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» Power in the wind increases with v,,2

» Power is proportional to swept area A, hence increases quadratically
with increasing rotor diameter

» Power coefficient depends on
Wind speed

Rotor speed

Number of blades

Blade design

Blade angle
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e Stall Control:

— Passive Stall:
Power of the wind turbine is limited by the aerodynamic characteristics
of the turbine.

— Active stall:
Power of the wind turbine is limited additionally by decreasing the pitch
angle (increasing the inflow angle).

« Pitch Control:

— Power of the wind turbine is limited by increasing the pitch angle
(decreasing the inflow angle)
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e Stall Control:

— Cost effective
— Fast limitation of active power
— Fixed speed operation possible

« Pitch Control:

— Accurate power control possible
— Variable speed operation required
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Variable speed
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» Start up (with open breaker) if wind speed > cut-in wind speed
» Close breaker
» Operation at constant blade angle over the whole wind speed range

» In case of large wind speeds: Power limited by aerodynamic profile.
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« Start up (with open breaker) if wind speed > cut-in wind speed
» Close breaker

» Below rated wind-speed
— Maximum power coefficient (Max. Power Tracking)
— Evt: Speed Limitation

» Above rated wind-speed:
— P=P,,q (Limited by power electronics converter)
— Pitching

» Advantages of variable speed operation:
— Lower cut-in wind speeds
— Higher efficiency, especially at low wind speeds
— Lower power variations (compared to fixed speed turbines)

» Disadvantage: More expensive!

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany

SILEN
Wind Turbine Operation — Typical Power Curves th g

kW passive stall
1500
1250 /
- /
500 //
250
/
0 5 10 15 20 25 30
V' Meter/Sek.
Variable speed/pitch
1600
o
1400
1200 /
1000 /
E 800 /
& 600 /
400 /
200 /
N
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20
v [m/s]

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany




SILEN

gtz ¢

Generator Concepts

SILEN
Fixed Speed Induction Generator th 2

Gear Box

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany




Induction Generator

3.00 g
!
3|

200 /

" \

————

0.00

1.00

1.00 1.04 1.08 112 1.16 1.20
xAxs:  GWT: Speed in p.u.
GWT: Electrical Torque in p.u.

0.00

-2.00

-4.00

-6.00

-8.00

1.00 104 1.08 112 116 1.20
xAxs:  GWT: Speed in p.u.
GWT: Reactive Power in Mvar

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany

gtz

SILEN
I

Induction Generator

J1.008p.u
T

Constant Y = 1.000 p.u.

|
|
|
|
I
1.01

00
x-Axis:

GWT: Speed in p.u
GWT: Electrical Torque in p.u

|
|
|
|
I
1.04

-6.00
1

Constant X = 1.008 p.u
|

|
-1.044 Mvar.

00
x-Axis:

1.01
GWT: Speed in p.u
GWT: Reactive Power in Mvar

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany

gtz

SILEN
I

10



SILEN

Induction Generator — LVRT-Bahaviour th 2
- 7
- = )
. L

000
Gt 0170 PCC: At
Ut 0.11P0 PCC: R

G- Spesa

Induction generator response to a weak voltage dip

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany

SILEN
Induction Generator — LVRT Bahaviour th 2

000 050 00 150 ol 200
GWT: Speod

Induction generator response to a strong voltage dip

GTZ-TERNA Expert Workshop 2009: Grid and System Integration of Wind Energy, 10.11.2009-12.11.2009, Berlin/Germany

11



SILEN
Induction Generator - Summary th 2

* Only fix speed operation possible (stall control required)
» Reactive power compensation required

* No reactive power control capability. Additional devices required:
— TSCs (Thyristor switched capacitors)
— STATCOMs

» Risk of dynamic voltage collapse

— > Typically, wind generators based on induction generators are asked to
disconnect in case of voltage dips
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Induction Generator with Variable Rotor Resistance
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» Simple concept for variable speed operation.
* Reactive power compensation required.

* No reactive power control capability. Additional devices required:
— TSCs (Thyristor switched capacitors)
— STATCOMs

» Limited LVRT capability. Dynamic voltage collapse problems have to
be mitigated by:
— Fast increase of rotor resistance during faults
— Additional reactive power compensation devices (typically TSCs)
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Doubly-Fed Induction Generator
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Doubly-Fed Induction Generator
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Synchronous Generator — Reactive Capability
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Voltage Dip — Different Generator Concepts
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