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              


                
                       
                


              

           
                  




    


                


                  
                      



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         
              

             








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                  




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

            
                 





  

                  
              


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            


                        

 


                
            


              
            

                
                






              


       
 
V dc



vac   (t) = V acsin(r t) 

  V ac                 

 r   = 2 f r   = 2 / T r   f rT r



                   
                    

            

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
L a
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
vSec

                
       

                
vPrim   

       



        
iac( )t 


                


                
                

vSec  v Prim           

 

               
S x A

S xB

Q x 


            

                  








v ac   ( ) > 0t

 
v ac   ( ) < 0t






S 1 A S1B

S 2B S1B S2 A S2 A S2B S1 A Q1 Q2 v Prim vSec

S 3B S4B S3 A S3 A S3B S4 A

S 4 A S4B

                  

                + v ac + V dc

                  

                − v ac − V dc

                  

                + v ac 

                  

                − v ac 

                  








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

                


  v Prim                  a v Sec

                         b


                
 

                 
                      






s    t = 2 f s   = 2 / T s 

  f s T s 


                    
                    
                       > 0

                          < 0


   = 0
                    
 nv Prim   v Sec           L a  

 
   iLa  ( )t   ibac      ( )t      


                  

                  
La

                  L a   

   0 < s   t <     < s   t < 

    nvPrim    

nv PrimvSec 




iLa1  ( ) =t
1

 sLa


0



V Lad  st

=
(nvPrim  − vSec )

L a s
 s   t i+ La(0)



i La2  ( ) =t
1

 s La






V Lad  st

=
(nv Prim  − vSec )

L a  s
(s     t  i− ) + La( )



V LaL aiLa1 ( )t iLa2( )t

                  La   

        iLa  (0) iLa   ( )   

L a



i La   (0) = −
(nvPrim  − vSec)

2Las
  ( − ) 

−
(nv Prim  + v Sec)

2L a  s
( )



nvPrimvSeciLa ( )t i bac   ( ) > 0t 



               nvPrim   v Sec    

iLa ( )t ibac   ( ) < 0t 



               nvPrim   v Sec    

iLa ( )t ibac   ( ) = 0t 



  


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iLa   ( ) = −
(nvPrim  − vSec )

2La s
  ( − ) 

+
(nv Prim  + v Sec)

2L a s
( )



ibac( )t i La( )t 

      
                

ibac( )t 


       i bac       ( )t       



iacSw  = n
1
 

0



i bac  ( ) dt st

 = n
1
 

0



i La1  ( ) dt s  t + 
0



iLa2  ( ) dt s t

 = n
V dc

L a s
    ( − )



  iacSw 

                      

                    
                    


                      


             iac    ( )t    

      iacSw               


                  

iac( )t 


            

nVdc / (La  s   ) = 1f 1   ( ) = ( )t  t  f 2   ( ) = ( )t  t
2


iac   t = f1   (t) − f 2 (t) 

                 t( ) f 2   ( ) = ( )t  t 2
  

              f 2    ( )t    

  f2   ( ) = sign( ( )) ( )t  t  t
2      sign( ( )) = ( ) / ( ) t  t  t

               
          iac      ( )t       



 THD =i
i ac r s( m )

2  − i1
2

i1



 PF = 1

  1 + THDi
2

DPF 

  iac        (rms)       i ac   ( )t   i 1   






 1    (t, k) = karcsin(sin( rt)) 

1  ( , )t k   

    k  1


1    ( , ) = 1t k k 

     f 1  ( )t  f 2  ( )t   iac    ( )t    


            iac  ( )t  

 f 1  ( )t  f 2 ( )t

     i ac          ( )t      


                 


vac( )t

iac( )t 

  1          ( , ) > 0 = 1t k   k   1         ( , ) < 0 = − 1t k   k 


                  

1     ( , ) < 1t k   k   

                      0.7 < < 1k

  k < 0.7
                  

   iac       ( )t        

     k = 1

iacSw



        f 1( )t   f 2( )t     iac ( )t             

1    ( , ) = 1t k k



       v ac   ( )t   iac       ( )t      1   ( , )t k  

     k k= 1 = − 1







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          
    iac        ( )t         

 
 iac ( )t  


            f 1 ( )t  f 2   ( )t   iac ( )t

           k = 0.8
   k = 0.5

 
            k k= 0.8  = 0.5      


             



2     (t, k) = k( / 2)sin(rt) 

                      
2  ( , )t k 

                
1  ( , )t k 

f 1  ( )t   f 2 ( )t  

           iac   ( )t   

 r

                
f 1   ( )t   f 2     ( )t      iac   ( )t   

              





                   
          k k= 0.5 = 1 


                
         iac   ( )t  

   


        f 1( )t   f2 ( )t     i ac( )t             

1  ( , )t k 



        f 1( )t   f 2 ( )t     iac( )t             

1    ( , ) = 0.5t k k



        f 1( )t   f 2 ( )t     i ac( )t             

2    ( , ) = 0.5t k k



        f 1 ( )t   f 2 ( )t     i ac( )t             

2    ( , ) = 1t k k



  



Printed by [C
O

N
IC

ET C
onsejo N

acional de Investigaciones - 168.096.240.002 - /doi/epdf/10.1049/iet-pel.2019.0895] at [13/04/2021].



                
              

1    ( , ) = 1t k k 

       iac     ( )t      1   ( , )t k  

  k = 1( / 2) 2 sin( rt)




iac   (t) = 1    (t, k)( −  1    (t, k))  ( / 2)2sin(r t) 

 rt

 3  ( , )t k 

iac   (t)  ( / 2) 2 sin(3  (t, k)) 

           iac    ( )t    

         r     

           
        iac        ( )t       

       k sin( r t)         



iac   (t) = ksin(rt) 

          3       ( , )0t k      

                   3   ( , )t k  



( / 2)2 sin(3    (t, k)) = ksin(r t)

3     ( , ) = arcsin t k k
4


2 sin( rt)



          
3    ( , ) < 0t k   k 

k (4 / 2   )  1

 3    (t, k) = arcsin(ksin( rt)) 

3  ( , )t k  

                


 3  ( , )t k  iac( )t  

          
    0 <  1k 

        3    ( , )t k   i ac   ( )t   

    − 1  < 0k 

         f 1  ( )t  f 2  ( )t   iac  ( )t  

                
                3   ( , )t k  

    k k= 0.5 = 1
                

1  ( , )t k 2  ( , )t k  iac ( )t 

   

iac ( )t 

1    ( , ) = 1t k k



     3    ( , )t k  i ac       ( )t      

V dc / Las  = 1



        f1 ( )t   f 2 ( )t     iac( )t             

 3    ( , ) = 0.5t k k



        f 1 ( )t   f 2 ( )t     i ac( )t             

3    ( , ) = 1t k k








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              3    ( , )t k   


                  k = 0.5

   k = 1


   3    ( , )t k  

       iac    ( )t    

                   
                     



   
                  


                  
  i ac         ( )t         


 





Pmean = 1
 



0 1
 



0

V Prim iLa  ( ) dt s  t d rt 

                     


P mean 1  ( ) =k
nV ac V cd

La
2

s
    k  k  k (2 + 4 − 2 ) 

Pmean 2  ( ) =k
nVac V cd

12L a s
  k  k(3 − 4 ) 

P mean 3  ( ) =k
nV ac V dc

L a2
4

 s
  (( + 

4)arcsin( )k

  − (1 + 
3 )arcsin 2(k))



P mean 1 ( )k P mean 2( )k P mean 3 ( )k 

1  ( , )t k 2  ( , )t k

3  ( , )t k 


                  




                      
         2     ( , )t k    

Pmean 1( )k Pmean  3( )k 

1  ( , )t k

3  ( , )t k 



                


              


              
                  


            


                
          





         

          
V dc / (La   s   )  1

                  
iac        ( )t      


                    




                
                  

    k  1







              Pmean 1( )k 

P mean 2( )k P mean 3( )k 








V ac Vdc f r f s   L a

          


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 
                       k = 0.5

  k = 1
              


vac( )t iac ( )t  


       

           vPrimvSec

vac  ( )t  iac       ( )t       P inst  ( )t  




                  
1  ( , )t k  

                  
2  ( , )t k  

                  
3  ( , )t k  

    3         ( , )t k        

                      


                   
 


             
             k  1  


                

       i ac     ( )t     

         vac  ( )t   nv Prim     = 0   


 vac ( )t  iac ( )t 

1  ( , )t k 2  ( , )t k  3    ( , ) = 0.5t k k



 vac ( )t  iac ( )t 

1  ( , )t k 2  ( , )t k  3    ( , ) = 1t k k



          vPrim   v Sec P inst  ( )t  v ac   ( )t   iac  ( )t  

1    ( , ) = 0.5t k k



          vPrim   v Sec P inst  ( )t  v ac   ( )t   iac  ( )t  

1    ( , ) = 1t k k



          vPrim   v Sec P inst  ( )t  v ac   ( )t   iac  ( )t  

2    ( , ) = 0.5t k k


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                     ibac  ( )t  





 ibac          ( )t          

vac( )t 

        ibac      ( )t      

                iac ( )t

 
 

                    
 

                      vPrim   

     


           v Prim   vSec Pinst  ( )t  v ac   ( )t   iac  ( )t  

2    ( , ) = 1t k k



          vPrim   vSec Pinst  ( )t  v ac   ( )t   iac  ( )t  

3    ( , ) = 0.5t k k



          vPrim   vSec Pinst  ( )t  v ac   ( )t   iac  ( )t  

3    ( , ) = 1t k k



          vPrim   v Sec P inst  ( )t  v ac   ( )t   iac  ( )t  

3  ( , )t k 



 P mean1 ( )k 

Pmean  2 ( )k P mean 3( )k 



              





       vc  ( )t   ibac      ( )t      

v ac( )t



  


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                  vc( )t



vc   ( ) =t n
1

C f
 ibac    ( ) d =t t n

1
C f

 iLa  ( ) dt t 

C f 

iLa( )t 

v c1  ( ) =t
n

C f


0

 nvPrim  − v Sec

La s
s  + i La  (0) dt 

vc2  ( ) =t
n

C f




 nvPrim  − vSec

La s
s    − + i La  ( ) d t 

  vc1  ( )t   vc2      ( )t      




v Secnv Prim

vac( )t 

vPrim

vSec     nvPrim                 

dibac ( ) / dt t

         


      i bac   ( )t   vc ( )t         


              

  vc( )t    vac       ( )t       C f       


vc ( )t 

v c( )t vac( )t 

Vac

              C f   

       


C f =
n

0.1V ac

− vSec

L a

T s
2

8
+

vSec 

2Las

T s

4
 + v c(0) 

vc (0)
          L f   

        Cf     



f c   f s

L f = 1
 2 f c

2
Cf



  f c

               

Cf   = 1 F Lf   = 1 mH



              
    

          


          
                  

 
                

       


                 




1  ( , )t k  2  ( , )t k 3  ( , )t k 


va( )t 

 
     0.3 <  1k

                 
1  ( , )t k  2  ( , )t k 3  ( , )t k 




               
                


1  ( , )t k 3  ( , )t k  



 
            2    ( , )t k   

                 
                  


              

     3        ( , )t k       

 




       


            
            


                  






               

 

                    



                           

 

                   



                  

          
 

                    
                  

 

                    
 

  
            

              


                    
  

                


                       
                

 


                    

            
                   


                     

         
 

                    

                    









Printed by [C
O

N
IC

ET C
onsejo N

acional de Investigaciones - 168.096.240.002 - /doi/epdf/10.1049/iet-pel.2019.0895] at [13/04/2021].



                    
               


          

 


                    

    


         




       

              
                



                      
                    




               
          

 

  
   


  

                    




      


             


  

            
 

                     
                 

                


                  
                  

 

    
 
 

                       

              
   


            


  


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