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• More wind in the grid. 

• TSO’s looking into procuring black start services from wind power plants.

• Wind power plant operators can get flexibility for self-sustaining in case of 
prolonged outages.

• Black start using pitch control will have a strong coupling between the 
mechanical and electrical dynamics. 
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Soft Start

CB_LV and CB_HV closed 
before energization

Hard Start

CB_LV closed, CB_HV 
open before energization. 
CB_HV will switch in after 
voltage is built by the WT.
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Study Case Topology
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Energization 

strategy

Test Case Name Conditions

Soft energization • DLC1-2: 5m/s, with load

• DLC1-2: 12m/s, with load

• DLC1-3: 12m/s, with load

• DLC1-4: 7m/s, with load

• DLC2-3: 12m/s, with load

All cases are 

run with 

Bladed 

cosimulation

Hard energization • DLC1-2: 12m/s, No load, 

LVRT Strategy 

• No cosimulation, fixed PMSG 

speed. 

Wind Conditions Specified by IEC 61400-1 
Design Load Cases

• DLC 1.2 – Power production with Normal 
Turbulence Model (NTM) 

• DLC 1.3 – Power production with Extreme 
Turbulence Model (ETM) 

• DLC 1.4 – Extreme Coherent gust with 
Direction change (ECD) 

• DLC 2.3 – Extreme Operating Gust (EOG).
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1. Start sequence

2. Blades pitch in

3. Generator speed 
increases

4. Airgap torque

5. Generator

6. Grid Side

7. Load 
Transformer
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Soft Start 
DLC 1-3: 12 m/s, Nominal wind with extreme turbulence
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1. Manual start 
sequence

2. Generator

3. Grid Side

4. Load 
Transformer
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• Soft start all tested cases were successful. 

• Hard start is possible, but control of voltage in the generator will be crucial to be 
successful. The success of this approach was not consistent due to the variable 
current transient during energization of the transformer. 
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Summary of results
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