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Operational Security 



WSAT Development Timeline 
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WSAT – Software Structure 
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WSAT Calculations 

TSA includes  

transient period; 

automatics operate 

VSA – quasi steady state; 
time period before 

manual actions 
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WSAT – Hardware Architecture 



System Model of Time Domain 

Simulation 



Elements of an Excitation System  
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Detailed and Equivalent WF Model 
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Second Generation Wind Models (WECC) 



Model Validation (Stage 1) 



Model Validation (Stage 2) 



Model Validation (Stage 3) 



Model Validation (Stage 3) 

Original  response (MW) 
 
PMU response (MW) 
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North-West Wind Farm Model v Reality 



WSAT Monitor – base case 



TSAT Calculations 

TSAT Applies faults on each line cleared in accordance to 

the installed protection (TSAT Contingencies) 

• Monitors machine rotor angles 

• Computes Transient Stability 

 index for all islands 

 

 

 

 

• Attempts to calculate a preventative control measure 

(PCM), i.e. a recommendation from WSAT on how the 

instability can be prevented.  
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WSAT monitor - transfers 



WSAT Secure Wind graph 



WSAT Frequency and RoCoF Summary Table   



Transient Insecurity Example 



Frequency Insecurity Example 



      
WSAT Conclusion 



Combined Real-time and Forecast WSAT 

Up to 6 hr ahead 

Up to 24 hr ahead 



2-D Transfers 

Two-dimensional transfer 

Secure area 



Questions? 


