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


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 

  






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   
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   



    


    


    


     


     


     


    


   
   
   



   


   


    


   


      

       

      

       



  
   
  
  
  









 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
  



 
 
 









 

 






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

               

             





 


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           





Capítulo 1. Introducción





 

             

            







             



        



            



 



              



             



 

               

    

UPFC actúe como un “damping resistor” contr    

   

    

 

   

               

 





 









             

            

             



     

            

             



            



  



              

   



             





            



 

  

             







            

             

 



              

  

 



        

   

             

              

      

 

   



 



               

             

               



              

        

              

            







 

  

            



             





            



    

               







             



              





             

 

              

 



            





           





              





 

             

  





 

          

            



 





               







             



 

 









             



           



 



            


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              


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             










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

          

           

mediante el software PSIM, controlando el equipo a través de librerías “ ” previamente

 
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                



           

    



           



          











  

 

   







           









           

              



 

            







             

              

          

 



            



          









  







Capítulo 2. Análisis del UPQC

 



             



           

           





      

   







 

               

  





              

 






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
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

               

               

               

              

    

 

 

      





Δx = AΔx + BΔu
Δy = CΔx + DΔu 

 Δ     Δ     Δ                 

   

 
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 









           



 

será realizado empleando “” de la Matriz de Transferencia del


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   


 

  

   


     

 
  

 
   

 
  

 
   

         
         

     

         

   
    

   

            

     

 

   

  
   

 
    

       
  

 


  
 



   
   

       
       







   

       









 







  (s), σ 

 

  


             

dimensión q•p elementos. Dicho espacio considera un producto punto <  



       
 

 
 



           

  

              



    



     

 



 












 

             

     







 







  

 



 









 θ ≤ 15 θ 

               



               

             

 

 = 1,…4, como se indica en (2.11) resultando en:

  

  

  

  

    

    

    

    











El resultado obtenido para el grado de acoplamiento total (2.12) es igual a θ = 14.822

               

       

                

                

    







             

            

               







   

 

 

   

     
   

   
   

  
   

  Ω  
  
 
  Ω
  

  

 

           

              





             

            









             









 

  





            

 

   
     

 













 







 






 

  

    0.1,…5 Ω 



               





  



 









  

  

 
 
 
 

             

            





              

               

              

  Ω  

     0.1,…5 Ω

              





             

           

              

              



 







 

           

           









     0.5,…

   

   



               

         



 





 

  

 
 
 
 

  





                





            

        

                

   

               

              

      



  



          







   

            

             



             

  





              

  0.5,…0.9    0.1,…5 Ω    

               

 θ

 







         

               



           

             

    

 



                

                



 





 

          



            



            

            



 



            









        

        

             





      

             

   

     

     

             









Capítulo 3. Control

 

             
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          

    





               



  

           

 

         





        



          

   

 

  

    

 



 


      



  



             



 




  





  



               

  

              



  



 
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

+
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

+ +
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integral action
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  





      

               

         

              

  





  

  



  

   

     
   

  
 
  Ω
  
 
  Ω
  

  

  



    

    

    

    

    

 
 

 
 





 

      

       

 

  




 

    

    

      



       



   

     



   

              



 

 

 

  



    

 

  





            



 

   β



             







                

     



  

  


 50 μ 


  


 50 μ  


    

  

 


   


   







 

            

                



   

             



   

             

     

                  

    

                   

        



  



  

              



  

  

   
   




     


      









              



 







  

 β 

    

    β
  





             

               

            



  



   

   





   



       

   

 

 

 

  

    β
  





             

              

 

   



     



         



    

         











    

            

 



                     

 

   

  



  igual a 0.5 Ω. Para   

 

a 5 Ω.

 

            

          
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

             

    



              





  

           

               



 





              

  

             


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



  

            



 



               





               



             



 

             
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 

          

    

             



                





 

             





  

            

     

         

            



 

   

 



             



  


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



 





        

    
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,” 



        “    

,” 



  “

,”    



   “       ,”  



   “

,”



  “

       ,”       

–

  “ 

,”     –





      “   

     ,”   



 N. Arrifano, V. Oliveira, and R.Ramos, “Design and Application of Fuzzy PSS for Power

 of the Load,” in 



       “    

        ,” 

 

       “Modeling and Control of Sinusoidal PWM Rectifiers,”

 

 S. Fukuda, “LQ control of sinusoidal current PWM rectifiers,” —

  –

 , “  

,”     

   , “    ,”    

   

 , “  ,”  

   

     “The Distribution

STATCOM for Reducing the Effect of Voltage Sag and Swell,”  

 –

        “      

Compensating Devices,”    –





 







Anexo A. Publicaciones



 (IECON’06), Paris, Francia. El documento es, en términos







  

   
       

   
   
   

   

        
        
   
       
        
   
        
    
        
        
       


 

       
     
       
        
        
       
      

  

       

        
       

 

       
       
       
       
 
        

         
         
      

        
       
  

  

    
        

  
    
 
 
      

       

       
           
       


  


           
         
       
         
        
      


   
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 
 

    
 

       


 
      

  
  

     
 

  
   
         


   


        
      

 

 




 








 
   

 
 

 
  

 
   

 
 

 
  

     
     

      
      


   


 

 
  


   


 

 
  

     


       



 

    
    

   
 



       





  

  
 
  

 
  

  
    
  
 


 

 

     


 

   
    

    
      

      

 
        

 

 


        
       
        


Δx = AΔx + BΔu
Δy = CΔx + DΔu



 Δx    , Δu    , Δy         
  
         
 

 

      

        
     

          
        






   


 

  

   


     

 
  

 
   

 
  

 
   

         
         

     

         

   
    

   

            

     

 

   

  
   

 
    

       
  

 


  
 



   
   

       
       







   

       









 







        
        
        





       

           




 

   
 

   

    

  Σ V

  


    σ 
     
         
   

 

  


            

   
          


 







  

 



 









 θ ?  15      
      θ >     
        
        
  
 
           
        
     
      = 1,…4, as indicated by (7)


  

  

  

  

    

    

    

    









 

      θ =
         
         
           

        
         
  
   

       
   

         
      
          
 
      
           
    
       
  

  

         
       
     

          
 
         
    
    
  
 



  
  
       
      
  
        
  

 

  
  
    
   




   

   

  

  
   

  
   

 11.7641 Ω 

 

 

 1 Ω
 

 





      
 

         


 
          
 

        
 


         
        
        
∞      


 
        


     




       

  
           
 
 



           


  
          
    
    

       
      


          



 
    


    

  

  

         

   
        
      
   
        
        

   
           

  

       

    

   

 

      

  

Δx A Δx B Δu E Δp
Δy C Δx



  Δx  Δx
   Δu      
      
  
       


                Δx A Δx B Δu E Δp 

       Δy C Δx 

       
        


           Δe Δy Δy Δe  

    

       

       

   

   
  

  

Δe Δy C Δx Δe
Δe Δy C Δx Δe



Δx
 +



Δx



+

Δu




+ +

Δ Δ Δy

integral action

 
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  

  
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  Δu C E Δp Δe


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 
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
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
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
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  Δe Δe
 Δx Δx

 
Δy Δu



 
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



    

   

   
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 

 

 



 

  

 
 



 




Δe I C A Δe
Δx 0 A Δx

 
Δy Δu



 
Δp



 



     

     

     

  

  

  




Δe

Δx p p
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Δ Δe Δe
Δ Δx Δx

Δ Δu Δu



      
      
       

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        


     

        
 ΔΔ        
 ΔΔx

 

   
     
        

  
            
         
   

  

      
           
    
        
 
         
    
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 
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 

    

  
 
 
           
         

        

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 
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 





   
       

         
   
       
     
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 
  

  
     = 1Ω (  0.5Ω 

   
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   

Anexo B. Pares Entrada / Salida
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 
 

   
 



 


 


 


 
 

   











   
 



 


 




   








   
 








   









   
 



 


 


 


 




   









   









    









   










   
 



 


 




   









   






   


 


 




   


 


 


 
 

   


 


 


 


 
 

   


 


 




   








   


 


 
 

   









   








   










   
 



 


 


 


 
 

   







   









   

   









   
 



 


 




   








   









   


 


 
 

   


 


 




   







   


 


 
 

   










   
 



 


 


 




   









   







   









   
 



 


 




   







   









    









   
 



 


 


 




   









   


 


 




   


 


 


 




   









   











   


 


 




   


 


 




   


 


 




   







   


 


 




   


 


 
 

   


 


 




   


 


 




   


 


 
 

   


 


 
 

    

  









  







  







  








  









  


 


 




  
 



 


 


 




  
 



 


 
 

  










  


 







  








  
 



 


 




  
 



 


 


 
 

  


 


 




  
 



 


 




  
 



 


 


 




    









  


 


 
 

  


 


 




  
 



 


 




  
 



 


 




  
 



 


 


 

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Anexo C. Modelo del Compensador Paralelo


