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Abstract

In the spring of 2013, the Protection Power System (ECE686) course was integrated into the
Burns & McDonnell - K-State Smart Grid Laboratory. Based on the multidisciplinary nature®
(i.e.: power systems, protection, communication) of smart grid education, the smart grid
laboratory integrated educational activities into the ECE686 course. The achievements of the
lab-course integration were: introduction of students to the smart grid lab, application of course
knowledge into relay experiments and demonstrations, and articulation of smart grid lab
equipment and software to understand relay functions. This was achieved by presentation of
lectures, experiments and demonstrations in the smart grid lab. Topics of these activities
included smart grid lab introduction, inverse time over-current (ITOC) protection with selective
coordination, and pilot distance protection with permissive overreaching transfer tripping
(POTT) scheme. The ITOC protection with selective coordination protected a power line in a
radial power system. The objective was to verify the selective coordination of relays, by
collecting relay and clearing times. The pilot distance protection with POTT scheme protected a
power line in a non-radial power system. The objective was to verify the selectivity and
communication of the relays, by collecting the front-panel led sequences. Technical
accomplishments for experiment and demonstration reached selected objectives for the ITOC
protection with selective coordination and pilot distance protection with POTT scheme.
Integration of ECE686 course and smart grid laboratory was a valuable experience for students
because they integrated course knowledge into an experiment and demonstration by articulation
of equipment and software to understand relay functions.

Experiment and Demonstration

In a radial power system experiment, ITOC protection with selective coordination was utilized to
protect a power line between two buses, using a primary? and backup® relay. Both relays were set
by US Inverse — U2 curves collected from relay manuals®*™** The objective was to verify the
selective coordination of the relays, by collecting the relay and clearing times. In a non-radial
distribution power system demonstration, a pilot distance protection with POTT was
implemented to protect a power line by two relays* Both relays were set for a Mho distance
protection at 80% of the power line impedance forward-looking with non-delayed time, and Mho
distance protection at 120% of the power line impedance forward-looking with assisted
communication and time-delayed tripping. The objective was to verify the selective coordination
and communication of the relays, by collecting the front-panel led sequences for both relays. The
methodology of the experiment and demonstration was based on relay test system® with relay/s
in the loop. The pre-fault, fault, and post-fault states and breaker status are simulated by the relay
test system® The relay opens a breaker during a fault situation but also needs to close the breaker
to restore energy. Based on this application, a relay needs two digital outputs to open and close a
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breaker, one digital input to sense if the breaker is open or closed, and eight analog inputs to
measure the three phase and neutral-ground voltages and currents. Technical accomplishments
based on objectives of experiment and demonstration were reached satisfactorily. In the
experiment the primary relay tripped faster than the backup relay. In the demonstration for a fault
inside and outside of the power line, relays did and did not trip, respectively. In addition, the
relay communication based on POTT scheme was verified. Integration of ECE686 course and
smart grid laboratory was a valuable experience for students because they integrated course
knowledge into a relay experiment and demonstration by articulation of relays***"*, relay test
systems® and software® ” ®"8 to understand protection, communication, measurement and control
functions of relays.

Conclusions

Opening the Burns & McDonnell - K-State Smart Grid Laboratory to ECE686 students was a
valuable experience because a majority of students had not previously utilized relays. Students
communicated with relays to set and verify protection functions. The experiment and
demonstration were performed with relays® 22"@*, relay test systems®, and software® 728 The
experiment and demonstration represented a relevant exposure for students who performed relay
operations usually implemented by power engineers in electrical substations to verify relay
settings. Instructor and student satisfaction was measured by verbal communication. Preliminary
results with regards to the learning value of the experience warrant further development of a
controlled study in the future.
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