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Introduction to Synchrophasors



Synchrophasors
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• Phasor Data

• Importance of Synchronization

Reference - https://selinc.com/api/download/3685/



Phasor Measurement Units
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• Phasor Data Capture

• Synchronized manner

• Reference Time Signal



PMU Applications
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• Wide area protection schemes

• Disturbance analysis

• Power system health monitoring

• Model Validation

• Post-event analysis



IEEE/IEC 60255-118-1 Standard

• Standard for synchrophasor measurement

• Requirement for time tagging, synchronization, evaluation methods 
and compliance tests

• Testing considerations, steady state and dynamic compliance

• Measurement response time, reporting latency



Total Vector Error (TVE)

• TVE - measure of difference between a measured quantity from 
PMU when compared with a reference quantity 

Reference - https://standards.ieee.org/ieee/60255-118-1/5724/



TVE Tolerance

• TVE – considered for all performance tests is about 1%
• Max Magnitude error – 1 % when phase error is 0
• Max Phase error – 0.573 when mag error is 0

Reference - https://standards.ieee.org/ieee/60255-118-1/5724/



Test Considerations

• Performance class – P class & M class

• Standard reference conditions

• Some of the standard reference conditions for all tests are as
follows –
• Nominal voltage
• Nominal current
• Nominal frequency
• Constant voltage, current, phase and frequency
• signal THD+N < 0,2 % of the fundamental (where N = noise);
• all interfering signals < 0,2 % of the fundamental



Steady State Compliance Testing

• Comparison of synchrophasor, frequency and ROCOF 
measurement data with the reference values.

• Injection of test signals not less than 5 seconds.

• Same tests can be used for frequenct and ROCOF tests.



Steady State Synchrophasor requirements



Steady State Compliance Testing



Dynamic Compliance Testing

• Modulation of balanced three phase inputs

• Amplitude and phase modulation

• Frequency modulation



Dynamic Compliance Testing



Test Setup
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Synchrophasors on network analyzers



Synchrophasor monitoring tools



Steady State – Current Synchrophasors



Steady State – Voltage Synchrophasors



Steady State – Comparison



Dynamic – Phase modulation



Dynamic – Angle modulation



Dynamic – ROCOF



Dynamic – ROCOF



Summary
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• Synchrophasors – time stamped data that describes the power system signals

• Phasor measurement units – applications

• 60255-118-1 IEEE/IEC standard

• Steady state and Dynamic compliance testing

• Testing considerations and test results



Questions?
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