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I. Objectives of the Purdue Electric Power Center

1.1 Objectives and description of the PEPC program

The Pﬁrdué Electric Power Center (PEPC) is a consortium of Purdue University
and. fifteen companies with an ‘interest in power engineering. Together with Purdue
University, these companies have established and maintained a center of excellence in
power engineering at Purdue. The program was begun-in 1970. Most of the charter
founders of PEPC remain meinbers; however, there have been some companies which
- have withdrawn and there have been some new members. Table 1.1 shows the present

membership.

. The faculfy at Purdue has: found that the maintenance of both-a large undergradu—
ate and graduate program in péwef engineering involves a continuing e‘f.fort.v Students
appear to be readily attracted to certain high-visibility areas such as cpmputer engineer;
ing. However, it is necessary to éﬂ'ectively present the challenges of | powér éngineéring
to each student in order to acquaint them with the scopé of ﬁeld. We have found that
this orientation should occur early in the student’svacadbemi‘c career—preferably at the
sophomoré and junior level. | |

- The main goals of the Purdue Electric Power Center are to acquaint the student
with contemporary challenges and needs of the powerb engineering induétry and to main-
tain a center of excellence in power enginveevring education at Purdue. The former goal,
i.e. to orient the Stﬁdents‘ﬁo moderh power engiﬁeering, is a Ve:ry import’éﬁt»éomponent :
~of PEPC. _This is discuséed in some detail in Sectioﬁ 1.3 of bth»is sumniary;» Additionavl
_ -activit_ies of the program are intended to proi'ide an environment coﬁducive to the pro-

fessors and students to work in power engineering. Some of these activities are:

) Sﬁpport of 'unde_r-g'_radu-ate and masters level students who work on 'pvoner o

engineering projects.



Table 1.1

. ‘Members of the Purdue Electric Power Center

& 'Bechtel Power

Central Illinois v Public Service

’ 'vClvev'e_l;éI,»ld.‘ Ele(:tricb Illuminating ‘

- Commonwealth Edigon

General El‘ectr.ié' |

o Tllinois Power

| Indiana and Michigan Electric
Indianép‘olis Power a,uin‘d'Lightv .
Norﬁheas't Utilities: =~
Nori;hern Indiana Public Service
Paclﬁc Gas and E_iegf,:l.'ic‘ _ :
"Publ.ic‘ -Sery'i;cé ,I._pdia‘_g‘a‘ s .: :

3 ‘_}S“gr‘genfi‘:_é(:} ALund).'y Engineexls

Sohio- o |

'_ Southe'rnlndiar‘ia Gas & Elect.ric”

San Franc‘isco-,"‘CA

Springﬁ'eld, IL |

Cleveland, OH

"Chicagq, L.

“Fort Wayne, IN
‘De.catur‘, 1L | :
Fort Wayne, IN .

- Indianapolis, IN

 Hartford, CT
. Hammpnd, IN
‘San Francisco, CA

' Plainfield, IN

Chicago, IL
Cleveland, OH
Evansville, IN |



o Awarding scholarships and "s"enior of the year"l reéognition‘s‘ to qualified

undergraduate students.
e .Bringingiindustrial repres'entatives\ to.'the. campus to meet, and sp,eak: w1th ..

students.' - o , - ‘ o B N

) To support travel by the professors and students to the sponsors and
regional meetlngs ’ | | |

e To support.travel.hyz :‘s.tudents as iield trlps H

° Purchaseﬁ_'_of power e_ngineering textbooks for the engjineering ’lib'rary.

° | To provide ‘"'se»ed_ funds" to obtain research ,contractsj, fro__mk'majorr funding
agenci'e‘s. | - | i |

* To fund vsrord processing, duphcatmg, and rnarhngs related to the PEPC

program and in closely related act1v1t1es

e To prov1de an 1nterface between the companlesand the students for recruit-
bmg and other act1v1t1es
e To bring industrialﬂinput into the power' ‘curriculumi

Our present budgeti_ is ahout_:$98,000. This ievel has bvee.n appro)rirnately constant
for the last three &ears Some supporters have had to reduce the1r level of support due
to financial pressures of the power industry. Other supporters have srgnrﬁcantly raised
their level} of support. »Section 1.3 describes our future b_udgetaryr plans.

The Purdue Eiectric Power Center is the base of the power engineering program at
| 7 Purdue. E)rpenditures by PjE”‘PVC are comrnitted to undergraduates and masters level
~support. At the present, most of the students who are dire'ctlyv participating in the pro-
4grams are in Electrical‘ .Engfineering. The Schools of Mechanical Engineering and
Nuclear Engineering also par’ticip’ate’in PEPC both in administration »an}d ».distribution

of support.



1.2 Administration of the 'program

The admmlstratlon of the Purdue Electrlc Power Center is centered in  the School _

of Electrlcal Englneerlng and Dr. Rlchard J. Schwartz, Head of the School is respon31ble

for the program The actual operatlon of the program is the responslblllty of the PEP C' ‘

Commlttee Whvlch is listed in Table 1.2.

"T,a.:bvle 12 R

The Purdue Electric Power Cente‘r Cornmittee

- Dx

. Keith Hawks

iFranklyn Clikeman

. GeraldHeydt T
.bPaUv.l Krause -

7 Lawrenee Oghorn_
Chee~Mun Ong : "

. Oleg Wasynezuk

Walfoer Weeks

Nuclear Engineering
_Mechanical Engineering

,Electrical Engineering |

Electrical Engineering
Ele‘etrical Engineering

Eleet_rical Eﬁgineéﬁhg‘

Electrical Engineering

o E,Iectrieal,.Engineering .

For the past ﬁve years, the Head of the School of Electrlcal Englneermg has

charged the commlttee W1th electlon of 1ts own chalrman ThlS is- done in Apr11 and the

term of ofﬁce is one year The current chalrman is Dr. Gerald Thomas Heydt
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1.3 Our future plans: the PEPC-MESTER

The power engineering educational program is divided into the undergraduate
(BSEE, BSME, BSNE) and graduate (MSEE, MSl\/fE, MSNE, PhD.) programs. Gradu-
ate students come from many countries to study at Purdue. The PEPC program has
supported only United States nationals and permanent residents. Foreign students are .
supported by teaching or research assmtantshlps, or funds from their home country. In
the past five years, there has been an erosion of the number of students in the graduate
power program. This has been reversed last year through publicity of our program
both locally and nationally. At this time, we feel that our progress in increasing the size
of the masters level program has been adequate and all our PEP C-supported assistant-
ships will be filled. The undergraduate enrollment ’in: power, however, should be
increased. For this reasoﬁ, the present l'octls and goals of PEPC al'e lsréely targeted at
the undergraduate power engineering enrollment. Approximately 50 undergraduate EE
students each year elect to take the junior level power engmeermg course. About 30 of
these students also elect additional course Work in power. We plan to double these
figures in the next five years. The most important program to- bring about this goal is
the PEPC-MESTER, a semester in which our students will take a high concentration of
power courses. | o |

The basics of the PEPC-MESTER are that a group of power engineering students.
will be brought together through course registration, semlnars, and a scholarship pro-
gram so that the challenges and demands of power engineering can be eﬁ"ectwely
presented. - Students participatiﬁg in the program will register for at least three power.

' area courses plu:s a‘rpowe‘r laberatory. The courses will be selected from:
EE321 o Prlncipals of Electromechaniesl En.erg'y conversion (3'creditS)'
EE425 - Electric Machines (3 credits)

EE495P Principals of Electric Power Systems (a new 3 credit course)
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: EE496 B . Selected Toplcs | .m Electrrcal Engmeerlngl - a three hour power
| : englneermg prOJect with-a PEPC professor E '
ME527 " Solar Energy Systems (3 credlts)
NUCL597M Alternate Energy Converswn (3 credlts)
Also, the student will select at least one laboratory from the follow1ng
- EE421 o Electromechanlcal Energy Converswn Laboratory (1 credrt)
EE431 Electrlc Power Systems Laboratory (2 credlts) |

"The courses EE421 and EE431 w1ll have one common meeting hour which shall be the
vk,P,EP:C‘.Semmar,. a semlnar‘for p‘ow,er area stud.ents, at which job opportunrtles, research
m the _»pow_er area, and lndustrial lproject__s w_lll be. presented. ' | | | |
i Up to eighteen students enrolle'd.in the PEPC-MESTER W.lll receive $900 scholar-
sblps mtended to go toward the student’s tultlon and fees Ehglble students shall be
U S, natlonals or permanent resxdents who w1ll have between approxrmately 30 and 60
hours remam]ng for graduatlon at the end of the Fall 1988 semester Also, the student.
- must be in good standlng in the BSEE or BSCEE program Part of the PEPC—
MESTER is to mtroduce students to the sponsormg power engineering companles :
Summer employment and 1ntern posrtrons W1th these compames will be actrvely sought.
The prmczpal objectzve of the PEPC—ME’STER 1S to acquamt students wzth the demands
of the power engzneermg mdustry The first PEPC N[ESTER will be the sprlng, 1989
‘ semester. - The PEP-C-MESTER, :wrll_: be a continuing effort whrch w1ll,’be»repeated each-
* spring. o h ' ' : ' - o
-Our future budgetary plans are to malntaln graduate a351stantsh1ps at the present
level - about eleven a351stantsh1ps to quahﬁed EE, ME and NE United States nationals
1n the masters program The operatrng costs of the PEPC program have been reduced
over the last ﬁve years to a low level We 1ntend to keep operatlng costs at thls level.

.The only sngnlﬁcant increase in budgetary items is due to the fundlng of the PEPC-



Ly

MESTER. This represents an increase of approximately 15% of the annual budget. .

1.4 Additional PEPC programs

Several addi’tional programs "are in .plaee to "en‘courageu"u‘ndergraduates and

masters—level students to pursue a career in power eng1neer1ng The schools of Electrl—

cal, Mechamcal ~and’ Nuclear Engmeerlng cooperate in these efforts The main pros

grams are:

- 1.

R ;member compan1es of PEPC Here the students meet and 1nteract w1th pra "—:

3 _trplng engr_neers and areJexposed ‘to topics not always ‘ eovered in the-classro‘om.’ )

- ject.

UNDERGRADUATE ' PROJECTS — The- undergraduate projects are

p‘oW.’e’rven'gineering':top’i‘cs ‘on which the students work and report. ‘, T’h.e students:

“are paid on an hourly basis for the time they \spend on aﬁproject.’ Asmallﬁnan— ,.

cial incentiv_e is. intended to encourage undeCided st'udents,ito try a powerpro_

POWER WORKSHOPS = The power Workshops are held off-campus Wlth';'"f“ :

L

b "These are;(held in a pleasant setting,vusually when classes are hot in ‘:Sesslion.:

FIELD TRTP‘S ANDCONFERENCES % Field traips;:and ;c'onferenees( are

K .attended by power students in our various courses. The ﬁeld“tripsvallowl the

- students to see power 1ndustr)r fac111t1es and equ1pment Whrle the conferencesi'»

1ntroduce the students to technical programs on a natlonal level

. SUMMER EMPLOYMENT —_ Summer employment is arranged Whenever |

o 'poss1ble'for our undergraduate students with the PEPC' companies. Th1s glves

- the students valuable experlence in 1ndustry while helplng the PEPC companles

: =become famlllar Wlth the students

. GRADUATE ASSISTANTSHIPS The goals of the PEPC program in thef.

o undergraduate area are comphmented by eﬂorts 1n the masters program A full

: 'range of masters level courses are offered to both graduate and undergraduate
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“students. These include high voltage engineeriﬁg, electromechanical energy
conversion, computer applications in power engineering, power systeﬁs .studies,
~ transmission engineering, power electronics, é.nd topics in nuclear and mechani-
‘cal engineering. The PEPC program offers gradﬁate research assistantships to
a limited number of masters level students in threé schools, EE, ME, and NE.
Their Work usually resulté in a masters thesis thich is made available to PEPC
sponsors. | |
6. LABQRATQRY FACILITIES — Laboratory facilities have, in parf, been
supported’ by PEPC. More significant than the actual contribution of funds by
the program, however, is the use of PEPC fundilvlg- as “seed” money for outside
support. Outside fundiﬁgaby vma‘ny agencies has exceeded PEPC funding of
laboratory facilities, but thég very existence of this power center with utility

sponsorship has enhanced the potential for funding from other sources.

The several undérgraduaté and graduate programs "-brieﬂy déscribed above are
designed to iﬁcrease student aétivity in power. There is no question that the first -
ten years of the PEPC program produced a marked positive effect on the graduate
program and faculty. Financial difficulties in the utiiity industry and the total
economy have introduced new varlables and challenges but it is important that the
second ten years contiﬂnue‘ the progress, at both the graduate and uxidefgraduate

levlel°
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II. The Facultyﬂin -Power Engineering
2.1 'T_he PEPC committee

o FRANKLYN"CLIKEMAN is' Professor of Nuclear Engineering and repre'sents

‘ithe School of Nuclear Engrneermg on the PEPC Committee. He Jo1ned the Purdue
Faculty in 1970 He has been chalrman of the undergraduate curr1culu1n comm1t—
tee in Nuclear Englneerlng and the head student advisor since 1974 Professor

"Chkeman is Actlng Head of Nuclear Englneerrng

Professor Cl1kernan.s research 1nterests 1nclude the experimental investigation

: ‘of neutron and gamma—ray transport 1n fast reactor blankets, radrat1on transport’

) "-:1n fus1on reactor blankets and the apphcatlon and detectlon of nuclear rad1at1on

’He is. drrector and pr1nc1pal 1nvest1gator of the Fast Breeder Blanket Fac1l1ty Whlch :
Cis supported by DOE EPRI and: PEPC e e

KEITH H HAWKS _]orned the faculty of the School of Mechanlcal Englneerrng
' 'after cornpletlng h1s Ph.D. in 1969 and now is an Associate Professor He teaches
,, regularly the courses. l\/[E 430 and ‘431, Power Englneerlng I and II in ME plus

other power related subJects

Dr HaWks brlngs valuable addltlonal exper1ence to the comm1ttee since he has

been a consultant and prOJect supervisor for Purdue’s own Physical Plant since -

: 1976, with' emphasis on energy 'management. He is the author of several papers in
‘this area. He is also Co-op Coordinator in Mechanical Engineering and Purdue’s

representative to the American Power Conference.

GERALD T. HEYDT is Professor of Electrical Engineering and Chairman of the
PEPC Committee. His interests include ,Stochastic methods ‘in power system
analysis, matrix methods, reliability, large system vstudies, rural ‘electriflcation, and

state estimation. Dr. Heydt has recently worked on several research projects in the
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area of 'harmonicrpower vstudies.i Inlte‘achin.g Dr. Heydt taught EE 532 (Computa—
tional Methods in Power Systems Analysis) “and | EE 635 ('Optin.lization "and
Economic Operation of Electric Power Systems), during the last year. |

- Dr. Heydt is a Senior Member of IEEE, and a registered Professional Engineer

" in Indiana and New Jersey. ’

‘ PAUL C KRAUSE has been Professor of Electrical Engineering at Purdue since
1970. He ‘is interested in sirnulation of power system 'components, transmission
lines and energy conversion. In research, Dr. Krause has been active in many spon-
sored projects including, "Security Assessment of Power Systems Including Energy
Storage"' (DOE) Fabrlcatlon, Interfacmg, and Testlng of a Spec1al Purpose Power
System Slmulator (DOE) | |

Dr. Krause is also actrve in graduate and undergraduate teachmg He is a.
member of Srgma Tau, Eta Kappa Nu, Pl Tau Slgma, Phr Theta Kappa, and a
Fellow of IEEE.

LAWRENCE L. OGBORN is Assoc1ate Professor and Director of Laboratory
: Programs in the Electrical Engrneenng Department at Purdue Unlversrty While
at Purdue, he has developed and taught several new undergraduate and graduate
courses in the areas of physrcal electromcs, electronlc crrcuxts, instrumentation,
automatlc control and power electronrcs He has taught smnlar courses in indus-
try ‘and has done experlmentaltresearch in magnetics, general electronic crlrcults,
measurements,"instrumentation, ‘and power eleotronics. He worked with the inter-
' diseiplinary team. studying the obportunities and risks associated with the deVéIop-
ment of electronlc and hybrrd vehlcles, and did research in the areas of electric
'vehlcle battery chargers, electrlc Vehlcle 1nstrumentatlon, and data analysis. He is
also ‘part of the Purdue Technlcal Assistance Program (TAP) whlch oﬁers Indlana’

business, mdustrles, and governr_nent institutions assistance in implementing new,
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advanced technologies. In 1987, Dr. Ogborn was named coordinator of the under-
graduate program in the Schpol of Electrical Engineering.
Prof. Ogborn’s research interests include simulation and analysis of dc/dc con-

verters, optimal design techniques, and power electronic devices. He is a registered

~ Professional Engineer in Indiana.

CHEE-MUN ONG joined the faculty in Electric Power Engineering in August

1978. He received the Bachelor of Engineering (First Class Honors) degree from
the University of Malaya, Malay31a in 1967 and the M S. and Ph D. degrees from

Purdue Un1vers1ty in 1968 and 197 4 respectlvely

He was 2 faculty member at the Un1vers1ty of Malaya from 1968 to 1973. and
1976 to 1978. At Purdue U!nlvers1ty he was Visiting Ass1stant Professor in 1975

A551stant Professor in 1978 Assoc1ate Professor in 1981 and is now Professor H1s

|
,. .ﬁelds of 1nterest are power systems, power electromcs, and adjustable speed drlvers

: H

Dr Ong is a member oi the Institution of Electrical Engineers (Unlted Klng—

dom), a Senior Member of the TEEE and a registered profess1onal englneer in Indl—

ana. " . " - - '1

- OLEG WASYNCZUK _]01ned the faculty in Electric Power Engineering in
,August 1979. He received hls BSEE degree from Bradley Univer51ty in 1976 and
. his MSEE and Ph D degrees from Purdue m 1977 and 1979 respectively He was
8 Vlsitlng Ass1stant Professor from 1979 1980 at. Purdue Un1vers1ty and he is now
- an Assoclate Professor He has recently taught EE 321 (Introductlon to Electrical
Energy Englneerlng) and EE 636. (Dynamlcs and Control of Integrated Power Sys-
_‘_;;.:t_e_ms) '
Dr. Wasynczuk’s research interests are in the area of power system dynamlcs ‘
: and‘co.nt_rol He has conducted extenswe research. concerned with the analysrs and

~damping. of subsynchronous resonance and concerning the dynamlc behavior of



= _"Adlspersed, grld connected photovoltalc power systems Dr Wasynczuk is a member

o _-'of the In,stltute of Electncal and Electromcs Englneers (]EEE) Eta Kappa Nu, Tau

| " | 'Beta P1 and Ph1 Kappa Ph1

B 'f:WALTER L WEEKS came to Purdue in 1963 Hxs pr1nc1pal mterests (1n elec-

- _tr1c power englneerlng) center on the transmlsswn and d1str1butxon of electromag— ‘

.netlc energy, assoclated 1nstrumentatlon, and the determlnatlon and detectlon, of
"unwanted and stray electromagnetrc ﬁelds Professor Weeks is 1nternatlonally‘,
:'known for his textbooks on electromagnetnc ﬁeld theory and antenna engmeerlng

: He was responsrble for the 1n1t1al concept and Inaterlal development for the Purdue

g ;‘Ind1v1duahzed Instructlon Center He is author of the text Transmlssmn and DlS—

'trlbutlon of Electrlc Energy " He also has respons1b1hty for the ngh Voltage
| Laboratory and a research pro_]ect on the detectlon and locatlon of partlal

dlscharges in power cables and other apparatus

Dr Weeks is currently Professor of Electncal Englneerlng

. 2 2 Other power englneerlng faculty

,‘Electrzcal Engmeermg : Sl
R 'John Chlasson (Automatlc Control)

% 'Raymond A. DeCarlo (Systems Studles)
| 'v;:;‘_Frntz J. Frledlaender (Magnetlcs)

. Anttl J. Konvo (Systems Studles) ) N SRRy -
a :-"‘_Rlchard J Schwartz (Photovoltalcs, Head of the School of Electrlcal Englneen- N

bf 1ng)

o ‘Stanlslaw Zak (Automatlc Control)
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Electrical Engine_eﬁng Professor Emeriti
Steven Freeman (Transniission and Distribution)

~ Carlton Sprague (High Voltage Engineering)

Mechanical Engineering
: ‘Dr W Phllhps, Head , 3),'
D.P. DeWrtt (Heat Transfer)
R.W. Fox (Fluld Mechanics)

“F. P. Incropera (Heat Transfer and Thermodynamics) R

N. M.:Laurendeau (Combustion)

W Leidenfrost (‘Therrn:odynamics)

- MR‘ L’Ecuyer (Gas-Turbines)

- AT, McDonald (Electrlc Vehlcles, Transportatlon) B
‘F B. Morse (Power Englneerlng) |
J. T. Pearson (Heat Transfer)

D. R. Tree (Energy Systems) |
K. Wark (Air Pollution Thermodynamies) -
C.F. Warner (Air Pollution, Heat Transfer)

Mechanical Engineering Professbrs Emerits B
R. Olsen _ |
H. L. Solberg
E. J. Wellrnan
6 Messosmith

Nuelear Engineering
T. Downar

| P. Lykoudis

0. H. Gailar
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P, S. Lykoudis
K. O. Ott '
A. A. Solomon

Nuclear Engz’n‘eerin'g Professors Emerity
P. N. Powers
A. Sesonske .
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Ol ’I_‘he Students in Power Engineering
3.1 Graduate students supported by PEPC

FADI ABDAL is jfrom_Damascus, Syria. He is working on a project on the
current control of a three phese brushless motor with Dr. Wasychuk; Fadi will

receive the MSEE in August, 1988.

ROBERT BRUCE is from Glens.Falls, New York. Bob received the BSEE from
Northeaetern University. He has hel}d industrial positions with the New England
Electric Systenrs, and the United States Navy. IHe is interested in power system
devices and instrumentation. He recently began a research project on fault loca-

ﬁon in underground power cables with Dr. W. L. Weeks.

KARL BOLLENBACH just J01ned the PEPC group in January, 1988 His adv1—

-sor is Dr. Wasynczuk and he is working in the area of machlne control.

JOHN CIEZKI will join the PEPC group in June, 1988 upon completlon of his
BSEE degree at Purdue

ALAN ENGELMANN rs from Chicago and he received the BSEE from Val-
- paraiso Uu,iversity in 1985. He is completing work on a study of_ metal oxide

lightning arrestor losses with Dr. W. L. Weeks.

| JEFFREY MAYER is from St. Loulis, Missouri He joined the PEPC group in
September, 1987 and he is completmg a project on the analysis of a brushless

motor w1th Dr. Wasynczuk

BILL MCCOY is from Texas. He holds a Bachelors degree in Interdlsmphnary
Englneerlng from Purdue He will complete the MSEE degree in 1988. His mas-

ters progect is in electric utlhty operations and his emphasis is on the Mechanical



vEngineeriﬁng 'aspects;. His advisor 1s Dr. K. Hawks..

' SHAWN 0 CONNOR is from Hammond, Indlana He received the BSEE |
}degree in 1987 from Valparalso Umverslty His mterest are in power electromcs

and h1s adv1sor is Dr. L Ogborn Shawn w1ll complete the MSEE in August 1988 ’

-KRAIG OLEJ NICZAK is from Abrams, W1scons1n Kralg is Workmg on 2 mas-
ters thesrs pro_]ect m eﬁects on three phase unbalance in six and twelve pulse
‘rectlﬁers H1s adv1sor is Dr G. T. Heydt Kralg Wlll complete the MSEE in"

- August, 19.88.

SCOTT- SUDHOFF ‘has Just _]omed the PEPC group in May, 1988. Scott is |
from Madlson, Indlana and hlS BSEE degree iss from Purdue He is 1nterested in

appllcat_rons of automatlc control of 1 power systems.

ROBER‘T}TYSON is l‘rom;‘Portlan'd Oregon. He has had induStrial experience
Wlth the Northern Ind1ana Publlc Servrce Company He is interested in object :
‘ or1ented computer languages and the apphcatlons of art1ﬁc1a1 1ntelllgence to power'
} systems His adv1sor is Dr Heydt Bob. lel complete the MSEE in December, "

1988.

| 3.2 Othér pvotver enginee:ri'ng‘:gra_duate students

’AHMED BENSENOCHI is from Algerla He is completlng the PhD program
"under the dlrectlon of Dr. Ong Area of 1nterest harmonics and reactive power

requirement for HVDC converters with weak AC support.
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MOHAMED GHAZI is from Egypt. ‘He is in the early stages of the PhD pro-

gram under the direction of Dr. Ogborn. Area of interest: power electronics.

CHENG-TSUNG LIU is from Taiwan. He is ;i teaching assistant and he has
taught EE 421 and EE 431, the power laboratbries. He Will complete the PhD
degree in 1988 and he has plans to teach in Taiwan. Dr. Ong is his advisor. Area
of interest: dynamic simulation of HVDC systems with sizeabie AC network

representation. He is also interested in estimation and adaptive control.

MEHDI MOALLEM is from Iran. He is completing the Ph.D. degree under the
direction of Dr. Ong. Mehdi is a teaching assistant in the power area. Area of

interest: finite element techniques in switched reluctance machines.

MANSHIH MUI is from Hong Kong. Mrs. Mui came to Purdue in January, 1988.
She is Workmg on an MSEE project in superconductlwty with Dr. Heydt The pro-
Ject concerns the use of a superconductmg element as- the ba31s of a power circuit

breaker.

MAGED NAJJAR is from Lebanon. His BSEE is from the University of Toledo,
and his MSEE is from Purdue. He is in the PhD program supported by the
" National Science Foundation under the direction of Dr. Heydt. Area of interest:

state estimation.

THOMAS ROETTGER is from Evansville, Indiana. He is completing the PhD
program under the direction of Dr. Ong. Tom’s BSEE and MSEE are from Pur-

due. Area of interest: advanced control of HVDC converters with weak AC sup-

port.
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J. P. STEINER is from Mllwaukee, Wisconsin. He is in the ﬁnal stages of the
| FPhD program Worklng in the area of 1nc1p1ent fault detection in cables. He has
been supported by several 1ndustr1a1 grants and the Electrlc Power Research Insti-

tute. Dr. Weeks serves as his advlsor.

WARIN SUWANWISOOT is from -Thalland He is in the PhD program
‘under Dr. Ong s dlrectlon Area of 1nterest dynamlc sunulatlon of general adju-

stable spe_ed dr1ves.

3.3 UndergradUate students‘

It is dlfﬁcult to ﬁrmly 1dent1fy all of our undergraduate students Who are in
'power englneerlng In the Electrlcal Engmeerlng department there is a range of
students who take from zero to ﬁve undergraduate courses in power. When polled
seventy undergraduates Wlshed to be llsted as power ma]ors ThlS is up from 43 in
1987 It is estlmated that an: addltlonal 10 to 20 students are in allied fields such
-as power electronlcs, and: certaln areas of automatlc control These ﬁgures suggest
| -that about 6.9% of our 1230 undergraduate EE students are in power engineering.
This is up hy -,0.9,% over V1;98.;'_7>.’ The geographical distributi'on of the states of
residence :of the students is eonCentrated on the Midwest. i. ' |

An appendix to this reporteonta‘ins an updated directory of undergraduates. '
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IV. Education and Research Projects

4.1 Gradunte courses
"EE 525 Analy51s of Electromechanlcal Systems I Sem. 1. Class 3, cr. 3.
Prerequisite: EE 425 or graduate standing.
~ " Modern analysis of ‘synchr‘onous,and induction machines in?eleetrOmechanical
systems. The concept of multiple reference frames used to analyze unbalanced con-
ditions. Computer simulatione. Analysis of operating point stability;and variable
frequency drive systems. Professor Krause and staff. ‘
EE 527 Direct Energy Conversion,(ME'530) Sem. 2. Class 3, er. 3 Prere- ‘
quisite: a first course in thermodynamics plus topics in elementary fluid Inechanics »
and elementary: electromagnetics (as available in minicourse fofm).
_ Energy sources; basi-c science of energy c,onversion, thermoelectric, t‘_h‘ermionic,
~and: magnetohydrodynamlc systems; photovoltalc eifects, fuel cells. .

EE 530 High Voltage Englneerlng Sem. 2. Class 2, lab. 3, cr. 3. Prerequ151te

. EE 311

i L'ectui'e and laboratory experience‘ in' the 'generation and Ineasurementef ihigh'
‘v'oltages, in analysis and measurement of arc parameters, and in study of ther-
- monuclear plasma characteristics. Profe‘ssor Weeks and staff.

EE 532 Computatlonal Methods for Power System Analys1s Sem. 2. Class
3, cr. 3. Prerequls1te EE 432. |

System modeling, and matrix analysis of three-phase power networks. Appli-
v_catlons of numerical methods and computers to the solution of a variety of prob-
lems related to the plannmg, design, and operatlon of electric power systems. Pro-'

fessor Heydt and staﬁ
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_‘EE 535 Transmlssmn and Dlstrlbutlon of Electrlc Energy Sem. 2. Class 3,

~oer. 3. Prerequ1s1te EE 311

A study of factors Whlch are 1mportant in the des1gn and operat1on of the
" hardware necessary to dehver large amounts of electrlcal energy, rehably, over sub-
stantlal areas Partlcular emphas1s is. placed on the factors thch hmit power han-
-,dhng capablhty A rev1eW of llne parameters and loss mechamsms, h1gh voltage‘
and current llm1tat1ons in the form of corona, aud1ble noise, radlo no1se, field
| eﬁects, and heat transfer are consrdered Also 1ncluded is an 1ntroduct1on to sys-
 tem protectlon». Professor Weeks. _

EE 5b4 Electronic \Inst‘rur‘n'entation-’ and Control Circ;Uits‘Class 3, cr. 3.
| Prerequisite: EE 255 and 301. = | |

| Analysis and design‘of special -ampliliers, pulse circuits, operational circuits.

' ;_DC ampllﬁers, and transducers used 1n 1nstrumentatlon, control and computatlon '
Professor: Ogbotn. ' : | o ‘ | | |
"EE 610 Energy Conversmn Sem 1 and 2. Class 3, cr. 3. Prerequlslte EE 321

BaS1c pr1nc1ples of static and electromechamcal energy conversmn Control of
_statlc power converters. - Reference frame theory apphed-to the analysis of rotating
devices. Analys‘is"and "dynamic characteristics of induc_tion' and synchronous
: machines 'State variable analysis ofrelectrome‘chanical deyices and coverter supQ
pl1ed electromechamcal drlve systems. | | |
EE 625 Ana.lyms of Electrome,chamcal Systems II Class 3, cr. 3. Prere—

[lquxsrte EE. 525 o

Extensmn of- EE 525 Electrlc propulswn systems 1nclud1ng presentation of -

cycloconverter and - rectlﬁer-mverter drlve systems Dynamxc and steady—state

analy31s of machlne performance w1th series controlled rectlﬁers in the stator or -

rotor phases MMF space harmonic analy51s Professor Krause and staff. .
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EE 631 Direct Current Transmission Systems Sem. 2. Class 3, cr. 3. Prere-
quisite: EE.432.

Fundéméntal'analysis of ll-ine—commu.tate_d, three-phase bridge converters, as
applied to HVDC transmission systems. Me-thods of control, system protection, »
) a_bnormalvbéhavior,r harmonics. Professor Ong and staff. |
 EE 633 Com}v)ut,ational Methods for Powerrsystem Comppnents'SQm. 1.

Class 2, lab. 3, cr. 3. Prerequisite: EE 425 or 432 or graduate standing.

- Analysis and simulation of basic .poWer system cOmponeﬁtS.‘ Appropriate
,applicatidn ~of analog, dig‘ital, and hybrid 'computers to ‘théb‘study of électric
machines, tranéformers, rectifiers, inverters, and traVeling \Wé;ves"on ﬁ‘ra_hsmiséivon
systems. Profeséér: Ong and staff. .

EE 635 Optimization and Economic Operation of Integrated_ Powerﬂ_’S'ys-v-
tems Sem. 1. Class 3, cr:.v 3. Prerequisite: EE 633

Theory of optimization under equality and inequality constraints, coinpdta—
tional methods, and applications to. ge‘neration scheduling in integrated power sys-
tems. _Professor Hejrdt and staff. / |
EE 636 Dynarriics and Control of Integrated Power Syétems Sem. 2. Class -
3, cr. 3. Prerequisite: EE 532. | o

Descriptioﬁ. of a variety of transient and éontrol problems associated with
o interconneéted power systems and techniques for théirbaﬁalysisv and solution. Prac-
ticali methods for dyﬁamic analysis of large syétems are étressed. P-réfeséor

. Wasynczuk and staff.
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4.2 Unde'rgrad,uate courses
' EE 321 Principles of Electrorneclmnical Energy Conversion Sern. 1 and 2.
Class 3, cr. 3. ‘Prerequisite:‘ EE 202j MA 262; PHYS 261 » |

| 7 The general theory of electromechanical energy' conyersion. is set forth vrherein
ielectrrc c1rcu1t variables are related to electromagnetlc and electrostatlc forees. _
"The fundamental concepts of rotatmg electrlc machines are presented lncludlng the
bas1c. equatlons and operat1onal behav1or | of alternatlng— nd dlrect—current
machlnes Attentlon is also glven to spec1al—purpose motors for control and robot-
ics apphcatlons Professor Krause and staﬁ |
EE 421 Electromechanlcal Energy Conversmn Laboratory Sem. 2. Lab. 3,
cr. 1. Prerequlslte or corequ1s1te EE 425 |

‘Laborator'y experiments involving transforme'rs, 'direct-current, indilction, and

synchronous machines. Professor Krause and staﬁ'

EE 425 Electrlc Machines Sem 2 Class 3 cr. 3. Prerequ1s1te EE 321

A study’ of the energy converswn prlnc1ples and operating behav1or of AC and
| DC electric machines. D‘evelops c1rcu1t_ models to study their steady-state charac-
»teristics“an'd simple mathematical ‘Inod’els to study their transient responses. Con-
siders’ englneerlng aspects of practlcal machlnes Examlnes industrial ,methods of
startlng and controlhng these machlnes, 1nclud1ng the use of power electronlcs in
de machlne control Emphas1s on formulatlons that lend themselves readlly to
dlgltal computatlonal techmques ‘Professor Ong: and staff
EE 431 Electrlc Power Systems La.bora.tory Sem. 1 and 2. Class 1. Lab 3,
| cr. 2 Prerequlslte or corequ1s1te EE 432

_-Electrlc power systems toplcs _rncludlng: | lnstrnmentation,j three-phase circuits,
-transfor'mers, phase shifters,‘ -voltage regulation, power flow. cOntrol, protective dev; |
1ces, and systems aspects of solar energy conversion. A plant visit and consultatlon

W1th pract1c1ng power engmeers is requlred - Professor Heydt and staﬂ
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EE 432 Elements of Power System Engineering Sem. 1 and 2. Class 3, cr. 3.

Prerequisite: EE 321 or consent of instructor.

Fundamental concepts and operation consideration of power systems, basic
component model representations, steady state performance, operating strategies,

and control of power systems. Professor Wasynczuk and staff. -

4.3 Experimental courses and projects in power engineering education

The course number EE 496 is used for project work at the undergraduate
level. At present there are five undergraduate projects in progress. The course
numbers EE 695, and EE 696 are used for graduate project Work_:.‘ There are three
such projects presently in progress in the power area. Also, Professors Krause and
Wasynczuk are offerering an experimental course, EE 495, in the area of elec-

tromechanical motion control.

A new experimental course, EE495P, will be offered for the ﬁrgt time iﬁ,,.the
spring of 1989. “This will coincide with the PEPC-MESTER (see Section 1.3). The
coﬁrse covers eléments Qf power systems for undergraduate students. An array of
topics on applied techniques will be included (economic optimal dispatch, power

factor correction, HVDC, etc.). Dr. Heydt will organize this course.

Three new graduate courses of one credit each will be offered in the fall, 1988.
Each course is a five week "mini-course”. The course topics are high voltage DC
systems, control of synchronous machines, and control of power systems. Profes-

- SOTS Krause,iOng.,, and Wasynezuk will offer these courses.
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4.4 vLaboratory facilities )
) ngh Voltage Laboratory

l " The hlgh voltage laboratory is located in the Duncan Annex of the Electrlcal
'Engmeerlng bulldlng Smusordal steady state sources 1nclude a 350 KV 1A s1nglet

phase transformer energlzed at 4800 V by a motor-generator set computer con-

: trolled data acqulslt1on fac111t1es based on the Data 6000 and IBM PC AT a wide- -

band hnear power ampllﬁer rated at 9 KW (custom made by Behlman) a 100 KV
- Hipotronics dielectric test set; a 250 KV lmpulse generator; and two =70 KV DC

sources.

Electrlc Machmes Laboratory

The electric machlnes laboratory contalns 20 machlne sets 1nclud1ng induction
synchronous, and dc machlnes Most of these sets are 1n the 3 5 Hp range There
are five 7.5 Hp synchronous machlnes All are rated at 200 V three phase Instru-
mentatlon 1nc1udes an HP 85 1nstrumentat1on system Whlch is HP-IB compatlble
There are a Wlde range of more v1ntage 1nstruments and dlstrlbutlon transform—
ers.t Dr Ong has developed several fractlonal horsepower machine sets used for'

machlne dr1ve .exper1ments. ,

4. 5 Research prOJects

4Opt1mal Stalrcase Pulse-Wldth Modulatlon Technlque e
Norbert R. Klaes and C. M. Ong

The funct1on of the pulse—w1dth modulator is ‘to reproduce a reference
Waveform - in most cases a sine wave - as a comp051t10n of pulses of variable w1dth :
| and pos1t10n but ﬁxed magmtude Thls pro;ect deals with the theoretical :develop-
ment and 1mplementat10n of a stalrcase modulation techmque, Whlch ehmlnates

low order harmonlcs and at the same time produces a high fundamental voltage
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.compénent using mbdefately low switching frequency. A digital version of ,;vtbhve
staircase modulatof has been implemented and its perférmance tested 611 ;in analog
simulation of an induction motof. By véémp‘aring the perform;ﬁcey of thé .s‘t:vllircasiev
modulator to’t.hat o'fv a sinusoidal modulatof, it can be goncluded that the proposed
| Astéircvasé: modulatqr h‘as_"mavnyc chéracteristics which are superior to those of the

sinusoidal modulator.

Reactive apd bC Powe‘r. Dispatch to _Minimize Transmission‘ Losse"s in an
' Integrated AC-DC System |
S. S. Chen and C..M.‘_ Ong .
As the cost of dc convérter decreases, HVDC power -transminss‘ign Will: play a
| wider role'iﬁ the transmission and operation of modern power systenﬁs. 'its ability
to control the power flow céqld}_be used for 'petvjork_ﬂow COﬁtlel anglift)» -achieve
greatér écononj_y in ‘fhe Operatipn _of the powef systerﬁ. | |
This project eiamines the additional ernoﬁic bene.ﬁt; obtainabie, from coor-
» dinating the reactive power diépatch ﬁith the scheduling of ‘théjdc' béwer. tfansférs
, ibn’an,réc-vdc power ;s,ysvtem'. The minimization éf the network losses is formulated as
an LP problem. Numerical results obtained 611 a safriple] 30 bus, 5—tefminai, ac-dc
power system indicate that subst’antialvreduction in network losses can ”bé'attain’ed
when the fescheduling of the dcrbpower transfers is coordinated ‘with the reactive

- power dispatch. |
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Modelvibng a.nd' Simtila.ting the nyna.mic Beha.vior' of Switched Reluctance
, ,Motor Drrves | | | | i

| v Mehdz Moallem and C M Ong

' Wlth the avallablhty of i 1nexpens1ve sw1tch1ng devmes, the SW1tched relnctance
. motor drlve, which is both robust and efﬁclent is becomlng economlcally competl-
tive Wlth other types of drrves.v _However,r thedoubly.—»sahent and the hrghly-
| saturated v,magnetic.structure of the .motor are ‘formidable hurdles to any attempt
‘. so far to Simulate the drive. L_ine,’ar»approximations are inadeijuate bécause of the |
[highly saturated condition‘, and classica.l transformation techniques can offer no
advantage 1n deahng with- the doubly—sahent motor. We propOSe to. establisha
method for s1mulat1ng the transient behavmr of a complete sw1tched relucta,nce
motor dr1ve us1ng an 1ntegrated ﬁeld—network approach the saturated ﬁeld condi-
tion and doubly. sahency structure to be handled by a ﬁmte element techmque and -
the changmg converter clrcult topology by a tensor techmque The proposed.
method of s1mula.tlon will requlre research in two ma.ln areas: the 1ntegrat10n of
 tensor approach with the ﬁeld-network a,pproa.ch and the search for more efﬁclent
computatlonal schemes to solve the resultlng set of stiff equatlons We also propose
‘to experlmentally verlfy the method of s1mulat1on established before using it as a.'i
s1mulatlon tool to. 1nvest1gate exclta,tlon control schemes and magnetic desxgns “

~ which are sur_table for hlgh speed .apphcatlons.
A Universa.l Digital'Simulation;'Technique'il'or Electric Drive ‘SyStems
Warm Suwanwzsoot and C’ M Ong

} There is a. Wlde varlety of 1ndustr1al apphca.t1ons where adJustable speed
dr1ves are needed The power ratlng ranges from fractlonal hqrsepower to over a
mllhon horsepowers To our knowledge, there is no known softwa.re package

speclﬁcally des1gned for 51mulat1ng electrlc drlve systems Ex1s.tmg_ software
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packages W»hiCh- have limited capability for simulating machines ,or_power ‘ele‘ctronic
circuits are not adequate for s1mu1at1ng many of today drive systems Inv this pro-
ject we Wlll investigate the modehng of drive systems using an mtegrated network-
orlented and equatlon-orlented approach, which will have the essent1al capab111ty of
handhng tlme-varymg non-lmear circuits Wlth varlable-dependent constralnts In
'-addltlon we will examine various 1mp11c1t d11ferent1al equatlon solvmg schemes for
thelr suitability in deahng W1th equatlons descrlblng a system cons1st1ng of t1me-
Varylng and d1screte components The objective is to develop a un1versal simula- v‘

tion package for electrrc drive systems.

The Problems with Operating Line-Commutated Inverter on a Weak AC
Bus | »
- Ahmed Bensenouci and C.-M. Ong
ThlS project.) deals  with ; the problems of des1gn1ng and :'operating;{ line-
”commutated inyerters Whichr'are‘ to opervate on Weak ac 'buses. Many of the de
E ‘power transmission schemes currently considered by ‘utilities“around the world
" involves connecting the inverter to a relatively weak ac hus, often with a‘ short cir-
cuit ratio underi 3. While most of the problems With .operating; a line—commutated
" inverter onto a weak ac bus have been identified, and the cause:. and_ process seem—
“ingly understood, little has been done to probe it further. 11’1 this prelimin‘ary"phase :
of the project we will try to determine the effective short circuit ratio of a 12 pulse -
Graetz bridge inyevrter that:“is connected to an ac bus with static harmonic filters,
the ac network being represented by its Thevenin’s equivalent.. Thls Will,later be
.. extended to the case of an ac network with two inverters that are close but' not on
the same “ac bus The objectives of this study are to determine what truly is the
effectlve short ratlo in these two situations, and to understand how the harmonlc
'ﬁlters or perhaps a statlc var compensator m1ght affect the effectlve short-c1rcu1t

ratlo.
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- Simula.tion and Oontrolb of HVDC Systems

Cheng— Tsung Lzu and C’ M Ong

The ﬁrst part of this pro_]ect isa contmuatron of earher Works on hvdc system
: srmulatlon and the connectlon matrlx method By using Beregon s method for the
- slmulatlon of the ac and de’ transmlsswn networks (as in EMTP) and the connec-
= tlon matrix approach for the converters, we NOw have an efﬁclent program for
‘detalled srmulatron of general hvdc systems with a s1zeable representatlon of the
surroundmg ac network ‘Other features added 1nclude nonlmear devrce charac-
terlstrcs, such as those of ZnO arrestors and transformers. |
' The' second part-of this ‘pr;oje'ct' ison adaptive ~control of the converter. Tech-
niques for. on-line estrmatron of the ac network strength from termlnal measure-
ments and for adaptlvely tunlng the converter control: are bemg developed and

B tested.

Enha.ncement of the Harmomc Power Flow study Progra.m ,
G T Heydt W Grady , D. C’arlson - | |
Dr Grady is w1th the Umtrersrty of Texas, Austrn
**Mr. Carlson is Wlth anesota Power.. S

 In 1983 we commenced work on a harmonlc power flow study for. EPRI for
the purpose. of. analyzmg harmonlc penetratlon of 31gnals which result from non-
lmear l,o_ad_s.q ’,I‘he software developed 1s.p_r1marlly.forvanalysls -of : systems with largei
rectiﬁers, inj{erters, and- ﬁ'uorescent lightl‘ng loads. Other nonlinear loads can also ,‘
’be modelled. ' Work is contlnulng‘ on a ,fon’rth version of thve‘software.v__Qur.most
recent'eﬁorts are':” Ey o -

. Sparsity coding of thé, Jacobian and‘adm’ittance matric'es'

RN . ‘ ()ptimal ordler:in:.g B |
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* Induction mot(;r modelling

* Improved load models at harmonic frequencies

+ “Quick-look” options |

+ Inclusion of phase shifters

- Improved transmission line models

» TIF-KIT calculations

* Total po_sifive, negative, and zero sequence signals are calculated

+ Improved output format

Isolated Operatidn of Induction Motor Loads
O. Wasynczuk, F. D Rodriguez and P. C. Krause
Subported by é David Ross Grant

In transient stability programs, induction machines are represented using a
reduced order model in- which the rate of change of stator flux linkages are
neglected in the stator voltage equations when expressed in a synchronously rotat-
ing frame of reference. It has beén demonstrated that the resulting model predicts,
with reasonable accuracy, the induction machine responsé following various system
disturbances. However, it has recently been observed.t.hat significant iﬁacéuracies
‘may occur if this model is used to predict the open circuit stator voltages during
isolated 'operati;)n. The resulting error may be signiﬁéant enough '»that in some
cases it could leadbto erroneous cqnclusions, as; for example in studies involving the
' transfér of power station, induction motor loads from éne bus to another where the
transfer of an isdlated machine is initiated when its voltage decéys to a prescribed
level. _. . | | | |

A more accurate method of predicting the dynamic behavior of induction

machines during isolated opérating conditions has recently been developed. In this
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method, a reﬁned‘model’ is derived by neglecting the rate of change of stator flux.
: linkages in a reference frlame Whose speed varies as a function of the sta‘tor‘fre—
quency It has been shown’ that in cases where there are no slgnlﬁcant rotor tran- -
sients 1nvolved the refined model prov1des a more accurate indication of the 1nduc—
1t10n machrne response durmg 1solated 0peratlon Moreover, the 1mprovement in
_accuracy does not require an increase in the dynamlc order nor a s1gn1ﬁcant

o 1ncrease in complex1ty beyond that of the standard model

‘]jetection and Location of Partia.l 'Discharges in Powar“Equipment
W. L Weeks J P Stezner, and E S Furgason
Supported by Square D Corporatlon and Essex Power Conductor Group

Substantlal 1mprovements have been made in the mstrumentatmn for the
detectlon and locatron of partlal dlscharge 31tes in power cables and i in transform-
ers. This includes 1mprovements 1n the electromcs, in the probes and sensors, and

in the» data handhng and processmg.

In both apphcatlons, once the Waveform have been received and amphﬁed in
wnde band channels the sxgnals are d:gltlzed and all subsequent operat1ons are digi-
The detectlon and locatlon 1s accompllshed W1th one or another form of cross

correlatron

The probes take various forms dependmg on the apphca.tlon For transform—
ers, a new magnetlc probe for the electromagnetlc sensmg and specral ultrasonic

'transducers for acoust1c sensrng are provmg to be most useful

Novel arrangements for the requlred hlgh voltage generatlon are also bemg’

B _d'evelo_pe_d.. :



-31 -

Procedures .' and .Instrumentationvfor Non-Disruptive Testing of Crit‘ical
_qu{:‘e; System Co_mpo,nents | -

w. L. Weeks, J. P. Ster'ne_r,, C. E_r'z'ckson

Sp‘onsored by US Army Corp of Engineers, CERL

A neW concept for reli‘abilityenhancement of critical power systems is'_under

stUdY The initial study involves cables, transforme‘rs, surge’arrestors, and uninter-
ruptible power supplies. - |

The concept 1nvolves the use of wide band dlgltal Cross correlators in two
modes of operatlon Fi 1rst the power system is monitored at one or more locatrons -
for new electrornagnetlc noise be1ng generated ThlS noise is then located for the
A ‘purpose of component 1nspect1on and dlagnostlcs Second, often Wlth the same
'ports and equ1pment Wlde Band noise at low’ levels is 1nJected into the system Wlth
t‘the obJect of detectlng changes 1n the cross correlatlon functlons at approprlate
.pos1t1ons “Such changes come about as the electrlcal characterlstlcs of components

: 'cha_nge, often‘ indicative of 1mpend1ng failure or degraded performance.
The work involves various accelerated aging and failure tests.
E Imbalanced Operation‘of Converters

K. Ole_ymczak G T. Heydt

Sponsored by the Purdue Electrrc Power Center ,

This prOJect concerns the harmomc impact of 1mbalanced rectiﬁer’s and'invert—
ers. The case of small 1mbalance is h1ghl1ghted For this case, the phase values

and. symrnetrlcal components of the harmomcs have been. calculated

_ SUper‘conducting Circuit Breaker

M. Mui, G. T. Heydt
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~ The advent of the high temperature superconductor has brought new interest
in apphcatlons of this phenomenon In thls project, the new ceramic superconduc- :
tors (YBaz Cu3 07) have been studled for use as a sw1tch The essence of the idea is
to -quench superconduct1v1ty to brlng about circuit lnterruptlon The project is in

“early stages using samples from the Department of Metalurglcal Engmeermg

, Identlﬁcatlpn of Harmonvlc Sources and Study of Harmomc Slgnal Flows v
Maged Na]Jar, G. T. Heydt : |
= ‘, Sponsored by the Natro‘ual ScieuceFoundation._
‘Two.distinct studies are 'described here The ﬁrst“deals tvith the' use of state
v»estxmatron to 1dent1ty sources of harmomc SIgnals in an electr1c power system. The
iwerghted Ieast squares method wnll be used At thrs trme, we are concentratmg on

characterlzlng and reduclng the estunatnon error S

The second area. deals thh chara.cterlzatron ol‘ harmomc sngnal flows in. power
. systems The ﬂow of dlstortlon voltamperes has been studled in detall Interestmg‘
and potentlally very useful rules of thumb have been obtamed for the estlmatlon,

“of harmonlc signal levels _'

Apphca.tlons of AI Languages to Optlmal Dlspatch
Robert Tyson G T Heydt
Supported by the Purdue Electrlc Power Center

T»hls pro_]ect concerns 'the appllcatlon of artlﬁcial Vi'nt.ell.igence cOmputer
i vlanguages such as Prolog and LlSp to economic optlmal dlspatch A dynamlc pro-
gramming based approach is bemg used to dxspatch a hydro system. The dynamrcr
programmlng algorlthm is ertten in terms of rules Whlch are subsequently coded

' ’m an AI language
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APPENDIX
Directory of Faculty and Students in

Power Engineering:



Professors
Frank Clikeman
Keith Hawks
Jerry Heydt
Paul Krause
Larry Ogborn
Chee-Mun Ong
Oleg Wasynczuk
Walter Weeks

Secretaries
Wanda Booth.

(Ogborn, Ong, Krause, Wasynczuk)

Dee Dee Dexter
(Weeks) »
Carol Edmundson
(Heydt)

Diane Forbes
(Clikeman)

Angela (Angie) Myers

(Hawks)

Teaching Assistants

Cheng-Tsung Liu
(Ong) '
Mehdi Moallem
(Ong)

PEPC Students
Fadi Abdal
(Wasynczuk)
Karl! Bollenbach
(Wasynczuk)
Robert N. Bruce
(Weeks)

John Ciezki
Jeffrey Mayer
(Wasynczuk)
Bill McCoy
(Hawks)

Shawn 0'Connor
(Ogborn)

Kraig Olejniczak
(Heydt)

Scott Sudhoff
Robert Tyson
(Heydt)

Other Graduate Students

Ahmed Besenouci
(Ong)

Alan Engelmann
(Weeks)

Mohamed Ghazy
(0gborn)

Hamdy Hashem
(Downar)
Manshih Mui .
Maged Najjar
(Heydt)

J. P. Steiner
(Weeks)

Warin Suwanwisoot
(Ong)

Department

NuclE
ME
EE
EE
EE
EE
EE
EE

EE
EE

EE

Nuc1E

ME

EE

EE

EE

EE .

EE

EE
EE

EE
EE
EE

EE
EE

EE

EE

EE
NuclE

EE
EE

EE

EE
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Login
clikeman
hawks
heydt
krause
ogborn
ong -
wasynczu
weeks
wanda
dexter
carol

nsec

myersa

lifen

meysam

abdal
bollenba
bruce

ciezki
mayer

mccoyb
smo
olejnicz

sudhoff
rtyson

ahmedb .
. engelman

ghazy

héshem

manshih
maged

ip,z80

suwanwis

PURDUE ELECTRIC POWER CENTER DIRECTORY
3/29/88

Telephone
49-45746

49-45716
49-43520
49-43481
49-43472
49-43484
49-43475
49-43563

49-43474
49-43558

49-43510

49-4574 1

49-45783-

49-49069

49-4337 1

49-43447

49-43466
49-43468
49-43468

49-43468

49-43378

49-43395

49-43468

743-6789

743-0259

743-3141

49-43468 or

49-43349
743-4195

Office
NGCL 1404
ME 105
EE 320
EE 254
EE 246
EE 268
EE 266
EE 3486
EE 249
EE 339
EE 325A
NUCL 140

ME 100

KNOY 289
EE 002

EE 226

EE 238
EE 24 1A
EE 24 1A

EE 241A

EE 50

Hybrid Lab

"EE 241A

EE Box 177
EE Box 174

" EE 241 or

HV. Lab



. -Name

'”'(Dept,eifxnetiﬁEy, '

‘Mahmoud Abdalla

e::Kurt Adams

Al Ju Arik
--f Sawsan Ashour

- John Ciezki

‘Johnny E. c11fford'“

_ “Ralph Coan’
Jim Collins

‘Jennifer Coffey - .
» Gary Crawshaw:

© Abid Din
* Chris Downs
~" ‘Edward Escasa

" ‘Linda Fagan

Tom Flohr -
Linda. Foote S

James Franchville -
Joseph Franchville ™

Gavin Furtado .
-Manuel “Gabato
‘Rob. Gerecke ..

’ngonvahose

Balwinder Girn
./ Danny Gojmerac -

' - David Greene -

.Steve . Gunnerson:
Ronald Hatton

. ..Carl Hayden

. Mau Dinh. Hua
Edward Jen

.. Mona Juba 7
. Sudha Kakarala
.. Jason 'Ketterer -

Anthony Klippel

" - John.Kuschewski °

Brent Lahey
-Keith Lannan

vmahmOuda-

" jecliff -

ecoan
" cola
coffeel”
v ecrawshaw

Cfom
‘escasa

- girn

'klanﬁan

(f-Purdﬁe

Login -

kadams

. alia -~

& . .ashour
‘Barry Joe Bentley = . -

v~ Jeffrey Boehm c
~Laura Chrlstlansen 3

bentley .

ciezki

saira -

faganl

‘flohr

foote

. franchvi -
- joseph.:
_gaven -
“pahang

robg

gojmerac.
deg
stipo

~hatton v"

haydenc
mau

-ehjen

juba
kararala
jkettere

- tonyk

kuschews
bal

Electrlc Pover Center Undergraduate Student Dlrectory

' _Te1e§h§ne,l] .

O 497-1979
7430980
49-55431 7w
743-0284

 49-53788. . -
74367667

7432418
743-6713 .
7435677
| 763-9654
.743=5251
0 743-6345
L 743-3287
o T43-2213:
©743-5560 -
- 495-2088" -
74317647
743-1572 i
743-15720
743-3627 o

© 743-1481
L 743-8217
4931730
495-2872 . -
497=1036
743-3767.
' 495-4232
© 49-54331°

743-9646.

743-4544 .
495-7177 .
743-2697 .
743-3967

743-1481
743-6538

. 743-9685 -
. 743-8201

3/29/88

Graduation

" l2/ss

- 5/88.

- 5/88
5/88

5791

5/88

5/88
- 5788
. 8/89

5/88 .

. 8/88 -
5788 "

' 5/88
5/88
12/89

12790

. 5/88
© 5/88
-8/88
"5/88

- 5/88
-+ 5/88
©5/88
5/89
“12/88
12/88

5/91

-5/90.
5/88
- 5/88

~ 5/88
. 12/88
- 12/88
.5/88
5/88
12/89
' 5/88

. State’. ..
- of res.

Campus
address
{West -
Laf.) -

- 286 Tower Dr.-

340 W.. Stadium - -

Box |3 Shreve Hall
415 Young Grad Hse .

2550 Yeager Rd. #2-11

- "Box 25 Owen Hall

331'Noxthwestern-#4g

402 Northwestern #10 fﬁ
249 S. Salisbury #1-°
:450-.S,. Grant -#13- AR
405 Young Grad House'j
- 20 Littleton #3 . ol
400 N. River Rd. #1710'“

320 ‘Brown #7086

- 611 Meridian Sc.
.136. Andrew Pl #4

Box 289, Cary Quad
45 N. Salisbury #4
110 E. Wood ‘
110. E. Wood-

515 W. Stadium #6
215 Littleton #9

“_545 Hayes
433 Harrison #1
~11-10 Ross Ade Dr

SE40] Cary Quad

©30~20 Hilltop

300 Russell
NE427 Tarkington'
SE210 Tarkington-
301 W. Stadium #12

241 Sheetz #6
© 239 NW Meredith
© 419 Harrison St. #8
- 621 Waldron #7 '

545 Hayes .
1010 N. Salisbury #7

525 University
1010 N. Salisbury #11

...~ Interests
o {dn add-‘” '
_‘Ation to.
f.power)

L~ S
LG



Thomas - Larkner . larkner-

XoHuwwoZROMOR>

Karen Letts _ kare
William McClintock wmm
Marcia J. McCoy : ~meeoy -
Jim Mellish h o,
‘David J. Meyer = - ' meyerda-
Chris ‘Moberg S '
Mark Momot . o ©-- ¢ momot
':Robe;t Morton - rmorton
. +Neal Nakafuji = 7 ssT
" Barbara Parkes.. - parkes
"Lisa Pfrommer : - . pfrom
Joe Pienta . - " pienta .-
Christopher Prince "~ cctprince
Shannon Riegle . . '  shannon -
Jim R. Rose -~ -jrose-
Susan Rutter .~ . rutters
Michael Sanderbeck . .sanderbe .
. Robert Schwyn ~ ' . . booger .
Chuck Sembroski . sembrosk
Jeffrey Sensmeier jsens
Hamsa Shad , ' hps
Scott Shephard -shephard
Ron Smolen o ‘smolen
"Brian Stallman .~ . stallman
David Stolz - 4 dds.
~-Philip”Strimbu o ‘strimbu
‘Roger Stroup " . stroup
Robert Tashijan ° - . - tashijar
William Torp o © . torp
"Robert Trajkovski ' shibumi
. Scott Venners . . - sv -

" "Kent Wert o wertk
Jon Woolsey - . - halz
Interest Area

' Computers. :

* Controls v
Electrical- Contractlng -
‘Management e

“Manufacturing:

" Nuclear power .
_ Electromechanlcal systems

Robotics
Solid Statg Dev1ces

EET. .
-Communications ‘ L
- Marketing, technical sales

743-0980 " .

743-0446

463-4490 .
 743-8784

F43- 3794.
497-3313
or 463+ 9521

,743 1407; o
© :743-1864. . .-
©743-1051

"743-8173 .-

495-3389

463-3509"

743-0332
743-8655 - -
743-9721
495-2308
463-094 |

441-3293 7.

463-9521

743-8133 -

463-5586 <

495-2016

743-4338
743-8784
497-3560 .. .
 495-554]

743-5015

495-1792 -
| 743-6512 .

5/88
5/89

5/89

. 5/88
5/88
' 5/89 i
5/90
- 5/88

5/88

5/88
- 8/88

5/89
5/88
5/89
5/88

. 5/88
+5/89.,
5/88 -

5/88

12/88

5/88
5/88

. 5/88

5/88
~. 5/88
. 12/89

~12/88

5/89
5/88
12/88
5/88

5/88. -
-12/88 ..

IL-
IN

IN
AL

IN.
“IN
HT

OH

N
- IN

IN

- IN.

PA

S IN
IN
. MO
OH._

R

IN

. IN
IN

IN

.IN

CIN
"IN

. IN
L IN

-340:W.. Stadiuni-

241 Sheétz #11

419 .Vine .
. 504 Hawkins G.H.

2550 Yeager #6-1
I11-2 N. Salisbury :
Box 217 Owen- Hall o

"~ 217 .Sheetz
"900 Dav1d Ross Rd-

'f 503 Young Grad Hse
318 Waldron #4

501 Russell

" 690 Waldron'

318 Waldron #5

_-Shreve Hall
'32-2 Hilltop
238 Pierce . #2
456 Hawkins G,H.
~300 N. Salisbury

Box 844 Cary Quad

:32-17 Hilltop Dr

212 W. Fowler #E

900 David Ross-Rd
217 Sheetz #15
‘2450 Sycamore #30A

Box 894 Cary Quad

240vS. Sallsbury #7:

~ 111 N. Salisbury #2
2501 Soldiers Home Rd #10D ‘
‘831 -Shreve Hall

512:W. Stadium.

20-5 Ross~Ade Dr

527 N. Grant #8

oN

us -

> O00

om

-98 -~
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