
Problem 7. (Bonus for undergraduate students, must attempt for graduate students.) A
Type 3 wind turbine has a 6-pole, 690V induction generator with the following parameters:
x1 = x′2 = 1 Ω, xm = 10 Ω, r′2 = 0.1 Ω, (r1 = 0). The machine is operating at a slip of -0.1. A
voltage is injected into the rotor of the induction generator such that the generator provides
50 kVAr of reactive power to the grid. The developed (active) power should not change. Find
the injected voltage.

Solution. Applying the voltage divider rule to solve for Vth yields

Vth =
(

jXm

Z1 + jXm

)
V1 = 362.156∠0° V,

where the corresponding Thévenin impedance is given by

Zth =
(

1
Z1

+ 1
jXm

)−1

= j0.909 Ω.

Recall that the reactive power delivered to the grid is given by

Qs = 3={V1I1
∗} ,

where I1 = I ′2 − Im via KCL. In the case where the rotor-side injected voltage is zero, we have

Pd = 3<{VDI
′∗
2 } = 93.187 kW

Ps = 3<{V1I1
∗} = 84.715 kW

Qs = 3={V1I1
∗} = −205.011 kVAr.

The problem states that the developed power Pd should not change. Recall that the developed
power is related to the airgap power such that

Pgap = Pd

1− s.

Hence, if Pd and s remain constant, then Pgap also remains constant. Furthermore, the
problem states that the stator-side copper losses are zero, which implies that

Pcu1 = 0 =⇒ Ps = Pgap − Pcu1 = Pgap.

Thus, in this case, Pd being unchanged implies that the active power delivered on the stator
side is also unchanged. We are then searching for an injected voltage such that Ps = 84.715 kW
and Qs = 50 kVAr. Back calculating the required stator current, we have

Ss = 3V1I
∗
1 =⇒ I1 =

(
Ss

3V1

)∗
= 82.310∠−30.550°.

Hence,
I1 = Vm − V1

jX1
=⇒ Vm = I1jX1 + V1 = 445.879∠9.148°.
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The voltage across the magnetizing reactance is related to the voltage injected in the rotor by

Vm = V ′a/s− I ′2 (R′2/s+ jX ′2) ,

where
I ′2 = V ′a/s− Vth

Rth +R′2/s+ jXeq
= V ′a/s− Vth

R′2/s+ jXeq
.

Recall that Xeq = Xth +X ′2. Substituting the expression for I ′2 into the equation for Vm

above yields

Vm = V ′a/s−
(
V ′a/s− Vth

R′2/s+ jXeq

)
(R′2/s+ jX ′2)

Vm = (1− β)V ′a/s+ βVth,

where
β = R′2/s+ jX ′2

R′2/s+ jXeq
.

Solving for V ′a, we have

V ′a = s (Vm − βVth)
1− β = 50.584∠−152.354°.

Checking this answer yields

Pd = 3<
{[
VD + V ′a

(1− s
s

)]
I ′∗2

}
= 93.187 kW

Ps = 3<{V1I1
∗} = 84.715 kW

Qs = 3={V1I1
∗} = 50.000 kVAr.

This solution would vary slightly if we accounted for the reactive power provided to the grid
via the rotor-side converter!
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