
Induction Machine Model

• Rotor Angle ?

• Torque Equation

• Motor / Generator Convention

• Mechanical Torque Speed Dependence



d-axis equations 1.1 model

dψF
dt

=
1

T ′
(−ψF + ψd)

ψd = x′id +
(x− x′)

x
ψF

dψd
dt

= −ωψq − ωBRaid − ωBvd



q-axis equations: 1.1 model

dψG
dt

=
1

T ′
(−ψG + ψq)

ψq = x′iq +
(x− x′)

x
ψG

dψq

dt
= ωψd − ωBRaiq − ωBvq



x = xs +Xm

x′ = xs +
Xmxr
Xm + xr

T ′ =
x′

x

xr +Xm
ωBRr



Te = ψdiq − ψqid
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√
1
2

cos(θ − 2π/3) sin(θ − 2π/3)
√

1
2

cos(θ + 2π/3) sin(θ + 2π/3)
√

1
2



θ = ωt = ωot + δ



Alternative Transformation
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√
2
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cosωot sinωot

√
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2

cos(ωot− 2π/3) sin(ωot− 2π/3)
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Alternative Transformation
fa

fb

fc

 = [CP ]


fd

fq

fo

 = [CK ]


fD

fQ

fo



(fQ + jfD) = (fq + jfd)e
jδ



d-axis equations 1.1 model

dψFK
dt

=
1

T ′
(−ψFK + ψD)− (ωo− ω)ψGK

ψD = x′iD +
(x− x′)

x
ψFK

dψD
dt

= −ωoψQ − ωBRaiD − ωBvD

(ψGK + jψFK) = (ψG + jψF )ejδ



q-axis equations: 1.1 model

dψGK
dt

=
1

T ′
(−ψGK + ψQ) + (ωo − ω)ψFK

ψQ = x′iQ +
(x− x′)

x
ψGK

dψQ

dt
= ωoψD − ωBRaiQ − ωBvQ



Te = ψdiq − ψqid = ψDiQ − ψQiD

Torque is independent of δ
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