
Example Questions for Type 4 Turbines

EE 451/551 Wind Energy

Problem 1. A Type 4 turbine producing 1 GW of power is connected to an infinite bus
through a transmission line. The synchronous reactance of the generator is 9 Ω and the
inductive reactance of the transmission line is 3Ω. The infinite bus voltage is 110 kV. If
the generator delivers its rated power at unity power factor to the infinite bus, compute the
following:

• Terminal voltage of the generator.

• Equivalent field voltage.

• Real and reactive power at the generator terminal.

The current is in phase with the infinite bus voltage since the power factor is unity. Its
magnitude is

Ia =
P
3

110kV√
3

= 5.25kA.

The per-phase terminal voltage is

V̄t = V̄o + ĪaX̄l =
110kV√

3
∠0 + (5.25kA)∠0 · j3 = 65.43∠13.92 ◦ kV.

The per-phase equivalent field voltage is

Ēf = V̄t = V̄o + Īa(X̄l + X̄s) = 89.44∠44.76◦ kV.

The complex power at the generator terminal is

St = 3V̄tĪ
∗
a = 1 GW + j247.8 MVAr.

Problem 2. A Type 4 turbine is connected directly to an infinite bus. The voltage of
the infinite bus is 15kV. The excitation of the generator is adjusted until the equivalent
field voltage Ef is 14kV. The synchronous reactance of the machine is 5 Ω. Compute the
following:

• Pullover power (maximum power)

• Equivalent excitation voltage that increases the pullover power by 20%.
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The maximum power is

Pmax =
3VoEf

Xs

=
3 · 15/

√
3 · 14/

√
3

5
= 42 MW.

The new Ef is given by solving

1.2 · 42 =
15Ef

5

gives Ef = 16.8 kV.

Problem 3. A 3-phase, 60 Hz Type 4 generator has a synchronous reactance of 9 Ω per
phase and a negligible resistance. The generator is delivering rate power at 0.8 pf lagging at
the terminal voltage to an infinite bus. The terminal voltage is 30 kV and the magnitude of
the complex power delivered is 50 MVA.

• Determine the excitation voltage (magnitude and angle) per phase.

• With the excitation held constant at the value found above, the driving torque is
reduced until the generator is delivering 25 MW. Determine the current and the power
factor.

• If the generator is operating at the excitation voltage found above, what is the steady
state maximum power that the machine can deliver before losing synchronism. Also
find the current corresponding to this maximum power.

The magnitude per-phase complex power is 50/3 MVA. A 0.8 pf lagging means that power
delivered is 0.8 · 50/3 + j

√
1− 0.82 · 50/3 = 13.33MW + j10MV ar. The phase current is(

S

Vt

)∗
=

(
13.33 + j10

17.32

)∗
= 0.96∠− 36.88◦kA.

The excitation voltage (Ef ) is

Ēf = V̄t + jXsĪ = 23.56∠17.10◦kV.

If the output power is 25 MW, solve

P = 3
EfVt
Xs

sin δ = 3
23.56 30√

3

9
sin δ = 25

gives δ = 10.6◦. The current is I =
Ef−Vt

Xs
= 0.8077∠ − 53.4◦ kA, so the power factor is

cos(−53.44◦) = 0.6 lagging. The maximum power is

P = 3
EfVt
Xs

= 136.01MW.

The current is

I =
Ēf − V̄t
Xs

=
23.56∠90◦ − 17.32

j9
= 3.43∠36.3◦kA
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