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Type 4 Direct Drive Wind Turbine System
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Most type 4 turbines are direct drive systems without gearboxes; the 
generator is directly coupled to the hub of the blades. Most of the 
generators for type 4 systems are synchronous machines with electric or 
permanent magnet excitation. In most designs, the magnet is mounted on 
the rotor, which is coupled to the hub, and the armature (where the 
electric power is extracted) is mounted on the stator. The magnet in this 
case is spinning with the blades and the armature is stationary. In newer 
designs, the arrangement is reversed; the magnet is mounted on the 
stator and is coupled to the hub (thus spinning), whereas the armature is 
mounted on the rotor, which is stationary.
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Number of Poles

•
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•
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• Most Type 4 turbines are direct drive system 
without gearboxes

• Most of the generators for Type 4 system are 
synchronous machines
• Electric magnet
• Permanent magnets. 

• In most designs, the magnet is mounted on 
the rotor which is coupled to the hub, and the 
armature (where the electric power is 
extracted) is mounted on the stator. 

• In newer designs, the arrangement is reversed; 
the magnet is mounted on the stator and is 
coupled to the hub (thus spinning) while the 
armature is mounted on the rotor which is 
stationary.
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Turbine with Gear Gearless Turbine
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Direct 
Drive 
Generator
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Gear vs Gearless Systems

• Turbines with Gear
• Allows the use of generators with small number of poles (4-6 

poles)
• Size of generator is relatively small
• Requires gear to step up the speed of the wind to drive the 

generator at its high speed (1200-1800rpm)
• Direct Drive Turbine (Gearless)

• The generator has a large number of poles (~200 poles)
• The speed of the generator is low (32-36 rpm)
• There is no need for a gear
• The machine has a large diameter and heavy
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Vr is the value of the reference signal of the PWM (max or rms).

Vcar is the value of the carrier signal (max or rms).

fs is the frequency of the refernce signal, which is set equal to 

the frequency of the grid

k is the gain ratio
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Power Flow
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Power Flow
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Power Flow
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Approximation for small δ
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Real Power Control
•
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Example
•
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Solution:

2MW

5 Ω
13.8kV
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Reactive Power Control

21Wind Energy Systems/ Dr. Abdullah Awad



Reactive Power Control
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Example:

• The power captured by the 
blades of Type 4 turbine is 
1.3MW. The efficiency of the 
turbine system is 77%. The 
output voltage of the 
converter at the high voltage 
side of the transformer is 
15.2kV. The Inductive 
reactance of the 
transmission line 
connecting the turbine to 
the grid and the transformer 
is 10Ω. The grid voltage is 15 
kV. Compute the real and 
reactive power delivered to 
the grid.
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Solution: 10 Ω

15.2kV

Pblade=1.3MW

η= 77%. 

15kV
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Protection of Type 4 Turbines

• Chopper
• Dynamic Resistance
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Chopper
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Chopper System

•The switching of the chopper 
resistance (Rch) is designed 
dissipate the extra energy and 
thus prevent over-voltage in the 
dc link. 
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Example
•

31Wind Energy Systems/ Dr. Abdullah Awad



Dynamic Resistance

32Wind Energy Systems/ Dr. Abdullah Awad



Dynamic Resistance

Chopper and Dynamic Resistance can absorb the extra energy
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Example
•
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Website

https://lms.ttu.edu.jo/

Use the 
course 
website:

To check for announcements

To get copies of the lecture slides and other material

To get the homework and project assignments

https://lms.ttu.edu.jo/
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Home | Moodle.org
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