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Abstract - As a National Science Foundation Engineering
Research Center, the Center for Power Electronics
Systems (CPES) has developed programs serving
Virginia Tech and its four core partner institutions, as
well as outreach institutions and more than 70 indstry
partner firms. Multi-institutional research centers
require key supporting structures for emerging area of
research exploration within each institution, incluing
the necessary curricular articulation to enable cres-
university collaboration. Shortly after its inception in
1998, CPES executed inter-university cooperative
agreements which established a common set of pramis
for sharing academic and laboratory resources acras
institutional ~ boundaries. These  agreements,
strengthened by tight linkages between research and
education strategic planning within the Center, reslted
in a significant broadening of access to technicalxpertise
within established institutions.  This approach als
nurtured extensive program development at partner
institutions  with emerging programs in power
electronics. Through collaboration of research are
leaders with educational personnel, the Center delaped
a programmatic framework for program administration ,
communicating a shared vision, implementing shared
goals, and extending the impact of the Center progims.

This paper describes specific mechanisms for
intercampus, with a particular emphasis on the
integration of academic and research program

development within minority-serving institutions in the
CPES consortium.

Index Terms — education, ERC, NSF, multi-institution
INTRODUCTION

A key element of program development within multi-
institutional research centers is the establishment
Education and Outreach programs which support enggrg
areas of research exploration within each institytiwhile
providing the necessary curricular and infrastreetu
articulation to enable cross-university collabarati As a
National Science Foundation (NSF) Engineering Rebfea
Center (ERC), the Center for Power Electronics &yst

the University of Florida, California Lutheran Uensity and
the University of Maryland as well as outreach itnsbns
and more than seventy (70) industry partner firms.

CPES partner universities share a common goal to
develop education and outreach programs that peawidlti-
disciplinary, team-driven, and systems-orientedcatianal
opportunities to pre-college and university studeas well
as practicing engineers. In support of these gtla¢sCenter
identified the following objectives for educationnda
outreach program development:

= Designing a multi-disciplinary curriculum focusiog

power electronics system design and problem-solving

skills;

= Developing connectivity with industry, partner
institutions, and the larger power electronics
community;

= Introducing pre-college and undergraduate students

the possibility of pursuing careers in power
electronics;
= Extending education and outreach program

development to each CPES partner campus;

= Establishing programs that increase participation o
women and underrepresented minorities in Center
programs.

Among the first generation of multi-institutionaRE's,
another important goal of CPES was the creationaof
research and education environment in which leat came
partner campuses collaborated as equal contribticothe
Center. A foundation for this collaboration was\pded by
the two existing power electronics consortia at &d UW,
each involving approximately (40) partner firms. gt
integration among institutions was a strong pnoiit the
development of the research strategic plan andmmapd
which included joint campus responsibility for resgh
thrust-level and project-level deliverables at kégges in the
research program.

This paper will describe specific mechanisms for
intercampus  collaboration and intercampus program
management, with a particular emphasis on the rateng of
academic and research program development on ryinori
serving institutions which are members of the CPES
consortium.

(CPES) has developed Education and Outreach pregram

serving Virginia Tech and its four core partnertilnsions,
University of Wisconsin-Madison (UW),
Polytechnic Institute (RPI), University of Puertoic&
Mayaguez (UPRM) and North Carolina A&T State
University (NC A&T). The CPES consortium also invedl
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In order to ensure continuity between researcheahatation

program objectives, research area leaders and campu
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Committee members. The Education Committee reviewthis study may lead to the development of new asirs
program components and objectives, strategizes thend/or modules to address these concerns.
implementation of cooperative education efforts] esviews
progress toward goals. In 2004, the team was autguien
with an Education Technology Specialist in VT's Within the CPES consortium, one such articulation
Department of Teaching and Learning, who develogedl concern was identified in the curriculum of a partn
implemented an in-school assessment study for éreeCs institution which lacked a fundamental, systemsied
pre-college outreach program. course in power electronics that was present ircthigcula
of other partner institutions. Through the work thfe
Education Committee, key elements of an existingrs® at
Shortly after its inception in 1998, CPES execltedr-  the lead institution were targeted as the basisctmrse
university cooperative agreements which establisleed development at the partner institution. In FalD@0the lead
common set of practices for sharing academic door¢dory  institution offered this course in a distance l@agnmode
resources across institutional boundaries. Injtialla  exclusively to the partner institution, while siraneously
memorandum of understanding was drafted to eshaldis offering weekly discussion sessions by distancéveigl for
core listing of courses in the areas of power ebeits, both faculty and student attendees. In 2001, thenga
packaging, and system design and integration. i®haf institution offered a new course which was prepmayato the
CPES Educational Resources among partner campasestarget course. The course content was supplemenyed
governed by Cooperative Agreements for Distanceess®f  lecture tapes from the lead institution, and stselysions and
Courses and Student Exchange. These agreemeaitlistst office hours were provided by the partner instdati In
a set of common policies and procedures for cross2002, both the preparatory course and the targeseowvere
registration, including billing of tuition and feegrade fully in place at the partner institution. As asué of this
assignment, and the terms for the distance delivary initiative, enroliment in basic power electroni¢asses at the
courses. At present, eighty-six (86) power eleét®rand partner institution rose from two (2) to twenty-tw@z2)
related courses are offered at CPES partner campusatudents in one year. The implementation of the newse
Twenty-seven (27) of these courses are offeredistamce sequence was enhanced by the sharing of all tametse
format. These agreements and resources, stremgth®n materials, including homework problems, design gcty,
tight linkages between research and educationegiat website, lesson plans, course proposal, ABET forams
planning within the Center, resulted in a significa capstone design course proposal with partner urnistits.
broadening of access to technical expertise withinThe customization of these materials into a couraek,
established institutions. ultimately culminating in a capstone course in powe
This approach also nurtured extensive progranelectronics, was a collaborative effort among facak the
development at partner institutions with emergimggpams  partner institution, who were able to properly eottialize
in power electronics. Through collaboration ofe@sh area the Center-related course within the curriculunthafir own
leaders with educational personnel, the Centerldped a program. Further articulation efforts related Hs tinitiative
programmatic framework for communicating a sharedwill be discussed in the fifth section of this pape
vision, extending the impact of the research pnogra

Curriculum Articulation

Cooperative Agreements

. . - New Course Development
integrating new courses and course revisions with t
research program, implementing shared goals, aadnsh To date, a total of fifteen (15) new power eleciterand
expertise across campuses. related courses have been developed as part of the
consortium. While some of the new courses address
COMMUNICATING VISION curriculum articulation issues, others fill criticeeeds which

reflecting the Center's expansion into new reseaacll
A primary concern within a multi-institutional centis the technology development areas. For example, thel lea
diffusion of a common vision across geographic,institution, initially accessed power electronicackaging
departmental, and degree program boundaries. aHg e courses from a partner institution. In later yedh® lead
identification of core and related courses whicHI wie  institution enhanced its collaboration in this esh area
shared through distance learning and exchange aqregr through the hiring new faculty, and the developmefit
also provides a point of departure for a coursésiev plan. undergraduate and graduate-level courses within the
Through annual revision of key existing coursespeints of discipline. Throughout the life of the Center, neaurses
ongoing Center research can be integrated inteexiwting were developed in each of the thrust areas and sub-
curriculum. Since 1998, sixty-one (61) coursesievis have disciplines that defined the research program. Mahthe
occurred within the Center’s eighty-six (86) criisked new and revised courses also serve as the basisefor

courses. degree and certificate programs, as well as stmntses for
Early comparative study of the partner institutionindustry.
curricula facilitates the discovery of articulatimoncerns Although new course development and the modificatio

within the consortium. Such articulation concerosstitute  of existing courses form a strong supporting stmectfor
potential points of disruption for collaborativesearch, communication of vision, the Center identified addor a
distance learning, and exchange programs. Theomgof course for which the Center vision itself was theus. This

course, Power Electronics System Integration,amt¢aught
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each Spring semester by all research thrust lealmdisis courses are developed, they are evaluated for lgessi
distance-delivered to all institutions within ther@er. This inclusion as technical electives within the optionAn
class is recommended for undergraduate studentiein illustration of VT's option is included in Figurekelow.

senior year of study, as well as graduate studesginning RPI's concentration in Power Electronics Systems wa
their study at the Center, and is a required cofwseall  designed for any student in the Department of EeBtower
students in the consortium. Updated on an annaalsb Engineering who wished to pursue more in-depth Kedge
based on student and faculty input, this coursevigges in the discipline. Required and optional courfas the
students with a systems-oriented perspective onepow power electronics concentration at RPI are illustiain
electronics research conducted within the Centee. dourse  Figure 2.

includes a broad overview of advanced power elaiiso

technologies with an emphasis on multi-disciplinaspects Required Courses Technical Electives CapstoNe DESIGH
i I i i 3 6 credit: 9 credit,

of integrated design. It also investigates relatiops ereits R e R Course
between sys_tem epp_hcatlon reqwrements and te_ogmail St :;’;";f;of";i?:;‘,jffnfg‘;gn
cha!lenges incircuit topolog|e§, power semlco.nduct el —_—
devices, sensing and control, integrated. packagang) Pawer Eecronics | [EeE 4514 Convotana Appromans | | Fower estenis
thermlall management, end thellr impact on the systel e e e
reheblhty an.d cost. The final portion of the cearserves as L T s
an introduction to_the concept of mtegr_ated poeglectronics R e T e
modules and t.helr application in distributed powgstems EL = e e LR Wil
and motor dr|ves: As part of the wo_rk for this cmyr - e e
stuelents are required to _rel_ate the topic of eachtute to e
their own research within the Center as part o Shisndiaiile pa n

. . . Free Electives Works within the
teleconferenced discussion sessions held througlioet EGE 9964: Fleld Study departmental

ME 4304: Heat Transfer 13-acdit fechnical
semester. ECE 4994: Independent study {in PE) electie Lequirement
IMPLEMENTING SHARED GOALS FIGURE 1

POWERELECTRONICSOPTION AT VIRGINIA TECH.

Coordinated course development efforts at eacthefcbre
partner campuses have also enabled the implenmmntafi EPOW-4080 ronaes EPOW-4850
shared program goals within the consortium insting. To Semiconductor R
date, four (4) of the five (5) campuses have deedo
specialized tracks for power electronics within gectrical

Engineering Design

Power Electronics (With PE emphasis)

engineering undergraduate program. These tracks heen Plus one of the following

i : 1 1
implemented as degree tracks, degree concentratmms ‘

certificate programs, depending on the structuckexisting A Gt EERET MEAE-4490 MEAE4250
infrastructure within each Department. Power etetts e REEkzain Mechatronios System Design
options or concentrations to the undergraduateegegrere FIGURE 2

formally begun initiated within the Bradley Depaent of POWER ELECTRONICSOPTION AT RENSSELAERPOLYTECHNIC INSTITUTE.
Electrical and Computer Engineering at VT, the Dapant

of Electric Power Engineering (now part of the Deypent
of Electrical, Computer, and Systems EngineerirtgiR@l,

and the Department of Electrical Engineering at UPR r Bower Systemms Option Tﬁ@i'ﬁﬁﬁs"}
Options at each campus involve completion of betjuired 1 INEL 4415 o] |
) . . | —» Power Syst. }
and elective course work within a designated sepmfer ! Analysis Lg’j;j‘t‘“ |
electronics and related courses. In 2003, the powe } [HEL 720708 pided Design| |
. . . | £ 4
electronics option at VT was made more flexible thg ! s Tndutrial HIEEAL | o o [ | |
s . . . | Design Power Systerr| | | | Professional | i
addition of a technical elective and by the dedignaof the ! I Protection | | | | Prastice
basic power electronics course as a capstone desigse. i L Tt Desigs s | | [TECE958
At the University of Wisconsin-Madison, this goalasv | S — in Por Syt | 1 | e
. s | [TMEL 4103 INEL 4405 !
achieved through development of a certificate pEoyr . [ B L R
In 2002, CPES established a power electronics optio | [Anasis I Mackivss | | | Speciat
L. . . . . e s e i 3
for undergraduates majoring in Electrical Enginegriat TNEL 3505 TEam| o
L . L . i Both Oy :
Virginia Tech. The option works within the ECE &fedit- o Motar | FeRREON |
hour technical elective requirement so that théooptan be o aor | | DNEL 4416 TECTT
completed with no additional course work beyond the Electronics 1 e P
B.S.E.E. degree. Required and elective coursethéooption P Bl hic oiish
range from controls and microelectronics to powel
electronics and alternate energy systems. The power POWERE o F'GURUE3 PUERTOR
. . f WERELECTRONICSOPTION AT UNIVERSITY OF ERTORICO-
electron_lcs option has b_ee_n a\(allable to undergradu MAYAGUEZ.
completing degrees beginning in spring 2002. As new
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The power electronics option developed at UPRMresearch and to participate in educational prograhie
complements an existing option in power systemgshim Education Director, who administered the progranough
sharing of coursework elements [1] [2]. The optialso the lead campus, also coordinated the logistics and
includes new courses developed as part of the Cdrtpire  reimbursement of all travel, regardless of the azsnprigin
3 illustrates required courses for the options athbpower or destination of the exchangee. Information drgsation
electronics and power systems. among partner campuses is enhanced through thedebf

The power electronics certificate program at UW ispresentations by participants at both the homehastisites.
based on an existing course requirement for Grainge Since its inception, the short-term exchange prognas
Fellows, but provides the benefit of expanding pnegram been used for the purposes of research collabaratio
structure and components to those who do not receiMaboratory use, software training, and participatian
fellowship support. Successful applicants to thegpam  education programs such as short courses. Siri® 2tbre
must have completed at least two years in the wsityéss  than 100 student exchanges have been completedgthro
College of Engineering, and must successfully fuBi.S.  CPES.
degree requirements in any engineering programinvitie

College of Engineering with a field of specializati in Research Experiences for Undergraduates

electric power engineering, have completed (by dafte It was also decided that the short-term exchange
graduation) at least 9 credits (including at leastredits in  program could be used to extend the impact of theeRrch
ECE) from a prescribed list of power electronicarses. Experiences for Undergraduates (REU) program. obign

Although a formal degree option in the disciplinesh short-term exchanges occurred on a year-round ,bHms
not been created at NC A&T, the goal of an undehgaée  majority of short-term exchanges took place durihg
degree option has been fulfilled be the creatiothefbasal- summer, when schedules are more flexible.

level course sequence in power electronics systarhigh For campuses with emerging programs in power
can provide a platform for a capstone design egpes in  electronics, beginning graduate students with ndorpr
power electronics. experience in power electronics often benefitedmfra
summer research experience activity which mirrared of
EXTENDING THE IMPACT OF CENTER PROGRAMS undergraduate students. To this end, the Centdsatk a

short-term exchange program for graduate studefiisis
A key element of successful program developmerttiwithe  opportunity was offered in parallel to the REU pang, so
Center was the customizing and redirecting of mogr that undergraduate and graduate students from dhee s
implementation strategies to best fit the needstoflents. home university would be invited as a team to thsth
For example. Upon the inception of the Center,gitseluate  university. Research projects reflecting the reSpedevels
student exchange program was conceived as the mrimaof graduate students and undergraduate studente wer
means of intercampus collaboration within the Cente devised. With the assistance of the students’ exoadyear
When conducting an annual Strength, Weaknessegdvisors, the projects were related in terms odassh area.
Opportunities, and Threats (SWOT) analysis with theThis resulted in strengthening of the team, as agla dual
students of the five campuses, it was determinad tis  mentorship structure in which undergraduate stident
program alone would not be sufficient to achieversy and received guidance from graduate students at theineh
pervasive intercampus linkages within the Cenwhile the  university as well as the host university. Upon ptetion of
existing consortium agreements were effective irkina  the program, graduate students had developed rgsirasis
resources available across institutional boundasesients for intercampus research collaboration in the cgmjear.
noted a number of key barriers to participation fir- Undergraduate student projects, devised with follgw
semester exchange programs. Primary concernsdietlu academic-year work in mind, often formed the bagitheir
disruptions in project work at the students’ horaenpus as senior design projects. Their continued involvetrianthe
well as the personal upheaval caused by relocdtieiy Center was facilitated by the presence of the grdu
residence for an extended period of time. Thedatbncern students with whom they had worked during the summe
was particularly prevalent among students who weaieried  Both graduate and undergraduate student partici@gpylied
or in long-term relationships, or who had children. for short-term exchange scholarships during théoviohg
academic year, so that they could continue inteptem
collaborations and use of laboratory resources.

Since intercampus collaboration was a primary gdal In order to further enhance intercampus connegtivt
the Center, the Education Director and intercangiugent  non-credit introductory course was added to the RBEW the
council were charged with developing a new systeém oparallel graduate short-term research exchange ramg
collaboration which would achieve that goal while This course, required for both undergraduate armdigite
addressing the barriers to participation identified the  programs, was designed as a bridge between tluglimtiory
students. In order to stimulate student interest a circuits course (required for admission into thegsam) and
involvement in intercampus research and educationdhe introductory systems-oriented power electromicarse
opportunities, the CPES Student Leadership Councitow implemented in various formats at the Centpagner
proposed a short-term exchange initiative. Thiative was campuses. Class was held daily for 60-90 minutesigithe
designed to provide Center students with traveblsehhips first three weeks of the program, then three tipesweek
to visit partner campuses in order to perform ¢mitative  for the remainder of the program.

Short-term Exchange Program

Coimbra, Portugal September 3 — 7, 2007
International Conference on Engineering Education 4CEE 2007



The non-credit course focused on fundamental cdacepREU alumni in recruitment activities at their home
of power electronics common to all projects, pregieg to campuses, the numbers of minority and Hispanic estisd
the discussion of basic modeling techniques for grow applying for an accepted into Center programs bmed
conversion and advanced modeling techniques toowaepr dramatically. From 2002-present, twenty-eight (28)
the efficiency of the design. The course concluaéth  thirty-five (35) REU and LSAMP REU students haveshe
presentation and study of full design examples andinderrepresented minority or Hispanic students. [4]
observation of an advanced design experiment inepow Results from the REU and LSAMP REU participants’
electronics research. The format of the course fleagble  research, as well as those of graduate researidtaasts are
enough to address avenues of inquiry suggestedhbey tpresented at the Center's Annual Conference. ThESCP
students. Student input frequently resulted indtieeduling  Annual Conference is designed to provide a forumtlie
of tutorials in design and simulation software, usé Center to share its research progress with indysryners
specialized instrumentation and discussion of domest and the larger power electronics community. The EPE
related to specific projects. Annual Conference is organized by a student coremitt

Course participation benefited REU and graduatevhich is responsible for developing the technicadgpam,
students in several ways. First, it provided a wmm frame  poster session, and general logistics as well aslgement
of reference for all participants, while enhancthg cohort of the conference brochure, proceedings, and pditge
experience for both REU and graduate studentsoltiged a CD. This event attracts approximately 250 paréioig from
structured environment for the discussion of prejetated industry government and academia each year. Throug
questions, separate from project meetings. Sinegaimnental participation in this event, REU and LSAMP REU snts
questions were addressed in the course, time héthmentor as well as short-term exchange graduate students ga
was more effectively spent on research and inteapom of experience in preparing, submitting and occasignall
results. Third, a follow-up study indicates that URE reviewing conference papers, as well as deliver@atnical
participants achieved far greater confidence iiir thigility to ~ and poster presentations.
perform research and to succeed in graduate-léudly sn Students are also encouraged to publish their teegul
the discipline as a result of their participatiarthie program. referred journals, and to present their work atfemnces.
The study also showed that performance levelstisesgyuent In 2006, two REU alumni gave an oral presentation o
power electronics coursework were significantlyh@gthan  electronic power distribution systems at an LSAMP
their non-REU counterparts. [3] Conference held in Baltimore, MD. Their oral prets¢éion
won first place in the engineering session, frorfield of
twenty (20) presenters from HBCUs across the cguimtr

During the initial years of the Center's REU, the this category.

Education Committee recognized the potential ofgpams

such as the NSF Louis Stokes Alliance for Minority CONCLUSIONS

Participation (LSAMP) for recruitment of diverseudénts

into Center programs. The Education and Outreaogram  Administration of a multi-institutional Center inhich each
included strong linkages with minority-serving ihgions, campus participates as an equal partner is a ignif
and four of the five partner campuses of the cdnsar challenge and requires significant program cootéhna
belonged to a regional LSAMP program. Since priorwithin both research and education programs. Basethe
initiatives to include LSAMP scholars in Centereach had  experience of the CPES ERC, the fundamental framewf
proved quite successful, the Center submitted pgsal to  this collaboration is defined by the scope of theearch
develop a dedicated research program for LSAMPlacho  program as well as the definition of goals and sasihin

This initiative, funded in 2004, sought to build &re  and among projects. As shown in this paper, thec&titn
growing collaboration between the ERC program amel t and Outreach program can play a significant role in
LSAMP program in order to develop an REU in powerenhancing this collaboration through creation gfpsrting
electronics targeted exclusively to LSAMP particifga The  structures. The purpose of these structures is econuating
purpose of this program is twofold: 1) to providdddional vision, implementing shared goals, and extendimgirfpact
opportunities to ERC students to obtain a rich ugideluate  of Center programs. The lead university plays &catirole
research experience, including consecutive summen the execution of these programs through estaiblisand
experiences for interested students and a seré@mihg implementing shared policies and practices withire t
component engaging participants themselves in m&mfm  consortium.

Louis Sokes Alliance for Minority Participation

relationship with younger students; and 2) to enage the In order to develop and implement these supporting
participants’ pursuit of engineering research di¢is and programs, structured and regular input from stusl@ctross
graduate study after completion of the REU program. the consortium is needed. Development of an iateps

During the past three years, the LSAMP REU progranstudent Leadership Council, the purpose of whichtois
has been held in parallel with the existing REUgoamn. advise the Center’s leadership regarding such progr
Consortium resources have been used to extendhhect of  development, is critical. The Council also conduggular
the summer experience into the academic year, ghrou and independent SWOT surveys in order to evaluiage t
short-term  exchanges and undergraduate researcblative successes of these efforts, and to make
assistantships offered at their home campusesirDpart to  recommendations for future implementation strategie
these enhanced linkages, as well as active engagewfie
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A critical challenge for all consortia is strategic
planning. In the case of consortia developed agdbult of
a single sponsored project, transitioning the Getdenew
funding sources is of particular concern. In soakes, the
securing of institutional commitments to sustaine th
partnership, along with the support of industry smnia and
research sponsors is essential to sustaining aruas
collaborations. Early planning and consistent eatidmn and
input from key stakeholders, including studentsyvjate key
insights into the value added by multi-institutibna
collaboration, as well as opportunities for futgrewth.

ACKNOWLEDGMENT

The author gratefully acknowledges the supporhef@PES
Director, Fred C. Lee, and members of the Education
Committee, Thomas M. Jahns, Robert D. Lorenz, Migue
Vélez-Reyes. Giri Venkataraman, T. Paul Chow, Istawa
Bhat, Jian Sun, Efrain O’Neill, Carlos Cuadros, and
Abdollah Homaifar, Special acknowledgement is atwmle

to Brian Welchko, Ramanan Natarajan, Bassirou Sock,
Arthur Ball, and Carson Baisden, each of whom hsarged

as President of the Center’s intercampus Studeadérship
Council.

This work was supported primarily by the Enginegrin
Research Center Program of the National Science
Foundation under NSF Award Number EEC-9731677 and
the CPES Industry Partnership Program.

REFERENCES

[1] E. O'Neill-Carrillo, J. Ramos, T. Martinez-Navedb, Vélez-Reyes,
E. Marrero "Undergraduate Research and New Labgr&m@ctices in
Power Engineering," Proceedings of the 32nd ASEHAFErontiers in
Education Conference, November 2002, Boston, Méssin T1D,

pp. 1-6.

[2] E. O'Neill-Carrillo, A. Irizarry-Rivera, M. Vélez-&es, "Curriculum
Improvements in Power Engineering," Proceedingb@Bf'
ASEE/IEEE Frontiers in Education Conference, R&i\, October
10-13, 2001, Session T4A, pp. 15-20. pp.

[3] D. Sterk, T. Thacker, E. Tranter, R. Goff, J. Tempg "Teaching and
Mentoring Research Experiences for UndergraduatBswer
Electronics,” Proc. ASEE, 2007, to be published.

[4] F. Lee and D. Boroyevich, “Ninth Annual Report e tNational
Science Foundation,” Center for Power Electronigsté&ns, Virginia
Tech, Blacksburg, VA, March 2007.

Coimbra, Portugal

International Conference on Engineering Education 4CEE 2007

September 3 — 7, 2007



