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MATHEMATICAL MODEL OF THE BLDC TRACTION ELECTRIC MOTOR IN 

THE REGENERATIVE BRAKING MODE 

 

V. Dvadnenko, Assoc. Prof., Ph. D. (Eng.), 

Kharkiv National Automobile and Highway University 

 
Abstract. The method of calculating the basic parameters of the BLDC motor in regenerative braking 

mode proposed. The motor based on the powerful alternator of the vehicle to convert an ordinary car 

into a hybrid one is offered. The results of calculation of basic characteristics of the engine in regen-

erative mode on the basis of the G290 car alternator are given. 

 

Key words: BLDC motor, vehicle conversion, hybrid propulsion system, electric drive, BLDC motor 

calculation results. 
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       -
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   ω k (ω) = k max ω1    ,     ω [ω1,ωmax]     (18) 
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(18)  
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   . 
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(  32 )   = 3000  ( -
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   « - 1»  « -

3».     -
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 .   
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 I (ω)       

   -

 R  = R  + R  ,    

 1, 2, 3  4   

R 1 = 0,14; R 2 = 0,18; R 3 = 0,22  R 4 = 0,506 

      

   150  (  5).  -

    -

    1500 .  

.5     

I (ω)        

      3000 , 

    

     

 .  ω = 400    

   -

  « - »  -
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220 .   220    
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    ,  -

   .  
 

      

   ,      

 ,   

     

 

 =   / (η  η  ηdc-ac η ),                (20) 

 

 η  –   (0,91), η   -  

  (0,92), ηdc-ac –  DC-

AC  (0,9)  η  –  . 

      

      

R 1 … R 4.      -

 (11)      

1500  

 

η 11 = R 1  / (R + R 1) = 

= 0,14 / (0,04+0,14) = 0,77 

 

η 12 = R 2  / (R + R 2) = 

= 0,18 / (0,04+0,18) = 0,82 

 

η 13 = R 3  / (R + R 3)  = 

= 0,22 / (0,04+0,22) = 0,85 

 

η 14 = R 4  / (R + R 4) = 

= 0,506 / (0,04+0,506) = 0,92. 

 

       

  3000 .  

  DC-AC   

 ,  R 1 = 0,07; 

R 2 = 0,09; R 3 = 0,11  R 4 = 0,253    

                          

η 21 = R 1  / (R + R 1) = 

= 0,07 / (0,04+0,07) = 0,64 

 

η 22 = R 2  / (R + R 2) = 

= 0,09 / (0,04+0,09) = 0,69 

 

η 23 = R 3  / (R + R 3) = 

= 0,11 / (0,04+0,11) = 0,73 

 

η 24 = R 4  / (R + R 4) = 

= 0,253 / (0,04+0,253) = 0,88. 

 

   1500   

    , 

 ,   -

     

,  max = 4200 . ,  -

   290   

 28  4200 ,   η  = 0,797, 

    :   

 

max = max (1 - η ) = 852,6 . 

 

    -

  ,  

 max,     

,    -

 

 

(1 - η ) max = max. 

 

    

 

 

max= max/(1- η ) = 852,6/(1-0,64) = 2368 . 

 

     

 3000     

0,07   η 21 = 0,64,   -

     -

 

 

max= max/(1- η ) = 852, /(1- 0,64) = 2368 . 

 

     -

     

   (150   -

 290 ).    3000  

   0,09   

   2750 , 

   .  

  0,11   0,253  

    -

  (3000 )      

.   -

      

 (20), ,  

 

11=1500  / (0,753* η 11) = 2585 .  

 

12=1500  / (0,753* η 12) = 2427 . 

 

13=1500  / (0,753* η 13) = 2342 . 

 

14=1500  / (0,753* η 14) = 2163 . 

 

      

 1500   1  = 2379 

.    3000   

 

 21=2368  / (0,753* η 21) = 4913 .  

 

22=2750  / (0,753* η 22) = 5292 . 



Ве ник ХНАДУ, вып. 70, 2015 

 
132 

23=3000  / (0,753* η 23) = 5457 . 
 

24=3000  / (0,753* η 24) = 4573 . 

 

      

  3000   2  =  

= 5059 . 

 

      

 ω1    

    1500   

3000 .    -

   
 

                          = ω  , 

 

 ω  –   , 

 

ω  = ω / K  

 

 =  / ω  = K / ω, 

 

 K      

  .   -

 « - » К  = 6,88,  -

      ω1  

    

  1500   

    

 = K / ω = 2585*6,88 / 110 = 161 * , 

                              

 = K / ω = 4913*6,88 / 53,6 = 630 * . 

 

   « -

»   m = 1100    

r  = 0,275    ω1    -

   1500 : B =  / r  = 585 , 

    

 :  – 0,53 / 2,    3000  

   2290 , -

     -

:  – 2.1 / 2 

 

,       

    -

  

  

I   = E / R  =  k  ω / R  

   ω [ω0,ω1], 

 

I  = I max 

     ω [ω1,ωmax]. 

 

 . 3     

     290 , -

  I max = 150      -

 1500     R  . 

 1  R  = 0,14 ,  

2  R  = 0,506 ,   3  R  = 

0,18 ,   4  R  = 0,22   

      5  

  ( )  

ω [ω1,ωmax].     -

   -

. 

 

  
 

. 3        

    

  -

 1500  

 

 . 4     

     290 , -

  I max = 150     -

 3000     R  . 

 1  R  = 0,07 ,  

2  R  = 0,09 ,  3  R  = 

0,11 ,   4  R  = 0,253   

     5  

  ( )  

ω [ω1,ωmax].  

 

     

  ,    

ω [ω0,ω1] 

 

M  = k I  = k  E / R  = ω (k )2 / R       (21)  

 

    

     

ω [ω1,ωmax].     

  k   ω,  

      

(19).       -

,     : I   = 

const  =  I max ,    

 

M  = k (ω) I max = I max (k )max ω1 / ω,                                   
ω [ω1,ωmax].                                               (22) 
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. 4.       

    

  -

 3000  

      

     

  k  (  -

    -

).   .5    

      

290 ,   I max = 150 .   

  1   

 k  = 0,196 ,  2  k  = 

0,147,   3  k  = 0,098, -

 4  k  = 0,0735 ,  5  

k  = 0,049,  6     

     ( -

)     

ω [ω1,ωmax].     -

    -

.  

 

  . 5  , -

   , -

   [12]   

     -

.     

   -

   , -

    -

 , ,   

  .  

 

 .5  1  6  -

   -

  (ω),   -

    

 , . .  2  6, 3 

 6, 4  6, 5  6. 

 

    -

     -

     ,   

 ,    -

   -

  ,  

    

     -

     -

.   

 

 
 

. 5.      

   -

   

 

   

     

     -

,       

,     

  .    -

     

       -

    -

 .   -

   .6.  1   

R  = 0,14 ,  2  R  = 0,22 ,  

 3  R  = 0,36 ,  

4  R  = 0,506     -

    5  

     

   .  

  1 – 4    

  5, . .    -

     

,      

k     

. 

 

   R   -

 ,  ,    -

 (22),    -

    , 

   

  . 
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. 6.       

     

 

 

   R (ω)   

 ω,   

(19)   ω. -

,  R (ω)   -

.     

     .6,  -

,    1(ω)   

4(ω).   ω   

  1(ω)   4(ω) -

  ω1  ω4.   

    -

   (17) 

 

  ω1 = R 1 I max / (k max)              (23) 

 

ω4 = R 4 I max / (k max).              (24) 

 

  ω  R    (ω1, R 1)  

(ω4, R 4).      -

 R (ω).   -

  

 

(R 1 - R 4) ω + (ω4 - ω1) R (ω)  + 

+ (ω1 R 4 - ω4 R 1) = 0.                        (25) 

 

  (23)  (24)  

 

   R (ω)  = ω (R 1 - R 4) / (ω4 - ω1)         (26) 

 

 (26)       

290     .7.   

   Rc = 0,14 ,  

   , ,  

     -

   .  

 

    

  Rc(ω)   

     -

    DC- DC  

DC-AC ,   -

    -

     . 

  DC- DC   

 χmax = 1   -

  R min,    

   R  

  χ =  R min / R .    

  ( ) DC-AC -

   χ  < 0,5,  

    -

  . ,   χ  = 

0,45,     

     -

 R min / R   .  

 

                        χ =  χ  (R min / R ) 

 

 
. 7.    

 DC-AC   

 

 

    -

 ,  

    , -

   , -

  .8    

I max.  1 – 150 ,  2 – 

125 ,  3 – 100     

4 – 75 ,     -

    «  

» [11].    

  , ,  

 .  

 

  3,   V < V   -

     , 

. .  ,   -

   DC-DC . 
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                            E – (R  + R )I  = 0, 

 

 R     -

 DC-DC    . 

  I      

 

                       I  =  E / (R  + R ). 

 

   I   

 

                       I  = I  ηDC-DC / KDC-DC, 

 

 ηDC-DC –  , KDC-DC – -

   DC-DC 

.  3,    1, -

     –   -

      

 -   

. 

 

 
 

. 8.     

    

  DC-AC -

 

 

       

 ,    -

   .   

    -

  2 -   -

       

 - -   -

 3 ,   -  .  

 

  ,     

      -

    -

,    ,  -

    -

. ,     

    -

    , 

,     2,  -

     

    

  DC-DC .    

 

 

 

  ё     

      -

  , 

   ,   -

    -

    , 

  , -

       

  ,  

: 

 

–      -

   (  -

)   ,  

–       

   (  -

, 

–    

      

  , 

–      -

 , 

–     -

     

 DC-AC  

–    ,   -
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 . 
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