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INTRODUCTION g

 Definition of Phasor

e Global Time Reference

* Importance of Global Time Reference
 Phasor Measurement Unit (PMU)
 PMU Functionality with Relays and DFRs

 Phasor Data Concentrator (PDC)

o Super PDC




Definition of Phasor

Sinusoidal Waveform
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Phasor Representation

time =0

N
'
f_..-"’ ) 1'\
F
v"l l|'ul" 5 \-1
%
(Magnitude) . V1 \
|
- !
i f
% !
% F
W F
b &
S Fa
H"\-.._h '__..ﬂ""
\J
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«Steady State Conditions
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Global Time Reference

e Coordinated Universal Time (UTC)- 0° longitude
11

 GPS (Global Positioning System) synchronized
with UTC (< 1 uS) v

 GPS receivers sends global time via different
time code format

 Most widely used is IRIG-B (Inter Range
Instrumentation Group)
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Importance of Global Time Reference

 Phase angle reference w.r.t global time reference
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Importance of Global Time Reference...
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Importance of Global Time Reference...
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Phasor Measurement Unit (PMU)

* A device (mostly microprocessor based) which i‘
r #

eports the magnitude and phase angle of an
analog and /or derived phasor with respect to
the global time reference, as per the
synchrophasor standards ( IEEE 1344, IEEE
C37.118).
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PMU functionality with ERL /Mrpmﬁsﬁ
Relay and DFR’s

Digital I/O Status O/P | | IRIG-B

Y/
0 )
Micro Processor Based Relay /DFR |
Analog Input (Protection + Recording)
(Va,Vb,Vc, la, Ib, Ic) ( Digital Fault Recorder)

PMU
Modul$

LAN, ModeMm or Serial
Primary signals through Link 4
station CTs/ PTs l

Phasor Data Concentrator (PDC)
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Phasor Data Concentrator (PDC) B
« A Software application runs on normal desktop %1
PC- and collects data from multiple PMUs ,4

« Dedicated Server application designed to accept
several PMU data and analyze the data
depending on application requirement

e Dedicated hardware/software to do real time
monitoring and control studies using PMU data




Super PDC

« Several PDC'’s reporting data to one PDC center a
X
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PMUs

PDC

Super
PDC
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INTERPRETATION OF %iiﬁ%ﬁmgmu
SYNCHROPHASOR STANDARD (C37.118

 PMU protocol (C37.118) )
» Difference between IEEE 1344 and IEEE C37.118
e Total Vector Error (TVE)

« Compliance Levels as defined in C37.118

« Limitations — under dynamic system conditions
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PMU Protocol (C37.118) |

e Communication referenced to “FRAMES”

— Command Frame (structured-binary format) ?
» Start — Stop command to from host (PDC)

— Header Frame (unstructured — ASCII text)
» Up to 80 characters comment or any other information

— Configuration Framel (structured — binary format)
» Constant part of the PMU configuration

— Configuration Frame 2 (structured — binary format)
» Variable part of the PMU configuration- e.g. no. of phasors

— Data Frame (structured — binary format)

* Real time PMU phasor data — magnitude, phase angle, frequency,
analog, digital data
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PMU Protocol (C37.118)... g
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Command Frame

Config Frame1
—3 ™, Phasor Data

Data Frame
PMU —> Concentrator
Config Frame2

————  (PDC)

Header Frame




Differences between ERL /M, PHASE ___
IEEE 1344 & IEEE C37.118
T

Message Frame

1344 C37.118 !
Data, Config, Header, Data, Configl & 2,Header,
Command frames Command frames

Id not required for all Id required for all messages
messages

Second-of-century (SOC) Second-of-century (SOC)
starts at 1900 starts at 1970-UNIX model

Sample count has no field to | Sample field count extended
support fraction-of-second to support fraction-of-second




Differences between

IEEE 1344 & IEEE C37.118...

ERL j|{, pHASE
Power Technologi Li

Data Frame
1344 C37.118
As defined Extended to include analog
data as part of the data
frame
Config Frame
1344 C37.118
As defined Config frame 1 and 2 are
used
Digital input masking is not | Digital input masking is
supported supported

= o
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Differences between ERL M lASE
IEEE 1344 & IEEE C37.118...

Header Frame

1344 C37.118
No Change No Change
Command Frame
1344 C37.118
As defined Extended to support control

command from PMU- user
configurable
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Total Vector Error (TVE)
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Compliance Levels (C37.118) i




C37.118 Limitations

« Applicable under steady-state conditions

 Difficult to extend the concept of TVE under dynamic
conditions — due to different algorithms used to evaluate
the phasor

* Out of band frequency compliance - difficult to realize in
testing

 Not focused on communication issues

iiuiterrals=sCBIR200/7



CALIBRATION AND TESTING OF PMU

e Sources of errors in measuring analog signal

e Impact of error on PMUs accuracy

e Calibration of PMU

« Challenges of testing PMUs
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Sources of errors
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itude Error

n

TVE, Angle Error and Mag

[%] IAL

Impact of errors

Error [degrees]
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Calibration of PMU

« Why itis required ?
— Errors in station sensors (CTs, PTSs)

— Time synchronization accuracy (GPS receiver clocks — crystal
used, drift, ageing, etc)

— Inherent error in the PMU device over time

e How it is achieved ?

— Standard test set
» Capable of generating GPS based synchronized signals

» Accurate GPS clock capable of generating both IRIG-B and 1PPS
signal output

» Stable system frequency generation and or compensation

« Should have at least 10t of accuracy as mentioned in compliance of
C37.118 for each conditions-reference conditions

iiuiterrals=sCBIR200/7



Challenges of testing PMU

1 PPS signal variation

1- TEST-SET, 2- Clock A 1) TEST-SET, 2-Clock B
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Challenges of testing PMU...

Sine Wave start-up w.r.t 1 PPS signal
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Challenges of testing PMU...

Synchronized off-nominal frequency generation
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Challenges of testing PMU...

Modulated vs Unmodulated IRIG-B
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Challenges of testing PMU...

e Harmonic distortion

— Standard requires upto 50th harmonic needs to be
tested- difficult to generate harmonics upto 50th

e Out-of-band interfering signal
— Could be additive, subtractive, multiplicative — not clear

e Communication issues
— Limited testing is done with TVA — PDC

— Need more real time field data to prove communication
reliability
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COMMUNICATION OF PMU DATA

PMU Data Frame

Different methods of communication with the PMU

TCP vs UDP protocol

Typical case studies of traffic over the LAN

iiuiterrals=sCBIR200/7



PMU Data frame

Real time transmission of data frames per second

Header
Information
(14 bytes)

Status
field

Phasor Data
(magnitude,
Phase angle)

Frequency

Rate of
change of
frequency

Analog
data

Digital
data

CRC

Repeat as many times as Phasors (PMUSs)

iiuiterrals=sCBIR200/7




Different methods of communication
with the PMU

 The Standard does not impose restriction on any
one communication mode

Modem

PMU T~

Serial

LAN

TCP/IP , UDP

iiuiterrals=sCBIR200/7



TCP vs UDP protocol

« TCP/IP

— Secure protocol
— More latency due to increased security
— Not efficient for real time control or analysis

« UDP

— Non-secure

— Faster compared to TCP/IP

— Suitable within substation (secured)
— Efficient for real time application

— Multicast addressing capability

iiuiterrals=sCBIR200/7



Typical case studies of traffic over the LAN
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Typical case studies of traffic over the LAN...
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Typical case studies of traffic over the LAN...
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PMUs FOR WIDE AREA MONITORING
AND CONTROL

« Wide Area Monitoring and Control with PMUs

— Utilizing PMU data for various Power System Applications
analysis and modelling

— Strategic Deployment of PMUs

— Discussion on real time control using PMU data

iiuiterrals=sCBIR200/7



PMU data for power system application

 Real Time Power System Measurement Snap Shot
— State “estimation” is simply “measurement”

— No need to solve cumbersome iterative state
estimation

— Wide area Is observable in real time

iiuiterrals=sCBIR200/7



PMU data for power system application...

* Transient Stability

— Real time information helpful in observing stability of the system
(e.g. PV curve)

— Small Signal analysis (e.g. modal analysis, using Prony’s
technique)

— Real time stability control is possible — especially with
synchronized sampling on PMUs

iiuiterrals=sCBIR200/7



PMU data for power system application...

o System Modelling

— Transmission line modelling

— Driving point impedance is helpful to under stand frequency
response of the system

— Useful for training intelligent systems- such as — Neural Network,

Fuzzy logic — training samples are available with real system
data

iiuiterrals=sCBIR200/7



Strategic deployment of PMUs

Approximately 1/3 of PMUs are required to observeth e

entire wide area
ititernialssCBIRP:20 0/



Real time control

e Possible, but not very easy
« Just the real time data availabllity is not enough

 Real time capabilities to analyze good-and-bad
data

« High availability of communication system
(reliablility), and security are very important

 Interoperability of different vendor PMUs

iiuiterrals=sCBIR200/7



CONCLUSIONS

 PMUs can provide useful information for Wide Area
Monitoring, Protection and Control

* Need to establish interoperability of PMUs (dynamic
performance)

* Need for more customer friendly PMU calibration and testing
devices to meet C37.118 compliance levels

 PMU technology can be best utilized with active participation
and cooperation from Utilities, Industries, Academic
Institutions, and organizations like NASPI, PSRC, NIST,
EPRI etc.
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