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Outline 

 Summary of Duke Energy’s SGIG project 
 Importance of time accuracy in PMUs 
 Review of selected phase angle data at Duke 

 Importance of unwrapping and order dependence 

 Effects of compression on disk storage 
 Visualization Examples 

 WECC, Entergy, EIPP, FNET 
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Duke’s  SGIG Project 
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Project SCOPE 

 •Single transmission owner in project and 104 PMUs  
 •Transmission elements monitored by PMUs  
 –12 elements >345 kV (500 kV)  
 –92 elements ≥230 – 345 kV (230 kV)  
 •100% of regional footprint monitored by PMUs (based on load)  

 •52 substations with PMUs  
 –2 PMUs/substation monitoring different elements  
 •30 Samples/second  
 •Stand Alone SEL 351A  
 •PMU installation rate (stations)  
 –# installed: 36 total as of 5/30/2012 

 # installed: 52 total, 49 new, 3 replacement by May 2013  
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PMU structure 

 PDCs  
 –2 BA/TO control centers with PDCs (using openPDC); each 

center has 1 primary and 2 regional clusters (see next slide)  
 –Archive/database status  
 •70 terrabyte  
 •12 months of data to be readily accessible  
 •Communications system  
 –Communication across TO’s private network  
 –Utilize IP Network 
Primarily owned by TO with some leased circuits  
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PDC Stacking 
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Current PI Displays 
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Pros and Cons of Unwrapping 

 Pros 
 Eliminate 360 swings that 

occur when angles wrap at 
different times 

 Can easily see which way 
frequency is trending 

 Eliminates sawtooth 
waveform 

 Can still compute angle 
differences easily 

 Cons 
 Unbounded angle is not 

intuitive and can be 
confusing 

 If PMU data is lost can look 
like event 
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PMU accuracy 

 

 One percent 
total vector 
error 

 ± 26 µ sec 
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Suggested basic analytics 

 Unwrap each voltage and current angle 
 C37.118 angles are discontinuous (± 180)  

 Compute angle differences from the unwrapped angles 
 Compute frequency differences 
 Compute FFT of frequency differences 

 Several window widths are required to pick up events of interest 

 Compute damping coefficients at each mode.  
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Examples: Nine unwrapped angles and one wrapped 
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Zoom 
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disturbance 
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Deeper zoom 
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B phase voltage angles 

14 



Proprietary and Confidential. Not to be distributed or reproduced without permission 

Zoomed in view 
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Unwrapping comparison 
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Compression of Voltage Angle 

 

 

17 

Table 1 Comparison of three levels of compression 
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Angle compression results 
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Voltage Angle versus time (30 samples per 
second) 
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Voltage angle comparison 
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Zero crossing comparison 

 

 

20 

y = -0.3614x + 5.1166 
R² = 0.9998 

y = -0.3666x + 5.2736 
R² = 0.9993 

-4.000

-3.000

-2.000

-1.000

0.000

1.000

2.000

3.000

4.000

5.000

6.000

1 3 5 7 9 11 13 15 17 19 21 23

An
gl

e,
 d

eg
re

es
 

Angle zero crossing 

Uncompressed

20*compdev

Linear (Uncompressed)

Linear (20*compdev)



Proprietary and Confidential. Not to be distributed or reproduced without permission 

Tables (Voltage Magnitude and Current angle 
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Current magnitude and VA 
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VAR and frequency 
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Visualization of phasor data 
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Visualization of phasor data 
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Eastern Interconnection oscillation 
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Angle surface 
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FFT Waterfall 
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WORM chart  Eastern Interconnection (FNET data) 
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Customer Examples- Grid coherency 
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Real time FFTs, Phase portraits, SQC 
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Customer Examples 
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Contacts 
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Chuck Wells 
cwells@osisoft.com 
(650) 504-6278 
 
Tim Bradberry 
Duke Energy, EMS 

Engineering Carolinas 
(704) 382-4728 
Tim.Bradberry@duke-

energy.com   
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