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SEL Solutions Are Available Today




Synchrophasors Are Standard

In SEL Products
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Protection AND Synchrophasors

Time (ms)

Fault Type and Distance

—— Local side trip times WITHOUT synchrophasors —8— Local side trip times WITH synchrophasors
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Fault Type and Distance

—o— Remote side trip times WITHOUT synchrophasors —8— Remote side trip times WITH synchrophasors




Relaying Has No Impact on
PMCU Function

()
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Local bus side phase A voltage synchrophasor
©00 Synchrophasor data check

1 11 1.2 13 14 15 1.6 17 1.8 19
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Remote bus side phase B voltage synchrophasor
000 synchrophasor data check



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

e $1440 SEL-351A

o $7250 SEL-487E

One 39 Voltage
One 3® Current
Two 3® Voltages
Six 3® Currents




SEL Synchrophasors Are Everywhere,
and Growing Every Day!

Jn.’c#rcon/Ject}r
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IntefconnREecion

>2,500 units

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



SEL Synchrophasors Are Everywhere,
and Growing Every Day!

Y.

IntefconnREecion

>8,000 units

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



Select the Right PDC for Application

SEL-3378




RTAC Is Also a PDC

Synchrophasors Are Standard

+% RTAC

SEL-3530

Automation Controller



Directions are Not Always Clear

e -

NERC-CIP Does Not Conflict with NASP]
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Add Security to Serial Connections

Authenticate
Encrypt

Central
PDC




Use Station Security for
Ethernet Data Sharing

Ethernet
Security Super
Local PDC Gateway - PDC
° | Authenticate,
Encrypt, Log
. | SCADA
S B i ->
. , Eng’r
Local Archive 61850 Access
Event Records




Data Sharing Systems Are Simple
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NERC PRC - 002 -1

A. Introduction
Title: Disturbance Monitoring and Reporting Requirements

Number: PRC-002-1 I

Purpose: To establizh requirements for recordi :
events (SOE) data, fault recording (FR) data, and dynamic disturbance rec ordmg
(DDR) data to tacilitate analysis of Disturbances.

Applicability:
4.1. Transmiggion Owners

4.2 .Generator Owners




Build a Low-Cost Archiving System

SYNCHR :
Archiver
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Archiver

+ Very popular Windows® software solution
+ COMTRADE, .CSV, compressed .CSV

+ Triggered and continuous archiving

+ Order with SEL-3354 or SEL-335"1



Order the Archiver Solution

Data Concentrator/Protocol Converter and HMI
Standard Festures

T orial gra
S0
Select and Customize

vl
® Software SUBNET S\MIU\SE“'E! NET
Opttion 1

= Software: Relab HM Option 1
. |7'Tunsmmma

Select this solution to precanfigure the 5B
Svnchrophasar Archiver appliance, with

Select and Customize

s solution has the sof
be used as an angineer

Salect and Custo|

svncunow. WE

Archiver




Visualization Systems Are Simple

@ SYNCHR :
Console
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Malln — Round Mt. 500 kV Trlps

Daily Interruptions Report, Jun 18 2007 05:58 through Jun 19 2007 DE:D1
Source: Bonneville Fower Administration, Transmission Business Line, Operations & Planning, Technical Operations - TOT

Transmission Line Interruptions (31 outage(s))

WOLTAGE LINE DURATION
OUTAGE# LINE # (kv) TYPE QUTAGETYPE OQUT DATETIME INDATETIME  (minutes)
157554 BADGER C-REATA 1 115 L Autornatic 06/418£200720:10 06/18/200720:10 0
157555 FRAMKLIN-BADGER C 1 115 L Automatic 06/18/200720:10 06/18/200720:10 0
167553 MALIN -ROLIND MT 2 500 L Autamnatic 0BA8£200711:28 0B/18£200714:01 1583
167214 TACOMA -RAVERTEZ 500 L Autornatic 0527/200721:06
167164 BIG EDDY-600/230 2 500 L Automatic 05/23/200718:08
167586 JOHN DAY-MARION 1 500 L Planned 084 9£200703:15 0819420070503 108
1675652 LOOKOTPT-ALVEY 2 16T Planned 065/18/200703:56
167552 LOOKOTRT- ALVEY 2 1158 5 Planned DEH 8/200708:56
182837 18:25:39 182841 182842 182844 1828468 182848 18:28:49 18:28:51 182853 182854 182856 18:28:58




Frequency Data Lack Detall

File {(90223,228000000,UT Austin 3378 Phasor.csy. Feb 23, 2009, 4:43pm N\
/
0600 —7—— : : : . . . > :
Scale ' | ' i Step qhange in: generatlon RN |
Max S 00 tﬁe svstem—wz-
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_Note _ﬂl_ﬂ_t_tl_l_@_ll_ﬂD_@_n_a_ljl_Qbﬁ_@r}_ tory gnd UT Austin f_liﬁ_fl!!'é‘!l_?’tﬂ!!‘_‘_’?_51_*}!'_%________
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Synchrophasors Provide More Detall

File {090223,220000000,UT Austin, 3378 Phasor. csy
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SYNCHROWAVE: Fast and Simple

& SynchroWAVe Console [’._]@]&]

File Wiew Options Displays Tools ‘Windows Help

H & 2
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246386 119 9@ 60.0010

BUS WOLTAGE SLIF FREQUEMCY

246833 0.0006

)9 01:42:19 Packets: 10109 Connection: Default Connection TC: Mormal Leap Second: Mone



Real-Time-Control Is Standard in Many
SEL Relays
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Synchronous Vector Processing

Output

Fu nCthf} Designation
Calculation

Send Control to System
(Application)

System
Measurement
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Combine Preconfigured With
Custom Functions

Synchrophasor Data

SEL-Supplied
Functions

User-Defined
Message

Your Custom
Functions

Function n




Fhase Angle Difference Monitor |
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WINI 2913373 W

V1A-94 9 deg

Freq:60.00 Hz

VAN Z291337.3 WV

WA -94 9 deg

Freq:60.00 Hz

Fhase Angle FADMOK
Difference Monitor
Threshaold1:20 {_Feren M b -
Threshold2: 30
ENEL 2

TIMER1: T#16ms

S0 1191855888

TIMERZ: T#58ms
FO: 950000

angdiff=23.910
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1750

System Separation—m-

r Line Trip m” _1

Line Trip and Generation Drop

1 1
1350
Amplitude = 3271 Amplitude = 1674 Amplitude = 42.02
Damping Ratio = 6.9% Damping Ratio = -076% Damping Ratio = -322%
Frequency =0.394 Hz Frequency = 0,387 Hz Frequency = 0.348 Hz
o0, |+ UEncy 1565, - Uency 1600 NGy '
= 1550 = 545 = 1500
1500 1525 1400
() pamping Ratio < 10% () Negative Damping Ratio @ Damping Ratio < -3%
| | | | |
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FPL: Distributed Generation Anti-Islanding




FPL: Distributed Generation Anti-Islanding

Angle

Pooo, SVP ---- Relay
Freg : U
df/dt

Voltage
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Improve Generation Models




Electric and Optical Inputs





Time-Synchronized Measurements for
Wide-Area Control

Infeed s
VHV
T1 =¥ T2 XX
Tap Change
Control
A\Y;

VLV




Grid Efficiency Measurement,
and Control

13




What's In The Future ?

e New Solutions

e New Connections

 New Systems
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