧
confirm the model’s operating


      𝜏̄𝑤
         





𝑁𝑧

          

           
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



𝑁𝑧  
   𝑁𝑧           
   𝑁𝑧 ≈ 0.7       
maximized, which is consistent with the framework’s requirement that a sufficiently strong and 








𝑓0 ≲ 𝑓𝑐 


—    —      






𝑅𝑧𝐻burr𝑅𝑧


             








𝑁𝑧 = 0.7𝑅𝑧𝐻burr
𝑝0


Rz – standard nozzle [µm] Burr height – standard nozzle [mm]
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          

𝑁𝑧 ≈ 0.7
             

expanded “quality plateau” in terms of simultaneously low roughness and reduced burr, while 






         — 
         —  






 









–
          



          

 





      –     
          









            





             

–
       



  





              









 236616214 “Bauteilpräzision dur 
Schmelze und Erstarrung in Produktionsprozessen” and funded by the Deutsche 










          





             


–
 

              



              




 


1μm Laser Radiation. In: Physics Procedia 56, –
            



–
    

multiple reflections on the cut flank during laser cutting with 1 μ m wavelength. In: Journal of Laser 


 —
of melt flow dynamics inside cutting kerfs during laser fusion cutting with 1 μ m wavelength. In: Journal of 


 ‐
–

 
             – 

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  





 


–
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








                  













            




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

       



     





–

          

       





    






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    

       𝐼𝑆𝑒𝑥𝑝  ∈ {0,1}   𝐼𝑆𝑒𝑥𝑝 = 0
    𝐼𝑆𝑒𝑥𝑝 = 1        






          





      











         

          

 











 















































































































 

  







 



  













              







           




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 





 

–


 



 



–
 



 

–


 



 





 



–
 



 





 
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





        



             

             

pentahydrate (CuSO₄·5H₂O) is dissolved in 700      




         






























  





                






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        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        










        

        

        

        

        

        

        

        

        

𝐶 (𝑁) 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 [𝑤𝑡. %] = 𝑚𝐹𝑖𝑙𝑙𝑒𝑟 ∗ 𝐶𝐹𝑖𝑙𝑙𝑒𝑟 + 𝑚𝐵𝑎𝑠𝑒 ∗ 𝐶𝐵𝑎𝑠𝑒𝑚𝐹𝑖𝑙𝑙𝑒𝑟 = 𝐴𝐻𝑒𝑎𝑑,𝑆1+𝐴𝐻𝑒𝑎𝑑,𝑆2𝐴𝑡𝑜𝑡𝑎𝑙 𝑚𝐵𝑎𝑠𝑒 = 1 − 𝑚𝐹𝑖𝑙𝑙𝑒𝑟

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







             









              



             


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



             

–
         

–






             
















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–
 



 –
–

 —
–

 

–
 





 

 



 





 

(A380/A380M − 25), A380/A380M − 25, ASTM International, West Conshohocken, Jan. 2025.
 

–
 

–
 

–
 

–
 
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



          







     











          



            



  















            

               

ϵ_η solves both curves. These equations are 


      ality η. To get the solution parameters a   
𝜑𝐹 , 𝜑𝐵𝜑𝑀


𝜖𝜂 (𝜑𝐹𝜑𝐵𝜑𝑀) = 𝑎 ∗ 𝜑𝐹 + 𝑏 ∗ 𝜑𝐵 + 𝑐 ∗ 𝜑𝑀 + 𝑑
ℝ4𝜑𝐹 +𝜑𝐵 +𝜑𝑀 = 1
ℝ3




             





  





𝜖𝜂 (100) = 𝐿𝐶𝑆𝐷𝐺𝜂,𝜑𝐹 , 𝜖𝜂 (010) = 𝐿𝐶𝑆𝐷𝐺𝜂,𝜑𝐵 , 𝜖𝜂 (001) = 𝐿𝐶𝑆𝐷𝐺𝜂,𝜑𝑀
  𝜖𝜂 for every triaxiality point η of the curves ECRIT and LCSDG and the 




     

           

    

















   

            





Table 1: Chemical Composition C45 in wt%

Material 

C 

[m%] 

Si 

[m%] 

Mn 

[m%] 

P 

[m%] 

S 

[m%] 

Cr 

[m%] 

Ni 

[m%] 

Mo 

[m%] 

Cu 

[m%] 

Al 

[m%] 

C45  0        0 



         –  –




       

     

              







     



  













–

    











           

 





           







             

             




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



                



               







     –     
validation was performed according to DIN EN ISO 5173 (“Bend Test”) in an universal testing 

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
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


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Mechanical validation was performed according to DIN EN ISO 5173 (“Bend Test”) in an universal 
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

             

           
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

            



            



           

suspected of leading to Parkinson’s        
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
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               





         





          



















             

  



            

             





 

 
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

–


–
 

–
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


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




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         



          

        









   





          

vacuum at (2.9 ± 0.6) × 10⁻⁶ mbar. 




30 °C min⁻¹, and the brazing process was observed in 




–




  





For the laser welding experiments, the laser source (λ =1024














             

       – – – – – – –



– –


– – – –  ≤0.2 –


≤0.55 – – 




– –



–


≤0.25 ≤0.1 ≤0.05  ≤0.1 – ≤0.5 – – 

   –  – –  – –   





























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















Cr₂B






Fe₃C


solidification. Fe₃C appears in higher fraction and exhibits slight orientation clustering, likely due 
             
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
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             








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



of the Al₂Cu intermetallic compound (IMC) at the aluminum–   


            





the growth of the Al₂Cu reaction layer, w
            

           
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                     

×300,(c)×200, and (d)×500 magnification, illustrating Al₂Cu IMC formation and cavity development in the filler
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

             



     





              

           



            
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           

  

          

            

         

              

           





         




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








           
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

 
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