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Protection of IBR-dominated transmission systems is a widely open R&D space
Gap analysis has been published by Siemens Technology, Sandia National Lab, and EPRI

https://energy.sandia.gov/wordpress/../wp-content/uploads/2024/05/SandReport-CP-gap-analysis-for-IBRs-and-protection-devices.pdf
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We are evaluating candidate FRT and PF functions in testbeds of increasing complexity
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We evaluate different Fault-Ride Through (FRT) functions for Grid-forming (GFM) Inverters
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Fault-Ride Through 1-3 reduce fault currents in cascaded Pl Grid-forming
controllers using current limiter, virtual impedance, and a combination of both
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Fault-Ride Through 4 reduces fault currents in direct voltage GFM controllers
using a single loop virtual resistor
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We are evaluating 4 different FRT and 4 protection relay functions in a PSCAD
model with 60 different faults & 17 non-fault cases totaling 1,232 simulations
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Exemplary A-G Midline Fault simulation on South-West Line shows successful fault clearance
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Observation: Fault clearing times of different protection relay functions are homogeneous
for midline faults (left) and heterogenous for endline faults (right) irrespective of FRTs
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Relay 1-2 trip signals for B-C endline fault at 3.01s
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KPIs

Target value

Dependability
1 % of Faults cleared
Security
2 % of Faults with mis-operations (incorrect relay)
3 % of Faults with mis-operations (incorrect element)
4 % of False trips (non-fault scenarios)
Selectivity
5 % of Faults cleared by the correct relay’
Fast fault clearance
6 Average Fault Clearing Time
7 # of breaker operations after 5 cycles
System stability
8 Time for voltage/active power recovery after fault is
cleared
9 Frequency Range (only for non-fault events)
10 ROCOF

100%

20% misops
20% misops
10%

80%

5 cycles (83.3 ms)
20%

1s after fault

57.8 -61.5Hz
less than 5Hz/s
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We have defined KPIs for protection evaluation based on IEEE standards and
guidelines from Power System Relaying committees to analyze ~1200 simulations

KPI evaluation based on
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Take away #2: Post-clearance system stability and system stability in non-fault cases is
achieved for all FRTs and protection functions except OC

Post-fault clearance metrics show good response for Distance, Non-fault analysis shows good dynamic response except for
POTT, and LCD ROCOF violations after very high load/generation steps
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Pl-Co Design: Protection-Inverter Co-Design for power system with 100% IBR
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| Contact

Ulrich Muenz, Siemens Technology

E-mail Ulrich.Muenz@Siemens.com

Matthew Reno, Sandia National Laboratories

Email mjreno@sandia.gov
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