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Abstract

This paper proposes a new sensorless speed control scheme of induction

motor using Model Reference Adaptive System and Direct Torque Control,

which requires no shaft encoder.

The Model Reference Adaptive Control system is based on the

comparision between the outputs of two estimators. The estimator that does

not involve the quantity to be estimated(the rotor speed) is considered as the

induction motor Reference Model, and the other estimator may be regarded

as the Adjustable Model. The error between the estimated quantities obtained

by the two models is used to drive a suitable adaptation mechanism which

generates the estimated rotor speed for the Adjustable Model.

The Direct Torque Control scheme controls torque and flux by restricting

the flux and torque errors within respective hysteresis bands, and motor

torque and flux are controlled by the stator voltage space vector using

optimum inverter switching table.



The simulation results indicate good speed responses from the low speed

range to the high, and also show accurate characteristics of load operation

between the middle and the high speed range.
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  
  
  

(2.9) (2.10) .

     


    (2.10)

, 
      

(2.10)

.

     


   (2.11a)

     


   (2.11b)

 ,

  ( ) .

(2.12a) (2.12b)

.



     


     (2.12a)

     


     (2.12b)

, .

          (2.13a)

          (2.13b)

          (2.13c)

          (2.13d)

(2.11) (2.13)

2.4 (2.14) .


































  


 

 


  







   


  

  


   
















 



 

(2.14)

2.4 .

2.4 .
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2.4  

(a)  (b) 

Fig. 2.4   equivalent circuits at synchronously rotating reference frame.

(a)  axis equivalent circuit. (b)  axis equivalent circuit.

(2.15) (2.16)

  








      (2.15)



 
  


 

 
(2.16)

   .



 

  

(Feed-back) F. Blaschke

(Hall sensor) (Sensing coil)

,

.



. , ,

.

(1)

, (2.17a), (2.17b) .

       (2.17a)

       (2.17b)

.

  


      (2.18a)

   


      (2.18b)

,   
     .

, .

  
 
  (2.19)

, (Offset)

. (High



pass filter) .

(2)

.   

     , (2.12b) .

 


    (2.20)

(2.13d)  (    ,    ) (2.20)

(2.21a) .




 


    


 (2.21a)

,   


 .

, (2.12a), (2.13c) .




 


   


  (2.21b)

(2.21a), (2.21b)

. (2.22) .






 


      


 (2.22)

,        ,       

 


 


 

 
,  



 


 

 

, (2.22)  ± 

. ,

,

.

2.2.2

(Feed-forward) K. Hasse

,

.

.

2.5 .

2.5     

 (  )

. ,  

. , 



  

.

d

r

θ e

λdr

ids
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b
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2.5

Fig. 2.5 Vector diagram of indirect vector control.

(2.12a), (2.12b) (2.23a), (2.23b) .




         (2.23a)




         (2.23b)

,        .



, (2.13c), (2.13d)  

(2.24a), (2.24b) .

  


    (2.24a)

  


    (2.24b)

(2.24a), (2.24b) (2.23a), (2.23b)

(2.25a) (2.25b) .




 


  


        (2.25a)




 


  


        (2.25b)



 

. .

   (2.26a)




  (2.26b)

(2.26) (2.25a), (2.25b) (2.27), (2.28) .

   





(2.27)






     (2.28)

, (2.24a) (2.26a) (2.28a)




  (2.23b) (2.28b) .

  


 (2.28a)

   (2.28b)

(2.28), (2.27) (2.15) ,

.

    (2.29)

   





(2.30)

  








  (2.31)

, (2.28) (2.31)

(2.30)

.

           (2.32)

, (2.12) (2.13)



(2.28) (2.31)

.

(2.11a), (2.11b)

(2.13a), (2.13b) (2.28a) (2.28b)

.

     


     (2.33a)

         (2.33b)

2.6
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Fig. 2.6 Block diagram of indirect vector controlled induction motor.



2.3

2.3.1

, .

Blaschke, Hasse, Leonhard 20

, ,

Takahashi

.

,

.

Flux Comparator

q s

si

eT

sl
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sl * D sl
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Flux/Torque
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Switch
Logic

lx

T
x
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Torque Comparator

sv
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Fig. 2.7 Control block diagram of direct torque control.



2.7

,

. (Look-up table)

, .

.

. ,

,

.

,

.

(Loop) (Flux comparator), (Torque

comparator), (Flux/Torque calculator),

(Switching vector) ,

.

n (Coordinate transformation) .

n (Voltage decoupling control) .

n .

n Modulator .

n .

2.1



.

2.1

Table. 2.1 Comparision table of variable speed drives.

(V/F )

·

· (Open-loop drive)

·

·

(FOC )

· ,

· (Closed-loop drive)

·

·

(DTC )

·

·

(Closed-loop drive)

·

·

·

2.3.2

3

(2.34) .

     


 (2.34)

(2.34) (2.35) .



          

 ∙     

 


    





  




∙            (2.35)

,  .

(2.35)  

.

(2.36) .

 ≈   (2.36)

  .

,  . 

, 

, .

.

n (Sector)

2.2 .

8

.

.



2.2

Table. 2.2 Selected vector and definition.

2.8

. 2.9

.

.

 Radial positive voltage vector

 Forward positive voltage vector

 Forward negative voltage vector

 Radial negative voltage vector

 Backward positive voltage vector

 Backward negative voltage vector

 Zero voltage vector
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Fig. 2.8 Conception diagram of direct torque control.

(2.37) .

  
 ∣∣ ≤ ∣∣≤   

∣∣  (2.37)

.



Ineter band limit
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V6V5
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*
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Fig. 2.9 Trajectories of the stator flux  and its reference 
 with  = 1

,

 ,

 .

  .

(2.38) .

  





     (2.38)

 
 , 

. ,

.

.




  ≤ ≤ 

 


 ≤ ≤

 

 ,  


 .

 
  

.

(Optimum switching voltage vector look-up

table)

.  

(2.39a), (2.39b), (2.39c) .

     

           (2.39a)

      (2.39b)

  
 
  (2.39c)

      

, (2.40) .



  



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Fig. 2.10 Characteristics of flux and torque hysteresis comparator.
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2.3

Table. 2.3 Optimum switching voltage vector look-up table.

Comparator

Output
Sector

 

+1 +1      

+1 0      

+1 -1      

-1 +1      

-1 0      

-1 -1      
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Fig. 3.1 Block diagram of the speed estimation for model reference

adaptive system.
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(3.1a) (3.1b) ,

(3.1c) (3.1d) .

     


(3.1a)

     


(3.1b)

     


   (3.1c)

      

 
   (3.1d)

. (3.2) (3.3)

.
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3.1 (3.3) “ ” .
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.

(3.4) (3.5) .
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Fig. 3.2 The block diagram of model reference adaptive system.
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4.

4.1

, .

(50[rpm], 100[rpm]) (1500[rpm])

(500[rpm]) (1000[rpm])

. (300[rpm]) .

4.1

.

4.1

Table 4.1 Parameters of induction motor used for computer simulation and

system constants.

3[HP] ( ) 

220[V] ( ) 180[mH]

9[A] ( ) 180[mH]

1735[rpm] ( ) 176[mH]

4 ( ) 0.1[Kg m2]

( )  ( ) 

4.1 4.2 0[rpm] 50[rpm] , 0[rpm] 100[rpm]

.

.



4.3 0[rpm] 1500[rpm]

.

.

4.4 300[rpm] -300[rpm]

.

.

4.5 500[rpm] 5[N m]

.

.

4.6 1000[rpm] 5[N m]

. .
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Fig. 4.1 Simulation responses for step change of speed setting.(0 50[rpm])
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Fig. 4.2 Simulation responses for step change of speed setting.(0 100[rpm])
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Fig. 4.3 Simulation responses for step change of speed setting.(0 1500[rpm])
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Fig. 4.4 Simulation responses for step change of speed setting.(300 -300[rpm])
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Fig. 4.5 Simulation responses for step change of load torque.(500[rpm], 5[N m])
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Fig. 4.6 Simulation responses for step change of load torque.(1000[rpm], 5[N m])
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