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Absolute Time Synchronization Has
Fundamentally Changed the World
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Low-priced satellite clocks have changed the way we look at the power system. Install
clocks everywhere to be ready for future applications.



GPS Time — Good, Not Guaranteed!
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e Jamming or interference
e Equipment failure

e DoD control

e Solar flares
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‘On December 6, 2006, a solar flare created an unprecedented intense solar radio burst
causing large numbers of receivers to stop tracking the GPS signal
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Microsecond System Time
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Loss of a single clock source in the system will not affect the accuracy of the time at that
station.

Even when all cl ock sources are | ost the ti
across the system.

Multiplexer systems to distributeme signals are becoming available.



Time Waveform
and Phasor Representation
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Angle @ is used to specify the value thdt) has at the reference timhe 0. The larger
that® is, the farther from the= 0 axis the maximum of the cosine wave. In the phasor
plane (right side), a larger means phasaris farther from the real axis. Angie is
measured in the counterclockwise direction.

Phasor definition:

A The current and voltage of alternating current electrical systems, in steady state, are
normally represented by perfect sinusoidal functions. This figure shows an example
of a sinusoidal voltage signal (or function) callét. The signal is periodic with a
period oft seconds. The signal frequerfcyn hertz, is the reciprocal of the period:
f=1/t

A The analytical expression of a sinusoidal function of perisdhe following:
v(it) = mAAf+g)dst (2 A

A Notice that the anglé is the angle of the cosine functiortat 0, and the signal
amplitude isA. In this plott = O is taken as the time reference.



Synchronized Phasor Measurement
and Distance Protection
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The multipleapplication device acquires data at fixed time intervals; the sampling
frequency ¢g) depends on an external clock signal (from a GPS clock) with absolute
time reference. For synchronized phasor measurement applications, the device uses
the GPS time reference. The A/D converter acquires data at a constant number of
samples per second (SPS). These data are suitable for synchronized phasor phase
measurements. The device estimates the system operating freqygrfognt the

SPS data. The device uses the system operating frequgney,resample the data to
obtain data at a constant number of samples per cycle, SPC. The resampled data pass
through a digital bangass filter, BPF, which extracts the fundamental frequency
component of the signal. The device uses the filtered signal to calculate
synchrophasor magnitude and fault distance.



Protection AND Synchrophasors
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Synchrophasors do not
hurt relay performance
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Tests prove that SEL relays with synchrophasor capabilities do not suffer deficient
performance when synchrophasors are turned on.



Relaying Has No Impact on
PMU Function
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No lost
data
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Tests by SEL and a utility (AEP) also show that a relay providing synchrophasor data
will continue to send data during a fault.



Relays Are Right for
Synchrophasors

e Phasor measurement and control unit
(PMCU) =2 PMU

e Minimal incremental cost

e Reduced current and voltage connections
e High-accuracy measurements

¢ High reliability and availability

e Future control applications

e Relays are everywhere
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Potential control applications increase the value of phasor measurements inside a
relay. Phasor measurement and control units (PMCUSs) are how we refer to relays with
PMU capabilities.

Because of these advantages, it is natural that synchrophasors should be in relays.



C37.118 Signal Processing Changes

Make sure PMU is FW upgradable if necessary

Wide Frequency
Fast Response ™

Narrow Frequency
Slow Response
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SEL-421, 451, 487E and 487V relays have a selectable filter response. This provides
for either a fast responger control applications, or a slower response for monitoring
applications.
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These Solutions Are In Service
Today, Worldwide
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SEL has been providing synchrophasor capabilities for 8 years
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Continuing Significant
Support and Investment

Our synchrophasor team is
working on products and
customer’s solutions now
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SEL-421, 451, 487V

e Full IEEE C37.118 compliance
e Up to 60 messages per second
e Includes Synchrophasori RTC
e61 3V (6Vin487V)
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New SEL-351 Distribution Relay

e Full IEEE C37.118 compliance
e Up to 60 messages per second
4| 4V (PhaseAB,C Vg, V4, |y)
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The most popular family of distribution relays in North America now comes standard with
IEEE C37.118 synchrophasors at no extra charge. This bowwgsst, standard
synchrophasors to distribution or transmission applications.
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SEL-487E Transformer Protection

e Full IEEE C37.118 compliance
e Up to 60 messages per second

e Includes Synchrophasori RTC
18,6V
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For a complete station of synchrophasorisiiéree phase currents and three phase
voltages, the SE487E provides protection and automation capabilities.
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Stand-alone PMUs Are Available

SCHWEITZER —ﬂﬁ_BLE

ENGINEERING
LABORATORIES STATION PHASOR MEASUREMENT UNIT

N

24 Channels of IEEE C37.118
Synchrophasors

Includes Synchrophasor: RTC

Station and Feeder PMldbeling are available for the SEIS87E and SE{351A relays
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Many Additional Relays Include PMU

SEL-787, 751A Existing SEL-351, 311 SEL-700G Generator

. , Relays Protection
¢ 1-10 messages/s

« |EEE C37.118 - 2005
protocol Fast message protocol

One messagels Full IEEE C37.118
compliance
60 messages/s
Software upgradeable for g
older units

Copyright © SEL 2006
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Synchrophasdr System
Blocks

Making Electric Power Safer, More Reliable, and More Economical”
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Synchrophasor Building Blocks

Data Control
Phasor Measurement Concentration Solutions
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Archiver
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SEL has all the components of a complete synchropBgistam available.
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Install Wide-Area Disturbance Recorder
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SEL-5076 SynchroWAV@&rchiversoftware provides continuous or triggered recording
of synchrophasor quantities.
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SYNCHRQWAVE. Console Fast and Simple
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SEL-5078 SynchroWAVe Console softwgrmvides simple and complete synchrophasor
viewing.
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The RTAC can process synchrophasors at rates up to 5 messages per second
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