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Synchrophasor System Solutions

Roy Moxley - SEL



SEL Solutions Are Available Today

Protection & 
Control Archiving

Visualization Data Sharing



Synchrophasors Are Standard 
In SEL Products



Protection AND Synchrophasors
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Synchrophasors do not hurt 
relay performance



Relaying Has No Impact on 
PMCU Function

No lost
data
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Relays Are Right for Synchrophasors

• No Extra current and voltage connections

• High reliability and availability

• Relays are everywhere



If you want a Free-Standing PMU

• $1440  SEL-351A  :  One 3Φ Voltage

One 3Φ Current  

• $7250  SEL-487E  :  Two 3Φ Voltages

Six 3Φ Currents  



      

      

Western 
Interconnection

>3,000 units

Texas 
Interconnection

>2,500 units

Eastern 
Interconnection

>8,000 units

SEL Synchrophasors Are Everywhere,
and Growing Every Day!

PMUs with IEEE C37.118  Format (over 30 messages per second)



      

      

Western 
Interconnection

>15,000 units

Texas 
Interconnection

>8,000 units

Eastern 
Interconnection

>40,000 units

SEL Synchrophasors Are Everywhere,
and Growing Every Day!

All PMUs - IEEE C37.118 and SEL Fast Message Formats



SEL-3306

Select the Right PDC for Application

SEL-3378

$7,500$12,500

$12,500

Server



RTAC Is Also a PDC

Synchrophasors Are Standard

$4,500

RTAC
SEL-3530

Automation Controller



Directions are Not Always Clear

NERC-CIP Does Not Conflict with NASPI



Add Security to Serial Connections

Central 
PDC

Authenticate
Encrypt



Use Station Security for 
Ethernet Data Sharing

Super 
PDC

SCADA

Eng’r
Access

Ethernet 
Security 
Gateway -
Authenticate, 
Encrypt, Log

Local PDC

RTU
61850
Event Records

Local Archive



Data Sharing Systems Are Simple

Console



NERC PRC – 002 – 1



Build a Low-Cost Archiving System

Archiver



$5,500 Archiver



Order the Archiver Solution



Visualization Systems Are Simple

LAN

Server

Console



Malin – Round Mt. 500 kV Trips 
June 18, 2007



Frequency Data Lack Detail  

1-minute window

Step change in generation 
on the system



Synchrophasors Provide More Detail

1-minute window



SYNCHROWAVE: Fast and Simple

$5,500



Real-Time-Control Is Standard in Many 
SEL Relays



Synchronous Vector Processing
System
Measurement Function

Calculation

Output
Designation

Send Control to System
(Application)

f(x)



Combine Preconfigured With 
Custom Functions

TIME 
ALIGNMENT

TIME 
ALIGNMENT





Modal Analysis
Shows System Response



FPL: Distributed Generation Anti-Islanding
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FPL: Distributed Generation Anti-Islanding

Angle
Freq
df/dt 
Voltage





Improve Generation Models



Electric and Optical Inputs




Time-Synchronized Measurements for 
Wide-Area Control

Tap Change 
Control

ICIRC

T1 T2

VLV

V

VHV

Infeed
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Grid Efficiency Measurement,  
and Control
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What’s In The Future ?

• New Solutions

• New Connections

• New Systems
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