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PMU Testing

= Fleld Tests - comparison with traditional analog
e Original VVPI PMU, 1989-90

= Laboratory tests

e VPI-PMU, 1990

e Macrodyne PMU 1995
= WECC ‘monitors’

e 2002—ongoing

 Many new ‘PMU’ units




BPA test requirements

Performance

o Steady state accuracy

» Reasonable transient response

» |_ow-latency data reporting (real-time)
uipment reliability

o SWC protection

e Environmental requirements
Compatibility in the system

Focus Is on system-wide, real-time, large
signal view




WECC test reqguirements

= Performance
o 5 Hz frequency response

Good out-of-band signal rejection
= 40 dB for all signals, 60 dB at harmonics

Adequate sample rate, 16-bit A/D, adeguate scaling
Low measurement noise

Continuous data storage, compatible data format, &
adequate data retrieval system

GPS synchronization
= Focus is small-signal, recorded data for analysis




Steady-state Accuracy.

= Phasor Measurement (typical, w/ precise cal)

e Magnitude — tested at performance levels
= Results - 0.5%, 0.1%

» Phase angle — between 2 phasors on same PMU
= Results-0.3° 0.1°

» Absolute phase angle — referenced to UTC
= Difficult to test
= Results-1.2°,0.3°

= Freqguency — tested +/- 5 Hz
e Results - 0.005 Hz, 0.001 Hz




Phase measurement vs frequency




Phase measurement vs frequency

Phase Angle Error with Various Filters - Middle of Window
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Wideband freguency tests

[ PhazorFile - Print preview
File  PFrint Cloge

= \WWideband gives good
overview of filtering
« |dentifies response
band |
* Provides indication of
aliasing problems
Running several
PMUSs together T w e e
orovides visual |
comparison e
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Wideband in dB

n Detailed
freguency done : ' ' ' '
at small steps,
recorded In
Excel

= Wideband in dB
accurately shows
rejection




Step tests
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Complex signals

s Complex signals generated in Matlab

e Include magnitude, phase, freguency modulation
o Exported to compatible file format (COMTRADE)
» Provides more quantifiable results

s Difficult to relate to real-time & stimulus

3-phase Synchrophasor
AC signals data




Test withf Amplitude Modulation

output frequency (H

Modulation
Frequency

input modulation frequency (H

w T w
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Data Communication Signal Delay

Time measurements have been made from PMU to PDC,
and PDC to second device, here another PDC as it
allows precise time measurement.

oz‘ GPS Time

The PDC gathers data from many PMUSs

and sends combined stream to controller. Control

Device




Signal Delay - PMU to PDC

s Communication time delay.

Delay - Big Eddy 230 k' station Delay - Grand Coulze
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Signal Delay - PMU to Controller

s Combined communication time delay — PMU to PDC to PDC
s PDC processing adds 5-6 ms

Delay - Slat/BE230 PMUs
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Standard Test Summary

m Steady state performance & measurements
excellent

= Dynamic response very good
* Need better quantification

m [ests require close examination
» Many characteristics are not obvious
o Some problems surface only in special conditions
e Some anomalies only appear occasionally




Characteristic relationships

Wideband frequency response shows filter characteristics
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Filtering affects step changes




Filtering effect in modulated: signal
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Studied examination needed

m [hereIsan
oscillation In the
freguency
measurement of
PMU3 in plot_a

There Is an
oscillation In the
magnitude
measurement of
PMU1 in plot_b

Disturbance --- HAMA_D30E130115 dst
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Examination leads to new tests

Noticed

variation of angle vs amplitude (59.9 Hz)
phase angle at

low currents

Test showed
significant
change

‘Check’ test
added

Not all PMUSs
have this
problem




Communication ISsues

= [CP/IP offers
reliability at
expense of delay
Delay here Is
greatly increased

due to network
traffic burst

s Better alternatives

» Use Isolated, private
network

e Use UDP/IP unicast
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Station
(PMU)
GCoul
JDay
Malin
Colstrip
BigEddy
MValley
Keeler

In-senvice reliability

m Statistics from PDC Monitor

o Faillure of PMU or communications
 Failure of GPS synchronization

Reliability (%)

Signal
97.52
99.929
99.997
99.82
99.99
99.983
99.996

Sync
99.974
99.996
93.74
100
99.988
99.74
99.95

Notes

PMU fail 2 days
Normal, modem
PMU clock failure
Comm sys problems
Normal, fiber, digital
PMU clock problems
Normal, modem




New test plan

s [est signals generated in Matlab
 Digital track marks input stimulus for analysis
o Automated analysis relates result to test

s GPS timed signal correlates to measurement

« Can make timed response measurements
NV NV

3-phase Synchrophasor
AC signals data




PMU' Test Summary.

s PMU performance excellent in all respects

s Can be fitted to the application needs
o Characteristics need to be to quantified better

» Careful observation always required to observe
unusual characteristics

s Be sure measurement characteristics meet
expectations of the application




