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Abstract

This paper will describe a capstone senior desigmse that features a team-
based requirements-driven project. The projegbsd® selected such that the
technical requirements are sufficiently complexeiquire a team-based solution.
The project implementation is designed to forcestiuelents to consider realistic
formal engineering requirements and specificatiwwhse offering significant
opportunities for student leadership. The mostmeéembodiment of this project
is the Lafayette Photovoltaic Research and Devetopr8ystem (LPRDS) which
addresses the design, fabrication, and testing2&l4 solar energy system. This
project will be described to illustrate various pgdgical objectives of the
capstone course.

Introduction — Capstone Design at Lafayette College

Lafayette College is an independent co-educatiooi&ge of 2400 undergraduate
students and 206 full-time faculty, with approxielgt20% of the students and
faculty being in the Engineering Division. The Bion offers four ABET
accredited Bachelor of Science engineering degm@grams including electrical
and computer engineering (ECE), mechanical engimgecivil engineering, and
chemical engineering as well as a Bachelor of Aegree program in engineering
studies. While the requirements for senior dediffer somewhat across degree
programs, all programs strive to provide the stislenth a solid capstone design
experience.

As the curriculum is currently structured, ECE stoid are required to take a two-
course design sequence during their senior yearin®@the first of these courses,
senior design I, the students work on a structdesiign project that has been pre-
packaged for them by the faculty teaching the aauRecently, this project has
been writing Verilog code to implement a wirelegsN_using pre-designed

FPGA and RF hardware that is supplied to them.sthéents are taught in
lectures about formal design process, but theilgddseedom in the project itself
is limited. Project management tools such as nufestand Gantt charts are
introduced; however, high-level task planning is done by the faculty for the
students. Typically, students work in the usubipair teams. Each team of
students has the same design requirements, bteéahes are discouraged from
inter-collaborating.



The first semester of senior design would be alnmaBstinguishable from a
typical undergraduate lab assignment if it wasortdne critical difference: the
scope of the project requires a multi-week effétor the two-student teams to
have any chance of success, they need to plan atmadding their work over a
multiple weeks. In addition to the scheduling chiadje, our first semester senior
design also emphasizes testing and verificatiatesfgn elements. Learning the
importance of testing and planning are valuablsdes that many of the students
take away from this first semester of senior desigih many equally important
design and engineering project lessons are skippst significant of these
omissions is that students are not yet introducedttue, team-oriented working
situation. Even though they are grouped in twalstd “teams”, most issues of
team dynamics cannot arise in such a small gréupther limitation of this first
semester project is that students work in one mareghnology. Students are not
challenged by any significant multidisciplinary teg@ments. Although students
are expected to successfully complete their desigrisme, and the scope of the
work does require some rudimentary planning, thexeHittle concern for larger
issues such as system engineering, multi-leveldsdbelevelopment, system
acceptance testing, staff management, and budbjetsdo they seriously grapple
with manufacturability, reliability, or maintaindiby aspects. The second course
of the senior design sequence, senior designdadically different.

In senior-design I, all the students in our selass are grouped into a single,
large design team and are presented with a chaligrigsign problem that
requires a multidisciplinary, systems engineeripgraach. The students are
presented with the equivalent of a real-world stetiet of work (SOW) defining a
set of high-level system requirements that comgratl technical and non-
technical constraints. They are given this docurerthe first day of class and
are expected to demonstrate and deliver a workisggs that meets its
requirements by the last day of class — a meradenrworkweeks later.

In our model of a real world work arrangement, stid are required to work as a
team to perform system architecture tradeoffs, ldgva schedule, and organize
into sub-groups for design and project managenidmy are required to conduct
a design review with an outside group of industrgieeers. Finally, they are
required to procure parts, build and test subsystamegrate everything into a
system, and demonstrate compliance with the SO&Miimal acceptance test and
demonstration.

Over the past ten years, the size of the designgéms ranged from eight to
twenty-two students. It has been our experiencestizh a large group of
inexperienced student-engineers will not naturagif organize” sufficiently to
achieve complete project success during the onestemschedule allotted for the
project. Student teams require significant coaglaind mentoring. Currently, the
senior design Il course is team-taught by two figomembers who each have
significant industry experience. Each faculty memis scheduled to provide
nine contact hours each week, constantly shephgsdioch a group in the



direction of progress by providing both managenaert technical guidance to the
design team.

Project Selection — Pedagogical and Practical Isssie

The selection of a team-based capstone project Ineusbnsidered carefully. It
should include important design elements from ajanstems of the curriculum
and incorporate an appropriate mix of digital andlag hardware and software
design. Ideally, the project should be appealingttidents, address contemporary
issues, and offer interesting, non-trivial oppoities for the analysis of ethical
and economic issues and the various “illities” ¢aaists including reliability,
maintainability, sustainability, and manufacturahil Pedagogically, we have
adopted a formal requirements-based philosophyftheds students to carefully
consider whether or not their design choices angrggto meet performance
requirements specified in a formal statement ofkeasrd related engineering
standards. In our experience, the groundworkdohs project must start at least
a year in advance of the first course offeringraen to provide adequate time to
write an effective statement of work and to obta@cessary project approvals
including funding and/or infrastructure installatio

In the following sections, our most recent designjgxt will be described to
illustrate our capstone project pedagogy and implaation. This project is
called the Lafayette Photovoltaic Research and Deweent System (LPRDS).

LPRDS - Motivation

The National Academy of Engineering (NAE) has idesd “making solar
energy economical” as one of fourteen Grand Chgélerior engineeririg
Photovoltaics (PV) is the best known solar eneegjmology and it has been
around for a long time - the seminal paper thadbrbigcally analyzed silicon PV
cell energy conversion efficiency was written bylli&m Schockley (who also
won the Nobel Prize in 1956 as one of three inwsndbthe transistor). Most
commercial PV products have efficiencies in thel5@6 range, significantly less
than the 30% theoretical maximum predicted by Sklegc The PV industry has
been trying to achieve a cost of $1/Watt-peak f@r@0 years and much of
current industry activity is focused on low-cost #¢hnologies and reducing
manufacturing costs. Moreover, a large percentddfee installed PV
infrastructure can be attributed to significantsdies and tax incentives.
Finally, the use of PV, like wind energy, posesigigant energy storage and grid
integration challenges due to variable power pridaoc As a result, PV
comprises only a fraction of a percent of the tat&lenergy production. Itis
little wonder that economical solar energy is cdased a “grand challenge” by
the NAE.



How can the global challenge of renewable energydoessed locally in an
already crowded undergraduate engineering curme®lurhe Electrical and
Computer Engineering department at Lafayette Cellegs created the Lafayette
Photovoltaic Research and Development System (LBRDEhotovoltaic
laboratory for use in capstone senior design ptejec

LPRS Baseline Infrastructure

The LPRDS project was conceived in the spring @&8énd was first run as a
course in the spring of 2009. The basic infrastngcprovided for the first course
offering included a significant PV array of a sieeighly equivalent to what
might be found in a residential system Also prodidee transfer switches and
other infrastructure that gives safe access tautiliey power grid as well as to
sets of power outlets around the building. Theesysivas configured so that the
PV array could be connected to a commercial gadrverter when it was not
being used to support student project work. Ia tinry, the energy from the
system could be used by the College. A block @iagof this baseline LPRDS
system is shown in Figure 1.
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Figure 1. Lafayette Photovoltaic Research and gveéent System (LPRDS)

Each year, as the LPRDS supports senior designassline architecture can
grow and change as students add new integratethitgpthat can be utilized by
future teams.



LPRDS Statement of Work and Requirements

The Statement of Work that was given to the studesign team emulates a real
world requirements document. The document is aBbytages long and lists
hundreds of requirements associated with a setlofestables. The deliverables
list in the 2010 LPRDS was the following

Deliverable | Description Due Date
D001 CDR Presentation Materials Delivered to wéb and reviewers 24 hrs
prior to CDR

D002 Users Manual Draft at CDR, final 7 May (5 PM)

D003 Final Report and Maintenance | Draft at CDR, final 7 May (5 PM)
Manual

D004 Acceptance Test Plan Draft at CDR, final ptootesting.

D005 Acceptance Test Report 30 April

D006 QA Audit Report 30 April

D007 Project Web Site Must be updated regularly.

D008 LPRDS-BMS-2010 Integrated | Final disposition per GPR012
System no later than 7 May (5 PM)

D009 Conference Paper TBD

D010 Project Poster 7 May (5 PM)

The SOW attempts to avoid specifying the systerhitacture, but some high
level detail is necessary in order to specify c@sts. Figure 2 shows the
system-level block diagram included in the SOWx r8ajor subsystems are

identified:

Supervisory Control and Data Acquisition (SCADA)
SCADA Data Interface (RS-485)

Raw Power Interface (RPI)

Energy Storage System (ESS)

Energy Delivery System (EDS)
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Figure 2. Top Level System Architecture in SOW
As is usual with real SOWs, requirements giverhdtudents fall into several
categories. For example, there are managementeegemts associated with
deliverables, mandated project activities and rnoless such as regular status
reports, and the development and adherence tgecpszhedule and budget. .

There are high-level technical requirements fotesysfunctionality and
performance. These requirements set out the raeimical goals and constraints
for the effort. In writing technical requirements these projects, we do our best
to avoid giving explicit hints as to what sort @&sign could satisfy the
requirements, putting the students in a predicartieytve not commonly
experienced. We tell them what they must do, anatwiey can't do, but
considerable freedom remains in their design sgameexample, the following is
the technical specification of the energy deliveygtem (EDS) portion of the
LPRDS in Spring 2010. Although a pulse width motola(PWM) based

inverter is almost certainly part of the prefersafution, nowhere in the
requirements is PWM or inverter mentioned.

R0O03: Energy Delivery

The LPRDS-BMS-2010 shall include an Energy Deli&ngsystem (EDS) that will
accept raw, high voltage DC from the RPI and EDOfhwvert the energy as required, and
deliver well regulated 120 VAC sinusoidal 60 Hz#le power to the LPRDS transfer
switch connector.

The LPRDS is an experimental system that will sesva testbed for PV research. For
this reason, the power management algorithms ugddedbEDS shall be coded in
software, firmware, or programmable logic by theRIPS team, and made available as
part of the SDK so that they may be altered or eged easily. The use, in whole or in
part, of proprietary, vendor-supplied power/energgnagement algorithms is not
permitted.

EDS is not required to be self-contained with respe the power/energy management
algorithms and software. These algorithms may eesiod/or run in other system
components (e.g. SCADA).



EDS will be connected to the safety interface tloainects to both the RPI and the ESS.
Breaking or disconnecting the safety interface Istalise all systems to enter a fault
state and disconnect HV from their outside terngnal

The following requirements describe the basic atpar that must be implemented in this
effort.

* The EDS shall remain in shutdown until all faulte aleared and the main
startup switch is actuated.

» Should a fault be detected at any time, the EDBugd the safety interface to
shutdown the ESS and RPI and enter a fault state.

» Once activated, so long as there is no fault, fiist priority the EDS will
convert DC energy from the PV array to meet AC paletivery needs.

» If power delivery can be fully met by convertingmrgy from the PV array, any
additional energy available from the PV array shadl used to charge the ESS
until the ESS is charged to full capacity.

» If insufficient power cannot be derived from the &¥ay to meet AC power
delivery needs, the EDS will supplement PV powtr stored energy from the
ESS.

» If insufficient power is available from both PV aB8S systems combined, such
that it is impossible to maintain load regulaticthe EDS shall drop the load
and enter an undersupply fault state.

There is no requirement for PhotoVoltaic MaximumvBoPoint (MPP) tracking.
The EDS shall not over-charge or over-dischargeBEB&, nor shall the EDS charge or
discharge the ESS at rates beyond its rated capacit

The EDS shall be properly designed with consideratif the high voltages and currents
per the electrical safety plan.

The EDS shall be able to deliver high quality, feged, 120 Volt RMS, sinusoidal 60 Hz
AC electricity, continuously, at a maximum sustdioerrent of 10 Amps RMS, to a load
of any power factor.

The 60 Hz sinusoidal frequency shall be accuratgitoin 0.05%. Locking to
commercial mains frequency is desirable but nouiegl so long as the frequency
tolerance is maintained. Total harmonic distortioto a linear load shall be less than
3%.

Load regulation steady state error shall be bettem 3%, and the transient response
overshoot shall be less than 5%, for any step ldahge within the sustained capacity of
the system. Step response settling time withint2 Ise less than 33 ms

The EDS shall be able to switch between sourcpswér (PV array or ESS) without
interrupting the delivery of power to the load.

An RS-485 interface to the SCADA system shall &aged, with format as required for
supervisory functions.

At a minimum, the SCADA shall be able to monitdtage and current on all interfaces
of the EDS subsystem, internal temperature inréical locations of this subsystem, and
operational or fault state. In the case of sinushidiC interfaces, measurement of the
phase angle between voltage and current is alsaired.



There are also requirements for acceptance tesingexample, the following is
the description of the Acceptance Test Plan theestis must generate:

D004: Acceptance Test Plan

The Acceptance Test Plan (ATP) is a document #mtribes how the system as a whole
will be tested so as to prove compliance with efjuirements and specifications. The
ATP should include forms that can be filled outdsters during execution. These filled
out forms will be used to create the ATR.

Compliance can be proved in any of the followingé¢hways:

. Analysis — detailed logical analysis can demonsti@mpliance by reasoning
from known facts (a priori or empirically) in therfn of a proof.

. Test — an explicit test, experiment, or demonsiratian be used to make
compliance with a certain requirement obvious

. Inspection —compliance is already evident by dlyeekamining the system
The ATP should be arranged to minimize the worklired in testing. If possible,
multiple requirements should be demonstrated bi ¢est.

Finally, all projects must comply with a standaddlérplate set of general
requirements (much like in real world SOWSs). Thiestude specific constraints
for safety, good practice, EMI/EMC, environmentdétance, along with various
“illities” constraints on such topics as: hazmatdiability, maintainability,
sustainability, manufacturability, and ethics. WWempt to cast these
requirements in a form that constrains the studesign in realistic, useful ways
that students can address within the scope of pneject. For example, here is
the manufacturability requirement.

GPRO008: Manufacturability

A production design is a project design that cawlasonably be manufactured in large
quantity (e.g. greater than 1000 units/yr). Albduction designs must be built from
components and subassemblies that have a sustaisabtce of supply over the system
lifetime. To demonstrate that this requirement &,rit must be shown that each item in
the Bill of Materials (BOM) for the design is aable from a minimum of two
independent suppliers. In addition, industry trestiall be considered when selecting
implementation options. Designs should choose pgtinost aligned with future industry
trends.

The tolerances of components shall be considerékinlesign. Any component with a
value that determines a critical voltage, time dans, frequency, or other parameter
shall have a tolerance such that system requiresnem@ met with 99% yield in
manufacturing. An analysis shall be provided tldgnitifies any tolerance critical
components and proves that the tolerances are adeda meet system requirements at
that yield.

LPRDS - Safety

The PV array and utility interfaces involve voltagend currents that are
considerably above the domain of low-power elect®typically considered safe
for students to work with in undergraduate labbug; safety issues are
paramount in the LPRDS development process. Qentation toward safety
begins with a comprehensive safety plan that isesidoy each student. The plan



is a synthesis of the safety plan used by the IE&fula Hybrid competitidh
constrained by the overall Lafayette College elegkisafety plan, with
adaptations to the specific needs of LPRDS inclgi@didherence to Article 690 of
the National Electric Code on photvoltaics.

The safety plan has two main purposes. Firsttaldishes rules and procedures
that serve to reduce the likelihood of injury te dtevelopers during development
and testing. Second, it mandates certain desigrireggents that further
ameliorate risks to users and maintainers in thaéu An example of a
procedural aspect of our safety plan is the rui skudents are prohibited from
working directly on energized circuits with potetilifferences over 30 volts. An
example of a design requirement we mandate isctratits that may have
potential differences greater than 30 volts musttan indicator light that
illuminates when such voltages are present.

The Raw Power Interface (RPI) subsystem incorpsnatenerous safety features
in its design and serves as our main interfachddigh-voltage DC from the
array. Itincorporates a combination of commelgialailable components such
as a ground fault interrupter (GFI) and a studesighed printed circuit board
that provides various system monitoring functiofitie RPI the following
features:

» Strict isolation between high voltage and low vgéiaircuits.

» Double insulated high voltage section with transpacover

* HV-present indicator lights

» DC ground fault detector

* Voltage, current, and temperature sensors

* RS-485 interface for SCADA monitoring

» Safety disconnect relays and logic

* Snubber circuits

» Anderson Power connector for HYDC

A photograph of the student-designed RPI is shiowkigure 3.
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Figure 3. Student Designed Raw Power Interface -

LPRDS Technical Approach

The LPRDS permits many interesting architecturesmerations, both at the
system level, and the subsystem level. Howeveh htile prior experience in

the “brainstorming” aspect of the design procegglent teams are initially
reluctant to develop and analyze their own archites. Faculty gently pushes
them to think creatively, trying not to do the tkimg for the students. When
students do eventually become engaged, do indepeddsign, and propose a
particular solution, we challenge them with eduwathe team with the merits

and limitations of their solution. Finally, as \@ars solutions are proposed, the
realities of the constraining fourteen-week scheduid a $3,000 materials budget
become ominous.

The following are examples of solutions consideaad adopted by students
during the architecture phase of the project:

Energy Storage Multiple energy storage options were resear@metlcompared
by students in order to find the best solutionlfBRDS. Students considered
safety, complexity, and life cycle costs to findtarage system that meets all
required specifications from the statement of w&iknificantly, the SOW did
not specify a storage capacity, so students hddwvelop this requirement
themselves, along with several others.

Among the technologies they considered were:

* Sealed Lead Acid Cells
* NiMH Cells
e Li-lon Cells



» LiFePQ Cells
* Super Capacitors
* Flywheel Storage

Ultimately students decided that the main storagelavbe a LiFeP®based
battery array at a nominal 204.8V. This is a gth64 individual 3.2V 10Ah
cells in series to form a high voltage battery. THeePQ cell chemistry has
numerous electrical and safety advantages ovenatiees, particularly the fire-
prone Lithium lon chemistry. The total battery ceipawas chosen based on
considerations of isolation and predicted loadvaithg the system to operate
continuously under the typical cloud cover in EastA. It’s interesting to note
that the useable battery capacity in LPRDS is twere the useable capacity of
the battery in a Toyota Prius.

Battery PackagingGiven our strict safety requirements that prdrelsposure to
voltages above 30V, the packaging of 64 cells 94.8V stack posed an
interesting challenge. The innovative solutiontéean developed was the fruit of
the design review process. Students, faculty, lowathinists, and outside
reviewers all took part in a collaboration thatuleed in a system where the stack
can be assembled without ever exposing the assetolilgh voltage.

Groups of four cells were assembled into sixte@W, jacks. These packs were
arranged such that their plus and minus termirlgeed in a “U” shape such that
a clear polycarbonate insulating panel with sptoagled solid copper shorting
segments could be lowered onto the packs from alabeging the circuit only
after this non-conducting cover was in place. Fegiand Figure 5 sketch this
arrangement.
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Figure 3. Layout of Cells in the Battery

Energy Management Algorithmsrhe SOW explicitly prohibited use of “canned”
energy management algorithms: power storage andféramust be
programmable in the LPRDS system. This specificadiiol two things. First, it
required students to research the issues and ffadeelved in island energy
storage system. Second, it forced the studentedigil most of their own power
electronics hardware, as readily available comraénaverters and charge
controllers are not programmable at the algoritawel.

High Power Inverter Significant consideration was given to the begerter and
power conversion technology. Since previous expedavith power devices was
limited, students were guided by faculty toward lesk designs, but otherwise
were responsible for significant detailed desigmkwaol he currently favored
power conversion system in LPRDS uses a full briofgé&sBTs followed by an
EMI filter and an isolation transformer. Suitabkerdrive ICs toggled through
opto-isolation by a microcontroller is the souré¢e¢he PWM waveform. The

EMI filter was designed by students after reseaigtiCC, Mil, and VDE
regulations. It was an eye-opening experiencelfemtto see the physical size of
components needed to filter high frequencies winliedling real-world AC
power.

Supervisory Control and Data Acquisition (SCADARequirements in our SOW
demanded a comprehensive data acquisition systédmcamtrol capabilities a
dynamic web page and an “interesting” display fisitors to see. These
requirements led to an architecture study and resaea databases, network
communication, A/D conversion, and sensor technol8¢ADA involved
hardware as well as software. A typical studenigiesl data acquisition board is
shown in Figure 6. Constraints in hardware inclugederating isolated supply
voltages for HV sensors, and issues surrounding-isplated data transfer. These
posed a significant challenge to students who weteccustomed to these
issues. Software wise, the SOW required a docurdexié, SDK, and




application suite, but did not otherwise consttam software architecture.
Students considered myriad software possibilitreduding MySQL data storage,
PHP scripting.
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Figure 4. Student Designed SCADA Board (within Rf&l)

LPRDS — Accomplishments and Status

In 2009 the first LPRDS team began with no previwosk to build on. The
project scope was in 2009 challenging and inclusyesem architecture design,
analog and digital design, and software desigre sthdents were expected to
solve problems on their own with technical guida(res assistance) from the
instructors and to keep the project requirementaiimd during design. The
students did a great job figuring out problemstairtown. In fact, they were at
times a bit reluctant to take advice from the instiors (which cost them some
time), but they developed a great deal of confidandheir ability to make
decisions and work through difficulties.

The 2009 team was relatively large (22 studentd)iacluded a combination of
full-time day students and part-time evening stsléorming a natural rift in the
team. The team dynamic as a whole in 2009 wasditfio manage and they had
some initial difficulty establishing a positive tealynamic. However, they
pulled together during the second half of the seenesd produced a working
inverter prototype, ESS, and RPI that met manyireqents and exceeded the
instructor expectations. They also demonstrafetotype IGBT based inverter
that delivered 120VAC power to wall outlets at odl® Amps. At the final
review and demonstration, power from the studestegged system was used to
run a George Foreman grill to cook hamburgers iouaforty people.

In its first year of operation, LPRDS has generateer two-million watt-hours,
either injecting this power into the college elexgrid, or directly driving outlets.
This local electricity generation from LPRDS efigety reduces the utility power
needs, and carbon footprint, of Lafayette College.



In 2010 the second LPRDS team has taken up thle & is currently involved
in developing and integrating SCADA and EDS, ad aglperfecting the inverter
design. Given the advanced starting point, we edxpet this team will achieve
full system-level integration.

Conclusions

The Electrical and Computer Engineering Departraghiafayette College
instituted a team-based senior design course agfpatwo-course capstone
senior design sequence. The move from indepemidsign to a team-based
design was done ten years ago, in large part, dABET requirements. The
introduction of a requirements-driven methodologgansistent with industry
practice and serves to focus decision making duhegystem architecture and
detailed design phases of the project. The conitglekthe project was
purposely scoped to be “broad” rather than “deep@risure a capstone
experience that incorporates software and analdgiggital hardware.

Teaching a course of this nature is challengingiawery different from teaching
a traditional course and/or laboratory. The irngtyts must select an application
that is relevant in order to engage student intevege keeping the system
requirements challenging and achievable. Theunosirs should be comfortable
with uncertainty and must allow the students to endeir own design decisions
and intervene only when it is clear that the sttslane severely floundering or
are making a decision that would cause certaireptdgilure. Instructor
understanding and management of individual stupergonalities and technical
strengths and weaknesses as well as group dynamiasiportant to project
success. The instructors also must constantly &esfingencies in mind to
ensure that the students can achieve project suoctédse event of an unforeseen
problem é.g.a critical component is out of stock). The maoofewo professors
team teaching the course is essential for sucttedBws the instructors to better
understand the team dynamics and to play “goodbampeop” when necessary.
It is also critical that that both instructors haractical engineering design and
project experience and it is a plus if they haveplementary technical expertise.

The use of external evaluators for architecturedexign review is also important
as the students take harsh criticism better frotareal evaluators than they do
from their instructors. External reviewers for ttfeRDS project worked at a
major power-industry manufacturer, a small powestay consulting group, an
electronics company, and the software departmeatage New York bank. The
reviewers included some Lafayette alumni.

The solar energy theme of LPRDS offers a signiticgaportunity for multi-year
project since optimizing the maximal capture, éfint transformation,
recoverable storage, and on-demand delivery oélénerical energy available
from photovoltaic systems are all active areashaftpvoltaics research. The



energy storage aspect of LPRDS opens the posgibildther related projects
such as electric vehicles.

The work reported here demonstrates that undergtaditudents can successfully
complete challenging team-based design work gikierptoper course structure,
staffing, and environment. The LPRDS system repitssz framework within
which a sequence of teams can work in series @xaral years to develop a very
significant end result. In a single semester,wlsgbrk can be done on
subsystems, but it's difficult to achieve muchargje-scale significance. Our
student teams appear to need the better parteshaster to solidify into a
productive unit. With two semesters allocated mtam experience,
considerably more could be achieved with each group
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