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From: 

Gary Chang

To:

TF members

Date:

June 20, 2002

Subject:
Agenda for Task Force Meeting at SM’02

Time:

4pm - 6pm, 

Date:

Tuesday, July 23, 2002

Location: 
Dearborn 2, please verify with the conference program

1. Introduction of members

2. Approval of 2002 WM meeting minutes (see attachment I)

3. Progress report on tasks identified in WM’02

· Yilu and Gary: Harmonic source modeling paper

· Paulo and Constantine: Load modeling and multiple source paper

· Wilsun: Progress on IEEE special publication - Selected Readings for Power System Harmonic Analysis. (Contributors: Satish, Gary, Wilsun, Tom, Paulo, Constantine, Aurelio)
· Alfredo: Inter-harmonics Theory
· Aurelio and Constantine: Harmonics interact with protective equipment with time-domain simulation  
· Gary: Planned penal session on Methodology for Harmonics Modeling & Simulation 
This panel session gives the status, future directions for harmonic analysis, and a review of techniques (i.e. methods & algorithms) for harmonics modeling and simulation in frequency domain, time domain, or hybrid domains. Preferred subjects are listed below. Speakers will be identified no later than August 31.


(1) Status and Future Directions of Power System Harmonic Analysis

(2) Harmonic Simulation Techniques (methods & algorithms)

(3) Modeling of Linear Components

(4) Modeling of Conventional Nonlinear Components


(5) Modeling of Power Electronic Components

(6) Practical Applications or Case Studies

(7) Others?

4. New business or proposals

· Analysis of Systems with Distributed Harmonic Sources (suggested by Wilsun, see attachment II)
· System Equivalents Guidelines for Applications (suggested by Tom and Mark)
· Harmonic Distortion Propagation Using Wavelets (suggested by Paulo)
· Others
5. Technical presentation (estimated time: 30 minutes)

1st Presenter:
M. Fayyaz Akram, Ph.D.

Affiliation:
POWER-tek Global Inc., USA

Subject:
External System Equivalents for Harmonic Analysis of Transmission Network (See attachment III)
2nd Presenter:
Gary W. Chang 

Affiliation:
National Chung Cheng University, Taiwan
Subject:
The Reference Compensation Current Strategy for Three-Phase Shunt Active Power Filters – A Review and A New Approach    (See attachment IV)

If you cannot attend the meeting, please forward your report or comments to Gary Chang via Fax: 011-886-5-2720862 or E-mail wchang@ee.ccu.edu.tw before July 15, 2002. Thanks.

Attachment I: SM’01 Meeting Minutes

Minutes - Task Force on Harmonics Modeling and Simulation

2002 IEEE PES Winter Meeting

January 28, New York NY

Chair: Gary W. Chang

Attendees

	Gary W. Chang
	National Chung Cheng Univ., Taiwan

	James Wikston
	Hatch, Canada

	Tom Ortmeyer
	Calrkson Univ., USA

	Paulo Ribeiro
	Calvin College, USA

	Aurelio Medina
	UMSNH, Mexico

	Alfredo Testa
	Università Di Napoli, Italy

	Venkata Dinavahi
	Univ. of Alberta, Canada

	Mack Grady
	University of Texas at Austin, USA

	Reuben Burch
	Alabama Power Co., USA

	Mark Halpin
	Mississippi State Univ., USA

	Yilu Liu
	Virginia Tech., USA

	Roberto Langella
	2nd Univ. of Naples, Italy

	Jonathan Piel
	Harmonics Limited, USA

	Francosco Derosa
	2nd Univ. of Naples, Italy

	Daniele Castaldo
	2nd Univ. of Naples, Italy

	Steve Ashmore
	QVARX Inc, USA

	Lues Sunderma
	EPRI PEAC Corp, USA

	Heinz Tyll
	Siemens AG, Germany


1. Introduction

Gary called the meeting to order at 16:00 pm. and introduced himself as the new Chairman of the Harmonics Modeling and Simulation Task Force. Attendees introduced themselves, the membership list/attendance, and the meeting agenda were circulated.

2. Minute of 2001 Summer Meeting

The minute of 2001 Summer Meeting was accepted without change.
4. Progress Reports on Tasks Identified in the SM’01

Yilu and Gary: 

The revision of the paper is in progress. Gary suggested completing the job and giving it to the TF members for a final review by the end of April. The revised paper will be ready for submission before the SM’02. 

Paulo and Constantine: 

The paper was submitted in September. It is still under review.

Gary (on behalf of Wilsun):

The work is nearly done except Chapter 4. The draft of the Harmonics book contains 7 chapters. It will be finalized by May 2002. 

Tom:

Tom updated references of Chapter 4 of Harmonics book that he is working. He asked for feedback from members to include relevant papers still not incorporated dealing with transformers, load, machines, transmission lines (a conference paper by E. Acha may be worth of including), and system equivalents. The draft is ready for review; it is nearly done. There will be 7 or 8 reprint papers.

Paulo mentioned the importance of transmission system equivalents. Tom mentioned he has gathered a limited number of papers on the topic, among them the work by Dr. N. Watson and Professor J. Arrillaga. Aurelio pointed out his published and current work on the topic. Tom asked Aurelio for a brief abstract of his work on system equivalents.

Gary:

The progress of preparing the Harmonics book meets the schedule set by Wilsun. Comments on the book structure and organization from TF members are very welcome and will be forwarded to Wilsun.

4. New Business or proposals.

Future Directions of the Task Force

Probabilistic aspect of harmonics. This work was initially suggested by Wilsun, who was absent. Will need to know his idea. Paulo can assist this work.

Theoretical work for inter-harmonics: Gary suggested Professor Testa to lead this work and probably prepare a paper on the subject. Professor Testa accepted. Gary will contact Eric Gunther and check if the Inter-harmonics TF led by Eric has done a similar work.

Harmonic interact with protective equipment: The importance of Aurelio´s proposal was acknowledged. Gary mentioned that Constantine suggested change the term “harmonic interaction” to “harmonic interference.” Aurelio indicated that for time domain simulations, available tools such as EMTDC or ATP could be used for this purpose. A benchmark model for testing harmonics interference with protection is needed. Aurelio and Constantine will work on this direction.

Parallel Multi-Processing Application to Harmonic Analysis and Power Quality: Aurelio raised this topic as a very promising and important field of research to be addressed by the TF, with diverse potential applications to transient, harmonic and power quality analysis. Gary volunteered to join Aurelio on future work by the TF on the time-domain harmonics modeling and analysis.

System Equivalents:  The need of guidelines for future work in the subject (time or frequency domain) was acknowledged. Tom and Aurelio will work on the topic. Mark mentioned that this subject was raised in the TF meeting a couple of years ago. It may worth put few paragraphs to address “System Equivalents Guidelines for Applications” in Chapter 4 of the Harmonics book. Tom suggested that this could be a future work. Paulo illustrated a simplified way to calculate the first parallel and series resonance. The limited scope of this approach was however indicated.
Harmonic Distortion Propagation Using Wavelets: Work on this direction was proposed by Paulo.
Gary concluded that he would put the discussed tasks of future directions in order and come up with some thoughts to present in next TF meeting at Chicago.

Scope of Planned Panel Session for Toronto SM’03

Gary indicated that he has planned the certain participation of the TF at a Panel Session for the SM’03 in Toronto. The subject of the panel session would be “Methodology for Harmonics Modeling and Simulations.” He will report a preliminary proposal of the scope and potential contributors for the Panel Session in next TF meeting.
Mark suggested that it would be valued to the audience if the TF could have a couple of topics (e.g. system equivalents) of TF future directions covered in the proposed panel session. Gary agreed. 

5. Technical Presentation.

Aurelio Medina gave a presentation on the topic of “ Periodic Steady State Solution of Electric Systems with Nonlinear Components Using Parallel Multi-Processing” 

The presentation received particular interests and discussions from the meeting attendees.

The meeting was adjourned at approximately 18:00 pm.

Attachment II: 
Analysis of Systems with Distributed Harmonic Sources
Proposed by Wilsun Xu
Harmonic analysis has been focused on systems with one or several large harmonic-producing loads in the past. It has recently become more common to see systems with multiple harmonic sources with comparable sizes distributed across the systems. Examples are the official electrical systems where there are multiple harmonic producing PCs and the extensive use of adjustable speed drives (ASDs) in industrial distribution systems. 

There are two unique issues when conducting harmonic analysis for systems with distributed harmonic sources. The first issue is the diversity and attenuation effect. The effect says that if the bus voltage supplying a harmonic source is distorted, the harmonic source will inject harmonic currents that are different from the non-distorted case. The new current has two characteristics. One is called diversity. It means that the phase angles of the harmonic currents are changed, which may lead to increased harmonic cancellation. Another is called attenuation. It means that the magnitudes of the injected currents are reduced, which leads to reduced harmonic distortion. Common harmonic analysis methods use typical harmonic current source model and, therefore, cannot take into account these effects. The second issue is the time varying harmonics generated from randomly varying loads such as DC drives used in driving ski lifts. 

The problem of harmonic analysis for distributed harmonic sources is, therefore, a lot different from the traditional harmonic analysis. In review of the works done this area, the best strategy to deal with the problems seems as follows:

1) Consider the cases with randomly varying loads first. The diversity and attenuation effects of the harmonic sources are ignored. Develop a method to solve this problem.

2) Consider the cases with constant harmonic loads. The diversity and attenuation effects of the harmonic sources are the main concern in this problem. Develop a method to solve the problem.

3) Once the methods for the above two problems have been developed, they will be combined to solve the general case – cases with distributed random loads and with diversity and attenuation effects included.

It is possible to develop full-blown but very complicated solutions to the above problems, as shown in several academic papers. For example, one can propose a probabilistic harmonic power flow method for the first problem. Although such methods have research value, we feel that they are not suitable for practical use. Firstly, a new tool needs to be developed; secondly, the tool must be made available to the users; and thirdly the users must learn how to use it. This approach is expected to add a lot of work to engineers and yet their understanding on the problem itself may have little improvement. We feel that the following approach is more attractive:

1) There is a deterministic harmonic power flow program available for the engineers who conduct harmonic studies. Almost all utilities have one or two such programs nowadays.

2) The engineers construct a regular harmonic power flow model for the system and obtain harmonic distortion results for the system.

3) A set of correction factors is then applied to modify the results so that the distributed and random natures of the harmonic sources can be adequately taken into account. 

The objective of our research work is 1) to establish the correction formulas and factors and 2) to demonstrate their effectiveness for the intended applications.

Attachment III: Technical Presentation I

Please see attached file Ext_Eqvl.doc 
Attachment IV: Technical Presentation II

The Reference Compensation Current Strategies for Three-Phase Shunt Active Power Filters – A Review and A New Approach    

by

Gary W. Chang

Department of Electrical Engineering
National Chung Cheng University, Taiwan
Phone: 011-886-5-2720296
Fax: 011-886-5-2720862
E-mail: wchang@ee.ccu.edu.tw

This research work proposes a new reference compensation current strategy of shunt active power filters used in a three-phase, three-wire/four-wire distribution system. The source voltage can be balanced, unbalanced, sinusoidal or non-sinusoidal and the nonlinear load can be either balanced or unbalanced. Firstly, a comparative study of the effectiveness for several conventional approaches for determining reference compensation currents of shunt active power filters is present. Then, a novel reference compensation currents approach is described. The proposed compensation strategy makes the design of the controller of the active power filter simpler than those designs based on conventional approaches. Moreover, the proposed compensation strategy is verified with a virtual implementation of controller with using MATLAB/Simulink. It is shown that even the source voltage is non-ideal, when supplying a nonlinear load, the source current is maintained sinusoidal and in phase with the positive-sequence source voltage. Therefore, the active power filter effectively controls the source power factor and harmonic currents generated by the nonlinear load. In addition, it does not require any active elements in the implementation of the active power filter.
