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- MSU — Department of ECE (Fall 2009)
Power and High Voltage Faculty

e Dr. Stanislaw Grzybowski, MS Power Endowed Professor, IEEE Fellow
e Dr. Marshall Molen, Ergon Distinguished Professor

« Dr. Mike Mazzola, Professor

* Dr. Herbert Ginn, Assistant Professor

* Dr. Yong Fu, Assistant Professor

« Dr. Anurag Srivastava, Assistant Research Professor
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R - MSU Power and High Voltage Group  [g==y

Power
Systems
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Electronics
Modeling and

_ Real Time
High Voltage Simulation
Engineering

Intelligent

Controls of

Power System
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Recent Research Activities &
| a2
e, Interactions

Industry

ltron  ALSTOM

ONR Electric Ship

DOE- NSF
Alternative CAREER

ABB

NGSS

SEL

Energy DOD TPl PNNL
DOHS Utllltles* DCSI . Siemens
Detroit ~ Southern Company Electric
Edison TVA
Wisconsin
Consumers Public Service

Energy

Entergy z<|\(|:§||3)Energy

SMEPA

*Summer Internships for Graduate Students
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= Flexible management of energy flow throughout distribution systems by means of a multi-

Hardware Test Bed for Shunt
Connected Current Controllers

a0

functional power electronic converter systems.

Efforts in this direction have included:

» Investigation and development of PEBB based multi-functional
converters

» Development of lower level control functions to cope with small
scale power system concerns such as distorted voltages, high
frequency variability, and EMI.

» Consideration of parallel operation and
system level control issues of multiple
power electronic converters

Other

SCCs
.

Parallel converters

Test-bed for
experimental validation

H

Data Acquisition &

Signal Processing

Bi-directional
Voltage
Source

N
>

L3
\

Interface with System

Level Control <1’:|

‘ﬂ&
-

Reference Signal  |Y
Generation

N

Converter <

o m m  m m — ——

PEBB-based

converter

PEBB Hardware Section, Sensors and
Section of PEBB Level Control

Digital
controller
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Additional Equipment and Hardware
V Resources

Name Type Quantity
SEL- AMS | SEL Adaptive Multichannel Source

SEL 351 Over-current Relay

SEL 421 Distance relay / Phasor measurement unit
SEL 487B | Differential Relay

SEL 3306 | Phasor Data Concentrator

SEL 3378 | Synchrophasor vector processor

SEL 2407 | Satellite Synchronized Clock

GE N60 Synchrophasor relay

GE D60 Distance relay

AB PLC

Dranetz BMI Power Platform
S&C'’s Intelliteam I

S&C’s Intellicap

RN Rr|IRr[RrIRr[R|IM] W[N]

Virginia Tech /TVA Frequency Disturbance
Recorder
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Additional Equipment and Hardware
Resources

- P SCAD
Two National Instruments PXI S| = W?;‘.(sta'ﬁo;n

controller -
Two racks of RTDS ’

Real time VTB and dSpace |
controller

G

i dSPACE |
: ControlDesk !
Software |

_____________________

MATLAB/
Simulink with |
“.RT\N and RTI :

dSPACE Controller board (in PCI slot of PC motherboard)
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Software Resources

Siemens PSS/E
Siemens PSS MUST
PowerWorld

PSCAD

RSCAD

CAPE

RDAP

LABVIEW
Matlab/Simulink
LINGO

AcSELerator software
Synchrowave console

XML Spy
VTB 2003
IBM Rational Rose
Ansoft Simplorer
Developed Software
GE Viewpoint

GE InerVista
ETAP
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My Research Project @ MSU B

e

« Grid security/cybersecurity Distributed Simulation by ONR

funded by ORNL/DOHS/DoE « Geographically distributed
«  Grid security and vulnerability simulation
In extreme contingencies like e Distributed state estimation
Hurricane Katrina « Wide area monitoring control
e Ontology based tool test bed

 Renewable energy funded by Electric Ship funded by ONR

DOE « Power system modeling and
« Biomass based DG integration real time simulation
« Technical and economic issues « Power system reconfiguration
e Micro gnd control e Power System Stability

 Power system protection
e Visualization of data
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Future Power Grid

EEE Future Grid

Employ technologies
to make present grid

PSERC

_ ligrid
o G more reliable, )
of secure, efficient and 4dern Grid
economical (NETL)
Cesiigi perte
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Future Power Grid

SMART G R1 D Smart appliances

A wision for the future — a network Can shut off in response to
of integrated microgrids that can frequency fluctuations
manitor and heal itsell

Demand management

Use can be shifted to off-
peak times to save maney.

aolar panels

P

I Disturbance
in the grid

Execute spegial protection nd X}
schemes in microseconds. @ disturbances, and can signal
for areas 1o be isolated,

| peak times could be stored
| in batteries for later use,

Wind farm

Generators

Central power
Energy from smallgenerators 3 b
and solar panels can reduce =4 > Industrial phan

overall dermand on the grid, ""‘ﬁ : - =" plant
|4 o
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Drive to Future Power Grid

Recent Ageing
Blackouts Infrastructure

Increasing
energy costs
Sustainability

Ageing Work
Force

Growing share
Reduction of of renewable
CO2 power
generation

Developments in
information &
ole]plife]
technologies

New types of
load, such as
PHEV

Restructuring Changing policy
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Energy Independence and Security
\}
Act of 2007

Characteristics of a Smart Grid as described by Title XII|
of the Energy Independence and Security Act of 2007:

dynamic
optimization of grid
operations and
resources

increased use of
digital information
and control

cyber-security;

deployment and
integration of development and

distributed incorporation of energy efficiency

resources,

resources and demand response,
generation,

deployment of
“smart” real-time,
automated,
interactive
technologies

peak-shaving
technologies,
including plug-in
electric and hybrid
electric vehicles,

deployment and
integration of
advanced electricity
storage

Slide 18




American Recovery and B

Reinvestment Act 2009

Department of Energy to develop a smart, strong and secure
electrical grid,

which will create new jobs and help deliver reliable power more

effectively

less impact on the environment

The Vice President outlined plans to distribute more than $3.3

billion in smart grid technology development grants

An additional $615 million for smart grid storage, monitoring
and technology viability
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e

Self
Healing

Smart Grid Benefits

a0

Resist Consumer (R;Z%J:ﬁ Energy Greater Demand
Attack Involved Footprint Saving Efficiency Response
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Smart Grid Challenges

Open
Architecture
and security

Needed R&D
Money

Quantification
of Benefit

High
Investment

Customer
Readiness to
Get Involved

Interoperability
Standards

Education and
Workforce
Development
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Smart Grid Research Opportunities

<

/\

.__\

Real Time
Modeling
and
Simulation

Interoperability

Education
Plan

Seamless
Integration

Self
Healing

Dynamic
Pricing

Open
Architecture
and security

Policy and
Regulations

Price of New
Technologies
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Specific Research Activities @ PERL

Development of tool for decision support
to control center operator

-Blackouts generally occur due to cascading effect causing multiple
outages.

-Utilities generally operate as ‘N-1" secure

-No proper tool is available for dealing with these multiple outages in real
time.

- State estimation algorithm need to be investigated with PMU in scenario
of loss of sensor data

-Work needed to interface the data from multiple utilities in seamless
manner in standard format Slide 23
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Decision Support Tool to Control
Center Operator

a0

Sensor data from
Utility A

Sensor data from
Utility B

Network
Management

Contingency
Analysis

Asset
Planning

Topological
Modeling

S ———>

The estimated data )

State Estimator are converted into
estimates states and CIM/XML

measurements messages -

SensorML -

Measurements —
Spatial Database

SensorML
an XML schema

defines the geometric,
dynamic, and observational
characteristics of a sensor
describes functional models
of a sensor

Sensor
Web Client

Sensor Observation
Service (SOS)

Multiple

Display appropriate
actions based on pre-
determined rules and
online processing

Contingency
= Algorithm with
RAS

Resolve
heterogeneities in
syntactic and
structural
representations of
the data models

Real time, on
demand
processing of
data requests
from multiple
sensors /
utilities over

the Internet via
OGC web
services
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State Estimation with
Loss of Data

1

Sot

(lustered

) + ++

+

+
N

‘,) Scattered Data

+ + Calculate Error Index of
ok BN

(Weighted Least Square,
Least Absolute Value and
Iteratively reweighted
least square weighted
least absolute value)

|

States based on
estimated values

Original Data
Set

Revised Data Set with . .

++ clustered data removed Revised Data Set with
+ scattered data removed
I

Yy State Estimation State Estimation
| IR Algorlthms Algorlthms

(Weighted Least Square,
Least Absolute Value and
Iteratively reweighted
least square weighted
least absolute value)

|

Calculate Error Index of
States based on
estimated values
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Decision Support Tool to Control
Center Operator

a0

Sensor data from
Utility A

Sensor data from
Utility B

Network
Management

Contingency
Analysis

Asset
Planning

Topological
Modeling

: The estimated data [ Resolve
State Estimator are converted into heterogeneities in

estimates states and _
CIM/XML
measurements N syntactic and
structural

mesSages
/ \ representations of
~/ the data models

SensorML

Sensor

Measurements —
Spatial Database

— Real time, on
demand
processing of
data requests

SensorML
an XML schema

defines the geometric,
dynamic, and observational
characteristics of a sensor
describes functional models
of a sensor

determined rules and RAS

from multiple
r— «—— > Sensor sensors /
: Web Client utilities over
I Multiple the Internet via
: Display appropriate Contingency OGC web
: actions based on pre- Algorithm with services
|

online processing Slide 26
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Remedial Action Schemes (RAS)

* Remedial Action Schemes (RAS) are the key components for
any power system utility planning.

e Some steps taken by the utilities in order to get the system
back to its normal operation:
» Shunt capacitor switching
» Generation re-dispatch
» Load shedding
» Under load tap changing (ULTC) transformer
» Islanding
» Phase shifter

Slide 27




Type of

Contingency

Line
Outages

Execute
MLODF
EMLOVS

Algonthm |

Get
MLOBSEF/
MLOVS

Generator

Outages
—

Execute
MGODF
&EMGOVS
Aleonthm

Rule -Base based on offline power

flow studies and experience.

Get
MGOBSF/M
GOVS

Take comrective

actions based on
Sensitivity.
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137 Bus Utility Test Case System

|IEEE 118 bus system (similar topology)

»12 generators
» 137 buses

»159 transmission  ~z=/" N\ o= T
lines M - — ey —t, & e,

» 31 transformers ok N [ S L g O\
———— ,,' B N W ) “l
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Decision Support Tool to Control

Center Operator

a0

Sensor data from
Utility A

Sensor data from
Utility B

Contingency
Analysis

-
Asset |
Planning |
I
|
|
|
o

Topological
Modeling

The estimated data

State Estimator
estimates states and
measurements

are converted into
CIM/XML
messages

SensorML —

Sensor

Spatial Dat

SensorML
an XML schema

defines the geometric,
dynamic, and observational
characteristics of a sensor
describes functional models
of a sensor

Sensor
Web Client

Multiple

Contingency
= Algorithm with
RAS

Display appropriate
actions based on pre-
determined rules and
online processing

- Resolve

heterogeneities in
syntactic and
structural
representations of
the data models

Measurements —

abase

— Real time, on
demand
processing of
data requests
from multiple
sensors /
utilities over
—  the Internet via
OGC web
services
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CIM/ XML/ Sensor Web

« Need seamless integration for data coming from multiple resources
« EMS/DMS applications may need to share data with each other
o Utilities may plan to upgrade computer systems/ buy new packages.

Data Integration Option

 Create one-to-one interface between applications (previously used).
 Save the same data in different formats (creates redundancy).

« Save the data in a format that can be read by any application

(Involves loss of accuracy).

 Save the data in an highly detailed and customizable format
compatible with any application. Slide 31




Advantages of CIM Interface fsere)

Load g
— | Management W [ Load J
3 - N .\ S m Management
- g A
Asset Planning| | Protection | E ) l (
e - Asset Planning| N =7 | Protection |
X/ = i e
l K* b f& i Qcmﬁxmm"
W e N m N
Hetee ‘5‘: s [ Historian J ;g”ﬁ L
Managem IﬂJ S 7 Network | = b T~y . .
N ? h'[ﬂ]]ﬂgEDIEDIJ l | Historian |
s ) y’/f
SCADA

a) Traditional integration m b) CIM integration
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CIM/UML diagram created for PMU

FlMUAsset

+ PMUType: String

+PMUbsset | 0. .123\

+FMUAsset +FMUAssetModel
0.~ 0.1
|
+FliUAsset +PMUAssetMadel

0.1

g = tFMUFroperies

PMUAssethodel
{leaf}

PMUProperties

E I S S

curentRange: Text
frequencyTrackingRange: Text
GPSTime: Text
phassfngleRange: Text
samplingRate: Freguency
voltageRange: Text

. 1+F'MUF'r:>|::-|:-rti|:-5

0.1

+PhU II[I..1

PMU

burden: ActivePower +PMU

+PMUProperies

+PMUTypeAsset

0.*
0.% | +PMUAssethlodel

i +PMUTypaAsset
0.1

TypeAsset: PMUTypefsset

+PMUTypehsset

IRIG-BSignalType: Text 0.+
timingAccuracy: Seconds|
total\VectorEmor: PerCent

0.1

+ ok ok

burden: ActivePower
IRIG-BSignal Type: Text
synchrophasorilessageRate; Text
timingAccuracy: Seconds
totalVectorEmor:. PerCent

C
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Interaction Between CIM and
% snae
Sensor Web '

Utility A

L

L

State CIM/RDF
Estimator | — documents -

e

Sensor
Measurements

Spatial
Database

Sensor
Characteristics

i

CIM/RDF User

documents 1

J

SOS server

v _
-,

State CIM/RDF l ,
Estimator documents |
SensorML

L documents

A
Sensor CIM/RDF /
Characteristics documents

Sensor
Measurements
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Implementing Developed Tool
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Spargl Query Results{Table) Results{XML} Contingency

<?7xml wversion="1.0"7?>
<spardgl
xmins: rdf="http: /S fwww . w3 . org/1999/02 /22 —rdf—syntax-—n=s#"
xminsg :xs="http:! //wWww . w3 .o0rg,/ 2001/ XML.Schema#$™
xmlns="http://www.w3.0rg/ 2005/ spargl—-resulc=§#™
<head:>
<wvariable name="Eq"/>
<wvariable name="TerminalID"/>
<variakle name="Stcatus"/>
</ head>
“results ordered="false™
<result>
<binding name="Eqg™>
curix>file: /S /C: fRescarch,/Vinoth%Z20data/Rule3:
204/ Beforet2f0energizing/Ruled4—-l1line—
status.xml#fMEC 1059< uri>
< /binding>

>

distinct="fals=e">>

Fnter Filename

Get Observations

archive

-

Request Response Table

Offerings

Voltage
RctPower

Stations

Sensor-1074 =~
Sensor-1075

Sensor-1077
Sensor-1073 =]

Get Capabiliies |

|2DDB IDS |m |12 |u5 IDD

Temporal Duration Comparision Filter Spatial Operator
Spatial Subset Points in space

|None Upper: 32.54 —-88.6 =]
Lower: 33.46 -89.8 [+

Contains

Intersects

Owverlaps

<?xml wersion="1.0"
872>
<GetObservation
xmins="http: // www.opengeospatial .n
et fsos™

encoding="UITF-—

xmins:gml="http://www.opengis.net/
gml™
xmins:ogoc="http: //www.opengis.netc/
og=™
xmins:ows="http:// www.opengeospati

al .nec/ows"

xminsg rxsi="http: //wuww. w3 . org,/ 2001/ vI

Clear | Submit
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Specific Research Activities @ PERL

Development of Power System Monitoring
and Control Test bed

-Needed hardware and software platform to test developed
algorithms related to wide area monitoring and control

- Developed platform can be used for educational activities

-Real time digital simulator helps monitoring the measurements and
control signals in real time

- Performance comparison of PMU’s, voltage stability algorithms,
distributed state estimation, Synchro-phasor vector processor are

some of the current research activities
Slide 38




Current Smart Grid Demonstration Lab o

Multiple Relay

NI PXI controller

Control Center Operator Server
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Power System Control Test Bed

Work Station

GPS Clock \Vector Processor

RTDS
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Transient Stability Enhancement |58

* Transient stability:
» Ability of the power system to maintain synchronism when subjected to
a severe disturbance.

 System stability is generally detected by:
e Monitoring system quantities such as sudden change in power flow,
change of bus voltage angle, rate of power change.
 Angular separation between the machines remains within certain
bounds, the system maintains synchronism.

 Detection of instability will cause:
» Taking control action such as controlled system separation, or opening
the appropriate lines, or shedding selected loads before cascading outage
can occur.
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. Fault Logic

System Details

Gen 1-500MW
Gen 2 - 700MW
Gen 3 - 600MW

Dynamic Load 1 (RL
type) - 800MW

Dynamic Load 2 (RL
type) - 1000MW

Fault Type — Line to
Ground

Slide 42




Angle Difference Scheme - SVP

RS,
i
FTRIG FOC 1
o Eg o FAST_OP RENOTE BT CLEAR
H N 0K
IDCODE JERROR
—REUOTE AT
I P%ST 3 -
EN 04 O FO3 ;
APIIANG= 0360 |pNG_ DI HIEBT=0T A4 CLKH 0 FAST_OF RENOTE B 3ET
SPIMAG=L0TH 6D AL e EN 0
T, AL_Q-@H - IDCODE JERROR
HTHD S0 —REUOTE BT
o TR i
—PU T

AS0C=1240029569 —IN_S0C
AFO3_USEC-T3333 :IIN_FOS

» Uses the IEC 61131 programming language for PLC’s. Here we have used FBD
(Function Block Diagram) type as the option for modeling in SVP. Slide 43




Results

During Normal Condition

Subsystem #1[IMPORT B '
200 EREL
27.544° | ..
-
\

480 MW _":":ID 2.5 5 7.5 10 12.5 15 650 MW

\ Angle Difference between Bus 1 and Bus 2

\ Subsystem #1|T-Lines|TLG @l [} Subsystern #1|T-Lines |TL2 / @l (]

GO0 — \ IE 1.000 — |—F'1_T|

g = S i

T.L. 1 Real Power T.L. 2 Real Power Slide 44




Results — Continued...
During Fault Condition

[/ C:RIDS_USERfilemaniAnjanACsystemSVP.sib Compiled or:rack1  Started: 22:48:45 iie
. 0 T 0 ¥
Subsystem #1[T-Lines|TL2 % (o] g
2,000 E
1,000
ok
-1,000 1
o 5 & 15 10 1245 15
Subsystem #1|T-Lines[TLG e e}
1,000 E 1
A00 -
g o
500 -
1,000 : Sl
o 248 & 78 10 124 15 15

Transmission Line 1 and Transmission Line 2 Real Power
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Results — Continued...
After SVP action

33333333

88888888

C:RTDS_USERil ystemSVP.sib  Compiled on: rack1  Started: 22:54:16 o’
: —
FLTA
T Subsystem #1|T-Lines|TL2 fig| O E
1
aaaaaaa
ssssssss
—
Subsystem #1|T-Lines|TL6 Mgl C |0
]
sssssss
sssssss

Transmission Line 1 and Transmission Line 2 Real Power
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= |ntroduction to ECE Department @ MSU
= My Research Activities at PERL @ ECE, MSU
= Future Power Grid with Increased Security
 Introduction
e Drive for Future Grid
o Specific Research Activities @ PERL

o Development of tool for decision support to control center
operator

o Development of wide area monitoring and control test bed
= Summary
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Introduction to future power grid and major drives for these
technologies have been discussed

Some of the specific research activities at PERL, MSU related to

Summary

development of tool for decision support as well as monitoring and

control test bed were presented

Developed tool have been tested with several test cases including
utility system

My vision for future power grid are several micro-grid’s connected
by MVVDC/HVDC with high embedded control to provide needed

flexibility, adaptability, and isolation in case of faults
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' Changes are Needed to Keep
e, up with Change

¥

IR s
i 2 # J

Together building a prosperous future,
Where energy is clean, abundant, reliable, safe, secure and affordable
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