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Stable Operation 
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Stable: Y; Interpretation of Stability 

Stable?? 
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Power Oscillations 

In this example, the power, 

even considered stable 

oscillates within parts of  

seconds 100MW 
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Stability 

• The term stable is used in relation to Rotor Angle 

Stability, i.e. Rotor does not pole slip. 

• It does not mean that the generator is able to operate 

with such power and torque oscillations 

• Further Studies are required to determine if Turbine 

Controller would be stable (frequency response logics) 

• No review of mechanical stresses undertaken 

• No review of AVR and PSS undertaken (PSS: right 

model?) 
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Operation at 0.93 leading 
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0.93 leading, example single shaft CCGT 
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0.93 Leading 

• Operation below 0.93 leading could be restricted 

especially at night time which means non-compliance to 

the grid code 

• Further Studies are required to determine exact line of 

rotor instability during RoCoF events. 
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500ms window vs 200ms window (Eirgrid) 
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500ms window vs 100ms window 

Duration of high RoCoF 

Is longer when time window 

Is decreased.  
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Duration of high RoCoF 

Is longer when time window 

Is decreased 
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Duration of fault and it’s impact 

Definition of RoCoF is masking the real duration. Machine sees real time. 

More generators will not be compliant   
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Definition of RoCoF (500ms window)  

Ardnacrusha (AA), Aghada (AD), Cathaleen’s Fall (CF), Louth (LOU), Carrickmines (CKM), Great Island 

(GI), Ballylumford (BALLY) and Poolbeg (PB) (*1) 

Maximum RoCoF measurements for different time windows 

RoCoF values at various substations (EWIC problems)  

Problem: Generator sees actual values… 



15  esb.ie 

500ms vs 100ms Time Window 

• Definition of RoCoF is questionable as the generator sees real time 

rather than windows 

• Generators in Poolbeg will experience higher RoCoF values  

• Compliance to the grid code can not be guaranteed without exact 

traces and an available model of the entire network or even a 

simplified model 
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ESB Study, undertaken by DNV GL(former KEMA) 
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Min Load Operation, Steam Turbine 25 and 50% Load, 50->51Hz, +1Hz/sec  

(KEMA Study commissioned by ESB) 

Problems with Minimum Load to be anticipated (usual at night time) 

 
* Eirgrid-KEMA study did not analyse min load capability 
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ESB Study, real values, example: Steam Turbine 

Currently compliant with 0.5Hz/sec. With 1Hz/sec problems with compliance 
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Non sinusoidal oscillations 

 might trigger natural  

Frequencies, i.e. blades  
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ESB Study (DNV GL), main points 

• Minimum Load Problematic 

• Compliance of existing machines especially with high inertia at 1Hz/s 

• Further investigations required due to problems with non-sinusoidal 

oscillations 
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Perspectives and dependencies 

Eirgrid Focus Generation Focus 

Mechanical Issues 

Turbine Controller 

Issues 

Low Cycle Fatigue 

Security of supply 

Increase of Wind 
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Shaft line, modelling required for all stations 

Higher RoCoF values might trigger 

Eigen-Frequencies 

Analysis for impact at mechanical 

components 
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Natural Frequencies of Components, Example LP-Blades row 0  

(Last stage blades) 

Campbell curves are not available 

for all components  
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Impact on lifetime 

Life time and maintenance 

analysis to be undertaken  
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Next Steps 

…….Therefore the increase of 153 % in 

torque of the nominal value will not cause 

immediate failure of the synchronous 

machines currently compliant with the 

Ireland and Northern Ireland grid code. 

Considerations however may need to be 

made regarding lifetime reduction/ 

maintenance intervals. Allowing multiple 

RoCoF events each year could effect 

lifetime.  

 

 RoCoF, An independent analysis on the ability of Generators to ride 

through Rate of Change of Frequency values up to 2Hz/s.  

(8.2.2013 KEMA) 

Further analysis of RoCoF events is required: 
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Next steps 

• Dynamic analysis with accurate models is required. 

Digsilent models to be developed 

• Information collection, especially mechanical 

components 

• Life time analysis and crack and failure mechanisms 

need to be investigated 
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Areas of concern 

1. Stability - > Mechanical Issues 

 

2. Definition of RoCoF (500ms) – >Suitable Trace required to check compliance 

 

3. Operation at leading power factors - >Operational Issues 

 

4. Issues at Min Gen - > Capability unavailable when most required i.e. at night 
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Final Messages 

 
● Major doubt over feasibility of 1Hz/s 

– Mechanical issue 

– Operational issues 

– Min Gen 

● Data Requirements 

● Eirgrid unsuitable for PM Role 

● Unrealistic timelines for OEM’s to meet 

● Cost Recovery 

 

   

   


