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EXAMPLE 2

EX: Write the equations below describing a two-phase induction motor, [1], (with no
friction and number of pole pairs, np, equal to one) in terms of rotation matrices.
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LR 0 −M cos(θ) M sin(θ)
0 LR −M sin(θ) −M cos(θ)

−M cos(θ) −M sin(θ) LS 0
M sin(θ) −M cos(θ) 0 LS
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vSA − RSiSA + MiRXω sin(θ) + MiRYω cos(θ)
vSB − RSiSB −MiRXω cos(θ) + MiRYω sin(θ)
−RRiRX + MiSAω sin(θ) −MiSBω cos(θ)
−RRiRY + MiSAω cos(θ) + MiSBω sin(θ)
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=
M
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(−iSAiRX sin(θ) − iSAiRY cos(θ)

                    + iSBiRX cos(θ) − iSBiRY sin(θ))

That is, fill in the empty brackets in the equations below using only 2 x 2
matrices or products of 2 x 2 matrices written symbolically as Uθ or I multiplied
by constants.  You may also use transposes or U matrices for specific angles.
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Use the following definitions in your solution:
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r v S ≡
vSA

vSB

 

 
 

 

 
 

€ 

I ≡
1 0
0 1
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Uθ ≡
cosθ sinθ
−sinθ cosθ
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EXAMPLE 2 (CONT.)

SOL'N: Consider a 90° rotation matrix and combinations with rotations by θ:
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U90° =
0 1
−1 0
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U90°U−θ =
0 1
−1 0
 

 
 

 

 
 
cos(−θ) sin(−θ)
−sin(−θ) cos(−θ)
 

 
 

 

 
 =

sinθ cosθ
−cosθ sinθ
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UθU−90° =
cosθ sinθ
−sinθ cosθ
 

 
 

 

 
 
0 −1
1 0
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sinθ −cosθ
cosθ sinθ
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U−θU−90° =
cosθ −sinθ
sinθ cosθ
 

 
 

 

 
 
0 −1
1 0
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−sinθ −cosθ
cosθ −sinθ

 

 
 

 

 
 

We also use the identity that the transpose of the U matrix for a
rotation by θ is equal to the U matrix for a rotation by –θ.

Using the above information, we obtain the following expression for
the induction motor equations:
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LR I[ ] −M U−θ[ ]
−M Uθ[ ] LS I[ ]
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REF: [1] Marc Bodson, "Control of Electric Motors," 2004, University of
Utah ECE Dept., eqn 4.27 p. 130.


