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PLL 추정기  및  약화 계자(field weakening) 를 

사용한 영구자석 동기모터(PMSM)의 
센서리스 FOC(Field Oriented Control)
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Motor’s Transversal Section
1. Rotor shaft
2. Rotor core
3. Armature (stator)
4. Armature slots with armature windings
5. Rotor’s permanent magnets
6. Air gap
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#define NORM_CURRENT(current_real) 
(Q15(current_real/NORM_CURRENT_CONST/32768))
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DS01292A_KR-page  8  2019 Microchip Technology Inc.



AN1292

        

    .
       2  
    .

    4    
.      ,  /

         q 
(    )   .   

 Iq = IS ,       
    IS  d  q    .  
 IS    US       

         
   .      

       ,  
    .     

      BEMF    ,
      BEMF  

  .

   6  , 9  , BEMF  
  R  1/K   .

 9:

  2       (
 BEMF )    1/K   2  .

BEMF     1/K  2x      
.   1/K_NORM     

.     R   1/K_NORM   
.         

      .   
           
    .      

  .       
 ,         
    .      
  27500 (5000 unit  1000 RPM  ) .  

 1024 unit,     13000 unit    (27500
- 13000)  1024 = 14.1 .      

   15    .   
  17   ,    (27500 - 13000) 

1024 = 14.1(  6000 RPM) .    
       

  .       
  .      

      .
          

     4  .   
    .      
    1/K

  .   
(tuning_parameters.xls)    .

:       
     (

       
  ).    

  ,    
      
 ( )   .

      
 FOC  ,   

 .   BEMF   
     

  DC    
DC    . 

     
     

    
  .

BEMF RK=
 2019 Microchip Technology Inc. DS01292A_KR-page  9



AN1292

 4:    

   

   ,    
.          d 

    ,    .
   (  ,    

)    q  .  d   
    (     

 ).   ( 5 )   R
   Id   .     
   Idref   ,     

. 

 5:  D   
   

  d    K    
(   ).      

     .
         

.    ,    
    .      

       LS_NORM()/dt   
0    LS_NORM/dt  2    .  

   2       
  0.5 .        

1/2 (0.25)  ( 6 ).

 6:   
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 7:

#define INVKFI_SPEED0 7900
#define INVKFI_SPEED1 8600
#define INVKFI_SPEED2 9300
#define INVKFI_SPEED3 10000
#define INVKFI_SPEED4 10700
#define INVKFI_SPEED5 11400
#define INVKFI_SPEED6 12100
#define INVKFI_SPEED7 12800
#define INVKFI_SPEED8 13500
#define INVKFI_SPEED9 14200
#define INVKFI_SPEED10 14900
#define INVKFI_SPEED11 15600
#define INVKFI_SPEED12 16300
#define INVKFI_SPEED13 17000
#define INVKFI_SPEED14 17700
#define INVKFI_SPEED15 18500
#define INVKFI_SPEED16 19200
#define INVKFI_SPEED17 19750

#define IDREF_SPEED0 NORM_CURRENT(0)
#define IDREF_SPEED1 NORM_CURRENT(-0.09)
#define IDREF_SPEED2 NORM_CURRENT(-0.18)
#define IDREF_SPEED3 NORM_CURRENT(-0.27)
#define IDREF_SPEED4 NORM_CURRENT(-0.36)
#define IDREF_SPEED5 NORM_CURRENT(-0.45)
#define IDREF_SPEED6 NORM_CURRENT(-0.54)
#define IDREF_SPEED7 NORM_CURRENT(-0.63)
#define IDREF_SPEED8 NORM_CURRENT(-0.72)
#define IDREF_SPEED9 NORM_CURRENT(-0.81)
#define IDREF_SPEED10 NORM_CURRENT(-0.9)
#define IDREF_SPEED11 NORM_CURRENT(-0.99)
#define IDREF_SPEED12 NORM_CURRENT(-1.08)
#define IDREF_SPEED13 NORM_CURRENT(-1.17)
#define IDREF_SPEED14 NORM_CURRENT(-1.26)
#define IDREF_SPEED15 NORM_CURRENT(-1.35)
#define IDREF_SPEED16 NORM_CURRENT(-1.44)
#define IDREF_SPEED17 NORM_CURRENT(-1.53)

#define LS_OVER2LS0_SPEED0 Q15(0.5);
#define LS_OVER2LS0_SPEED1 Q15(0.25);
#define LS_OVER2LS0_SPEED2 Q15(0.25);
#define LS_OVER2LS0_SPEED3 Q15(0.25);
#define LS_OVER2LS0_SPEED4 Q15(0.25);
#define LS_OVER2LS0_SPEED5 Q15(0.25);
#define LS_OVER2LS0_SPEED6 Q15(0.25);
#define LS_OVER2LS0_SPEED7 Q15(0.25);
#define LS_OVER2LS0_SPEED8 Q15(0.25);
#define LS_OVER2LS0_SPEED9 Q15(0.25);
#define LS_OVER2LS0_SPEED10 Q15(0.25);
#define LS_OVER2LS0_SPEED11 Q15(0.25);
#define LS_OVER2LS0_SPEED12 Q15(0.25);
#define LS_OVER2LS0_SPEED13 Q15(0.25);
#define LS_OVER2LS0_SPEED14 Q15(0.25);
#define LS_OVER2LS0_SPEED15 Q15(0.25);
#define LS_OVER2LS0_SPEED16 Q15(0.25);
#define LS_OVER2LS0_SPEED17 Q15(0.25);

#define TUNING
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(RPM)  (Nm) (A RMS)

500 500 0.148 1.697
1000 1000 0.111 1.556
1500 1425 0.083 1.513
2000 1900 0.062 1.117
2500 2375 0.031 0.608
3000 2850 0.020 0.636
3500 3325 0.019 1.174
4000 3800 0.015 1.556
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