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The rationale behind and the educational goals of the Solar Splash intercollegiate solar/
electric boat competition are examined. An assessment is made as to how well these
educational goals are being met, including a brief discussion of competition participant
problems. An apparent “mismatch” is identified between the Solar Splash rules and
resultant boat designs and the goals for most collegiate engineering design courses, and
possible methods of correction are discuss¢®OI: 10.1115/1.1345845

Background on the Solar Splash speed around buoys over a closed course. The second event is the

. . Sprint which shows, using stored solar enetggttery energy a
The_ ASME-sponsored Solar Splash, the |ntercolleg|at_e So'%rgat can have practical gpeed for a Iimitegg%istghmnir?glly
electric boat regatta, has been held for seven consecutive y

and has been growing steadily in participation. The objective 0 meterk The third event, the Endurance evesge Fig. 1, is

the Solar Splash is t te th oot d it rth the most points and is patterned after similar events which
€ Solar spiash IS to promote the construction and compettion|ly o heen held in Japan since 18P The goal of the Endurance

a solar-powered boat which can be built within a school year atRent is to go the farthest in four houigivided into 2 two-hour
reasonable cost. Over the past seven years, well over a thous ions
a

students have participated, many for multiple years and sever
from foreign countries. The competition is designed to provid .

practical educational experiences, encourage teamwork, and%@ar Splash Educational Goals

fun—all achieved without a major disruption to the student's Solar Splash was created to promote student interest in solar
schedule and at minimal cost. To keep time and cost low, the b@sttergy, both as an energy source and in its engineering applica-
size is limited to 6 meters in length and the solar panels are f#gns. As mentioned, the competition is designed to provide
stricted to 480 Watts maximum. A history of the early organiza-hands-on” engineering experiences involving teamwork, while
tion and background of the Solar Splash is foundlih Current remaining a fun project. Specifically, the Solar Splash strives to:
rules, a photo library, and previous years’ competition results may

be viewed on the Internet at www.solarsplash.com.

Competition Format. A month prior to the competition,
teams are required to submit a Design Report. This engineerin = x'ﬁ
report describing their design approach and decisions, whicl
counts as the first “event” of the competition, is evaluated and}
scored by ASME Solar Energy Division members. The Solar;
Splash on-site competition takes place over a period of five days
The first two days are devoted to Technical Inspections to veri
that the craft and skippers meet all of the design and safety rule
The time is also used for Qualifying, a scored event which in-
cludes the performance of the craft on the water. Also during
these two days, a Poster Presentation event, consisting of a publi
level technical poster display constructed by each team, is eval
ated and scored. Once the entries and their skippers have pasg
all of the required tests, the remaining three days are devoted f
three types of on-water events. The first format involves a Slalo
event, which tests the boat's maneuverability and handling at

Fig. 1 Three of the 1999 boats line up for the Endurance race.

Contributed by the Solar Energy Division oHE AMERICAN SociETY oF Me-  Note the variation in design, with the top boat optimized for the

CHANICAL ENGINEERSfor publication in the ASME Journal of Solar Energy Engi- SPrint race and the bottom boat for the Endurance race. How-

neering. Manuscript received by the ASME Solar Energy Division, December 2008ver, all boats must compete in all events, thus the “compro-
final revision December 2000. Editor: J. Davidson. mise” hull of the middle boat.
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develop students’ project and program management skills,is to promote “wise” use of energy, focusing on the application
* serve as a tool to expose students to a multitude of technicdlthe solar and electrical energy combination through solar cells
disciplines, and battery storage. Most students have not been exposed to solar
represent a valuable lesson in the effective use of energgrergy resource assessment, solar cell operation, or even battery
especially solar energy, and energy/power delivery characteristics. Thus, these technical areas
require systems and people integration into a successful cragtually require a team to become knowledgeable in several new
and competitive team. technical areas—an introduction to the life-long learning skills re-

. . ) ) ﬂuired of today’s engineers.
Each of the above four specific goals is discussed vis-a-vis therne oyerall competition is structured to require both the effi-
Solar S_plas_h competition format and/or rules in _the sections BSant use of energgthe Endurance evenand the effective use of
low, primarily to illustrate how these goals are being approaCheHower(the Sprint event Since the rules allow the change-out of

Project Management Goal. It appears that most of the col- Motor, batteries, and drive systems between these two events, to

leges which have competed in Solar Splash have organized tfqMe extent the two events can be “optimized” independently—
teams under a Capstone or Senior Design Col#s&]. The or- only the hull is req_uwed to stay the same for both events. The_re-
ganization of the team via a for-credit course lends immediaf@"e: @ System design to produce maximum power for propulsion
structure and guidance to the overall project management, evevﬁvn‘SOUth during the Sprintwithout destroying the batterigs

the team is “learning while doing.” As described [18], such ile the most efficient system design is sought to use the limited
’ 1iergy available from batteries and solar cells during the Endur-

senior-level design courses generally have formal lectures on t . S
ce event. Also, an energy management scheme is required in the
i

ics such as project planning methods, Gantt and critical p d handle the b d-sol I bal
charts, progress reporting, team communications and dynamiggdurance event to handle the battery-and-solar cells usage bal-
nge for cloudy and/or sunshine conditions. Thus, the Solar

etc. On some teams, the student team members are rotag ) . . .
(monthly or every six weeksinto the Project Manager position, plash competition format requires that the design teams deal di-

allowing all team members to experience the leadership role. §8-‘3'y with theﬁ.tvyo basic issues of energy use: power production
lar Splash emphasizes this project manager leadership role bng- energy efliciency.

quiring all communications between the Splash Headquarterssystems Integration Goal. The overall Solar Splash compe-
(Advanced Energy Systems, Ih@and the teams be via a desig-ition is a program systems integration educational problem itself,
nated team leader, both before the competition and during tsigce the design, construction, testing, funding, and logistics of
competition itself6]. In addition, the monthly Solar Splash newsyetting to the competition require the planning and organizing of
letter produced by Splash Headquarters includes several artidgsmany differing elements. Similarly, the hull design effort can
on effective team organization and management “tips” during thge considered a systems integration problem both from the
pre-competition period. mechanical/electrical subsystems weight and physical placement
The development of the students’ non-technical project amfésign problem and from the trade-off required between the high
management skills, such as oral and written presentations, p&gieed Sprint event and slow speed Endurance event.
staff and shop personnel interactions, selling the project to man-Examining the electro-mechanical power system technical de-
agement and sponsors, and handling the administrative papsign project systems integration effort alone, the different events
work, are considered to be as important as the technical elememiguire that the chosen single hull design be used with changeable
of the desigr{3]. The Solar Splash helps foster the developmemiectrical and mechanical subsystems. If a team ignores overall
of these non-technical skills directly through the Poster Presengystems integration, then the boat’s electro-mechanical systems
tion event, which features posters made by each team for thave historically been either overly complicated and unreliable or
general public and displayed at the competition site. As medifficult to change from Sprint to Endurance configuration, or both
tioned, written communication skills are supported through thef the aforementioned.
Design Report event. Additionally, the Solar Splash newsletter
periodically contains articles on effective methods of gettin .
sponsorship to aid in the project funding effort. Plus, a large nuRuccesses and Failures
ber of the commercially prepared annual Solar Splash posters ar&he success of the Solar Splash as a viable student competition
sent to each school to help in fund-raising. has been demonstrated through its steady growth in participation

Multi-Disciplinary Goal.  The Solar Splash rules are Writtenand its success in gaining sponsorship over its seven year life.

. S e ; owever, success or failure in reaching its educational goals is
assuming that multi-disciplinary teams, specifically electrical a

hanical ) ] tudent involved in_thi ; rder to determine. It can be stated that the general goal of “pro-

mechanical enginéering students, are involved In tnis p.roje\z/‘ding a hands-on, fun engineering experience involving team-

Thus, the terminology in the electrical/battery section and in th n : P
. 4 X ) ... Work” is being met since:

boat/mechanical section of the rules is written for and best “in-

terpreted” by students in those disciplines. It is obviously advan- < the number of participants is growing with new colleges en-

tageous for a team to include marine engineering/design students tering and several others returning year-after-year;

for the hull and propeller design and/or specification, and severale performance of the boats and the technology involved is be-

teams have been from marine engineering schools and programs coming more sophisticatedee Fig. 2,

[2,7]. Additionally, the Solar Splash newsletter discusses the ad-e inter-team co-operation is extremely hidfitle or no “cut-

visability of getting non-engineering studeitigisiness, media re- throating”), even as the competition performance has inten-
lations, eto. involved with the team, especially for fund-raising sified; and
efforts. » teams are becoming more capable of making major “hands-

However, historically, several of the teams are composed of on” repairs and modifications during the competition to keep
only mechanical engineering students. In these cases, usually one their boats competing.
or two team members will “specialize” in the electrical and solar With ¢ " the student t ‘o th
systems, with lots of consulting with electrically and boat-design ith very tew exceptions, he students appeéar o enjoy the
knowledgeable people. These “mechanical engineering” tea gmpetition and the chan_ce to mix with students from other col-
have competed quite successfully in several instances, and s s and cultureqThe differences between how the Japanese,

to illustrate the generalized knowledge breadth of the mechanic€Me Rican and US teams act/react to various competition “hap-
engineering curriculum. penings” is a basis for study itselfThere is no doubt that the

Solar Splash competition requires an exceptional amount of
Energy Use Goal. The basis of the Solar Splash competitiorhands-on engineering to get a craft operational and to keep it
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itself. Thus, while fund-raising is seen as a valuable skill to be
learned, this fund-raising activity can often impact the overall
effort and cause schedule slips which result in inadequate time for
testing the boat and systems—and lack of proper testing is the most
often cited reason for poor competition performaptg On the
other hand, several teams are either well-funded and do not need
to engage in fund-raising efforts or the faculty advisor takes on
the responsibility for securing funds. In either case, the students
have a greater time for the actual design, construction and testing
of the boat—and this is reflected in the generally higher competi-
tion standings of teams whose students do not need to do major
fund-raising.

Associated with this fund-raising problem is the “too well-
’ . . funded” team problem. Currently, some teams are going to and
= - — .t : : : using systems costing in the tens of thousands of dollars, which

= el S _ - i does not fall within the Solar Splash’s objective of having this
competition be a “minimal cost” project. A mechanism for con-
d . ; . trolling boat cost is needed, both to keep the competition from
emonstrated in Japan s Kanazawa Institute of Technqlogy beina dominated by “rich t » and to all Kie t t

(KIT) boat, shown here in 1999 “flying” on the hydrofoils it €ing dominated by Tich teams” and to allow rookie teams to

used in both Sprint and Endurance races. KIT has won the enter and be competitive at modest start-up cost.

World Championship all 3 times it has attended ~ (194,'97,99); A Competition Flaw? The original impetus behind the devel-
however, other boats are approaching and beating KIT perfor- opment of a solar-powered boat was to develop a practical non-
mance in several events. polluting and fuel-free vehicle. This type of boat was seen to have
application both as people and goods transportation on waters in
developing nationgthe fuel-free criteriopnand as a recreational
operating. Nor is there doubt that teamwork is required to handieaft in developed nationghe non-polluting criterion[1,4]. With
the multi-discipline design and construction, as well as the actuafference to this latter application, the concept of having both a
competing of the craft at Solar Splash. With all of the above iRigh-speedSprint and a long-rangéEndurancgcapability in the
mind, it appears that the Solar Splash is meeting the general geame boat came from observing the US bass fishing competition
of “hands-on engineering, fun, and teamwork.” boats, which dash to a fishing spot and then troll slowly while

In determining whether the Solar Splash has been or is succefshing. However, the current Solar Splash rules do not promote
ful in meeting the specific goals focused on fostering educationthe design of a practical solar/electric boat for either the devel-
the “project management,” “multi-disciplinary,” “energy use,” oped or developing nation applications described above.
and “systems integration” areas, it would be necessary to exam-Current rules allow the change-out of all power and drive-train
ine what takes place, educationally, with each of the team megystems between the three major competition evéStalom,
bers for a given college. Ideally, a before-and-after test would I$print, Endurancdeincluding battery size, electric motors, control
administered to determine if the student had or had not gainggstems, gears, drive shaft, and propellers—and all the major com-
knowledge/skills in these areas. Since many of the teams agtitor schools install completely different systems for the differ-
working on their boat as part of a Senior/Capstone design coukset events. From an educational viewpoint, these differing sys-
project, these students most likely are taking tests to determinadis require the students to “learn and design more” since they
they have “learned these lessons.” One college has reported @@ making three systems, which is desirable. Also, the three sepa-
this design course proce$8], and the Solar Splash rules andrate systems require lots of “hands-on experience,” which is
competition requirements do tend to promote education in thgain desirable, since the team must remove and install the sys-
specific goal areas. This finding is bolstered by many anecdoteins several times during the overall competition. However, from
stories from various team faculty advisors concerning how thetlie “practical engineering” educational viewpoint, the current
teams learn and acquire the skills in the “four goals” areas. Manyiles and boat designs do not address practicality or economics in
of the faculty advisors relate that their teams really learned whigleir design, two elements which are fundamental to almost all the
was necessary after the team had failed to perform as they haHer collegiate Senior/Capstone course design projedisther
wanted to at the competition—hindsight does teach lessons!  SAE projects or industrial projedtsThis lack of engineering de-
Problems. There are two major problems associated wit ign practicality and economy appears to represent a major dis-
Solar Splash as reported by the participants. While neither prafis PoncY zetv_veen the Solar Splash (]zompetcljtlon and the way en-
lem is directly related with educational aspects, both have to ggreenng design project courses are focused.
with time and money. The first problem arises because the com-
petition is held during the summér-June 219t after school is . .
over; thus, seniors have graduated and others have summer jogglure Considerations
it's difficult for all team members to be able to go to the compe- Overall, the Solar Splash competition appears to be meeting its
tition. Along with this goes the money given up if the student doestated educational goals. The “problems” discussed above have
go to the competition and leaves work for that week. Howevenpt seriously impacted the educational aspects of the teams’ par-
there does not appear to be an alternative time for Solar Splashitipation in the competition, nor do they appear to be a major
be held which would solve this problem, mainly because the SAEsue in the future. However, the Solar Splash’s lack of “practical
competitions are held each week from the end of April to midengineering design” does seem to be something that needs to be
June. addressed in the near future.

The second problem is associated with the time and moneyTo bring “practical engineering design” into the Solar Splash
required to construct the boat and to go to and attend the compempetition would be fairly easy, since the rules could be changed
tition. For most teams, the students themselves are requiredtdorequire a single system be used throughout the competition.
raise the funds during the school year to support the solar b&tonomic considerations could be handled similar to the SAE
construction and the travel expenses to the competition. This rai®rmula and Baja competitions by establishing a cost goal for the
ing of funds is generally a time-consuming effort which can putoat and requiring a Cost Report detailing costs. This not only
severe time-pressure on the construction and testing of the bbahgs economics back into the design process, but can also keep

Fig. 2 The highest technology and performance has been
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