Reconstructing an Event SOE (sequence of events)

When an event occurs on the power system, recorders installed at different locations may be triggered at different moments to record specific information that reflects different aspects of the same event during the course of the event. Normally, the records obtained by different recorders can be transferred to a central control office for further analysis.

If different recorders are synchronized to the same time reference, then the records provided by different recorders may be correlated with each other to reconstruct the event and this may provide a clearer and more complete picture of the entire event.

The input data that may be needed for analyzing the event usually include analog data such as phase currents, residual current, phase voltages, and residual voltage, and digital data such as primary and backup relay trip, breaker open/close position, breaker failure contact, carrier start and carrier received contacts, etc. 

The following is an example of using the records from different recorders to reconstruct an event. A sample power system is shown as follows, where control area 1 is exporting energy to control area 2 at a rate of 500 MW. Three DFRs are installed at bus 1, 2 and 3. Distance relays are installed at each bus locations. The underfrequency relay is installed at bus 3 location.
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Suppose that a fault occurred on the tie line between bus 1 and 2, and the digital fault recorders had the following information.

DFR 1

The distance relay at bus 1 tripped at 13:20:3.011 (13:20, with seconds 3 and milliseconds 11)

The breaker at bus 1 opened at 13:20:3.071 (13:20, with seconds 3 and milliseconds 71)

DFR2

The distance relay at bus 2 tripped at 13:20:3.014 (13:20, with seconds 3 and milliseconds 14)

The breaker at bus 2 opened at 13:20:3.085 PM (13:20, with seconds 3 and milliseconds 85)

DFR3

The underfrequency load shedding relay at bus 3 tripped at 13:20:8.030 (13:20, with seconds 8 and milliseconds 30)

400 MW of Load 3 at bus 3 is shed at 13:20:8.050 (13:20, with seconds 8 and milliseconds 50)

Based on the records, it can be derived that the following events in sequence occurred:

· A fault occurred on the tie line

· The distance relay at bus 1 tripped at 13:20:3.011, and the breaker at bus 1 operated correctly and opened the line after 60 ms after receiving the tripping signal.

· The distance relay at bus 2 tripped at 13:20:3.014, and the breaker at bus 2 operated correctly and opened the line after 71 ms after receiving the tripping signal.

· Since the imported power is cut off, control area 2 has a shortage of power. The underfrequency load shedding relay at bus 3 tripped at 13:20:8.030, and 400 MW of Load 3 was shed at 13:20:8.050 to maintain the system normal frequency.

By taking advantage of the voltage and current waveforms, the time taken by the relay to issue a tripping signal from the fault inception moment can also be calculated, which can be used to evaluate the relay performance. The recorded system frequency locus during the event can also be used to evaluate the performance of the underfrequency load shedding relay.
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