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Post-Disturbance System Configuration
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Sequence Of Events (SOE) Analysis
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Sequence Of Events (SOE) Analysis
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Sequence Of Events (SOE) Analysis
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Sequence Of Events (SOE) Analysis
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Sequence Of Events (SOE) Analysis
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Lightning Analysis
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Fir – Birch Event Record Analysis
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(4495 + ABS(-4645)) / 2 = 4570 amps

Birch Wind Targets were also TRIP87

Filtered Event Record



Fir – Locust Event Record Analysis
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Filtered Event Record



Fir – Locust Event Record Analysis
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Un-Filtered Event Record



Fir – Locust Event Record Analysis
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COMTRADE Event 

Play-Back in Short 

Circuit Program



Preliminary Fault Analysis Conclusions
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 A lightning induced fault occurred on the Fir to 
Birch 345 kV line.

 Fir to Birch operated correctly at both ends to clear 
the fault.

 The Locust end of the Fir to Locust line correctly 
operated on receive DTT.

 The Fir end of the Fir to Locust line incorrectly 
tripped due to unknown transient condition.



HELP!!!
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 Consulted with a relay manufacturer engineer.

 Engineer’s analysis concluded that a CT was 
severely saturated and caused the mis-operation.



CT Saturation Theory Investigation
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CT Saturation Theory Investigation
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CT Saturation Theory Investigation
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To Locust To Birch Wind Farm

2000 amps 2156 amps 2906 amps



CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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S = 1 / slope =

1 / (3 mm / 76.5 mm) = 25.5



CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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CT Voltage at Ie = 10 amps 

is about 210 Volts



CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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The percent DC offset at 197 degrees is:

(|–7863| – 4570) / 4570 * 100 = 72.06%



CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 85
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Maximum Remanence 

= 100 / 210 = 0.48 p.u.



CT Saturation Theory Investigation CB 85
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CT Saturation Theory Investigation CB 90
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CT Saturation With 500:5 CT Ratio
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CT Saturation With 500:5 CT Ratio
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CT Saturation With 500:5 CT Ratio



CT Saturation Solutions
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CT Saturation Solutions
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CT Saturation With 1200:5 CT Ratio
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CT Saturation With 1200:5 CT Ratio
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 CT saturation can cause mis-operation of non-
differential elements, such as ground distance 
elements.

 ALWAYS be wary of the effects of CT saturation on 
relay elements, especially when using less than full 
CT ratio.

 ALWAYS analyze un-filtered relay event records to 
look for waveform distortions that could indicate 
CT saturation.

Lessons Learned
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Questions???


