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Technical Basis of our approachTechnical Basis of our approach

Analysis of Blackout data from 14 August, 
2003 
Analysis of Blackout data from 23 September, 
2003
Analysis of Blackout data from June 15, 2005
Zaborszky-Ilic textbook
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Oscillations before BlackoutOscillations before Blackout
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Oscillations before BlackoutOscillations before Blackout
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Oscillations in SwedenOscillations in Sweden
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Oscillations before blackout June 15, 2005Oscillations before blackout June 15, 2005
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First event, power factor reversalFirst event, power factor reversal



8

Zoomed in viewZoomed in view
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Power factor reversalPower factor reversal
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Power flow reversalPower flow reversal
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Increase in reactive power flowsIncrease in reactive power flows
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Frequency swell, Gosling highFrequency swell, Gosling high
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First grid oscillationFirst grid oscillation
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Waterfall chart of first oscillationWaterfall chart of first oscillation
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Waterfall rotationWaterfall rotation



16

Gosling relative phase anglesGosling relative phase angles
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Second oscillation in gridSecond oscillation in grid
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Decrease in dampingDecrease in damping
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Collapse: 6:56 pmCollapse: 6:56 pm
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Los Angeles BlackoutLos Angeles Blackout

Wave front propagation speed
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777 Davis Street777 Davis Street
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Phasor display approachesPhasor display approaches
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Overall system architectureOverall system architecture
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PMU technologyPMU technology

Time synchronized measurements
110 measurements from each PMU
– Power, Volts, Current, Frequency, Phase, ….

Meets IEEE 1344 Syncrophasor standard
Meets proposed IEEE C37.118 standard
Accuracy .01 deg, 1 mHz, 0.025 % V,I
Manufactured by Aribiter Systems
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Grid Monitor technologyGrid Monitor technology

Real time spectral analysis
– All critical modes identified, tracked, and alarmed

Real time synchronized differences
– Angle, phasor, frequency, voltage, power, current

Phasor “tool box”
Synchronized pseudoACE calculations
Frequency coherence calculations
Real time Dynamic ampacity calculations
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