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About TVA 



Motivation for Automating  
Fault Location 
 Higher Customer Satisfaction 

 
 Improved Reliability 

 
 Reduced Time to Repair Failure 

 Dispatching field resources more quickly, 
accurately 



Automated Utility 
Fault Location Projects 
 Con Ed 
 Detroit Edison 
 San Diego Gas & Electric 



Con Ed 

Source: PQA / ADA 2006 – Fault Location for Underground Systems – Paul Stergiou, Da  



Detroit Edison 

Source: Overview of Automatic Subtransmission Fault Location System at DTE Energy –  
Andrew Dettloff, Dan Sabin 



SDG & E 

Source: Integrated Monitoring Distribution Fault Analysis with Spatial Twist - Joe Frani/Dan 



PRI Fault Location: The 
OpenFLE” initiative 

Create a common gathering place for data 
interface capability (Input)
Create a common gathering place for 
algorithms and knowledge related to 
calculating fault location (Processing)
Create a common gathering place for user 
interface (Output)
Platform independent
Multiple providers and applications



EPRI Fault Location  
Research Projects 
 Capacitor Bank Failure  
 Transformer Health Assessment 
 Distribution Fault Anticipator 
 Lightning 

 



TVA Automated Fault Location 
Efforts 



TVA Automated Fault Analysis 
Efforts 



Punchline 

 There is not a single fault location 
algorithm, there are many! 
 

 There is not one source of data, but 
many! 
 

 There are many system modeling 
software packages! 
 
 



Open Fault Location Engine 
(openFLE) 
 Platform 

 Get Event Data 
○ Frees developers from the chore of reliably 

parsing and positioning event data for analysis 
 

 Perform Calculations 
○ Can be extended with new algorithms 



Open Fault Location Engine 
(openFLE) 



Approach 



Fault Detection 

 Assume the first cycle represents pre-
fault condition  
 

 A fault is detected in any cycle where 
the RMS current (cycle value) exceeds 
pre-fault current by a factor of 5 AND 
exceeds 500 amps Improvement: Use 
line ratings as part of the basis for fault 
detection.  



Fault Type 
 For each phase, the fault test was 

applied  
 

 The representative best fault cycle is 
selected as the one with the largest sum 
of all RMS currents  
 

 The number of currents which pass the 
fault test determine the fault type.  
 



Fault Location 
 Calculated Fault Impedance using the Absolute Value 

Method (Reactance method was tested and found to be 
less accurate.)  

 3 Phase 
 Select phase with “purest” sine wave  
 ZF = RMS (cycle data) |VN| / |I|  
 Distance is ratio ZF/Z1  
 

 Line to Ground  
 ZF = RMS (cycle data) |VN| / |I|  
 Distance is ratio ZF/ZS (where ZS is loop impedance)  
 

 Line to Line 
 ZF = RMS (cycle data) |VL-L| / (|IP1 - IP2| )  
 Distance is ratio ZF/Z1 
 
 



System Results 



Manual Vs. Actual 



openFLE vs. Actual 



openFLE vs. Manual 



openFLE CodePlex Template 



openFLE Manager 

Button to 
facilitate 
testing 



Project Status 
 Testing was conducted on 161kV line events  
 TVA provided GPA with 8 events for testing – 

some with data from each end of the line  
 GPA has finished development and testing of 

the core software.  
 GPA Next Steps  

 Complete requirements document and submit BETA 
for EPRI QA testing  

 Post code and documentation on CodePlex  
 Future work can be pursed to:  

 Automate the process within TVA  
 Refine and improve fault location algorithms 
 
 



Conclusion 
 Platform Built 

 openPQDIF API Built  
○ (http://openpqdif.codeplex.com) 

 openFLE  
○ (http://openfle.codeplex.com) 

 Initial Testing Performed  
 Accurate 
 Fast 

 To be completed 
 TVA System Integration 

http://openpqdif.codeplex.com/
http://openfle.codeplex.com/
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