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Voltage and Reactive Power Control by Wind Turbines Gkﬂ VWOWES
Starting point is the behavior of a synchronous generators g ke

Questions for the turbine reactive power control design:

1 How should we operate a wind turbine

to offer the best grid support possible ?
2 How do conventional power stations contribute to grid stability 9

3 How should wind turbines behave to replace conventional power stations 9
with no need for further grid reinforcement or grid equipment o

Can we do even better
(than conventional power stations) °
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Why consider dynamic requirements?

Static requirements: reactive current during normal operation
Dynamic requirements: reactive current if voltage changes

1 Initially (before E.ON 2003): no dynamic requirement
=> all conventional power stations must stay in operation

2 Now: (SDLWindV): some dynamic requirements
=> most conventional power stations must stay in operation

3 Future (starting already...): fully replace conventional power stations
=> conventional power stations may shut down
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1. Basis: Behaviour of synchronous generators
2. Wind plant implementation
3. Simulations

4. Conclusion
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Voltage and Reactive Power Control by Wind Turbines < RE/
Starting of E.ON Netz in 2003

Analysis of E.ON Netz from 2003:

Response of a synchronous generator of a conventional power station

—_ Source: Kiithn, Radtke, “Der Einfluss von
Windenergie auf das Verbundnetz”, E.ON Netz
2003

Ratio of reactive current to rated current
I/l

100%

Winkel(ct) 10

50%

2 SANNY y f f f f f
20 06 07 08 09 T‘ 10%  20%  30%  40% 50%  60%  70%  80%

0.55 |ute)| 1

,,,,,,,,,,,,,,,,
— Z
77

Dead band Voltage reduction

Jens Fortmann, IEEE ISGT, 16.10.2012, © REpower Systems SE 6



Presented at 2012 3rd IEEE PES ISGT Europe, Berlin, Germany, October 14 -17, 2012

Voltage and Reactive Power Control by Wind Turbines < RE/
Starting point is the behavior of a synchronous generators

Starting point — diagram of a synchronous generator of a conventional power station
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Voltage and Reactive Power Control by Wind Turbines | |
Change of reactive current and reactive current gain < RE,
of a synchronous generators during grid faults, high voltage terminals

Static calculation — behavior of a synchronous generator during grid faults, HV-level
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Synchronous generator model used for dynamic simulation

Dynamic simulation — 7th order SG model and fault model
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Reactive current of a synchronous generators during grid faults

Dynamic simulation — reactive current of a SG during grid faults, HV-level
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Reactive current gain of asynchronous generators during grid faults ~

Dynamic simulation - gain AiQHV/AuHV of a synchronous generator during grid faults
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2. Wind plant implementation

1. Basis: Behaviour of synchronous generators

. 2. Wind plant implementation

3. Simulations

4. Conclusion
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Comparison of different reactive current control concepts during grid faults

Development of reactive current control during grid faults

1. First control approach 2. Modified control 3. Control without
with dead-band approach with dead-band dead-band
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Voltage and Reactive Power Control by Wind Turbines < RE/
Wind plant reactive power control
Reactive power control of wind plant during normal operation
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3. Simulations

1. Basis: Behaviour of synchronous generators

2. Wind plant implementation

. 3. Simulations

4. Conclusion

Jens Fortmann, IEEE ISGT, 16.10.2012, © REpower Systems SE 15

Voltage and Reactive Power Control by Wind Turbines < RE/
Wind plant model used for dynamic simulation

Dynamic simulation — model of wind plant used for simulation
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Response to voltage drop of 5% (= switching operation in the grid) J

Voltage drop by 5% in the high voltage grid: Wind Plant and Synchronous Generator
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Voltage and Reactive Power Control by Wind Turbines < RE/
Response to voltage drop of 5% (= switching operation in the grid)

Voltage drop by 5% in the high voltage grid:

Synchronous Generator, Wind Pant, Wind Plant with deadband
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Conclusion < RE]

1. Basis: Behaviour of synchronous generators

2. Wind plant implementation

3. Simulations

. 4. Conclusion
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Voltage and Reactive Power Control by Wind Turbines < RE/
Conclusion: WEC reactive power control without deadband

Reactive current control equivalent to synchronous generators

Technical issues

* Reactive current control equivalent to synchronous generators

« fast response to voltage changes, slow response to setpoint changes
* reactive current proportional to voltage change

» damping of voltage changes in the grid

* no deadband

Key points

» Use of deadband risks voltage stability at very high wind penetration

« fast voltage control equivalent to synchronous generators stabilizes grid voltage
* Technology available for different wind turbine control implementations

=> Technology ready for the grids of the future
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Voltage and Reactive Power Control by Wind Turbines
Response to voltage dip by 15% (= distant fault)
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Voltage and Reactive Power Control by Wind Turbines < "RE!
ed

Comparison of synchronous generator and wind plant using propos

‘control

Voltage in the high voltage grid: Synchronous Generator and Wind Plant
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Comparison of synchronous generator and wind plant using proposed‘control

Voltage dip by 80% in the high voltage grid: Synchronous Generator and Wind Plant
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Starting point is the behavior of a synchronous generators J

Starting point — diagram of a synchronous generator of a conventional power station

,subtransient" reactive short circuit current:

. rr . 1
Xy < Jx e .. Ve " Vv

ref

< l
AVR
D
L
|
f —
o~
l jN
A

/
/
/
Setpoints field voltage / reactive current high voltage
excitation controller generation (genertor) transformer
Jens Fortmann, IEEE ISGT, 16.10.2012, © REpower Systems SE 25
Voltage and Reactive Power Control by Wind Turbines < RE/

Starting point is the behavior of a synchronous generators

Starting point — diagram of a synchronous generator of a conventional power station

ytransient’ reactive short circuit current:
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Starting point is the behavior of a synchronous generators

Starting point — diagram of a synchronous generator of a conventional power station
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