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Description and model of the dual 
stator induction machine in the abc 
plan 

𝛾 =

0°, 30°𝑜𝑟 60°

Electrical equation 

{[
[𝑉𝑠]

[𝑉𝑟]
] =  [

[𝑅𝑠][0]6×3
[0]3×6     [𝑅𝑟]

] [
[𝑖𝑠]

[𝑖𝑟]
] +

𝑑

𝑑𝑡
[
[𝜑𝑠]

[𝜑𝑟]
]                (1)

{[
[𝜑𝑠]

[𝜑𝑟]
] =  [

[𝐿𝑠][𝑀𝑠𝑟]

[𝑀𝑟𝑠][𝐿𝑟]
] . [
[𝑖𝑠]

[𝑖𝑟]
]                                          (2)

Electromagnetic torque 

[𝑇𝑟] = [𝑖𝑠]
𝑡
[𝑀𝑟𝑠]

𝑑𝑡
[𝑖𝑟]                                                        (3)

Mechanical equation 

[Ω𝑚]

𝑑𝑡
=
1

𝐽
(𝑇𝑒 − 𝑇𝑟)                                                            (4)

[𝑉𝑠] = [
[𝑉𝑠,𝑎𝑏𝑐1]

[𝑉𝑠,𝑎𝑏𝑐2]
] [𝑖𝑠] = [

[𝑖𝑠,𝑎𝑏𝑐1]

[𝑖𝑠,𝑎𝑏𝑐2]
] [𝜑𝑠] = [

[𝜑𝑠,𝑎𝑏𝑐1]

[𝜑𝑠,𝑎𝑏𝑐2]
]

[𝑉𝑟] = [𝑉𝑟,𝑎𝑏𝑐] [𝑖𝑟] = [𝑖𝑟,𝑎𝑏𝑐] [𝜑𝑟] = [𝜑𝑟,𝑎𝑏𝑐]

[𝑅𝑠] =  [
[𝑅𝑠1][0]3×3
[0]3×3     [𝑅𝑠2]

]           ;             [𝑅𝑟] = 𝑟𝑟[1]3

[𝜑𝑠] = [
[𝜑𝑠,𝑎𝑏𝑐1]

[𝜑𝑠,𝑎𝑏𝑐2]
] [𝐿𝑠] = [

[𝐿𝑠1,𝑠1][𝑀𝑠1,𝑠2]

[𝑀𝑠2,𝑠1][𝐿𝑠2,𝑠2]
]

         [𝑀𝑠𝑟] = [
[𝑀𝑠1,𝑟]

[𝑀𝑠2,𝑟]
] ;

[𝑀𝑟𝑠] = [𝑀𝑠𝑟]
𝑡; [𝑀𝑠1,𝑠2]  =  [𝑀𝑠2,𝑠1]

𝑡

[

𝜑𝑠,𝑎𝑏𝑐1
𝜑𝑠,𝑎𝑏𝑐2
𝜑𝑟,𝑎𝑏𝑐 

] = [

𝐿𝑠1,𝑠1 𝑀𝑠1,𝑠2 𝑀𝑠1,𝑟

𝑀𝑠2,𝑠1 𝐿𝑠2,𝑠2 𝑀𝑠2,𝑟

𝑀𝑟,𝑠1 𝑀𝑟,𝑠2 𝐿𝑟,𝑟

] [

𝑖𝑠,𝑎𝑏𝑐1
𝑖𝑠,𝑎𝑏𝑐2
𝑖𝑟,𝑎𝑏𝑐

]            (5)

[vs] [is] [vr] [ir] [φs]
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Park’s SPIM model  

Dual three-phase model of stator voltages 

{
𝑋(𝛼𝛽0)𝑖 = [𝑇]−1𝑋(𝑎𝑏𝑐)𝑖

𝑋(𝑑𝑞0)𝑖 = [𝜌(𝜃)]−1𝑋(𝛼𝛽0)𝑖
                                            (6)

[T]−1 = √
2

3

[
 
 
 
 
 cos(0) cos(

2π

3
) cos(

4π

3
)

sin(0) sin(
2π

3
) sin(

4π

3
)

1

√2

1

√2

1

√2 ]
 
 
 
 
 

                (7)

[⍴(θ)]−1 = [
cos(θ) sin(θ) 0

−sin(θ) cos(θ) 0
0 0 1

]                              (8)

Fig. 4. Representation of the SPIM windings in the Park. 

{
 
 

 
 𝑉𝑠𝑑𝑖 = 𝑅𝑠𝐼𝑠𝑑𝑖 +

𝑑𝜑𝑠𝑑𝑖
𝑑𝑡

− 𝜔𝑠𝜑𝑠𝑞𝑖

𝑉𝑠𝑞𝑖 = 𝑅𝑠𝐼𝑠𝑞𝑖 +
𝑑𝜑𝑠𝑞𝑖

𝑑𝑡
+ 𝜔𝑠𝜑𝑠𝑑𝑖

𝑉𝑠𝑜𝑖 = 𝑅𝑠𝐼𝑠𝑜𝑖 +
𝑑𝜑𝑠𝑜𝑖
𝑑𝑡

                   

                                    (9)

 
(d, q)(x, y)(o1, o2):

[Ts(γ)]
−1

[Tr]−1

[Ts(γ)]
−1 =

1

√3

[
 
 
 
 
 
 
 
 cos(0) cos (

2π

3
) cos (

4π

3
) cos ( γ)       cos (γ +

2π

3
) cos (γ +

4π

3
)

sin(0) sin (
2π

3
) sin (

4π

3
) sin ( γ)      sin (γ +

2π

3
) sin (γ +

4π

3
)

cos(0) cos (
4π

3
) cos (

2π

3
) cos ( π − γ) cos (

π

3
− γ) cos (

5π

3
− γ)

sin(0) sin (
4π

3
) sin (

2π

3
) sin ( π − γ)   sin (

π

3
− γ) sin (

5π

3
− γ)

          1               1               1                  0                        0                       0              
          0               0               0                  1                        1                       1             ]

 
 
 
 
 
 
 
 

 

[Tr]−1 = √
2

3

[
 
 
 
 
 
 1 −

1

2
−
1

2

0
√3

2
−
√3

2
1

√2

1

√2

1

√2 ]
 
 
 
 
 
 

                                (11)

γ = 0°; 30°;  or 60°

[Ts(γ)]
−1
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[Tr]−1

[
 
 
 
 
 
φsd
φsq
φsx
φsy
φso1
φso2]

 
 
 
 
 

=

[
 
 
 
 
 
Ls  0   0   0  0  0
0   Ls 0  0  0  0
0   0  Ls1  0  0  0
0  0  0  Ls1  0  0
0  0  0  0  Ls1  0
  0  0  0  0  0  Ls1]

 
 
 
 
 

[
 
 
 
 
 
isd
isq
isx
isy
iso1
iso2]

 
 
 
 
 

+ M

[
 
 
 
 
 
cosθr,s   − sinθr,s  0      

  sinθr,s   cosθr,s    0      

   0              0        0    
 0             0         0  
 0             0         0  
 0            0          0  ]

 
 
 
 
 

[

ird
irq
ir0

]   (12)

[

φrd
φrd
φr0

] = M [
[
𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

] [0]2∗4

[0]1∗4 [0]4∗4

]

[
 
 
 
 
 
isd
isq
isx
isy
iso1
iso2]

 
 
 
 
 

+ [

Lr 0 0
0 Lr 0
0 0 Lr1

] [

ird
irq
ir0

]           (13)

θ

[⍴(θ)]

{
𝑋𝛼𝛽0 = [𝑇𝑠(γ)]

−1𝑋𝑎𝑏𝑐

𝑋𝑑𝑞0 = [𝜌(𝜃)]
−1𝑋𝛼𝛽0

                                                 (14)

𝑑𝑞 𝑥𝑦 0101 

[⍴(θ)]−1 = [
[
𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

] [0]2∗4

[0]4∗2 [1]4∗4

]                     (15)

[
 
 
 
 
 
xsα
xsβ
xsx
xsy
xso1
xso2]

 
 
 
 
 

= [Ts(γ)]
−1

[
 
 
 
 
 
xsa1
xsb1
xsc1
xsa2
xsb2
xsc2]

 
 
 
 
 

                                              (16)

[xrαxrβxro]
t
= [Tr]

−1[xraxrbxrc]
t                                (17)

[Tr]
−1 = √

2

3

[
 
 
 
 
 cos(0) cos(

2π

3
) cos(

4π

3
)

sin(0) sin(
2π

3
) sin(

4π

3
)

1

√2

1

√2

1

√2 ]
 
 
 
 
 

             (18)

[
 
 
 
𝑉𝑠𝜶
𝑉𝑠𝜷
𝑉𝑟𝜶
𝑉𝑟𝜷]

 
 
 

= [

𝑟𝑠       0        0         0 
0       𝑟𝑠         0       M
  0      𝜔𝑀     𝑟𝑟     𝜔𝐿𝑟
−𝜔𝑀     0   − 𝜔𝐿𝑟    𝑟𝑟

]

[
 
 
 
𝑖𝑠𝜶
𝑖𝑠𝜷
𝑖𝑟𝜶
𝑖𝑟𝜷]
 
 
 
+ [

𝐿𝑠    0     M    0 
0     𝐿𝑠     0    M
𝑀    0     𝐿𝑟    0 
0    𝑀     0    𝐿𝑟

]
𝑑

𝑑𝑡
[
 
 
 
𝑖𝑠𝜶
𝑖𝑠𝜷
𝑖𝑟𝜶
𝑖𝑟𝜷]
 
 
 
           (19)

[
𝑉𝑠𝒙
𝑉𝑠𝒚
] = [

𝑟𝑠        0   
0        𝑟𝑠

] [
𝑖𝑠𝑥
𝑖𝑠𝑦
]  + [

𝐿𝑠1        0   
0        𝐿𝑠1

]
𝑑

𝑑𝑡
[
𝑖𝑠𝒙
𝑖𝑠𝒚
]     (20)

[

Vso1
Vso2
Vro

] = [

rs 0   0  
0   rs  0
0  0   rr

] [

iso1
iso2
iro

]  + [

Ls1    0      0   
0      Ls1    0
0      0     Lr1

]
d

dt
[

iso1
iso2
iro

]      (21)

𝐶𝑒𝑚 = 𝑝.𝑀(𝑖𝑠𝜷𝑖𝑟𝜶 − 𝑖𝑠𝜶𝑖𝑟𝜷)                                         (22)

Cem − Cr − KfΩm = J1
dΩm

dt

dθ

dt
= Ωm

J1
Cr
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isd , isq

{Ẋ =  A(Ω) X + BU
Y = CX                     

                                                         (23)

X = [isdisqφrdφrq]
t

U = [VsdVsq]
t

Y = [isdisq]
t

A = [
[
a1 0
0 a1

] [
a2 −a3Ω
a3Ω a2

]

[
a4 0
0 a4

] [
a5 −pΩ
pΩ    a5

]
]

𝐵 =

[
 
 
 
 
 
1

𝜎𝐿𝑠
      0

 0       
1

𝜎𝐿𝑠
0         0
0         0 ]

 
 
 
 
 

; 𝐶 = [
1  0  0  0
0  1  0  0

]

   𝑎1 = −
1

𝜎
(
1 − 𝜎

𝑇𝑟
+
1

𝑇𝑠
) ;  𝑎2 =

𝑀

𝜎𝐿𝑠𝐿𝑟𝑇𝑟
 ;

𝑎3 = −𝑝
𝑀

𝜎𝐿𝑠𝐿𝑟
 ;  𝑎4 =

𝑀

𝑇𝑟
; 𝑎5 = −

1

𝑇𝑟
;  𝜔𝑚 = 𝑝  Ω

A(Ω) 

Multilevel dual three-phase SVM 

 

Transformation of the coordinate 

V⃗⃗ 𝑟𝑒𝑓

V⃗⃗ 𝑟𝑒𝑓

 

g⃗ (vab , vbc, vca ),h⃗ (vab , vbc, vca ) = {[
U
0
−U

] , [
0
U
−U

]} (24)

(25)

(24)

V⃗⃗ 𝑟𝑒𝑓(g , h) = T.V⃗⃗ 𝑟𝑒𝑓 (vab , vbc, vca )                       (25)
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[

𝑉𝑎
𝑉𝑏
𝑉𝑐

] = 𝑟.

[
 
 
 
 

sin𝑤𝑡

sin𝑤𝑡 −
2𝜋

3

sin𝑤𝑡 +
2𝜋

3 ]
 
 
 
 

𝑇 =
1

3

𝑁 − 1

2
∗ [

2 −1 −1
−1 2 −1

]                                   (26)

→

V⃗⃗ 𝑟𝑒𝑓(g , h) = 𝑇1.V⃗⃗ 𝑟𝑒𝑓 (d , q)                                     (27)

𝑇1 =
3

2

𝑁 − 1

2
.

[
 
 
 1

−1

√3

0
2

√3]
 
 
 

                                                  (28)

Detection of the nearest three vectors (NTV) 

V𝑢𝑙⃗⃗ ⃗⃗  ⃗= [
⌈𝑉𝑟𝑒𝑓𝑔⌉

⌊𝑉𝑟𝑒𝑓ℎ⌋
] ,V𝑙𝑢⃗⃗ ⃗⃗  ⃗= [

⌊𝑉𝑟𝑒𝑓𝑔⌋

⌈𝑉𝑟𝑒𝑓ℎ⌉
] ,Vuu⃗⃗ ⃗⃗ ⃗⃗  = [

⌈Vrefg⌉

⌈Vrefh⌉
] ,Vll⃗⃗⃗⃗ = [

⌊Vrefg⌋

⌊Vrefh⌋
]

with:

⌈Vref⌉: Indicates the upper rounded value of 𝑉𝑟𝑒𝑓
⌊Vref⌋: Indicates the lower rounded value of  Vref

Ð = V⃗⃗ 𝑟𝑒𝑓𝑔 + V⃗⃗ 𝑟𝑒𝑓ℎ − (V⃗⃗ 𝑢𝑙𝑔 + V⃗⃗ 𝑢𝑙ℎ)                             (29)

Ð

   Ð = V⃗⃗ refg + V⃗⃗ refh − (V⃗⃗ ulg + V⃗⃗ ulh)> 0
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Fig.  9. b.  Ð = V⃗⃗ refg + V⃗⃗ refh − (V⃗⃗ ulg + V⃗⃗ ulh)<  0

✓ 

Calculation of the switching times of the 
switches 

 V⃗⃗  ⃗ 𝑟𝑒𝑓 = 𝑑1 V⃗⃗ 1 + 𝑑2 V⃗⃗ 2 + 𝑑3 V⃗⃗ 3                             (30)

𝑑1 + 𝑑2 + 𝑑3 = 1                                                             (31)

      {

V⃗⃗ 1=V⃗⃗ 𝑢𝑙

V⃗⃗ 2=V⃗⃗ 𝑙𝑢

V⃗⃗ 3=V⃗⃗ 𝑙𝑙

                                                                      (32)

{

V⃗⃗ 1=V⃗⃗ 𝑢𝑙

V⃗⃗ 2=V⃗⃗ 𝑙𝑢

V⃗⃗ 3=V⃗⃗ 𝑢𝑢

                                                                     (33)

V⃗⃗ 3=V⃗⃗ 𝑙𝑙

{

𝑑𝑢𝑙 = 𝑉𝑟𝑒𝑓𝑔 − 𝑉𝑙𝑙𝑔
𝑑𝑙𝑢 = 𝑉𝑟𝑒𝑓ℎ − 𝑉𝑙𝑙ℎ
𝑑𝑙𝑙 = 1 − 𝑑𝑢𝑙 − 𝑑𝑙𝑢

                                                      (34)

V⃗⃗ 3=V⃗⃗ 𝑢𝑢

{

𝑑𝑢𝑙 = −(𝑉𝑟𝑒𝑓ℎ − 𝑉𝑢𝑢ℎ)

𝑑𝑙𝑢 = −(𝑉𝑟𝑒𝑓𝑔 − 𝑉𝑢𝑢𝑔)

𝑑𝑙𝑙 = 1 − 𝑑𝑢𝑙 − 𝑑𝑙𝑢

                                               (35)

Algorithm of three-phase SVM, N level 

Fig. 10. Algorithm of three-phase SVM, N level 

Indirect field-oriented control of SPIM 
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{
φrd = 0
φrq = φr

                                                                          (36)

{
 
 
 
 

 
 
 
 φsd = Ls (1 −

M2

LsLr
) isd +

M

Lr
φr

φsq = Ls (1 −
M2

LsLr
) isq                      

ird =
1

Lr
(φr −Misd)                    

irq =
M

Lr
isq                                   

                              (37)

{
 
 
 
 

 
 
 
 𝑉𝑠𝑑 = 𝑅𝑠𝑖𝑠𝑑 + 𝜎𝐿𝑠

𝑑𝑖𝑠𝑑
𝑑𝑡

− 𝜔𝑠𝜎𝐿𝑠𝑖𝑠𝑞                      

𝑉𝑠𝑞 = 𝑅𝑠𝑖𝑠𝑞 + 𝜎𝐿𝑠
𝑑𝑖𝑠𝑞

𝑑𝑡
+ 𝜔𝑠

𝑀

𝐿𝑟
𝜑𝑟 +𝜔𝑠𝜎𝐿𝑠𝑖𝑠𝑑

𝑀𝑖𝑠𝑑 = 𝜑𝑟𝑑 + 𝑇𝑟
𝑑𝜑𝑟𝑑
𝑑𝑡

                                           

𝜔𝑟 = 𝜔𝑠 − 𝜔 = 𝜃̇ = 𝑝Ω =
𝑀

𝑇𝑟

𝑖𝑠𝑞

𝜑𝑟
                        

    (38)

Simulation results 

γ =
60°, 



 

  

 

 

 

γ = 30°, 0°

γ =

60°,

γ =

0°, 30°, 60°

γ = 0°, 30° and 60°

γ = 0°

γ = 30° 

γ = 60°

- 

- 



 

  

 

 

 

- 

𝛾

- 

γ = 30°
- 

- 

- 

𝛾 = 30°



 

  

 

 

 

γ

γ = 30° 

γ

 γ = 0° γ = 30° γ = 60°

Conclusion 

γ γ

γ

γ
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[𝑉𝑠,𝑎𝑏𝑐1] = [

𝑉𝑠𝑎1
𝑉𝑠𝑏1
𝑉𝑠𝑐1

]        ;      [𝑉𝑠,𝑎𝑏𝑐2] = [

𝑉𝑠𝑎2
𝑉𝑠𝑏2
𝑉𝑠𝑐2

]

[𝑖𝑠,𝑎𝑏𝑐1] = [
𝑖𝑠𝑎1
𝑖𝑠𝑏1
𝑖𝑠𝑐1

]      ;      [𝑖𝑠,𝑎𝑏𝑐2] = [
𝑖𝑠𝑎2
𝑖𝑠𝑏2
𝑖𝑠𝑐2

]        ;         [𝑖𝑟,𝑎𝑏𝑐] = [
𝑖𝑟𝑎
𝑖𝑟𝑏
𝑖𝑟𝑐

]

[𝜑𝑠,𝑎𝑏𝑐1] = [

𝜑𝑠𝑎1
𝜑𝑠𝑏1
𝜑𝑠𝑐1

] ; [𝜑𝑠,𝑎𝑏𝑐2] = [

𝜑𝑠𝑎2
𝜑𝑠𝑏2
𝜑𝑠𝑐2

] ;  [𝜑𝑟,𝑎𝑏𝑐] = [

𝜑𝑟𝑎
𝜑𝑟𝑏
𝜑𝑟𝑐

]

[𝑅𝑠1] = [

𝑟𝑠1 0 0
0 𝑟𝑠1 0
0 0 𝑟𝑠1

] ; [𝑅𝑠2] = [

𝑟𝑠2 0 0
0 𝑟𝑠2 0
0 0 𝑟𝑠2

] ;

[𝑅𝑟] = [
𝑟𝑟 0 0
0 𝑟𝑟 0
0 0 𝑟𝑟

]     

𝑟𝑠1, 𝑟𝑠2, 𝑟𝑟

[

𝜑𝑠,𝑎𝑏𝑐1
𝜑𝑠,𝑎𝑏𝑐2
𝜑𝑟,𝑎𝑏𝑐 

] = [

𝐿𝑠1,𝑠1 𝑀𝑠1,𝑠2 𝑀𝑠1,𝑟

𝑀𝑠2,𝑠1 𝐿𝑠2,𝑠2 𝑀𝑠2,𝑟

𝑀𝑟,𝑠1 𝑀𝑟,𝑠2 𝐿𝑟,𝑟

] [

𝑖𝑠,𝑎𝑏𝑐1
𝑖𝑠,𝑎𝑏𝑐2
𝑖𝑟,𝑎𝑏𝑐

]

[𝐿𝑠1,𝑠1] =

[
 
 
 
 
 (𝐿𝑠1 + 𝐿𝑚𝑠) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

2𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

4𝜋

3
)

𝐿𝑚𝑠 𝑐𝑜𝑠 (
4𝜋

3
) (𝐿𝑠1 + 𝐿𝑚𝑠) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

2𝜋

3
)

𝐿𝑚𝑠 𝑐𝑜𝑠 (
2𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

4𝜋

3
) (𝐿𝑠1 + 𝐿𝑚𝑠) ]

 
 
 
 
 

[𝐿𝑟,𝑟] =

[
 
 
 
 
 (𝐿𝑟 + 𝐿𝑚𝑟) 𝐿𝑚𝑟 𝑐𝑜𝑠 (

2𝜋

3
) 𝐿𝑚𝑟 𝑐𝑜𝑠 (

4𝜋

3
)

𝐿𝑚𝑟 𝑐𝑜𝑠 (
4𝜋

3
) (𝐿𝑟 + 𝐿𝑚𝑟) 𝐿𝑚𝑟 𝑐𝑜𝑠 (

2𝜋

3
)

𝐿𝑚𝑟 𝑐𝑜𝑠 (
2𝜋

3
) 𝐿𝑚𝑟 𝑐𝑜𝑠 (

4𝜋

3
) (𝐿𝑟 + 𝐿𝑚𝑟) ]

 
 
 
 
 

[𝑀𝑠1,𝑠2] =

[
 
 
 
 
 𝐿𝑚𝑠 𝑐𝑜𝑠(γ)  𝐿𝑚𝑠 𝑐𝑜𝑠(γ +

2𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠(γ +

4𝜋

3
)

𝐿𝑚𝑠 𝑐𝑜𝑠(γ +
4𝜋

3
)  𝐿𝑚𝑠 𝑐𝑜𝑠(γ) 𝐿𝑚𝑠 𝑐𝑜𝑠(γ +

2𝜋

3
)

𝐿𝑚𝑠 𝑐𝑜𝑠(γ +
2𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠(γ +

4𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠(γ) ]

 
 
 
 
 

[𝑀𝑠1,𝑟] =

[
 
 
 
 
 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 +

2𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 +

4𝜋

3
)

𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 +
4𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 +

2𝜋

3
)

𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 +
2𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 +

4𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃) ]

 
 
 
 
 

[𝐿𝑠2,𝑠2] =

[
 
 
 
 
 (𝐿𝑠2 + 𝐿𝑚𝑠) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

2𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

4𝜋

3
)

𝐿𝑚𝑠 𝑐𝑜𝑠 (
4𝜋

3
) (𝐿𝑠2 + 𝐿𝑚𝑠) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

2𝜋

3
)

𝐿𝑚𝑠 𝑐𝑜𝑠 (
2𝜋

3
) 𝐿𝑚𝑠 𝑐𝑜𝑠 (

4𝜋

3
) (𝐿𝑠2 + 𝐿𝑚𝑠) ]

 
 
 
 
 

[𝑀𝑠2,𝑟] =

[
 
 
 
 
 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ +

2𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ +

4𝜋

3
)

𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ +
4𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ +

2𝜋

3
)

𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ +
2𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ +

4𝜋

3
) 𝐿𝑠𝑟 𝑐𝑜𝑠(𝜃 − γ) ]

 
 
 
 
 

𝐿𝑠1 𝐿𝑠2 𝐿𝑟
𝐿𝑚𝑠, 𝐿𝑚𝑟, 𝐿𝑠𝑟



 

  

 

 

 


