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Introduction

• This presentation discusses the process associated with the performance evaluation 

of the ERLPhase S-PRO 4001 Sub-Harmonic Protection Relay, in detecting un-stable 

transformer ferro-resonant inducing, sub-harmonic oscillations, in EHV systems 

containing wind turbines and series capacitors. 

• The methodology presented assumes an SSO Transient Simulation Study has been 

performed. The process, basically consists of the review of a sampling of  

COMTRADE files, from the SSO Study, with a sub-harmonic graphical tool, capable of 

showing the various sub-harmonic content levels, establishing the target oscillation 

frequencies of concern (hence targets for the relay settings), and testing these 

settings, via play-back of the COMTRADE files into the relay, to confirm proper 

response/operation to the simulated events.

• Given the complex nature of transient disturbance behaviors in transmission systems, 

especially those containing high levels of DER’s and series capacitors, ERLPhase 

Power Technologies advises all potential users of System Protection Relays, to 

exercise due diligence in the evaluation/application of System Protection Relays.



Introduction – Cont’d

• Example of SSO Simulation - Output COMTRADE file - Marginally 

Damped



Introduction – Cont’d

• Example of SSO Simulation - Output COMTRADE file - Un-Damped



Introduction – Cont’d

• Example of SSO Simulation - Output COMTRADE file - Un-Damped

Sub-harmonic Content View



Introduction – Cont’d

• Simplified One-line



S-PRO 4001 Relay Sub-harmonic Settings Overview

• Relay Settings Overview – Sub-harmonic Detectors Summary



S-PRO 4001 Relay Sub-harmonic Settings Overview

• Relay Settings Overview – Current Detector settings
• Current sub-harmonic detectors (nominal ratio and fundamental ratio setting are used with 15-25 Hz frequency settings)

• Stage 1 - 200% content with 0.05 sec time delay

• Stage 2 - 100% content with 0.1 sec time delay

• Stage 3 - 50% content with 1.5 sec time delay

• Stage 4 - 25% content with 2.0 sec time delay



S-PRO 4001 Relay Sub-harmonic Settings Overview

• Relay Settings Overview – Voltage Detector settings
• Voltage sub-harmonic detectors (nominal ratio and fundamental ratio setting are used with 15-25 Hz frequency settings)

Stage 1 - 15% content with 1.5 sec time delay

Stage 2 – 7.5 % content with 3.0 sec time delay



Graphical Sub-harmonic Evaluation of  S-PRO Relay Response
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COMTRADE files for three (3) cases from the SSO simulation were studied. These cases 

were used for the evaluation of the S-PRO relay’s performance to a case of un-damped 

oscillations (Case 3), a case of marginally damped oscillations (Case 2), and a case with 

damped oscillations (Case 1).

The basic process followed was to play-back the SSO simulation COMTRADE files into 

the S-PRO relay, via a Doble Test set, and review the relay’s response, using the Current 

and Voltage Detector settings shown in the previous slides. Settings focused on the 20 

Hz target oscillation signature seen in the graphical sub-harmonic analysis view. 

The following slides show the response of the relay to the Marginally Damped Case 2A, 

and the Un-Damped/Un-stable Case 3A.



Graphical Sub-harmonic Evaluation of Configured S-PRO Relay 

Response
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• Case 2A (Marginally Damped) – Response Overall View with Pick-ups and 

Trips



Graphical Sub-harmonic Evaluation of Configured S-PRO Relay 

Response
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• Case 2A (Marginally Damped) – Response Voltage Sub-harmonic View



Graphical Sub-harmonic Evaluation of Configured S-PRO Relay 

Response
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• Case 2A (Marginally Damped) – Response Current Sub-harmonic View



Graphical Sub-harmonic Evaluation of Configured S-PRO Relay 

Response
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• Case 3A (Un-Damped) – Response Overall View with Pick-ups and Trips



Graphical Sub-harmonic Evaluation of Configured S-PRO Relay 

Response
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• Case 3A (Un-Damped) – Response Voltage Sub-harmonic View



Graphical Sub-harmonic Evaluation of Configured S-PRO Relay 

Response
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• Case 3A (Un-Damped) – Response Current Sub-harmonic View



Case 3A Numerical Analysis
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• Voltage Detectors

– Detector Settings Detector 1 Detector 2
• Freq. Range 15 – 25 Hz 15 – 25 Hz

• Content P.U. 15% 7.5%

• T.D. 1.5 sec 3 sec

• Pick-up Evaluation at Time of Event Trigger
– Phase A  = 11.778V / 70.915V Phase B = 33.459V / 67.450V Phase C = 19.160V / 60.654V

= 16% = 49% = 31%

– All above Voltage Detectors #1 and #2 pick-up level settings of 15% and 7.5%



Case 3A Numerical Analysis – Cont’d
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• Current Detectors Detector 1 Detector 2 Detector 3 Detector 4
• Freq. Range 15 – 25 Hz 15 – 25 Hz 15 – 25 Hz 15 – 25 Hz

• Content P.U. 200% 100% 50% 25%

• T.D. 50 msec 100 msec 1.5 sec 2.0 sec

• Pick-up Evaluation at Time of Event Trigger
– Phase A = 0.822A / 0.430A Phase B = 2.180A / 1.885A Phase C = 2.015A / 1.884A

= 191% = 115% = 106%

– All above Current Detectors #2, #3 and #4 pick-up level settings of 25%, 50% and 100% 



Standard Template Settings when SSO Study is not available
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In the absence of an electro-magnetic SSCI study, ERLPhase’s “standard template” 

approach is to monitor a wide spectrum frequency band (5 – 50 Hz), using multiple stages of 

settings, in order to provide a stepped, inverse-time, operating characteristic, as described 

below:

Current sub-harmonic detectors (1 thru 4)

• Stage 1 - 5% content with 0.5 sec time delay

• Stage 2 - 10% content with 0.4 sec time delay

• Stage 3 - 20% content with 0.3 sec time delay (using Summation channels)

• Stage 4 - 40% content with 0.2 sec time delay (using Summation channels)

Second Harmonic Blocking “Enabled” in all Detectors.

Voltage sub-harmonic detectors (Main and Aux)

• Stage 1 - 5% content with 0.5 sec time delay

• Stage 2 - 10% content with 0.4 sec time delay



Conclusions
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The process/methodology described in this paper has been successfully used 

at a number of inter-connection substations worldwide. 

It should be noted that because of the very dynamic nature of the system 

disturbances being considered, the settings might very likely need to be 

reviewed and revised periodically, in response to the relay’s performance during 

actual system operations and disturbances.

Also important in the evaluation and mitigation of such complex and dynamic 

phenomena, is due diligence in the transient simulation and study of these 

potential system events.
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