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SEL Synchrophasor Vision
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Synchrophasors Are Standard
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Protection AND Synchrophasors

Time (ms)

Fault Type and Distance
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Synchrophasors
do not hurt relay
performance

Time (ms)

Fault Type and Distance

—e— Remote side trip times WITHOUT synchrophasors —m— Remote side trip times WITH synchrophasors




Relaying Has No Impact on

PMCU Function
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Relays Are Right for Synchrophasors

Phasor measurement and control unit
(PMCU) =2 PMU

Minimal incremental cost

Reduced current and voltage connections

Hig
Hig

N-accuracy measurements

N reliability and availability

Future control applications

Relays are everywhere



SEL Synchrophasor Equipped Devices
Worldwide'!
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Application Options — Not “One Size Fits All”

SEL-5077, SEL-5078 Archiving

i SEL-3306 Hardware PDC
SEL-5078 ~—_ SEL-5077 Software PDC
SEL-3378 Vector Processor

Visualization

AN

System Operator,
Reliability Council




Protection and Control Time Frame

~1.0 Second ~30 Seconds

Relay Action | Control Action |Human Action




METER PM 13:22

“#& 421 Synchrophasor - HyperTerminal
File Edit Mew C=I' T

u =3 “& 421 Synchrophasor 2 - HyperTerminal
B~ AT BT i

=>>met pm 13: Cile  Edit Wiew Call Transfer Help
Aynchronized

2 el sl s

Eelay 1
SEL-421 Pullm

=rrmet pm 13:22

aynchronized Phasor Measurement Data Will he Displaved at 15:22:00.000
Time Quality =%

Aynchrophasor

Felay 2 Date: 09/28/2006 Time: 13:22:00.000

v SEL-421 Moscow Serial Numwber: 2003105165

{DEG)
Time Quality Maximum time syhnchronization error: 0.000 f(ms) Ta0K =1

MAG (&) aynchrophasors

ANG (DEG) Phase Voltages Poz. Sedquence Voltage
VA VE VG V1

(V) 975 bE.956 b6, 66,980

({DEG) -55.678 -175.508 b4 -55.489

Connected 0:04:54

IWM Phase Currents I Pos. J3equence Current
Ik IE IC I1imw
(&) 2004.431 1997.885 1993, 1998, 651
MG (DEG) 117.671 -1.792 -121 117.976

Connected 0:02:22 Auto detect R7B00 8-MN-1 M LIMA




Monitor a Gen Drop Test (New Zealand)
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Test Shows System Remains Stable

When 400 MW Dropped

— Whakamaru_Frequency — Huntly_Frequency

50.3 -

50.1

49.9

49.7 4

Frequency recordings at both ends

perfectly overlap and align in time.

49.3

49.1
Timestamp  5/3/2007 3:10:18.6806/3/2007 3:11:06.68(0/3/2007 3:11:54.68(6/3/2007 3:12:42.6806/3/2007 3:13:30.68(/3/2007 3:14:18.68(/3/2007 3:15:06.680
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Freguencias 18, 36; 04

Malln — Round Mt. 500 kV Trlps
June 18, 2007 '

Daily Interruptions Repart, Jun 18 2007 05:59 through Jun 19 2007 06:01
Source: Bonneville Fower Administration, Transmission Business Line, Operations & Planning, Technical Operations - TOT
Transmission Line Interruptions (31 outage(s))
WOLTAGE LINE DU RATICN
OUTAGE# LINE # (k) TYPE OUTAGE TYPE OUT DATETIME N DATETIME {minutes)
157554 BADGER C-REATA 1 115 L Autarnatic 0BA8/200720:10 0BAB/200720:10 0
157555 FRANKLIN-BADGER C 1 115 L Autornatic 06/18/200720:10 06/18/200720:10 0
157553 mALIN -ROUND hT 2 500 L Autornatic 0BA B8/200711:28 0BAMB/2007 14:01 153
157214 TACOMA -RAVERTAZ 500 L Autarnatic 0527720072106
157164 Bl EDDY-500/230 2 500 L Autornatic 05/23/200718:08
157556 JOHMN DAY-MARIOHN 1 500 L Planned 0BA 9/200703:15 DBAS/200705:.03 108
157552 LOOKOTPT-ALVEY 2 T8 T Planned 06/18/200708:56
157552 LOOKOTRPT- ALVEY 2 15 5 Planned DEH B8/200708:56
18 28: 37 18:28:39 182841 162842 182844 1 8:28:45 1 8:28:48 18:28:49 18:28:51 1 8:28:53 1 8:28:54 18:28:56 168:28:58



“The MRI of Power Systems”

|

NERC press release

on Florida outage
Feb. 26, 2008:

Synchrophasors are “Like
the MRI of bulk power
systems”



Synchrophasor-Based Control
— Now a Reality




Big Creek Controls Rector
Static VAR Compensator

MAMMOTH POOL BIG CREEK 8

BIG CREEK 2 & 2A

e S / f BIG CREEK 1
B R/ = EASTWOOD




Information
Processor

SCE Uses C37.118 From

Relays and PMU

SCADA
Ma_ster
: DNP3
—
/ I \
4 \
/ [
/

(Harris 5000/6000,
IEC 60870-103,
Modbus, SEL Fast
Message, SES 92,
Telegyr 8979,
Conitel 2020,
GETAC, Recon 1.1,
CoDeSys, OPC, ...)




Impact of the Rector SVC:
6-14-07 (pre-SVC) vs. 8-30-07 (post-SVC)

NOTE: Voltages shown were
measured ~70 miles south of
Rector Substation (actual low
voltage event was of greater
magnitude at Rector substation
itself)

= Rector 6-14-2007 event (PRE-SVC)

Rector 8-30-2007 event (POST-SVC)

The Rector SVC had the apparent effect of reducing the
magnitude & duration of the fault-induced slow voltage
recovery...



Effect of SVC Operation on Big Creek
Before -

100




Effect of SVC Operation on Big Creek
After -




Synchronous Vector Processing

System Function Output
Measurement Calculation Designation

Send Control to System
(Application)

N



Apply the S“///"‘

Collect synchronous phasor measurements

Collect logical inputs
Perform vector and scalar math
Make decisions

Produce outputs

Report data



Select Quantities From Each PMU

PMU1
PMU2. Analogs
PMU3 |V, |
LV,
| 14]
/1,
Freq
PSV42
TE (time error)
Binary data
Status
Triggers




Integrate Wide-Area
Protection and Control

Static Var
Control



Apply Flexible Function Calculations

IEC 61131 engine 9“”*3*63 I 6 A P
x.ghx
Math 0 ), [aa“ LT
Trlg ca I'If ( l) {I‘ﬂ) S le)=- -
Differentials % s
| T(r) f(-r O)dx =M [T[f}-ihm,n] P
Preprogrammed blocks ol s
Power lﬁl ( In L(J:ﬂ] £(x,0)x= I fld
Angle difference o= [T
. : _ JT(x}f(‘ . L 4
Modal analysis o m1(6)=20, -"“)Jr P
Station topology check  #¢ el




Combine Pre-Configured with
Custom Functions

Logic Engine

Time Alignment
Synchrophasor Data and Protocol
Interface U

—

SEL-Supplied Modal Angle State and Power Fast Operate || |User-Defined

i Analysis Difference Topology Calculation Commands Message
Functions ' Assessment

Your Custom
Functions

Function 1 Function 2 Function 3 Function 4 Function n




l ' |
S“//"P Provides Function Blocks

PMCU _IN

— EN: BOOL OK: BOOL ——
— IDCODE: UINT SOC: UDINT |——
FOS_USEC: UDINT ——

TQ: USINT|——

NUM_PI: UINT ——

NUM_AI: UINT ——

NUM_DWI: UINT ——

DATA RATE: INT}——

STATUS: PMCU_STATUS |——

Pl: ARRAY [1..12] OF PMCU_PHASOR |——
Al: ARRAY [1..8] OF REAL ——

DWI: ARRAY [1..2] OF PMCU_DIGITIAL ——
FREQ: REAL|——

DFDT: REAL|——




Map PMU Quantities to Phase Angle
Difference Monitor

PADM
— 1 EN: BOOL
T REAL ADIF: REAL | ——
— ANG_2: REAL
——TH_1: REAL AL 1. BOOL ——
— I E AL _2: BOOL |——
I SOCO: UDINT ——
—PU_2: TIME
____1S0C: UDINT FOSO: UDINT ——
—FOS: UDINT




Fhase Angle Difference Monitor |

—&)——o

WNIZ291337.3 W

WA -S4 9 deg

Freq:60.00 Hz

VNI 2913373 W

WA -S4 9 deg

Freg: G000 Hz

Threshold1:20

Threshold2: 30

TIMER1: T#16ms

TIMERZ T#3ms

Fhase Angle

Difference Monitor

FADROI

LEMEL 2

S0CI119718585888

FO5:950000

angdiff-23.910




Improve Local Measurements

l \ \ \ \
dillihilk
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ldentify and Quarantine Bad Data

N

o o

Measurements

AN

Measurements
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Calculate
Median

~ SetFlag
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Calculate Median
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Flag and
Quarantine



Measurement 1

Measurement 2

Multiple Measurement Consistency Check

Phase A Phase B Phase C
(7] i1 [E
[] [ B

Kirchoff consistency check

Sequence Alarm

Phase A Phase B Phase C

] [ []

Back to SSTP

Zero Seq Pos Seq Neg Seq
[] [] I
Unbalance Alarm
[]
i 0.00 A 0.00 deg
i 0.00 A 0.00 deg
L 0.00 A 0.00 deg
10 0.00 A 0.00 deg
L 1.00 A 0.00deg
i 0.00 A 0.00 deg




Real-Time Modal Analysis Monitor
Predicts System Disturbances

System Separation

Line Trip...Stable Line Trip and

| Generation
Loss .Unstable

! !

|| || ||
LT LY (1] GO0
Time in Seconds



Use Oscillation Frequency
and Damping Ratio

For the complex Eigen value pair: A =0% jo,

: : _ (Dd
Oscillation frequency is:  Tos = o

O;

Damping ratio is: g:_\/azl .
+
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Develop Custom Applications
Voltage Collapse
Detection

Instability of Distributed
Generation

Complex Power Swings
Others ?




Utilities Are Operating Closer to the Edge

Operating
Point

Bifurcation

Point

PU Nominal Load 1.0 1.3 15 1.6



Long Island: Monitor Angles Between
Transmission Distribution Buses to

Detect and Prevent Voltage Collapse
S =7 7 T
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Calculate Voltage Stability Index (VSI)

e SVP calculates maxima: P, Q, and S

e (alculate margins:

IDmargin — Pmax -P
Qmargin — Qmax -Q
Smargin = Smax -S

P

) )
MmaxXx Qmax Smax

= g l/\
VSI:min( margin Qmargm margm]
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Wide-Area Measurement Is Better than
Traditional “Blinder’ Methods

What if load or source
iImpedance changes?

Replace and improve
on local out of step

Wide-Area
Medsuremey

Impedance
Loci



Delta/Delta-Dot Phase Plane Analysis

| |
60 80 100 120 140 160 180
Angle Difference § (deg)




Delta-Dot Delta-Doubledot Phase Plane
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Use Fast Operate Control Blocks for
Closed-Loop Control

FAST_OP_RB_CTRL
—— EN: BOOL

—— IDCODE: UINT
—— PULSE_MODE: BOOL
—— R_BIT: USINT
—— STATE: BOOL

OK: BOOL ———
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Synchrophasors Are Standard
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Synchrophasors Provide New and
Improved Capabilities

Angle measurement

Disturbance analysis, =}
Modal analysis

Out-of-step
detection

Real-time control

What Else Can They Do For You?
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