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 OMS - Oscillation Monitoring System

« Stand-alone system for oscillation detection
and analysis using wide-area PMUs

* VSMS - Voltage Stability Monitoring
System

« Stand-alone system for voltage stability stress
iIndicator using wide-area PMUs

* GridSim — Large-scale real-time
power grid simulator

« SLVC — Substation voltage controller



WASHINGTON STATE
@ UNIVERSITY

Oscillation Monitoring System

IEEE C37.118

Real-time PMU
data stream

BPA PDCstream

OpenPDC

:OMS|

SQL server

OMS results

-

openHistorian

measurements

OMS action adapter built into OpenPDC 64 bit version 1.5
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Complementary Engines

e Event Analysis Engine

¢ Four algorithms: Prony, Matrix Pencil, Hankel Total
Least Square and ERA.

¢ Aimed at events resulting in sudden changes in
damping
e Damping Monitor Engine
¢ Ambient noise based. Continuous.
¢ Frequency Domain Decomposition

¢ Provides early warning on poorly damped modes
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OMS Engines

e Event Monitor Engine

¢ Automated Prony type analysis of oscillatory
ringdown responses

¢ Five seconds of PMU data analyzed every one
second

e Damping Monitor Engine
¢ Automated analysis of ambient noise data

¢ Four minutes of PMU data analyzed every ten
seconds
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Voltage Stablility Monitoring System

IEEE C37.118

Real-time PMU
data stream

BPA PDCstream

OpenPDC

VSI\/IS|
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SQL server

VSMS results

B

openHistorian

measurements
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VSMS Real-time Display

. Yoltage Monitor
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Time Linex Result Type Value
20:54:10 #1 Voltage 1d 166 -
20:54:10 #1 Current Id 164
20:54:10 #1 Type 1
20:54:10 #1 Positive Index 6.76 1=
20:54:10 #1 Negative Index -6.99
20:54:10 #1 Positive Confidence 0.91
20:54:10 #1 Negative Confidence 0.95
20:54:10 #1 Voltage 1d 189
20:54:10 #1 Current Id 187
20:54:10 #1 Type 1
20:54:10 #1 Positive Index 3.94
20:54:10 #1 Negative Index -4.3 =

to server command "Subscribe”: Client subscribed as compact unsynchronized with 1250 signals.
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of Power Grid Operation & Control

* Funded by USDOE

« Simulate PMU like real-time responses of large-
scale power system including power grid
dynamics and communication network

* Most of the following slides contributed by
Chuanlin Zhao
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#&. Configure

GridSim PMU Configuration

Configure Server

I C:\GsProjects\Tsat\4Tsat2Pmu\179wecc\p

Load Power Flow File ......

I 102 Search By From Bus
FromBus ToBus Tag Type

| 102 NfA Bus

I |102 104 1 Branch
— |02 108 1 Branch
— |102 108 2 Branch
— |102 103 1 Branch
— |102 103 1 Branch

I~ select/Deselect All

|+

O] x|
FromBus ToBus Tag Type
' 102 104 1 Branch
— 102 108 1 Branch
I select/Deselect All

TSAT Port:

48000

Save UDM File

7
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GridSim Comm Port Spec

& Server

Configure Server
— User Select

=] 3

UDM File: l C:\GsProjects\Tsat\4Tsat2Pmu\179wecc\udm.dat

Choose ...

Listen Port: | 7027

Stop

— Server Information

begin listening, ......

trying connecting to TSAT, ......
new receiver conneted to the device
ConfigurationFrame2 Sent

VVOILU LSS, TULE LU ruce.




GridSim 37.118 outputs

¥ PMU Connection Tester _ O]
File  Help

_—Je’, Connection Parameters
| Icp | Udp | Serial | File Default IP Stack: IPv4 | Pratocol |

I |IEEE C37,118-2 LI Disconnect |

HostIP: |127. 0. 0. 1 [~ Establish Tep Server ; .
Device ID Code: I 18 . Version4.2.12

Port: I 7027 Cormmand:
IDisable Real-time Data _:j Send I

e Slternate

Not Defined

PHL- D Code: 1 ;I Configured frame rate: 30 framesfsecond .Iil
[<97-96-1> ~| % | 59.9499 2
o
Phasor: [Selected is reference angle) _S_., SADHI, §
0o @O
IV: Yoltage :_‘ s g iiakin e
= 2 Nemrg 5 | 59-9483 g
asors: ominal S @
SR Frequency: ' 59.9477
o 60Hz 3
Digitals: 0 180 —‘foltage
J — Current
90
Power: -1328.6350 MW/
Vars 64679 Myars a
-90
-180
| Graph l 4 Settings |i12] Messages | 4] Protocol Specific

_—Jdﬂ Real-time Frame Detail

Frame Type: DataFrame Ah 01 01 CA 00 12 51 B1 18 A4 00 20 6F AC 00 00 49 02 4D BB CO0 23 D9 67 44 4F 73 29 3F 16 18 D7 42

Time: 2013-06-06 23:17-56.126 6F CA 75 00 00 00 00 00 00 49 02 4D BB CO 23 D9 67 44 4F 73 26 C0O 23 89 A2 42 6F CA 75 00 00 00 0O
e e T 00 00 49 02 B8 57 CO 1E 6B 1B 44 4F 73 26 3F 16 18 E2 42 6F CA 72 00 00 00 00 00 00 49 02 B8 57 CO

Frequency: 59.9477 Hz 1E 6B 1B 44 4F 73 23 CO0 23 89 A4 42 6F CA 72 00 00 00 00 00 00 49 00 AE BO C0O 24 85 6F ...
Angle:  -146.685456803896°
Magnitude: 533.7237 [324.4365] kY

Display: I Hexadecimal LI TE

| Total frames: | 1782 || Frames/sec: | 26.5560 | Total bytes: | 817370 [Bit rate (mbps): | 0.0928 |Queued buffers: [ 0] %
World Class. Face to Face.
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WECC Test System

WECC July 2, 1996 blackout case
6180 buses

1005 generators

« 11982 branches

« |daho area monitored by PMUs
109 buses in Idaho

« 223 branches, 25 generators, 46 loads,
77 transformers
e 480 PMUSs streamed from simulator wasimeron smare
@UNIVERSITY

World Class. Face to Face
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Voltage Controller Structure s

New Energy Horizons
Opportunities and Challenges

. State
Wide-area PMU SCADA Estimation Operator
measurements data model inputs

Supervisory
Central
Voltage
Coordinator
(SCVO)
Supervisory Supervisory Selected
Control Sgﬁ'ggtgdt Control SCADA data
Signals ata Signals
Local Substation #1 Substation #N Local
PMUs Local VVoltage ) ) ) Local VVoltage PMUS
Controller Controller
Switching SLVC #1 SLVC #N Switching
commands commands

= = =

Substatlon #1 Substatlon #N

Controls Controls
e SOUTHERN CALIFORMIA

- EDISON & IEEE

An ELNSON INTERNATIONALY Company
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SLVC Controller 7 N

New Energy Horizons
Opportunities and Challenges

Local PMU
measurements
ULTC
—— transformers
Selected Poca}
SCADA Switching —Capacitor banks
data commands
V/ Reactor banks
Substation . Other VAR
Local devices
Supervisory Voltage Alerts
control Controller ~ Local Operator
signals >> Alerts
Alarms to Grid

Control Center

SOUTHERMN CALIFORMIA

EDISON & IEEE
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~ OpenPDC at WSU

OpenPDC used extensively in several projects

OpenPDC based PMU applications installed at
Entergy, TVA, and Idaho Power.

GridSim — large-scale real-time simulator,
commercial version from Powertech.

Suggestions, Debugging, and WSU code
contribution

Config tools, Visualization tools

Closed-loop controls for substations and control
centers

26



