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The
Challenge
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Software modeling of distribution lines and traveling
wave recreationin software




Case#1l: TW in Transmission and Distribution
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Current (A)

Case#1l: TW in Transmission and Distribution
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Case#2: TW Comparison with Overhead Lines and

S R T
@fv\/\fwv‘ | om :@Flmi ami o] om |
13.8kV | = | | 1
(=] T ]
60 —— Overhead
V—t— vh — Underground
40
. \
60 . T -
Reflection from Terminal U 20 h A
40 1 inst Reflection from Fault /NL\\ / \ //\
0 A

Current (A)
7

Wl AT Y

/RS ”
ol

Current (A)
o

Second Reflection from Fault

—40 4
—60 ‘ InitiaIIWave | | 60
51.80 51.85 51.90 51.95 52.00 52.05
Time (ms) 51.80 51.85 51.90 51.95 52.00 52.05

Time (ms)
Filtered data at terminal S in distribution system with underground cable TECHNOLOGIES OFFICE -

U.S. Department Of Energy



Modified IEEE 13 bus system
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Case#4: Overhead Lines with Fault on Bus#680

* |nitial wave times estimated at 6718,
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respectively.

10.7us, 12.3us.
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Hardware emulation of distribution line and recreate
traveling wave in hardware




Goals of the experiments

* Use real-world overhead and underground lines (no
digital or analog emulation)

* Use real faults

* Use off-the shelf available, inexpensive CT’s

* Capture wide frequency data (up to ~100 MHz)
* Show traveling wavein a field experiment

* Show capability to differentiate between noise and high
frequency wavesin real time




Field experiment
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Substation Red arrow assumes 50 percent the speed of light Fault

Green arrow assumes 60 percent the speed of light . L
P P 9 All time measured in microseconds
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Field experiments

Setup for Single-Phase Faults
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Experimental setup

VT
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e

Raw (unfiltered) data collected in the oscilloscope

| race Properties 2 x
= Appearance

Trace Color Il ooooF

= Scale
Horizontal Div~ 41.0 ps
Wertical /Div BV

= Frame
Horizontal Start  -100. 760000 ps
Horizontal Stop  309.240000 ps
Wertical Start -14.18v
Vertical Stop 2040V

= Misc
Pairts 1.025002 M5
Har. Center S104.1 ps
Wer. Center £217V

& |‘

' SOLAR ENERGY -
///;, TECHNOLOGIES OFFICE
/// /” U.S. Department Of Energy



Zoomed in version (unfiltered)
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Advanced mathematics-based signal processing result
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Advanced mathematics-based signal processing result
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Advanced mathematics-based signal processing result
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Advanced mathematics-based signal processing result
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Advanced mathematics-based signal processing result
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Advanced mathematics-based signal processing result
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Advanced mathematics-based signal processing result

Current (in A)
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Current (in A)

Current (in A)

Advanced mathematics-based signal processing result

Filtered current measurements at fault location for Line-to-Ground Fault
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Summary

* Simulations need wide band models of system
components to accurately simulate traveling wave
events.

* Experimental results provided for line-to-ground fault

* Advanced filtering technique accurately fits raw data and
then removes noise as well as frequency components
outside the CT calibrationrange
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Link to report

* Link tothe OSTI entry:

* https://www.osti.gov/biblio/1814596

* Link tothe technicalreport:

* https://www.nrel.gov/docs/fy210sti/78057.pdf
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Questions?

T 200

¢

GRID PERFORMANCE

DISPATCHABILITY AND RELIABILITY

f@k 2004

POWER ELECTRONICS COMMUNICATIONS

This work was authored in part by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the U.S.

Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by U.S. Department of Energy Office of Energy Efficiency and

Renewable Energy (EERE) under Solar Energy Technologies Office (SETO) Agreement Number 34237. The views expressed in the article do not

necessarily representthe views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by accepting the article for SOLAR ENERGY
publication, acknowledgesthatthe U.S. Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the //’//“ TECHNOLOGIES OFFICE -
published form of this work, or allow others to do so, for U.S. Government purposes.

U.S. Department Of Energy



	Slide Number 1
	The Challenge
	Slide Number 3
	Case#1: TW in Transmission and Distribution
	Case#1: TW in Transmission and Distribution
	Case#2: TW Comparison with Overhead Lines and Underground Cables
	Modified IEEE 13 bus system
	Case#4: Overhead Lines with Fault on Bus#680
	Slide Number 9
	Goals of the experiments
	Field experiment
	Length of the lines and theoretical traveling time
	Field experiments
	Experimental setup
	Raw (unfiltered) data collected in the oscilloscope
	Zoomed in version (unfiltered)
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Advanced mathematics-based signal processing result
	Summary
	Link to report
	Questions?

