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e What — Learning how to perform acceptance
testing of SV Based transformer differential relay
and understand the challenges and solutions

 Why — Because of standard protocols and
digitization in substation

e How — Three test scenarios to compare analog
based and SV based transformer differential
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Introduction: Traditional Transformer Diff
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Introduction: Sampled Values Transformer Diff

Time
Synchronization @

source
ntemnal Protection Relay
Transducers
Analogue Signal Analog to
. - ——| Processing (Filters, »|  Digital
Merging Unit amplifiers etc.) converter
Internal
Transducers
H Y
Analogue Signal Analog to
—| Processing (Fiters, —»| pDigital || . _. —Process Bus—- — - — - > .
amplfersetc comverter Digital signal processing
(DSP), CPU etc.

<IEEE



Presenter
Presentation Notes
With digitization occurring at merging unit and subsequent re-sampling occurring at protection relay, high accuracy time source is required to accurately sample and utilize data for protection. Timing source have evolved from 1PPS to IEEE 1588v2 and several other means are available which utilize GPS/ Glonass constellation as time reference. 


Relay Settings

* Dynl

 Two-Winding Dual Slope
% Restrained Differential

e Minimum Pickup = 5%
e High Set-point = 500%
e Slope-1 = 30%

e Slope-2 = 100%
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Scenario 2 and 3: SV Based and Hybrid Transformer Diff
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e Low Staged Differential Trip for an in-zone fault
* High Staged Differential Trip for an in-zone fault

» 2nd Harmonic Restraint Element Operation for Inrush
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Presenter
Presentation Notes
Test Cases need to be explained in these slides. Prefault & Fault Test Screen is shown for the Test Case 1 (Low Staged Diff trip). 5 Iterations were performed for each test case in each scenario.



Test Set up : Test Scenario 1
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Presenter
Presentation Notes
Timing tests for 87T pickup and 2nd harmonic restraints were performed using high speed output contacts from the relay to minimize any delay with the contact either on relay or the test set side. 



Test Set up : Test Scenario 2
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Presenter
Presentation Notes
Testing for this case involved using a test set that was synchronized to the protection relay using IEEE 1588 PTP and published SV Streams. IEC 61850 GOOSE message was used as a trip signal from the relay to the test equipment to perform harmonic restraint and 87T timing tests. A general Trip (General Protection Trip) was mapped to publish Trip when 87T tripped.



Test Set up : Test Scenario 3
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Presenter
Presentation Notes
the test set mainly injected 6 analog currents.  Three of the six analog currents were connected straight into the relay as if they were from the primary winding of the transformer.  The other three analog currents were connected into the Merging Unit (MU). 


Results : Test Scenario 1

87T Trip Time (msec) 2" Harmonic
detection (msec)
Restrained Unrestrained
Test 1 25.7 20.1 4.167
Test 2 27.7 20.4 6.25
Test 3 28.1 20.7 6.25
Test 4 24 1 20.4 6.25
Test 5 28.8 19.1 4.167
Average 26.68 20.14 5.41
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Presenter
Presentation Notes
The numbers in the table need to be explained for each test case. Test currents were injected at random phase angles in all iterations(tests). Differential current of 2 times the set value was used for restrained and 5.8 times the set value for unrestratined.



Results : Test Scenario 2

87T Trip Time (msec) gn;t ecti ml;l(af;n;:g)ic
Restrained Unrestrained
Test 1 29.5 19.6 5.1
Test 2 28.6 17.6 5.3
Test 3 28.0 19.8 4.9
Test 4 29.9 17.4 4.9
Test 5 301 18.2 4.0
Average 29.22 18.52 4.84
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Presenter
Presentation Notes
When scenario 2 is compared to scenario 1, the deviation of the average for restrained pickup is within 2.5 ms and well within the published maximum operation times of the protection relay. The max operation time of this protective relay is ??? This minor deviation can be attributed to factors such as – no prioritization and segmentation between GOOSE and SV traffic and the fault was injected at an arbitrary phase angle.



Results : Test Scenario 3

87T Trip Time (msec) gn; ecti Grfﬂggg)ic
Restrained Unrestrained
Test1 271 20.9 8.3
Test 2 28.4 20.6 8.5
Test3 25.6 211 7.4
Test 4 27.8 20.9 8.6
Test5 28.5 21.1 7.9
Average 27.48 20.92 8.14
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Results : Analysis
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Presenter
Presentation Notes
This graph depicts the restrained trip times for different scenarios . Biggest deviation when all cases are compared is seen in iteration 4 (case 2).  The comtrade capture for this case shows that the unrestrained element operated in 21.35 ms. Additional time observed is attributed to GOOSE publishing processing time, network propagation delay and GOOSE subscription time.



Unrestrained Trip (msec)

25

20

\/\ —

15

10

Case 1 Case 2 Case 3 Case 4 Case 5

Unrestrained

87T Trip Time (msec) Case 3 e 87T Trip Time (msec) Case 2 e 87T Trip Time (msec) Case 1

<IEEE



Presenter
Presentation Notes
This graph depicts the restrained trip times for different scenarios . Biggest deviation when all cases are compared is seen in iteration 4 (case 2).  The comtrade capture for this case shows that the unrestrained element operated in 21.35 ms. Additional time observed is attributed to GOOSE publishing processing time, network propagation delay and GOOSE subscription time.



COMTRADE : Test Scenario 2
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Presenter
Presentation Notes
This graph depicts the restrained trip times for different scenarios . Biggest deviation when all cases are compared is seen in iteration 4 (case 2).  The comtrade capture for this case shows that the unrestrained element operated in 21.35 ms. Additional time observed is attributed to GOOSE publishing processing time, network propagation delay and GOOSE subscription time.



Conclusions

Test Scenario 3: an additional GOOSE data attribute
LDO.TR2HPDIF1.0p.general (unrestrained 87T trip)
was used for timing tests and results are compared
against TR2PTC GOOSE trip
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* Performance of the network and redundancy are
critical to the overall performance of protection
and control systems that are process bus driven

e Per IEEE PES PSRC WG K15 —to clear a fault within
80-100msec; a communication sighal must
propagate within 5-10msec; these are met when

conventional and non-conventional inputs are
used.
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