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Outline

* Phasors

» Eastern Interconnection Phasors
* Entergy’s participation

« Suggested architecture
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What is a Phasor(*)?

v=Vecos(o*t+d)

+ Start of the second b =0°
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(*) IEEE Standard 1344-1995
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3 Phase volts

B3 Microsoft Excel - SineWave.xds s E T
@J File Edt ‘ew Insert Format  Tools  Chart  Window Help  Adobe PDF Type agquestion forhelp = 2 & X
NS HRO AR FE SR A S0 8 3 b2 E S| @] J B oSS S ko i AP % |

Lan) | | E’j @_] \ ¥4 Reply with Changes... End Review. .. !

Three voltage phases

is start = 7oA amsumes., - &

2
|
.. 15
SN
m Series "4 phase" Point "0.0167"
< & (0.0167, 1.414213562)
i [ § 1
& Vo Vo Vo
f . \ L (U
— A& phase
g o . . . . . —— B Phase
0.00 0.0100 0.020 0300 0.0400 0.0500 0.0600 C phase
v \ [ [
_1 \\/ \/ \\/ U/ \U /
-1.5
-2
time
M 4 » M} Parameters / Sequencevoltages % Three Phase f Data J¢
iban- s |adoshepes- \ N IO AT @A -2 - A-===ad
Ready
.~ BEavcosof.. - A PageNotFo.. | [€5 Mcrosof.. - | fm v | Bz maosof... | T3 Microsoft.. ~ &% 4 4 4k P



2N 2[R

=i $ % o2 %l %8s

Adobe PDF
T Jm.zu

ES Microsoft Excel - SineWave.xls
Insert  Format  Tools Chart  Window  Help

: File Edit View
BT TR WY ST R R ] Y| )

| ‘_‘J ! IR T AT | | ; "_}| ] flj @_)| V¢ Reply with Changes... End Revigw,.. !
N Eh S !
- 23
Voltage Sequences
2
1.5
1
05
—Zero
3 04— : — : —_— : —— Positive
0.0p00 0.0100 0.020 0300 0.0400 0.0500 0.0600 Negative
-0.5
-1
-1.5
time

Three Phase % Voltage Sequences / Data /

M 4 » My Parameters

[©]

Ready
is Start e - P s
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PMU/PDC

 Phasor Measurement Unit
— Six Inputs (3 current, 3 voltage)
— Sample rates: 20, 30, 50, 60 Hz
— Up to 110 output variables
 Phasor Data Concentrator

— Handles multiple data streams
— From multiple PMUs
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History

1981 A. Phadke
— Virginia Tech
* Bonneville Power
— 1993 John Hauer, Ken Martin

* First Standard
— 1995 IEEE 1344, reaffirmed 2001

 Next Standard
— |[EEE 37.118, soon
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Prof. A.
Phadke

Father of PMUSs
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Accuracy (Arbiter)

* Frequency £ 1 mHz (0.006 %)
* Angle £ 0.01 degrees
* Magnitudes (V,1) 0.025 %
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Manufacturers

 ABB (2002)
 Arbiter (2000)

« SEL(20047)

* Macrodyne (1995)
* Siemens

 GE
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ABB 521
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SEL 421
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A PMU (phasor measurement unit)
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Interoperablility

« All claim IEEE 1344 compatibility, but

— Check sums not defined
— Byte order in messages not defined
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Not all are equal
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Quote from Summer Power
Conference Paper

* “The above results reveal that even
the units with proper magnitude
correction algorithms yield different

phase measurements at off-nominal
frequencies.”
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Eastern Interconnection

NERC Interconnections

Western 7
Interconnection /

N Eastern
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Eastern Interconnection Phasor Project

* Vision Statement

* The vision of the EIPP Work Group is to improve
power system reliability through wide area
measurement, monitoring and control.

« Mission Statement

 The Work Group’s mission is to create a robust,
widely available and secure synchronized data
measurement infrastructure over the eastern
Interconnection with associated analysis and
monitoring tools for better planning and
operation, and improved reliability.
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EIPP Organization

Work Group
Leadership Committee
Bob Cummings
Bruce Fardanesh
Terry Bilke
Navin Bhatt
Mike Ingram
Floyd Galvan
1 1 o - 1 1
Real-Time Applications Off-Line Applications Phase | Implementation Business Management Standards and Performance
Task Team Task Team | Task Team Task Team Task Team
1 1 1 |
3 )
Terry Bilke, Lead MNavin Bhatt, Lead Mike Ingram, Lead Floyd Galvan, Lead Bruce Fardanesh, Lead
\ >
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Benefits

More comprehensive wide-area view of system
Rapid assessment of system conditions

Improved system models for steady-state and
dynamic analysis

Enhanced post-disturbance analysis
— sequence of events
— what happened first

Power swing detection by on-line angle difference
monitoring

Increased power system performance
Higher utilization of existing investments
Reduced outage costs
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Current Plan

Phase | (2003-2004)

« 10-12 Instruments, most are

already installed but nof
connected
« Work out communications
0 [
« Transfer software tools fo
USers
«  Establish relationships 3&
Phase Il (2004-2005) |F’haaellliﬁﬂﬂ6 )

More than 350 Instruments

*  Projected benefits from
previous slide realized

« Vendors participating at all

« =50 Instruments

«  Immediate bensfits from
previous slide realized

*  All major comdors covered

+  Data available to research ievels o
comnmunity to begin work on 4 * Inexpe nsive in strum nts and
projected benefits “ communications available

P -
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Oscillations before Blackout

- ""*_'Tﬁﬂ&u15égng§
Ang-2003 13:C

141
i i
i1

15000

N
LRt

Fig. 12. Spectral historv of AEP Kanawha River bus frequency for August
14 Blackout. 12:00-16:10 EDT
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Oscillations before Blackout
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Fig. 13, Spectral history of Ameren Rush Island bus frequency for August 14
Blackout. 12:00-16:10 EDT
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EIPP
at Entergy

« 10 PMU (Phasor Measurement Unit)
« 1 PDC (Phasor Data Concentrator)
10 PMU (Black start generators)
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Phasor Measurements
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Typical ProcessBook display
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SISCO — GAP Displays
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SISCO-GAP
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SISCO-GAP Displays
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June 18" Eastern Interconnection Phasor Project — Open Architecture
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Interoperabillity tests

 Pass data In real time between

— Entergy
— TVA
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Frequency at Patterson

Frequency Normal Scale
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Rescaled view
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Zoomed FFT

204 seconds

34 seconds

22 seconds

15 seconds ™\

A 12.8 seconds 1.88 seconds
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Laplace transform
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Phasor toolbox
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Phasor Applications

Grid stability

Transient stabllity

Small signal stability

Real time Security and Reliability
State estimator

Distance protection relaying
Adaptive Relaying

System protection

PSS (damping control)

Maximum transmission capacity
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Grid damping

X+ 2w X+ wix =0

M _J=¢?)
RE ’

1
6 = \/(052 +1)
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Instabllity test

* If £ <0.7 for more than X
seconds

* For any peak

« Advise transmission operator
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Distance protection relay

http://www.selinc.com/techpprs/6139.pdf
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Figure 22 PS5V phasors
phase angle difference
between buses for a 300 ms fault
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http://www.selinc.com/techpprs/6139.pdf

State Estimation
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System wide control and protection
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Current status at Entergy

Operating 4 Arbiter 1133As

Loading data into Pl at 20 Hz, 2000
events per second

Jsing PB 3.0 to view real time data
Running since early June

n a few weeks, 10,000 events per
second
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Suggested Architecture

HOST Server

L‘ Y Y T LAN

GAP

GAP

GAP
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