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Motivation

P |

Wide Area Monitoring Protection and Control (WAMPAC) applications are difficult to test in power systems that are under
operation. Therefore, power systems operators are interested in performing extensive tests of WAMPAC algorithms before
their implementation in real environments, because a failure in their functionality could cause a service outage.

WAMPAC LABORATORY

Wampac Laboratory includes three physical PMUs, a

Real Time Automation Controller (RTAC), an industrial PC, a

communication switch, a GPS clock and a Real Time Digital Simulator (RTDS). The RTDS can generate up to 8 additional
PMUs and simulate power system (PS) behavior in real time.
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Figure 1. Diagram of Real time PMU laboratory for FARCROSS Project.

Analog Output (GTAO) cards convert signals, such as
voltages and currents, into analog signals to be sent to
amplifiers. The amplified voltage and current signals are
connected to the analog inputs of physical devices.

SEL AXIONs and WASTER process their analog inputs and
convert them into PMU frames following the C37.118
protocol. The STER PMU can generate a PMU server that
can send signals to 4 clients at the same time. In SEL
AXION, for each PMU client, a PMU server must be
configured.

GTNETx2_PMU card of the RTDS, can generate up to 8
additional PMU frames, receiving the signals resulting
from the real-time power system simulation. Each PMU
generated by RTDS can be received by only one client at
atime.

SEL-2488 GPS Clock distributes IRIG-B  time
synchronization signals to RTDS, PMUs and RTAC. All the
elements of the laboratory get synchronization from it.

* RTAC SEL-3555 (phasor data concentrator and a real
time controller). It is possible to receive/process PMU
signals using different kinds of algorithms and services
that will be developed during the project. The
algorithms can be generated using IEC 61131-3 code.

* The remedial actions of the algorithms can be executed
from the RTAC using IEC-61850 GOOSE messages to
close the loop with RTDS, which processes GOOSE
messages and executes the actions in real time to PS.

* In order to circumvent communication limitations in the
CIRCE laboratory, STER developed PDC forwarder
software that groups PMU data in the laboratory and
sends it via the Internet to the WAMSTER PDC server in
Croatia, where LFO detection algorithms are running.
The request for corrective action generated by the
server in Croatia is returned to the CIRCE laboratory via
the same route and forwarded to a specific device by
the PDC forwarder.
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WAMPAC Communication channel

* PMU data streams are sent to the WAMSTER server in C37.118.2 format. WAMSTER runs low-frequency oscillation (LFO)
algorithms and triggering. LFOs are detected using the Recursive Least-Squares algorithm. Alarms are activated when LFO
results cross selectable thresholds. Once an alarm is triggered, commands for activating binary outputs are sent back to
CIRCE laboratory using IEEE C37.118.2 extended frames. The local PDC server forwards the command to the required
device (in this stage the STER PMU device), which activates the relay binary outputs wired to RTDS, thus closing the loop.
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Figure 2. Detailed structure of the primary WAMPAC communication channel.

Low Frequency Oscillation Detection

* Two Methods are implemented in the PDC: Matrix Pencil (MP) method and Recursive Least Squares (RLS) method.

Matrix Pencil Method Recursive Least Squares method
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Testing the Algorithms. Event Applied

* Power oscillations generated on February 15th, 2021, between
12:08:00 and 13:59:00 UTC were used to test the LFO
algorithms. Active power oscillations were generated
introducing an oscillatory perturbation in the mechanical
torque of Generator “G2” of the presented power system:
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The oscillatory signal perturbation has a duration of 180
seconds for each test, and it follows the next equation:

TMp, = TMgoy + Apere -7 vsin 20« frope o8

Voltage and current signals generated in RTDS were measured
by the PMU and sent to WAMSTER PDC server in Croatia.
Active power signal received from STERPMU-R1 device in
CIRCE is processed by the LFO algorithm. The LFO detection
results for all other quantities readings are comparable with
the ones presented.

Testing the Algorithms. Results Obtained

¢ LFO detection rule:
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* The LFO rule applied to the historical active power records
detected 24 events. 24 alarms were detected, one more than
the 23 generated by CIRCE. The difference was caused by one
extra event, generated due to a loss of packet data during the
fourth oscillation generated.
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Conclusion

WAMPAC solutions are usually difficult to test and
debug in real environments.

Network Oscillations are becoming an increasing
problem in European transmission networks.

New algorithms are being developed in the FARCROSS
project that are more adapted to support real-time
response. The testing of these algorithms with real
hardware is also within the scope of FARCROSS.

In this paper, a lab-scaled laboratory for testing wide-
area solutions has been explained. This laboratory is
interconnected with a PDC in Croatia, providing
realism to the performed tests.

This infrastructure has been used to validate the low
frequency algorithms developed, using RTDS as a
model and generating different types of disturbances.

These tests have been useful to test and debug the
algorithms saving a lot of time for the final field
implementation.

¢ This paper includes partial results from the H2020 FARCROSS Project. The authors are grateful to all the other partners
cooperating in the project and the support received from them. For further information, please refer to the website:
www.farcross.eu. This work has received funding from the European Union’s Horizon 2020 research and innovation

program FARCROSS under Grant Agreement No. 864274.
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