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What is a Phasor(*)?

(*) IEEE Standard 1344-1995

TOS



3 Phase volts





B leads, C lags, 5 degrees



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



History

• 1981 A. Phadke

– Virginia Tech

• Bonneville Power

– 1993 John Hauer, Ken Martin

• First Standard

– 1995 IEEE 1344, reaffirmed 2001

• Next Standard

– IEEE 37.118, soon



Father of PMUs
Prof. A. 

Phadke



Accuracy (Arbiter)

• Frequency ± 1 mHz (0.006 %)

• Angle ± 0.01 degrees

• Magnitudes (V,I) 0.025 %



Manufacturers

• ABB (2002)

• Arbiter (2000)

• SEL(2004?)

• Macrodyne (1995)

• Siemens

• GE



Macrodyne 1690



ABB 521



SEL 421



A PMU (phasor measurement unit)



Interoperablility

• All claim IEEE 1344 compatibility, but

– Check sums not defined

– Byte order in messages not defined

– …



Not all are equal



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.”



Eastern Interconnection



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.

•



EIPP Organization

Floyd



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



Current Plan



Oscillations before Blackout



Oscillations before Blackout



Oscillations in Sweden
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EIPP 

at Entergy

• 10 PMU (Phasor Measurement Unit)

• 1 PDC (Phasor Data Concentrator)

• 10 PMU (Black start generators)



Phasor Measurements

Link

../GAP-Hardware/Arbiter/Interface/Arbiter1133ATags.1.xls


Datalink 



Typical ProcessBook display

SISCO 

Polar Chart 

OCX



SISCO – GAP Displays



SISCO-GAP



SISCO-GAP Displays



June 18th Eastern Interconnection Phasor Project – Open Architecture

PMU

BPA-PDC

OPC-client

OPC-Server

BPA-client

PMU

Macrodyne 1960

Arbiter 1133A

ABB RES 521

SEL 421

Internet-VPN

OPC-Client

37.118 or IEEE 

1344

PItoPI InInterface

PItoPI OutInterface

PI-InsideServer

Arbiter Interface

PI-DMZServer

PI-OPC Server

PI-OPC Client
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Entergy

DMZ
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Inside Server

DMZ Server

VPN concentrator



Interoperability tests

• Pass data in real time between

– Entergy

– TVA



Frequency at Patterson

Frequency Normal Scale
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Rescaled view
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Frequency FFT
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Zoomed FFT
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Laplace transform
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Phasor toolbox



Frequency FFT



Phasor Applications

• Grid stability

• Transient stability

• 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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Instability test

• If < 0.7 for more than X 

seconds

• For any peak

• Advise transmission operator







Distance protection relay
http://www.selinc.com/techpprs/6139.pdf

http://www.selinc.com/techpprs/6139.pdf


State Estimation



System wide control and protection



Current status at Entergy

• Operating 4 Arbiter 1133As

• Loading data into PI at 20 Hz, 2000 

events per second

• Using PB 3.0 to view real time data

• Running since early June

• In a few weeks, 10,000 events per 

second



Suggested Architecture

LAN

GAP

HOST Server

GAP

GAP


