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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
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Introduction — Cont’d

« Example of SSO Simulation - Output COMTRADE file - Un-Damped
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Introduction — Cont’d

« Example of SSO Simulation - Output COMTRADE file - Un-Damped
Sub-harmonic Content View

A RecordGraph
File View Graph M
= @ = <Default> ~]
B Cone-3A2021.65-10.15.20.07 070F Lowr

1 High Speed Channel
1 Analog

sure Scale Options  Help

+ d& = X KB|WP W T H oA N 4+ W 2 [l &

SHz Window Resolution
Case-2A-2021-00-10-15.22 53, 345F 1 apr : 2021-09-10 1522:53 345 — Voltage Pickup PL7 | High
Current 1A 200 = Main Vorage A = Hain Voltage B

Main Voltage A
Main Voitage 8

2L
o o
{
a

Main Voltage C
.- Eenal vens
) Summation 100 X0135s
1 9 Cano2A2021-00-10-165.22.63 345F 1 spr L coes
I=1 - High Speed Channels Seconds °
Pty
A, Cument 1A Sub-Harmonic Magnitude (RMS)
A, Cument 18
A, Cument 1C | [ I I I
N Comrern 2 P | | | | | | | | | |
A Curent 28 | [ | |
A, Cument 2C 20 | | | | ! | | | |
A, Cumert 3 A | | | |
A, Cument 38 20 ! | |
A Cument 3C [ |
A, Aux. Vokage A 10 4 f { J | { { { }
AT 7 | n | ' | I m
e o s 10 18 20 25 30 38 0 s 50 55
2V Comene 4R sutsHsmonics
A, Cument 48
A Cumert 4
Nomac s Voripea s Vorsse s votson ©
. - TSHD (%) 45.979 55353
G- Btoie vt o 21 e e
& Sommation
Freisnsy ) [ fe— (R
o 0780 5
2 o
3 Yoo
B s




Introduction — Cont’d

« Simplified One-line
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S-PRO 4001 Relay Sub-harmonic Settings Over\

* Relay Settings Overview — Sub-harmonic Detectors Summary

% S-PRO Offliner Settings - [Document 2]
=3 File Edit Window Help
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Current 1
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S-PRO 4001 Relay Sub-harmonic Settings Over\

» Relay Settings Overview — Current Detector settings

*  Current sub-harmonic detectors (nominal ratio and fundamental ratio setting are used with 15-25 Hz frequency settings)
o Stage 1 - 200% content with 0.05 sec time delay
o Stage 2 - 100% content with 0.1 sec time delay
o Stage 3 - 50% content with 1.5 sec time delay
o Stage 4 - 25% content with 2.0 sec time delay

Current 1

Detector 1

Name: | Tx 1 Current Det 1
Pickup Delay:| 0.050 s
Minimum Frequency:| 15 H=z
Maximum Frequency:| 25 H=z
Pickup Counter Threshoid: | O 0 to disable

Nominal Ratio
Enabled
Setting: | 200 % of SA = 10.00A

Fundamental Ratio

[ Enablea
Settins: -

Total Sub-Harmonic Distortion
[] Enabiea
Setting: 1 %
Operations / Duration Setting
[ Enabilea
Duration: 1 minute

Number of Operations: 20 operations/duration

Second Harmonic Blocking
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Threshold: 20 % of SA=1.00A
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Name: | Tx 1 Current Det 2
Pickup Delay: | 0.100 s
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S-PRO 4001 Relay Sub-harmonic Settings Over

» 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

Main Voltage

Detector 1 Detector 2
Name: | Voltage Det 1 Name: | Voltage Det 2
Pickup Delay:| 1.500 s Pickup Delay: | 3.000 s
Minimum Freguency:| 15 Hz Minimum Freguency: | 1S Hz
Maximum Freguency:| 25 Hz Maximum Freguency: | 25 Hz
Pickup Counter Threshold: | 0 0 to disable Pickup Counter Threshold:| 0 0 to disable
Nominal Ratio Nominal Ratio
Enabled Enabled

Setting: % of 69V = 10.35V

Fundamental Ratio

BRSNS it x

Total Sub-Harmonic Distortion
[_]Enabled
Setting: 2.0 %
Operations / Duration Setting
[_]Enabled
Duration: 1 minute

Number of Operations: 20 operations/duration

Setting: 75 | % of69v =5.18V

Fundamental Ratio

e s |

Total Sub-Harmonic Distortion
[]Enabled
Setting: 2.0 %
Operations / Duration Setting
[]Enabled
Duration: 1 minute

Number of Operations: 20 operations/duration



Graphical Sub-harmonic Evaluation of S-PRO Relay Res

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-PRC

Response

« Case 2A (Marginally Damped) — Response Overall View with Pick-ups and
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Graphical Sub-harmonic Evaluation of Configured S-PRO

Response

« Case 2A (Marginally Damped) — Response Voltage Sub-harmonic View
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Graphical Sub-harmonic Evaluation of Configured S-PRC

Response

« Case 2A (Marginally Damped) — Response Current Sub-harmonic View
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Graphical Sub-harmonic Evaluation of Configured S-PRQ

Response

« Case 3A (Un-Damped) — Response Overall View with Pick-ups and Trips
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Graphical Sub-harmonic Evaluation of Configured S-PRO

Response

« Case 3A (Un-Damped) — Response Voltage Sub-harmonic View
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Graphical Sub-harmonic Evaluation of Configured S-PRO

Response

« Case 3A (Un-Damped) — Response Current Sub-harmonic View
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Case 3A Numerical Analysis

« Voltage Detectors

— Detector Settings Detector 1 Detector 2
* Freq. Range 15-25Hz 15-25Hz
« Content P.U. 15% 7.5%
- TD. 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

« Current Detectors Detector 1 Detector 2 Detector 3 Detector 4
* Freq. Range 15-25Hz 15-25Hz 15-25Hz 15-25Hz
« Content P.U. 200% 100% 50% 25%
e 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 aval

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

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.



Thank you!

ANY

QUESTIONS.

« Email: jayala@erlphase.com



