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End-to-End Testing
• Faults are simulated at 

various points on a 
protected line (ASPEN)


• Fault data exported for 
test set playback


• GPS synchronized test 
sets at each terminal play 
back faults and examine 
relay response for proper 
operation

Morris Street - Nueces Bay: Oneline and simulated fault locations



End-to-End Testing
• Three states of fault playback


• Pre-Fault


• “Normal” conditions


• Fault


• Secondary fault values


• Post-Fault


• Breaker open

End-to-End Test States: 
Pre-fault, Fault, Post-fault



End-to-End Testing
• Faults are simulated under two scenarios


• No Comm


• Hi speed protection disabled, fault duration 120 cycles


• Tests backup distance/overcurrent elements


• Comm


• Hi-speed scheme in service, fault duration 10 cycles


• Tests hi-speed scheme (87, POTT, DCB, etc.)



Troubleshooting Methodology
• 1st - Request relay events from field personnel


• Buys time to examine rest of process


• 2nd - Assume test plan is wrong, work to prove/disprove first


• Examine CT/PT ratios, one-line model, fault selection


• 3rd - Examine settings


• Comm scheme settings, distance elements, logic, interconnect settings


• 4th - Examine application of test plan


• Test set connections



Errors: Test Plan Creation
Scenario: @Laureles System 2 (311C) Z1 overreaching for tests 3-6 - no comm tests 

@Laureles System 2 311C - No Comm results 
Z1 Overreach

@Laureles System 1 421 - No Comm results 
Proper distance element reach

Marconi - Laureles: Oneline and simulated fault locations



Errors: Test Plan Creation
Scenario: @Laureles System 2 (311C) Z1 overreaching for tests 3-6 - no comm tests 

• Troubleshooting process


• Field was asked for event files


• Test plan was neither proven/disproven due to successful 421 results


• Settings examined


• PT Ratio discrepancy discovered

Marconi - Laureles: Oneline and simulated fault locations



Errors: Test Plan Creation
Scenario: @Laureles System 2 (311C) Z1 overreaching for tests 3-6 - no comm tests 

• @Laureles Sys 1 & Sys 2


• Different PT Ratios


• Intentional preference of 
@Laureles Utility


• Test plan was created at 
assumed PTR = 1200 for both


• Test plan PTR corrected


• Results performed correctly

@Laureles 421 - PTR = 1200

@Laureles 311C - PTR = 700



Scenario: @Kenedy POTT scheme trips on 10, 12, 14, no-ops on 9, 11, 13 

Errors: Relay Settings

@Kenedy SW - Comm testing results

Kenedy SW - Helena: Oneline and simulated fault locations



Errors: Relay Settings
Scenario: @Kenedy POTT scheme trips on 10, 12, 14, no-ops on 9, 11, 13 

• Relevant


• Helena, Magnolia, and Milton are owned by 
different utility than Kenedy


• Line was originally Kenedy SW - Milton


• System 1 @Kenedy SW performed correctly 
on No Comms


• System 1 @Helena performed correctly on 
Comms & No Comms


• Validates test plan

@Kenedy SW - Proper No Comm results

Kenedy SW - Helena: Oneline and simulated fault locations



Scenario: @Kenedy POTT scheme trips on 10, 12, 14, no-ops on 9, 11, 13 

• What we know so far


• Test plan validated by Kenedy SW Comms & Helena 
Comms/No Comms


• Test Results


• POTT overreaching for phase fault


• Implies problem receiving remote signal


• Not tripping POTT for ground faults


• Implies problem with ground distance element

Errors: Relay Settings



Scenario: @Kenedy POTT scheme trips on 10, 12, 14, no-ops on 9, 11, 13 

@Kendy SW - TRCOMM incorporates Z2G

@Kenedy SW - Z2MG = OFF

Errors: Relay Settings



Scenario: @Kenedy POTT scheme trips on 10, 12, 14, no-ops on 9, 11, 13 

@Helena - Mirrored Bit Transmit Equations 
Transmits Permissive on MB1 

Transmits DTT on MB3

@Kenedy SW - Utilization of Mirrored Bits

@Kenedy SW - Receives Permissive on MB3 @Kenedy SW - Receives DTT on MB5

Errors: Relay Settings



Scenario: @Kenedy POTT scheme trips on 10, 12, 14, no-ops on 9, 11, 13 

• Mirrored Bit issues reviewed with @Helena engineer


• @Kenedy SW settings errors corrected


• POTT scheme performed as expected


• Example of multi-fold problem

Errors: Relay Settings



Errors: Test Plan Application
Scenario: All three terminals tripping on differential for tests 3, 14, & 17 - comm tests 

• Field personnel started on comm testing


• Chose reverse locations to start with (3, 14, 17)


• All tripped on differential


• Field was asked for event files


• Each terminal sent events at different times

North Edinburg - Mirasoles - Del Sol: Oneline and simulated fault locations



Errors: Test Plan Application
Scenario: All three terminals tripping on differential for tests 3, 14, & 17 - comm tests 

• Test plan examined


• CT/PT ratios, oneline model,  verified correct


• Settings examined


• Comm settings, remote CT tap, verified correct


• Test plan application examined


• Received events compared to test plan currents/voltages = correct

North Edinburg - Mirasoles - Del Sol: Oneline and simulated fault locations



Errors: Test Plan Application
Scenario: All three terminals tripping on differential for tests 3, 14, & 17 - comm tests 

• Events received from all three 
ends


• Sync-ed in WaveWin


• Each end transitions to fault 
state at different times


• Test set equipment examined 
and firmware discrepancy found


• Firmware updated to match, 
tests performed correctly

GPS synchronized events from all three terminals 
Transition from pre-fault to fault state not synchronized


