
Weekly Assignment 5

EE 451/551 Wind Energy

Due 11:59pm, Feb 7, 2018.

Problem 1. A type 2 wind turbine has 6 poles. The inductive reactance of the core (Xm) is
3 Ω. The rotor resistance and inductive reactance referred to the stator are 0.01Ω and 0.1Ω,
respectively. The stator winding impedances are mush smaller than the inductive reactance
of the core. Without any added resistance, the generator speed is at 1260 rpm. Because of
an increase in wind speed, the generator speed increases to 1290 rpm. Compute the added
resistance to the rotor to maintain constant developed torque.

The slip at the original speed is

s =
ns − n1

ns

=
1200− 1260

1200
= −0.05.

The developed torque is

Td =
Pd

ωs(1− s)
=
−3r′2(1− s)

ωs(1− s)s

V 2
a1(

r′2
s

)
+ (x′2)

2
= 0.0955V 2

a1

Now compute the torque with the added resistance

Td2 =
−3(r′2 + r′add(1− s)

ωs(1− s)s

V 2
a1(

r′2+r′add
s

)
+ (x′2)

2

The two torques are equal, so

−3(r′2 + r′add(1− s)

ωs(1− s)s

V 2
a1(

r′2+r′add
s

)
+ (x′2)

2
= 0.0955V 2

a1

The voltage V 2
a1 cancels out, and solving for r′add gives r′add = 0.005Ω

Problem 2. A type 2 wind turbine has 6-pole and the terminal voltage of the generator is
398.4 V per phase. The rotor parameters are r′2 = 10mΩ, x′2 = 100mΩ. Ignore the stator
winding impedances and compute the speed at maximum torque. Then assume a switching
circuit is used to regulate 0.05Ω of resistance in the rotor circuit. Compute the duty ratio
of the switching circuit that makes the maximum torque occur at 10% higher speed.
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The torque that the maximum torque occurs at is

s∗ = − r′2
x′2

= −0.1

and the speed is 1200 ∗ (1 + 0.1) = 1320 rpm. We want the speed that produced maximum
torque after adding the resistance to be 1320 ∗ 1.1 = 1452 rpm. The slip is −0.21 at the new
speed, and since it provides the maximum torque, r′add solves

−0.21 = −r′2 + r′add
x′2

This gives r′add = 0.011Ω, and k = 1− r′add
0.05

= 0.78.

Problem 3. A type 2 wind turbine has 8-pole, 60Hz, induction generator. The maximum
rated output of the turbine is 1.5 MVA. The terminal voltage is 690 V. Suppose the turbine is
operating at 1 MW output power. After a voltage depression on the grid, the output power
of the generator is reduced by 30% which is consumed by an added resistance. Compute the
value of the added resistance that would limit the rotor current to 150% of the rated current
of the stator. Ignore all losses.

The maximum rated power is given by

3|V ||I| = |S|

where V and I are per phase values. The maximum current allowed is

Ia1,max =
1.5MVA

3690√
3

= 1.26kA

The power to be absorbed the resistance is Padd = 0.3 MW. At the maximum allowed current,
we have

Padd = 3(I ′a2)
2r′add = 3(1.5Ia1)

2r′add = 300kW

solving gives r′add = 28.2 mΩ.

Problem 4. A Type 3 wind turbine has 6-pole, 690 V terminal voltage induction generator
with the following parameters: x1 = x′2 = 1.0Ω, xm = 10Ω, r1 = r′2 = 0.1Ω. The machine
is operating at a slip of -0.1. A voltage is injected into the rotor to increase the developed
power by 10%. Assume this voltage is in phase with the rotor current. Without changing the
current or speed of the generator, compute the injected voltage. Use Thevenin equivalent
circuit in the calculations.

The Thevenin voltage is

Vth =
V

r1 + j(x1 + xm)
jxm =

690√
3

j10

0.12 + j(1 + 10)
= 362.14∠0.52◦
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the Thevenin impedance is

Zth =
jxm(r1 + jx1)

r1 + j(x1 + xm)
= 0.0826 + j0.91Ω

Without injection,

I ′a2 =
−Vth√(

rth +
r′2
s

)2
+ (xth + x′2)

2

= 171.91∠64.86◦

The developed power is

Pd = −3(I ′a2)
2 r
′
2

s
(1− s) = 97.525kW

With injection, the developed power becomes 1.1Pd = 107.28 kW. This power is given by
(V ′a2 is in phase with the current)

−3(I ′a2)
2 r
′
2

s
(1− s)− 3

|V ′a2||I ′a2|
s

(1− s) = 107.28kW

solving, gives V ′a2 = 1.72 V.

Problem 5. A Type 3 wind turbine has 6-pole, 690V induction generator with the following
parameters: x1 = x′2 = 1Ω, xm = 10Ω, r1 = r′2 = 0.1Ω. 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. Find the injected voltage. Do not ignore
xm (use Thevenin equivalent circuit).

The parameter of this problem is the same as the last one, so without injection, the current
is I ′a2 = 171.91∠64.86◦. The reactive power consumed by the generator is

3(xth + x′2)I
2
a2 = 169.3kV Ar.

So with the injection, it should provide

169.3 + 50 = 219.3kV Ar.

Since the active power is not changed and the injected voltage only produces reactive power,
it lags the current by 90 degrees. The magnitude is given by

3
|V ′a2|
|s|

I ′a2 = 219.3kV Ar

solving gives V ′a2 = 42.5V .
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