


























ECE371SUN/ME393 DRW Advanced Electric Vehicles (Solar Powered Vehicle)

During 1994, a new project to initiate the design of a solar-powered vehicle was the focus of

the course. This is a project oriented course which involves the design and construction of a
solar power car. On the electrical side there is an array of solar cells, d-c to d-c connected to
charge batteries, and an electrical drive system including an induction motor. The course

enrollment during the 1997-1998 academic year was 85.

ECE376 Power System Analysis |

This three-hour course is the first of two courses on power system analysis. Topics included are
transmission line parameter calculations, equivalent circuits, network analysis, load flow, fault
analysis, symmetrical components, unsymmetrical fault analysis, and introduction to economic
dispatch. The course is designed to be a stand-alone introduction to the fundamentals of power
system analysis and provide the basis for all subsequent courses in the power system analysis.

The required text in the academic year 1997-1998 was Power System Analysis and Design by

Glover and Sarma. The enrollment was 22.

ECE378 Power System Analysis |l

This three-hour course is the second of two courses on power system analysis. Topics included
are economic operation of power systems, optimal load flow concepts, automatic generation
control, state estimation, classical transient stability, modeling for dynamic and transient stability,

and d-c transmission. The required text was Power Generation, Operation and Control, 2nd

edition, by Wood and Wollenberg. The enrollment was 14 in the 1997-1998 academic year.

Graduate Courses:

ECE468 Advanced Modeling and Control of Electromechanical Systems

This course addresses issues of electrical drives in a modern control and circuit framework.
Dynamic models of electric machines are presented. There is special emphasis on field-oriented
control methods for ac motors. Power electronic systems for high-performance drives are
studied. Nonlinear system methods such as periodic transformations, averaging, geometric
control, and feedback linearization are presented. Special topics covered include electrostatic

micromachines and permanent magnet machines. Internal notes by P. Krein are available for


















- Paolo Marannino, University of Pavia, "First- and Second-Order Methods for Voltage
Collapse Assessment and Security Enhancement"”

- Caroline Marzinzik, Mid-American Interconnected Network, Inc. (MAIN), "MAIN’s
Experiences In Calculating and Posting Transmission Capability Values"

- Chee-Mun Ong, Purdue University, "Dynamic Simulation of Electric Machinery Using
MATLAB/SIMULINK"

- lan Hiskens, University of Newcastle, "Power System Applications of Trajectory
Sensitivity Analysis"

- Chaman Singh, University of Newcastle, "Assessment of Vulnerability To Protection
Operation"

Participated in multi-university seminar exchange over the internet for the following seminars:

- Fernando Alvarado, University of Wisconsin, "The Dynamics of Power System Markets"

- Bob Thomas, Cornell University, "Power Web: An Internet Power Market Simulation"

- Bernard Lesieutre, MIT, "Results on the Existence of Solutions to Power System Quasi-
Static Network/Load Equations"

Presented the following seminars by UIUC faculty/students:

- Richard Muyshondt, "Wavelet Transforms In Image Compression"

- Dan Logue, "Hybrid Electric Vehicle Modeling, Simulation and Design"

- Angus Rockett, "Options and Opportunities for Renewable Energy Generation"

- Jon Locker, "Development of a Solar-Powered Electric Vehicle"

- Jamie Weber, "Application of a Simple Genetic Algorithm to Power System Distribution
Optimization"

- Jon Locker, "Nonlinear Control Techniques In Motor Control and Power Conversion"

- Jamie Weber, "Power system Visualization Through Contour Plots"

- Shu Tao, "Introduction of Financial Derivatives and Their Application to the Electricity
Markets"

- M. A. Pai, "Robust D-Stability Analysis Using the Edge Theorem: An Application In
Power Systems"

Presented 20 Grainger Outstanding Power Engineering Student Awards
Organized the 1997 Grainger Lecture Series on Power Systems

- The 1997 Grainger Lecture Series focused on technical issues associated with the WSCC
Summer 96 outage. It featured the following list of speakers and respective topics:

Dennis Eyre, WSCC, "Policy Implications Resulting from the 1996 WSCC Disturbances"

David Nevius, NERC, "NERC’s Strategic Initiatives for Maintaining Reliability"

John F. Hauer, Pacific Northwest National Laboratory, "Information Needs of the New
Power System"

Carson W. Taylor, BPA, "System Engineering For Power Systems Under Restructuring"

Kellan Fluckiger, Idaho Power Company, "Lessons Learned From The 1996 Disturbances:
Development of Security Processes For INDEGO"

Paul Carrier, DOE, "A Framework For Regulation of Reliability"
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Connie White, Utah Public Utility Commission, "The State Role In Reliability Regulation"
Jack E. Rosenthal, U.S. Nuclear Regulatory Commission, "Grid Reliability Concerns"

Energy Modeling Forum (EMF)

- George Gross made presentations at and participated in the meetings of the EMF. The
focus of interest is the restructuring in the electricity industry.

Data Base Short Course

- George Gross directed this short course for training of ComEd technical personnel.

Edison Electric Institute Power System Planning and Operations School, March 1997

- G. Gross is the director of this annual School administered with the support of the Office
of Continuing Engineering Education at UIUC.

- G. Gross is part of the faculty of the School.

- Tom Overbye gave a presentation on the basics of power system operations.

M. A. Pai is on the Editorial Board of ‘Sadhana’ Journal of Engineering Sciences of the Indian
Academy of Sciences, Bangalore, India

Prof. D. P. Sen Gupta visited the University of Illinois for three weeks under the Indo-US
NSF cooperative science program

Prof. lan Hiskens from the University of Newcastle visited the University of Illinois for six
months (July-December)

R. J. Turnbull is the chairman of the Electrostatic Processes Committee of the IEEE Industry
Applications Society

P. T. Krein presented a series of seminars at the University of Surrey in England

The solar power car was taken to a number of industries and meetings. Talks were given by
the participating students.

M. A. Pai is the Editor for the research monograph series in Power Electronics and Power
Systems for Kluwer Publishers

P. T. Krein presented a seminar on low-voltage dc systems to Intel Corporation

George Gross organized an NSF Workshop on Available Transfer Capability, hosted the
University of Illinois

- The workshop featured the following presentations:

George Gross, University of lllinois, "ATC Challenges"
Frank Galiana, McGill University, "Concepts of Transmission Capability and System
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Security Measures"

Alexander Flueck, Illinois Institute of Technology, "Mathematical Formulation and
Evaluation of Total Transfer Capability"

Davis Hwang and David Sun, ESCA, "Functional Requirements for Modeling and
Analysis of Maximum Transfer Limits"

Mark Gravener, PJM Interconnection and Chika Nwankpa, Drexel University, "Network
Uncertainty and a Method of Calculating Available Transfer Capability"

Bruce Wollenberg, University of Minnesota, "Problems with ATC"

Stephen Miller, Commonwealth Associates, Inc., "Transfer Capability: Data Sources and
Limitations"

Carl Imparato, Tabors, Caramanis and Associates, "Market-Based Management of
Available Transfer Capability"

Gerald Sheble, lowa State University, "Utility of ATC Information for Auctions"

Fernando Alvarado, University of Wisconsin, "Preliminary Results of Market Dynamics
Effects on ATC Determination”

Mariesa Crow, University of Missouri-Rolla and Alexander Flueck, Illinois Institute of
Technology, "Summary of Track 3 Session"

lan Dobson, Scott Greene, Fernando L. Alvarado, University of Wisconsin and Peter W.
Sauer, University of Illinois, "Initial Concepts for Applying Sensitivity to Transfer
Capability"

Raymond Shoults and L. D. Swift, University of Texas at Arlington, "Methods for
Evaluating Flows Attributable to Each Generator"

Vijay Vittal, lowa State University, "Derivation of On-Line Dynamic Security Limits for
ATC Calculations"

M. Vaziri and Anjan Bose, Washington State University, "Effects of ATC and Congestion
Definitions on Computation"

Ross Baldick, University of Texas at Austin, "Summary of Track 4 Session"

Roberto Paliza, MAIN, "MAIN’s Approach to ATC Evaluation and Posting"

Glenn Ross, Virginia Power Company, "MUST - Maximizing Utility System Transfer"

Sarosh Talukdar, Carnegie Mellon University, "ATC Measures: Some Suggestions"

A final report called the "Proceedings of the Workshop on Available Transfer Capability" was
edited by G. Gross

P. T. Krein was selected as a Fulbright Scholar for a year of research in the United Kingdom

George Gross presented a seminar on his work at the University of Hong Kong in December
1997

U.S. National Committee of CIGRE
- George Gross is a member of the Executive Committee with responsibility for strategic
Planning

- George Gross is an Expert Advisor to the U.S. Representation for CIGRE Technical
Committee 39
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6. RESEARCH FUNDED BY OTHER SOURCES

The Power Affiliates Program is a source of seed money which enables the faculty to obtain
support from major funding agencies. The following pages summarize the projects which have
been made possible through this growth.

Allocation of Losses in a Transaction-Based System

G. Gross,* S. Tao

Grainger Foundation; Power Affiliates Program

We are studying the allocation of losses as a function of power flows in a transaction-based
system. We have recast the power flow problem in a transaction-based system and are studying
the issue of allocating losses on the basis of the physical flows that the transactions bring about.
The use of appropriate approximations is part of the approach. Extensive tests of the approach
are being carried out on systems of varying sizes. The objective is to extend this research to
other ancillary service such as reactive power.

Determination of Transmission Transfer Capability

G. Gross,* P. W. Sauer

Grainger Foundation, Power Affiliates Program

In a restructured environment, electric utility consumers will eventually choose providers of
electrical energy. Hence, there will be greater use of the system for transmission between
various players and a much higher level of power flowing through the power grid. This, in turn,
will bring about the need to quantify the amount of transmission service that a network can
provide. Our research aims to develop a consistent definition of transmission transfer capability
and a general set of procedures for its evaluation. We will investigate the information
requirements and the computational aspects and will study the use of a real-time information
network as a medium for sharing the necessary information among various parties involved in
the transmission of electricity.

Development of an Analytical Framework for Dispersed Generation

G. Gross,* Y. Lin

Grainger Foundation; Power Affiliates Program

Increased competition in the electricity supply industry, increasing costs of transmission and
distribution upgrades, greater pressures on cleaner environment, higher energy efficiency and

decreasing marginal costs of new and smaller generation technologies are some of the factors
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that are going to impact on alternatives for adding electricity supplies. The so-called dispersed
generation option has associated benefits that are diverse but at the same time may impact
negatively on the system reliability. The principal objective is to formulate a comprehensive
analytical framework for dispersed generation within which the economic, technological,
environmental and reliability aspects can be studied. We are interested in deriving a set of
criteria under which dispersed generation is an acceptable alternative. A side-by-side comparison
with the conventional central planning paradigm will be undertaken. We will also explore the
deployment of the notion of financial options to the dispersed generation area.

Effective Deployment of Financial Instruments in Competitive Electricity Markets

G. Gross,* S. Tao

Grainger Foundation; Power Affiliates Program

With the recent emergence of the well defined electricity spot markets and the establishment of
the trading of electricity futures on specific exchanges, the application of financial instruments
such as options, futures and forwards provides significant new tools to players in electricity.
Such instruments can be used for risk management as well as speculation. Our focus is on the
effective incorporation of these instruments in the operation of electricity trading. We will
investigate certain design and definitional issues in the deployment of financial derivative
concepts to electricity markets. Of particular interest is the evaluation of the risk mitigation
capabilities provided by these instruments for the trading of electricity and their impacts on the
spot markets. In this research project, we will investigate the salient uniqueness of electricity
derivative contracts due to the physical power system. We will investigate the possibility of
developing new financial instruments and strategies to accommodate the different risk preference
of various participants in the spot electricity market. Moreover, we will study the impact of
financial derivatives on various players of the market.

Evaluation of the Automated Interchange Matching System (AIMS)

G. Gross,* Naomi Mwase

Grainger Foundation; Power Affiliates Program

AIMS is a computerized hourly interchange matching system whose goal is to promote the
maximum economic savings among all the participating players. This is accomplished by
matching of bids to sell and offers to buy so that the sum of the savings for all the participants
is maximized. We are evaluating the matching scheme from the point of view of the system,

a buyer, and a seller. Our interest is to study the strategic behavior of players in formulating
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their bids to see and offers to buy. We are investigating the truth revelation characteristics of the
bids/offers, the role of transmission availability and the overall impact on system operations.
Evaluation of the Bilateral - Transaction - Based Electricity Markets

George Gross,* Jeong W. Lee

Grainger Foundation; Power Affiliates Program

We are investigating the structure and functioning of the bilateral-transaction-based electricity
markets brought about the restructuring in Norway and Sweden. The objective is to analyze the
salient characteristics of the Nord Pool market and to perform a side-by-side comparison with
the England and Wales Electricity Pool. The development of a mathematical model representing
the market structure and rules governing the operation of the Nord Pool market will be
developed. The study will asses the functioning of the Independent Grid Operator and the
critical role of transmission services.

Multiarea Power Systems Production Costing

G. Gross*

Grainger Foundation; Power Affiliates Program

The most challenging aspects of multiarea studies is to model realistically the loads and resources
in each area and to construct computationally efficient schemes for their simulation. Typical
applications are to interchange contract evaluation, geographically differentiated marginal costing
studies, transmission services pricing, and strategic and resource planning. The multiarea
production cost simulation model must correctly take into account the impacts of transmission
constraints as well as interconnection operational policies. Our objective is to build a general
model to simulate the operation of multiarea power systems under various operational policies,
ranging from totally centralized dispatch to decentralized bidding dispatch.

Optimal Bidding Strategies in Competitive Electricity Markets

G. Gross,* P. Correia

Grainger Foundation; Power Affiliates Program

We have developed a general framework for the analysis of competitive electricity markets
modeled after the so-called Poolco concept. Under the assumption of perfect competition, we
formulated optimal bidding strategies for supply-side bidders. We are extending this framework
to include the consideration of demand-side bidding in electricity markets. Strategies for
maximizing profits of demand-side bidders are studied. Additional areas of investigation are the

relaxation of the perfect competition assumption, the study of market power, the explicit
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incorporation of uncertainty, the impacts of transmission, the effects of longer term contracts and
the incorporation of financial contracts into the strategies of bidders.

PEBBNET: The Development of a Conceptual Framework for a Network of Power Electronic
Building Blocks and Its Application to the HEV

G. Gross, P. Krein, D. Logue, C. Pascual

SRI International

The UIUC team is developing a conceptual framework for the design, analysis and
implementation of an interconnected network of power electronic building block (PEBBs). In
addition the deployment of this framework to the HEV as a testbed for validating its applicability
is being undertaken. Key aspects of the work are the formulation and evaluation of conceptual
approaches for the hierarchical control of large-scale interconnections of PEBBs and the
development and analysis of models for the HEV. The UIUC efforts support the SRI work for
the U.S. Navy in furthering the objective of the Navy of becoming "more electric".

Power Electronic Building Blocks Interconnected Network

G. Gross,* P. Krein,* D. Logue, C. Pascual

SRI International

Conceptually, Power Electronic Building Blocks (PEBBs) are smart power electronic modules that
are superior to conventional power devices in that they have increased sensing, protection
control and interfacing capability. This research is directed toward development of a conceptual
framework for an interconnected network of PEBB devices. The objective is to use the
framework for addressing analysis, design and control issues. The University of Illinois’ hybrid
electric vehicle is intended to be used as a test bed for this framework and other conceptual
developments.

Simulation of the Multinode, Open Access, Same-Time Information System

G. Gross,* Y. Tian

Grainger Foundation; Power Affiliates Programs

A Web-based simulator of the Federal Energy Regulatory Commission (FERC) mandated Open
Access Same-Time Information System (OASIS) network was implemented. The purpose of the
simulator is to provide a tool to study the various aspects of an OASIS network, to gain a strong
intuitive feel for its operations, and to train users. For a specified time period, the OASISNET
simulator reproduces an OASIS network of multiple nodes using the same communications

medium as the actual system, the Internet, and with multiple players using the simulator
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simultaneously. Salient features of the simulator are its modular architecture, the ability to
simulate multi-node OASIS network operations and to accept simultaneous access from remote
users through use of client/server technology. The simulation focuses on the dissemination and
use of the available transmission capability information. Applications of the new simulator for
training and analysis are under study.

Structure Paradigms for Power System Restructuring

G. Gross*, P. Correia

Grainger Foundation; Power Affiliates Program

The entrenchment of competition, the drive for unbundling of services and products, and the
new regulatory decisions are resulting in the development of new structures for power systems.
A key consideration in the formulation of new structures is the need to have minimum
requirements for coordination to ensure the integrity, reliability, and security of the system. This
investigation is focusing on the economic efficiency, engineering/technical
considerations/constraints, and critical informational aspects of various structural paradigms.
Computer-aided Design for Power Electronics

P. T. Krein,* F. Najm,* L. Amaya

Semiconductor Research Corp.; Power Affiliates Program

Power supplies and other electronic circuits for energy processing are usually designed on a
case-by-case basis. In this project, a general framework leading to a step-by-step design process,
suitable for automation, is being developed. A user would provide specifications, then select
from alternatives presented by this CAD system. The system would establish a baseline design,
then perform an optimization procedure to refine it and meet the user’s specifications. The heart
of this CAD system is a component selection algorithm that takes an alternative circuit and
establishes component values needed to establish the baseline design.

Geometric Approaches for Control of Switching Power Converters

P. T. Krein,* ). Kimball, R. Muyshondt, M. Greuel

Power Affiliates Program; Sandia National Laboratory

Power conversion circuits are large-signal nonlinear networks controlled exclusively through the
action of switches. Several new approaches are being developed for power converter control.
One approach explains on geometric methods, such as sliding mode control, used successfully
in other nonlinear applications. In this boundary control approach, geometric structures in state

space are used to control the evolution of converter voltages and currents. Methods such as
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boundary control offer precise, reliable converter operation with minimum influence by
unknown parameters and external noise.

Hybrid Electric Vehicle Systems

P. T. Krein,* R. A. White* (Mech. & Indus. Engr.), Scott Splater, C. Hidrovo, D. Logue
National Renewable Energy Laboratory; Xantrex Technology, Inc.

(In conjunction with the Department of Mechanical and Industrial Engineering)

A complete hybrid electric car, combining an electric traction system with an engine-generator
set, has been built and is now under study in the laboratory and on the highway. The car is
designed to meet all performance, safety, and convenience characteristics of standard
automobiles, while reducing exhaust emissions by as much as 90%. Objectives are to
characterize major subsystems of a practical hybrid car in depth. Tests of efficiency, fuel
economy, and emissions are being conducted. Parametric studies of subsystems are in progress.
The data and information will assist industrial firms in the evaluation, design, and development
of hybrid vehicle technology.

Low-Voltage Power Supplies — Operation and Control

P. T. Krein,* L. Amaya, J. Kimball, M. Greuel

Power Affiliates Program

Modern microprocessors and both analog and digital circuits are being designed for lower
voltages to support high densities and fast operation. This project considers solutions for power
supplies operating in the range of 1V to 3 V. Synchronous rectifiers and related techniques are
being developed for this operating range. Control methods to minimize power loss and provide
robust operation have been identified. A complete integrated circuit power converter for this
range has been designed and fabricated in the MOSIS process. This converter will help support
extensive experimental work.

Nonlinear Methods for Induction Motor Control

P. T. Krein,* J. Locker, H. Maase

Grainger Fellowship; U.S. Army Construction Engineering Research Laboratories, DACA88-97-
G001/DO 125

Field orientation is a widely used control method for ac induction motors. Recent results in
nonlinear control theory, including feedback linearization and integrator backstepping, offer
possible alternatives for ac servo systems. Observer techniques allow high performance without

expensive sensors. This project examines the operating performance of new motor control
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7. STUDENT PROJECTS

This section of the report contains information on the graduate students whose major research
efforts were supervised by faculty in the Power and Energy Systems Area. While not all of these
students received financial aid from the Power Affiliates Program in terms of Research
Assistantships, they were all associated with the program through the active involvement of their
respective advisors. Those students supported by the Power Affiliates Program received
maximum one-half time Research Assistantships for 11 months. The results of each student’s
work will be made available to all affiliate companies in the form of technical reports. The
following students were associated with the Power and Energy Systems Area and their work is
described in the following pages:

Beatty, Shekita (M.S.)
Chaniotis, Dimitrios (M.S.)
Correia, Pedro (Ph.D.)
Dalton, Andrew (M.S.)
Greuel, Matt (M.S.)
Grijalva, Santiago (M.S.)
Haidacher, Steffen (M.S.)
Hossain, Izzat (M.S.)
Khutoryansky, Eugene (M.S.)
Klump, Ray (Ph.D.)

Lee, Jeong (Ph.D.)

Lin, Yan (Ph.D.)

Locker, Jonathan (Ph.D.)
Logue, Dan (Ph.D.)

Mak, Frankie (M.S.)
Muyshondt, Richard (Ph.D.)
Mwase, Naomi (M.S.)
Nguyen, Trong (M.S.)
Patten, Kollin (M.S.)

Tao, Shu (Ph.D.)

Tian, Yong (M.S.)
Troitskaia, Svetlana (M.S.)
Weber, Jamie (M.S.)

Zhu, Yiging (M.S.)
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J. Kimball and P. T. Krein, "Real-time optimization of dead time for motor control
inverters," IEEE Power Electronics Specialist Conference, St. Louis, MO, pp. 597-600,
June 1997.

M. Greuel, R. A. Muyshondt and P. T. Krein, "Design approaches to boundary
controllers," IEEE Power Electronics Specialist Conference, St. Louis, MO, pp. 672-678,
June 1997.

P. T. Krein, Welcoming address, I[EEE Power Electronics Specialist Conference, St. Louis,
MO, June 1997.

S. Greene, |. Dobson, F. L. Alvarado and P. W. Sauer, "Initial concepts for applying
sensitivity to transfer capability," Presented at the NSF Workshop on ATC, Urbana, IL,
June 1997.

G. Gross (Ed.), Proceedings of the Workshop on Available Transfer Capability," National
Science Foundation Workshop, Urbana, IL, June 1997.

G. Gross, "ATC challenges," Proceedings of the Workshop on Available Transfer
Capability, Urbana, IL, June 1997.

P. Midya and P. T. Krein, "Feed forward active filter for output ripple cancellation," U.S.
Patent 5,668,464, September 1997.

E. J. Cunningham and P. W. Sauer, "Modelling of transformers operating in saturation,"
Proc. EIC and EMCWA Conference, Rosemont, IL, pp. 655-660, September 1997.

M. A. Pai and S. S. Prabhu, "Power system stability by direct method: from Lyapunov to
Kharitonov," International Conference on Computer Applications in Electrical
Engineering - Recent Advances, Roorkee, India, September 1997.

J. D. Weber and T. J. Overbye, "Power system visualization through contour plots,"
North American Power Symposium, Laramie, WY, pp. 457-463, October 1997.

E. Khutoryansky and M. A. Pai, "Hurwitz stability in the P-Q plane of a power system
using the edge theorem," Proceedings of the North American Power Symposium,
Laramie, WY, October 1997.

C. Pascual and P. T. Krein, "Battery management for laptops and telecoms," Presented
at Portable Power 97 for Communications, London, UK, November 1997.

E. Khutoryansky and M. A. Pai, "Parametric robust stability using generalized
Kharitonov’s theorem," Proceedings 34th IEEE CDC, San Diego, CA, December 1997.

M. A. Pai and H. Dag, "lterative solver techniques in large scale power system
computation," Proceedings 34th IEEE CDC, San Diego, CA, December 1997.
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