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Simplified Time Synchronization Testing
In our initial meeting, some of us agreed to propose methods of testing/validating the time synchronization of sample data (analog and digital) captured by IEDs such as Digital Fault Recorders, and modern protective (Numerical) relays with the IRIG-B output of GPS clock/receivers.  It is expected that the results will permit the “end-users” to account for any “time stamping” inaccuracies and facilitate correlation of data from different devices (IEDs) for the same power system event.  For your consideration, I propose the following two test methods:

Correlation of Transmission Line Fault data with Lightning Stroke data

It is possible to correlate the location and time of lightning strokes that cause transmission line faults with the data in fault records captured by DFRs and Numerical relays.  One utility has reported a one millisecond time difference between the time of a lightning stroke (from their lightning data service) and the time of ground fault inception as recorded by a GPS synchronized DFR.
One of the benefits of this approach is that data for this type of analysis already exists in utility company records.  One does not have to arrange for special test equipment nor does one have to wait for a lightning stroke and fault to occur.

A secondary benefit of “mining” this type of data is that it is possible to compare the time stamping accuracy (or determine the skew) of all the IEDs that captured analog sample data for a power system fault that can be attributed to a recorded lightning stroke.
Note that representatives of two utilities have already been approached with respect to reviewing their lightning and DFR records to determine the time skew between the data from their lightning systems and IED fault records.
Using GPS Receiver IRIG-B AM and TTL Output Signals as a Test Source

By connecting the IRIG-B modulated (AM) output to the voltage inputs of an IED and the IRIG-B unmodulated (TTL level) output to the digital inputs of the same IED it is possible to determine the accuracy of the time stamping of both the analog and digital sampled data recorded by the IED.  The IRIG-B “bit patterns” captured by the IED can be decoded (manually or by software) to correlate the time from the GPS receiver with the time stamp information associated with the data samples stored by the IED.  
At least one DFR manufacturer imbeds the IRIG-B data from the GPS clock/receiver in the digital event data to ensure highly accurate time stamping of the recorded analog and digital input sample data.   

This proposed test method is relatively simple, provided that the IED under test (DFR, Numerical relay, etc.) has voltage and digital inputs that can be scaled / programmed to directly accept the output levels from a GPS clock/receiver.  Note that the IED under test must sample at a rate greater than 2 kHz (34 samples/cycle at 60 Hz) because of the modulation of the 1000 Hz signal modulation in the modulated IRIG-B output (remember the Nyquist frequency/limit).
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