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 2.24  .      ,   

          

   .  

     (Cost function)      
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      . 
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 qsrdsdsd iLωipLiRv ��� ,
 

(3.1) 

 dsrfrqsqsq iLωλωipLiRv ���� .
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 vd, vq   d, q  , Rs    
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   (Electromagnetic torque)   .  
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T
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permeability)     d   q   

  ,  q   d    . d  q
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.  
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(3.21) 

, J  B    (Moment of inertia)   (Friction 

coefficient)  . TL     .   

     . 

 1111

11
Lermrm T

J
T

J
ω

J
Bωp ���� ,

 
(3.22) 

 2222

11
Lermrm T

J
T

J
ω

J
Bωp ���� .

 
(3.23) 

    ωrm     ωr   

 . 

 rm
p

r ω
n

ω
2

� .
 

(3.24) 

2    ,       

      ,    

     . ,      

  θd    .  

 12 θθθd �� .
 

(3.25) 

    3.1  .      

          

      . ,   

     . 



56 

 

 �
�
�

�

�
�
�

�

�
�
�

�

�
�
�

�

�
�
�
�
�

�

�
�
�

�

1

1

2

2

cossin

sincos

q

d

dd

dd

q

d

v

v

θθ

θθ
v

v
.
 

(3.26)  

(3.20)  (3.21)         

 .  

 1212,, LLeedrmdrm TTTTωBωJp ����� .
 

(3.27) 

 ωrm,d         . 

 12, rmrmdrm ωωω �� .
 

(3.28) 

       

   ,         1

   ,          . 

      ,   

        .  

θd

q2
q1

d1

d2

vs

 

 3.1    /     



57 

 

           

 ,       . 

 2202 Δ qqq iii �� ,
 

(3.28) 

 2202 Δ ddd iii �� ,
 

(3.29) 

 drrrdr ωωωω ,1020, Δ��� ,
 

(3.30) 

 ddd θθθ Δ0 �� .
 

(3.31) 

,       0    .   

       . 

 
� � � � uxBxxAxp ΔΔΔ 00 �� .

 
(3.32) 

 ∆x, A(x0), B(x0), ∆u   . 

 
� �Tddrdq θωiix ΔΔΔΔΔ ,22� ,

 
(3.33) 

� �

� �
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�

�

�

��

�
��

�
�

�
���

�

0100

0Δ
8

3
Δ

8

3

cossin

sincos

20

2

20

2

0101

2020

010120

20

0

J
BLi

J
n

Liλ
J

n
L

θvθv
i

L
L

L
Rω

L
L

L
θvθv

L
iLλ

ω
L
L

L
R

xA

q
p

df
p

d

dqdd
q

d

q

d

s
r

d

q

d

dqdd

q

ddf
r

q

d

q

s

,
  

  
(3.34) 

 
� �

T
p

J
n

xB �
�

�
�
�

� �
� 0

2
000 ,

 
(3.35) 

 12 ΔΔΔ LL TTu �� .
 

(3.36) 

   T  (Transposition)  , ∆L  Ld-Lq . (3.32)  

         



58 

 

  ,   , ,    

 . 

        

  ,        

     . ,     

(State transition matrix) A(x0)  (Eigenvalue)     
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A.1 IGBT 6  ,     

         , 

           

.         .  A.1  

2016  6      mouser(http://www.mouser.com)  

     . 

 A.1 IGBT   

        

IXYS 

6  

 

MUBW10-06A6K 600V/10A 39,288.9  

MUBW15-06A6K 600V/15A 41,932.9  

MUBW20-06A6K 600V/20A 44,786.9  

MUBW25-06A6K 600V/25A 46,528.9  

MUBW35-06A6K 600V/35A 57,277.8  

6  

 

MUBW10-12A7 1,200V/10A 62,553.4  

MUBW15-12A7 1,200V/15A 67,211.2  

MUBW25-12A7 1,200V/25A 79,603.3  

MUBW35-12A7 1,200V/35A 83,161.5  

Infineon 
  

  

IGCM06F60GA 600V/6A 12231.5  

IGCM10F60GA 600V/10A 12775.1  

IGCM15F60GA 600V/15A 14158.8  

IGCM20F60GA 600V/20A 14640.7  
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Infineon 
6  

 

FP25R12KT4 1,200V/25A 73,240.4  

FP35R12KT4 1,200V/35A 93,020.8  

FP100R12KT4 1,200V/100A 186,276.3  

Fairchild 

 

  

FNA40560 600V/5A 15295.5  

FNA40860 600V/8A 15554.9  

FNA41060 600V/10A 16073.9  

FNA41560 600V/15A 16852.2  

  

  

FNA21012A 1,200V/10A 63751.8  

FNA22512A 1,200V/35A 77453.5  

FNA23512A 1,200V/35A 90735.1  
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A.2        

 A.2     

   

  np 6 

  irated 15A 

  ωrpm 4,000 r/min 

  Te,rated 4 N·m 

  λf 0.078 Vs 

 Rs 0.55 Ω 

d   Ld 4.27 mH 

q   Lq 6.55 mH 

 

 A.3     

   

  np 8 

  irated 5A 

  ωrpm 1,200 r/min 

  Te,rated 5 N·m 

  λf 0.2 Vs 

 Rs 3.25 Ω 

 Ls 28 mH 
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 A.4    

   

  np 4 

  irated 5A 

  ωrpm 1,800 r/min 

  Te,rated 3 N·m 

 Rs 3.85 Ω 

d   Ld 140 mH 

q   Lq 43.77 mH 
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A.3        
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     ,    λf1, Ls1, Rs1, 

   λf2, Ls2, Rs2    .    
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