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               

           

              

             

          

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

           

            

   

            

       

 

         

   





              

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

             

               

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

            

           

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

              

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

           

            

              

    







  

   

                                    

                              

                             

  

                               

                                 

                                

                         

                        

                        

     

             

             

                              

                 

                               

                               

                             

                          

                              

                     

                                 

  

                                        

  

                               



                        

               

                                   

               

              

                           

                     

                                 

                                 

                           

                          

                                     

                                  

                   

                          

                         



  

                                     

               

                            

                   

                      

  

                                      

  

                                     

                                 

                                



    

     

  

  

   

     

 

   

      

            



    
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                                  

                               

                             

                              

                                  

                               

                         

                             

                                     

                    

                                 



                                

                                    

                                 





 

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

              

           

            

     

           

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

            

         

             

               

          

             

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

 

            

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

            

                

      

            

                

             

              





          

            

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

             

             

  

           

            

              

        

                

  

             

            

            



           

              

           

             

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

            

    

             





            

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

Grid L

Filtro Ativo

PCC

L

Disjuntor

S

Carga não linear

CONTROLE

  

          

              



             

           

         





 

    

  

           

             



       

     

           

        

           

   

   

           

            

             

    

           

             

            

           





            

             

          

          



           



      

            

     

                 

             

              

              

          



               

          





   

          

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

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

           

  

          

             

              

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

        

               

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

             

               

           

           

 



 

    

   

      

           

           

             

      

           





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

          

   

             

              

           

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

              

             

              

           

          

             

            

             

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



            

  

         

           

         

            

           

             





                  

   

            

                

      

              

              

                 

     

  





  


 



       

   

    

       

   

      

          

           

           

            

           





           



           

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

  

  

   

   





    







            

               

       

             

           

             

               

             

              

           

               

 

           

             

           

        





         

          

            

           

             

        

            

              

              

            

             

              

            



         

           

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

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

              

     

            

 





 



    







 




 



         





   

         
      

               
               

            
     

  
   
   
   

               
                
                
                

   

       







  




 



                      

   

         







  




 



                     

  

         







  




 



                      



       

             

      





            
  

            
     
      
      
     

   

           

               

              

         

             



            

            

               

                 

  

          
    

   
    
                    

            

    

            

                

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



             

           





                 



               

                  

                 

  

        
         
     

   
    

      
     
     
     
     
     

  


 


  
    

     
     
     

  


 


  

    

           

   

         

              

             

                

       

             

              

                





       

           

                 

           
     

 

         
      
      
      
      
      

   

         
      
      
      
      
      

  

         
      
      

   

           

        





            

               

         

    

              

      

  





 




 





       

          

           

  

       

       

           

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

    

           

             

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

             

       

   

    

   

    

  

    

         

  

     

   

           

              

               

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





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

            

                

                

            

                  

              

           

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

     

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

   

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

              

              

             

  

        

           

    

        

     

          

             

 

     

           







             

            

            

             

      

  

             

             

   

                

           

  

               

                 

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

               

     





     

REDE Carga 
Não Linear

L

C

i

  

  

               

               

              

  

           

     

    

   

 






 

                





       

REDE

Carga 
Não Linear

R

L

C

Igrid

Iload

Ifiltro

PCC

  

            

 


 
 

     

            

             

             

     

             



   

   





              

              

          

      

REDE

Carga 
Não Linear

R L

C

Igrid

Iload

Ifiltro

PCC

  

      

                

           

          

           

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





  
  

C

R

C

RL R
L

C1

C2

(a) (b) (c)

      

  

          

             

           

               

              



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

             

            

 

             

           





             

            

             

        

      

FILTRO ATIVO

FILTRO ATIVO 
PARALELO

FILTRO ATIVO 
SÉRIE

FILTRO ATIVO 
HIBRIDO

FA PARALELO 
+ F PASSIVO

FA SÉRIE + F 
PASSIVO

  



  

              





  

                

              

  

       

FONTE

FILTRO
SÉRIE

CARGA

XL VSh-VLh VLF+Vsh

VSF-VSh

  

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

             

             

          

   

  

    

               

          

              

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

           







CARGA

XL

VSF + VSh VT

FONTE
FILTRO
SHUNT

ILF+Ish ILF+ILh

ISh-ILh

  

            

             

             

   

Va

Vb

Vc

REDE
ELÉTRICA

C

L1 L2 L3

N

FILTRO 
ATIVO

CARGA
NÃO LINEAR

  





            

                

  

             

               

               

   

Va

Vb

Vc

REDE
ELÉTRICA

C

L1 L2 L3

N

FILTRO 
ATIVO

L4

CARGA
NÃO LINEAR

  

  





        

 

             

              

      

             

               

   

         

           





   

           

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

         

   

   

              

               

              

      

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

           

           

             

            

             

            

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





 



    

           

             

             

            

   
































 


























 

        

              

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

     

                
               





              

              

              

              

     

              

             

              

         

                 

              
























  

































 

            

        

   

           

              

            

              

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





            

 

              

              

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

                

  

            

             

                

               

           

               

                

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

           

              

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

   





            

HISTERESE

HISTERESE

HISTERESE

+

+

+
-

-

-

I*C(a)

I*FA(a)

I*C(c)

I*C(b)

I*FA(b)

I*FA(c)

G1

G2

G3

G4

G5

G6

  

   

            

            

              

          

             

               

 

           

               

               

   

   

            





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

            

               

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

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

 






 

            

               

            

              

              

            

  






 

               

              

            

    

              

        

      

             

                  

              

            

              





             

               

             

                

   

  

              

                 

                    

     

         
  

  
  

   

 

             

                

             

            

               

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







    

 

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

  

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

             

         

              

                  

               

 

             

            

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

           

        

            

              



             





Testes Dinâmicos e 
Coleta de Dados

Determinação da 
Estrutura do Modelo

Estimação dos 
Parâmetros

Validação do Modelo

Modelo Atendeu ?

FIM

SIM

NÃO

    

       

               

            

           



        

++

    





            

    

      

               

                 

         

   
  

   
  



              

       

     

            

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

              

             

         

             

              

         

            

     


               

              

   





            

             

        




            

     

      
 

   

        

     

               



        

      

           



       



  


         

       











            











       

   

      





 

                

       


  

  



        

  

          

            

 

   

          

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

             

        

             

                

     

             

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





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

               

                  

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

     

            

     

              

              


















  

               

                  

                 

               

    

       

        





               

    
  



    
  



     
  





     

              

              

               



 
   

    
 

     

        

   

      

   



  

 
    

     

          

 

            

                 

    

    







 

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

                  

               

              

                

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





 

   

        

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

              

          

   

Rload

D1 D2 D3

D4 D5 D6

Va

Vb

Vc

FILTRO 
ATIVO

CARGA
NÃO LINEAR

REDE
ELÉTRICA

C

L

CONTROLE

Ifa Ifb Ifc

Vcc

ILOAD

VPcc

Lload

  

              

              





           

                 
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         

       
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  

             

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

               

               

              
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  

  

              

        

      

    

    

            

   

 
 

    

               

              

               

               

             
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
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               

                 

  

  
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      

         





     

            

            

   

           

    

        
      

     
     

  

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

     

     

            



 
    

        

             

          

   






           

        

             

  

              

      

          

   

           

 

  
        
      
     
     
     

  

           

            

 

     

             

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

               

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





    

              





 

           

           

           

            

              

  

   

           

          

     

       

Rload

D1 D2 D3

D4 D5 D6

Va

Vb

Vc

FILTRO 
ATIVO

CARGA
NÃO LINEAR

REDE
ELÉTRICA

C CONTROLE

Ifa Ifb Ifc

Iloada

Iloadb

Iloadc

Lload
RgLg

Lf

Vcc

ILOAD

VPcc

  





     
 

    

    

     

     

     

         

     

   

    

               

           



                

                 

      

          

       

























































  

             

                  

                   

            





             

       




















































  

             

            

               

        

               

      

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
















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
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



  





               

         

    




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

  

  
  

    


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
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



  

                

               

          





                
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          

           

            

            

             

              

             

          





    

  

              

                

              

              

                

            

             

        

             

             

               

    





    

Rg Lg
PCC

Controle do Filtro Ativo

Filtro Ativo Shunt

Carga

Lf

Ig Iload

Rede

Vg Ig

  

     

     
   

     
    

     
      

      

    

              

   

               

              

               

                 

              

                 

                

     

                 





          

       

































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  

             

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

             

   

           

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

               

           





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

 
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D1 D2 D3

D4 D5 D6
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Vc

  

              

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

               

               

             

     

   




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      

   
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  

            
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            

    

               
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              

              

          
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             

       

           

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

             

 

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

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

            

           

      

              





    

            

               

             

    

            

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

                

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

               

           

            

            

   

            

              

             

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

               

              





               

            

                

                

              

             

             

     

           

              

             

    

  

             

 

          

              

      

             



 







  
       

            
   

    
      

           
          

              
             

            
       

        
      

           
 

         
   

           
     

             
    

           
   

     

        


                
             


             
 

            

            
          
 





           
   

            
     

      

             

              
      

           
          
         

       
         
      

           
        

           
     

                  
            
 

         
          
       

           
       

            
    

                
  

                  

           

          

             






          
 

              
   

               
              
    

          
   

               
             

             
       

          

            
     

            
     


    

                 
               

               

          
        
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    

              

              

              

           

             

    
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




 

              

            

               

   



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
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

 


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  

   

        

      

              

                    
     
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  

    

  

    

    

    

            

            

    

   

           

    






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
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
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


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
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