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Phasor Me

A phasor measurement unit (PMU) |
estimate the magnitude and phase anc
phasor quantity (such as voltage or curren
grid using a common time source for synchro
Time synchronization is usually provided by GPS o
Precision Time Protocol, which allows synchronized ree
measurements of multiple remote points on the grid.
PMUs are capable of capturing samples from a waveform
guick succession and reconstructing the phasor quantity,
made up of an angle measurement and a magnitude
measurement. The resulting measurement is known as a
synchrophasor
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WHAT IS A VOLTAGE F

= A Phasor is a rotating vector

* Voltage Phasor is defined by magnitude r; and angle ;
= Angle is measured with respect to universal time (T=0 top of a second)
= Phasor rotates counter clockwise, similar to rotating magnetic field in a synchronous generator
= A Synchrophasor is a Phasor referenced to 60 Hz with angle referenced to universal time (T=0

top of second)
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Phasor Representation
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OF PHASE ANGLE DIFFERENCE

Power flows from high to low voltage in DC
,I, systems.
*  Power flows from high voltage angle to low voltage
angle in AC systems.
* Power flow equation:
P=V, V, sin(0 - ¢)/Z, where 0 is greater than g
* Synchrophasor angles are correlated to
universal time (UTC) and 60 Hz
* Allows comparison over wide area
* The voltage angle difference between two
substations correlates with the power being
transferred across the grid between them
0 4 90 180 « The current angle paired with voltage angle
Angle Difference describes real and reactive power on any line
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FRASTRUCTURE

Courtesy: Adapted from EIPP presentation

DATA CONCENTRATION
1. Measurement (CT, PT) (" Substation pvu Bl & TIME ALIGNMENT

2. Conversion to Phasor
guantities - PMU

3. Data Aggregation and Time
Alignment

4. Data Transport

Substation 2-N

Data
Concentrator

5. Wide Area Visualization

Secure Internet

C37.118 @ T0 2-N
ISD Data
Cuncentrator
DATA
TRANSPORT
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< System Moac

<+ Key feature of a smarter grid: Improve
and control of the transmission system

<+ GPS-synchronized Phasor Measurement Unit
communication technologies enable
advancements in system monitoring

<+ This presentation reviews traditional and modern
technologies and provides a starting point to the
Synchronization Project Proposed for the ERCOT
controlled portion of the Grid in Texas
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Phasor Measurement systems are
following systems or components
<+ Control center and SCADA system

<+ State estimation with SCADA measureme
<+ Phasor Measurement Units (PMUSs)

<+ State Estimation with PMU Measurements
<+ GPS Timing Control
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% Control Cente

Mimic Board

<+ Computer programs, hardware, ant
communication infrastructure used to
monitor, control, and operate the

power grid P S S\

: /
‘:’ FunCtlons // Display / Control Interface
< State estimation '! = o
= - Computers
<+ Economic dispatch 2 U IJUU oo
<+ Optimal power flow 3
g CIOC's
« Unit commitment 2 Wi

<+ Load forecasting

< Security assessment

Terminal
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<+ System Layout
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State estimation,
visualization, energy
management functions

Communication
iInput/output controllers
(CIOC’s) transfer data to
computers

Data collected at Remote
Terminal Units (RTUs)

Sensors located in the field
Wattmeter, voltmeter,
current meter,

breaker
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» SCADA SY

*

<

< Supervisory control and data ac

< Transmits data from the field to a ce
versa

<+ Data collected every one to a few seconds
<+ Data typically include

<+ Breaker and switch status

<+ MW flow measurements

<+~ MVAR flow measurements
» Voltage magnitude measurements

<+ Current magnitude measurements
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% SCADA SYSTEM
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% State Esti

<+ Given measurements, compute
the system state

<+ System state typically considered to in
voltages at all buses

< If the network topology is known, then all other
electrical quantities can be computed (currents,
power flows)

< Crucial in all other control center functions
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Bad data
detection

Breaker B ' f

| [Topolo est estimate o
and switch < Progessinggy system state &
status

model

Analog measurements
(power flows, voltage
maghnitudes, current

\\magnitudes)
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<+ System State
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» Power grid with N buses

Bus 26  Bus 28
Bus 2

» Complex voltage at bus n O Lt

@

Bus 20
G
Bus 23
Bus 32 Bus 34| Bus 33 Bus 36
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System State

Bus 2
Bus 18 Bus 17

Set to zero to avoid phase
ambiguity

» Number of unknown states
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¢ System State

M measurements from sensors

1. Flows: MW and MVAR flows on transmi
transformers

2. Injections: MW and MVAR injections at system &
3. Voltage magnitudes at system buses

4. Current magnitudes
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Measurement Vector fun
vector Nonlinear map
states to

measurements

<+ State estimation: Given measurement vector, find syste
state

<+ Overdetermined system: More measurements than
unknowns (M > K)

<+ In addition, measurements are perturbed by noise
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*» Noise Moc

+ Independent measurements ac

% Zero mean

<+ Itis possible that a sensor introduces gross €
(outliers or bad data) due to e.g., equipmen

< Specialized techniques can deal with this situatio
<+ Standard deviation of measurement of sensor i: g;

<+ Determined by accuracy of meter used
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Phasor measurement unit (PMU)

PMUs can measure the voltage phasc
current phasor at the lines

Collect measurements between 10 and 60 ti
second for 60 Hz systems and between 10 to 50 t
second for 50 Hz systems (IEEE C37.118 Standard)

Equipped with GPS receivers that provide a very accurate
clock signal

GPS time information is used to timestamp the PMU
measurements
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% Phasor Da

<+ Phasor Data Concentrators (PDCs
measurements from multiple PMUs

*

< Buffer input streams to account for differe
between times of delivery from different PMU

<+ Align data according to their time-stamp

*

Provide the data to other PDCs or the control
center

L)

0.0
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< PMU/PDC Net ASCENIRUST.

A Data Storage Data Storage
“ PMU .

e Y I* T Network
” \ Local PDC Corpoi'ale : - .
Local PDC

- ‘ Super PDC
i ﬂ PDC ) ‘i"
% Hardware based device Super PDC
Physically close at the PMU » Operates at regional scale

Transmission Owner Regional Entity
(e.g., at the substation) Organizes dataset and

makes it available for

Corporate PDC
<+ Collects data from multiple

PMUs and PDCs at high control center functions
speeds
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Phasor Measurement Units in the
North American Power Grid
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. PMU Locations
Y% Transmission Owner Data Concentrator
* Regional Data Concentrator
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NASP North American
SynchroPhasor Initiative

With information available as of March 9, 2015
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PMU VS.

Measurements

Power flows and
injections,
voltage maghnitudes,
current magnitudes

Voltage and current
phasors, frequency

seconds

Measurement model Nonlinear Linear

for state estimation

Solution of state Iterative Direct

estimation

Measurement rate One measurement 10 - 60
every one to a few measurements per

second

Synchronization
between
measurements

Poor: Time skewness

Precise: GPS time
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