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Engineer It! 2023 Competition Information and Rules

GENERAL INFORMATION

Engineer It! is an annual engineering design competition jointly presented to all students
by the Cox Science Center (SFSC) and the Florida Engineering Society (FES).

Safety is the highest priority. Violators of safety protocol will be disqualified.
This is an educational and fun competition for CHILDREN/STUDENTS.

The goal of the overall event is to LEARN.

Rules and judges attempt to be fair to all competitors — neither are perfect and
people make mistakes.

Good sportsmanship is expected from all participants, parents, and sponsors.

e ANYONE that, in the opinion of the judges and science center staff, does not
behave in the true spirit of the event will be disqualified.

e Any dissension with rulings by judges, which are final, may result in participant
disqualification.

Date: Saturday, April 15, 2023
Time: 7:00 — 8:30 AM Check In
9:00 AM Competition Starts
12:00 -1:00PM Break
1:00 PM Competition Resumes
3:00 PM Competition Ends
4:00 PM Awards Ceremony
Location: Cox Science Center and Aquarium
4801 Dreher Trail North
West Palm Beach, FL 33405
Website: https://www.coxsciencecenter.org/

You may be photographed for Science Center media purposes throughout the
competition. By registering to compete, you are giving photo consent. If you do not
wish to be photographed, notify the staff members at the registration tent when
you arrive.

For questions regarding the event details, please contact the following staff member
from the Cox Science Center and Aquarium:

Chris Pait
Cpait@coxsciencecenter.org

For questions regarding the rules of the competition, please contact the following
engineers from the Florida Engineering Society Palm Beach Chapter:

Rick Joseph, PE Jimmy Richie, PE
Rick.Joseph@wginc.com Jimmy.Richie@wqginc.com
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Engineer It! 2023 Competition Information and Rules

GENERAL RULES

1. The competition is open to students in elementary, middle and high school levels.

2. Students may participate individually or in teams--maximum of 2 students per team
and maximum of 4 students for Thrill It.

3. Students must register online at https://www.coxsciencecenter.org/.

4. Students and their egg drop containers, rockets and roller coasters must be present
and complete at the Science Center at the designated check-in time on the day of
competition.

5. Students registered for Thrill I1t! are encouraged to arrive as early as 7:00 AM to drop
off roller coasters. CSCA/FES staff will regulate the maximum number of people,
including teachers, parents, coaches, judges and staff inside the room at one time.
At the discretion of CSCA/FES, additional restrictions may be applied for safety and
efficiency. Students will have five minutes to place their roller coasters on the tables
and make adjustments. Drop off must be complete by 8:50 AM; otherwise the
student/team must wait until their scheduled time of competition to drop off the roller
coaster.

6. Entries must be clearly marked with the name(s) of the entrant(s) and meet
construction specifications.

7. All questions and disputes must be brought to the attention of FES/CSC staff
on the day of the event and will not be considered thereafter.

8. Video or audio recording of complaint/interaction with judges will not be
tolerated and will cause dismissal from the event.

9. All decisions of the judges are final.
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Engineer It! 2023 Competition Information and Rules

DROP IT!

ENGINEERING DESIGN CHALLENGE

Design and build a shipping container that will prevent an uncooked egg from
breaking when dropped from a height of 50 feet.

CONSTRUCTION SPECIFICATIONS
1. MATERIALS

A. Not permitted: parachutes, pool noodles, balloons, fins, brims (including an
upside-down “witch hat”) propellers (of any type), drones, foam packing
peanuts, Styrofoam, or inflatable material (i.e. inflatable foam, bubble wrap,
air pillow packing material, inflated plastic bag etc.) of any kind.

B. No kits or pre-made designs may be used.
C. Eggs will be supplied (Grade A Large chicken eggs).
2. CONSTRUCTION
A. The maximum dimensions of the crates shall be 8" x 8" x 8".

B. The entire container must be able to pass through a square aperture of 8
inches by 8 inches (8"x8”) in all three exes (8” cubed dimension) to qualify.

TESTING AND JUDGING
1. A maximum of two people per team and one container per team will be accepted.

2. Only one attempt will be allowed for each entry.

Note: It is recommended that students test and redesign their device prior to
competition day. Practice the iterative process of engineering.

3. Each egg crate will be visually inspected, no further adjustments will be permitted.

4. One egg will be provided to each contestant. The container must be closed in the
presence of the judges.

5. The container will be dropped from a height of 50 feet.
6. A successful drop is:

a. The egg does not show any signs of cracking. A cracked egg is a
broken egg.

b. The egg remains in the container throughout the free-fall, impact, and
after impact.

c. Final discretion resides with judges.
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Engineer It! 2023 Competition Information and Rules

7. After the drop, the contestant will remove the egg from the container for inspection
by the judges.

8. Each egg container that passes the drop test will be weighed without the egg and
with all the material that was removed to open the container and remove the egg.

9. The winning entry will be determined by the container that weighs the least and
successfully completes the drop, without the egg breaking/displaying any cracks.
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Engineer It! 2023 Competition Information and Rules

THRILL IT!

ENGINEERING DESIGN CHALLENGE

Roller coasters are called "gravity rides" for a good reason: once the coaster has been
dragged to the top of the first hill and released, it is the force of gravity that keeps the
coaster going all the way back to the station platform at the end of the ride. As the coaster
goes through its twists, turns, rolls, and loops, it gains and loses its initial potential energy
(supplied by dragging it up the first hill). Energy changes from potential into kinetic energy
and back into potential energy. Since some of this initial energy is lost due to friction, the
roller coaster can never rise as high as the first hill. The roller coaster you will design is
also a "gravity ride".

In the "Spirit of the Competition," the key ingredients are creativity and application of
science principles. Doing a great job is encouraged over spending lots of money to
complete the project.

DOCUMENTATION
Each team must attach a 3" x 5" index card to the roller coaster.
a. The front of the card should include:

i. Name of the Roller Coaster
i. Grade Level (K-5, 6-8, or 9-12)

b. The back of the card (not showing) should include:

i. Team Name
Members of the Team with grade level and School Name (if applicable)

CONSTRUCTION SPECIFICATIONS
1. MATERIALS

A. Approved materials include wood, wire, string, twine, dowels, toothpicks,
cardboard, construction paper, lightweight metals (including nuts and bolts), glue,
tape, and other low-cost items.

B. Commercial roller coaster kits, including paper kits, will result in up to a 25-point
deduction (see Deductions below).

C. The use of an inclined plane with bumpers to create a “pinball” like structure is
prohibited. All coasters must have a track on which the ball rolls.

D. The coaster must be designed for a steel ball or glass marble that is 1 cm (~1/2")
in diameter or greater. Each team must supply their own steel ball or glass marble.

E. Magnets, electricity, springs, and other forms of energy may not be used — this is
a “gravity ride” only. These other sources of energy can be used for aesthetics
(i.e., background lighting). No electricity is provided in the contest area.
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Engineer It! 2023 Competition Information and Rules

2. CONSTRUCTION

A. The base, including all shims, must fit within a 30 cm x 75 cm rectangular
footprint (image below).

B. The entire roller coaster must fit within a 30 cm x 75 cm x 100 cm high,
rectangular box (image below), including all decorations.

100 cm

)
g

30 cm

C. The steel ball or glass marble when released from the top of the first hill will travel
through the entire ride and arrive at the bottom loading platform. Note: for this
contest, you will raise the steel ball or glass marble by hand from the loading
platform to the top of the first hill to start the ride.

D. The starting and ending positions must be clearly marked.
E. Each team can have a maximum of 4 students.

F. The decision of the judges is final. Any coaster that violates the rules above or the
spirit of the competition will be disqualified.

TESTING AND JUDGING
1. Run Time

0-50 points will be awarded for run time. Each team will be entitled to three runs. The
longest run time from start to finish positions will be the official time for that team. The
time of a run that fails to make it from start to finish positions will not be recorded and
will count as one of the three runs allowed.

Example: Assume the maximum time was 15 seconds and your coaster took 9
seconds.

Points = 50 points x (your time / maximum time)
Points = 50 points x (9 sec / 15 sec) = 30 points

The points awarded for time will be based on the maximum run time within the grade level
(K-5, 6-8 or 9-12).
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Engineer It! 2023 Competition Information and Rules

2. Technical Merit

A. Track Openness

0-15 points may be awarded for degree of openness of track.
Closed More Open Mozt Open

Support Tube

B. Performance

0-10 points may be awarded based on the performance of the roller coaster with
the steel ball or glass marble ending in a designated area or container during each
run.

Technical merit points will be awarded based on the following rubric:

Track Mostly closed >25% open >50% open >80% open

Openness =0 =5 pts =10 pts =15 pts
Ball does not | Ball ends in Ball ends in Ball ends in

Performance end in designated designated designated
designated area during 1 | area during 2 | area during 3
area=0 points | run=3 points runs=6 points | runs=10 points

3. Theme (creativity)

0-10 points may be awarded based on the theme of the roller coaster.

Theme but little | Theme Theme well
Theme | No theme =0 follow through throughout ride | done throughout
= 3 pts =6 pts =10 pts

4. Bonus points for technical merit will be awarded for the following:

5 points per vertical loop. Vertical loop is defined as any time the "rider" is upside
down on a loop of track that is within 10° of vertical (see illustration). If the vertical
loop is a portion of a corkscrew (helix), it counts as a vertical loop. Horizontal loops
do not add bonus points.
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107 o,

Bonus Points for technical merit will be awarded based on the following rubric:

Vertical Loops

1=5pts

2=10pts

3=15pts

4 =20 pts

5. Deductions

Use of commercial roller coaster kits, including paper kits, will result in a deduction
according to the following rubric:

Use of
Commercial or
Paper Kits

Elementary = -15 pts

Middle = -20 pts

High = -25 pts

Page 12




Engineer It! 2023 Competition Information and Rules

Page 13



Engineer It! 2023 Competition Information and Rules

FLOAT IT!

ENGINEERING DESIGN CHALLENGE

Buoyancy is the upward force that keeps things afloat. When placed in water, an object
will float if its buoyancy is greater than its weight. And it will sink if its weight is greater
than its buoyancy.

Your job will be to design an aluminum foil boat that will hold the greatest number of
pennies without sinking.

CONSTRUCTION SPECIFICATIONS
MATERIALS

1.

A.

B.
C.

Each entrant will receive the following:
a. Athin foil 9°x10 3/,".

The boat must be made at the event.

Staples, adhesives, and tape is not permitted.

CONSTRUCTION

A.
B.

Each entrant will receive the materials upon arrival to the Float It event area.

The entrants must build their boat within the allotted time, have it inspected for
qualification by the judges, and then wait in line for the test run.

C. Changes may not be made after inspection.

The foil may only be folded to construct the desired shape.

E. The sides of the boat must be folded up so it will hold a cargo of pennies and not

sink.

The boat must be ready for inspection at the start of it’s turn. Note: no float tests
are allowed.

If the boat is found to be in violation of any of the Construction Specifications the
boat will be disqualified and the student will forfeit their entry in this event.

TESTING AND JUDGING

A. Only one entry per person will be accepted. Teams will not be permitted for this

competition.
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B. Only one buoyancy test will be allowed per entry. Note: it is recommended to
practice creating a boat and testing its buoyancy prior to the competition to better
prepare for the event.

C. After inspection the contestant will slowly add pennies to his/her boat.

D. Once water enters the boat, or any part of the boat touches the bottom of the
container it is considered sunk.

E. The last penny added will not count in the total amount of cargo held.

F. The number of pennies held will be recorded and then be used to calculate the
final score.

G. The winning entry will be determined as the boat that held the most pennies
without sinking.
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LAUNCH IT!

ENGINEERING DESIGN CHALLENGE

Design and construct a rocket propelled by “fuel” (12 ounces of water) and air
compressed to 60 psi that will be launched at a predetermined angle to reach the
maximum flight time possible.

CONSTRUCTION SPECIFICATIONS
1. MATERIALS
A. The pressure vessel must be one (1) clear 2-liter bottle. See Diagram 1.

B. Do not use metal, glass, or spikes to construct the rocket. Use of these materials
will result in automatic disqualification of your team from the competition.

C. The use of a parachute is not allowed.
2. CONSTRUCTION
Note: the rules for this competition differ from the rules for the SECME Rocket.

A. On the bottom of the rocket, leave 7.5 cm from the throat of the exit plane clear of
any covering (fins, markings, drawings, etc.) See Diagram 1.

B. Maximum total height of the rocket is 76.0 cm. See Diagram 1.
C. Nose-cone tip must have a minimum radius of 1.5 cm. See Diagram 2.

D. Fins must end 7.5 cm from the throat of the exit plane. See Diagram 1. Forward
swept types of fins are not permitted. The quantity of fins used is up to the design
team.

E. The maximum fin width distance from the bottle is 10.0 cm (or 16.5 cm from center
of bottle axis). See Diagram 3. The minimum fin width is up to the design team.

TESTING AND JUDGING
1. A maximum of two students per team and one rocket per team will be accepted.
2. Only one attempt will be allowed for each entry.

3. Each rocket must pass a visual inspection and height requirement in order to be eligible
to compete. Entries that fail this inspection will not be permitted to enter the competition.

4. Only one (1) student per team is permitted at the launch pad.

5. The judges will record the flight time for each rocket, which will then be used to calculate
the final score.

A. The flight time is defined as the time from the moment the launch button is pressed
until the instant the rocket lands on the ground or an object on the ground. This
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measurement must be taken by at least three judges and the average flight time is
the final record.

. The final score will be calculated as a percentage of the greatest flight time
recorded during the competition using the following formula:

Final Score = (Flight time + Max flight time) x 100%

Example: Assume the maximum time was 15 seconds and your rocket took 9
seconds.

Final Score = (9 sec/ 15 sec) x 100% = 60 points

The points awarded for time will be based on the maximum run time within the
grade level (K-5, 6-8 or 9-12).
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Diagram 1 — Rocket Diagram
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Diagram 2 — Nose Cone Diagram

Cone Tip

Minimum
Cone Radius
(1.5cm)

Diagram 3 — Fin Diagram

\ from Center of
/ Bottle

Fin Maximum
Length 16.5 cm

Fin Maximum Length
10.0 cm from Outside
Edge of Bottle
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CLEANIT

IMPORTANT: Please note that water filtered by contestants, while it may look
clean, is not for safe for human consumption. DO NOT DRINK!

ENGINEERING DESIGN CHALLENGE

Design, build, and test a water filter to clean non-toxic contaminated water (water mixed
with potting soil) and produce the lowest turbidity reading (measure of liquid clarity).

CONSTRUCTION SPECIFICATIONS

1. MATERIALS

A.

The filter must consist of two chambers: the Sump (where filtered water collects)
and Filter Bed (where water is filtered). Each chamber shall be built from a clear
2-liter plastic bottle (see Diagram 1). Both the Sump and Filter Bed must be clear
and clearly visible. Tinted plastic is not allowed. Bottle labels must be removed.

. The filter shall consist of typical household items, food-grade items such as bread,

rice, oatmeal, and crackers, and/or natural materials such as sand, rocks (less
than 0.5 inches in diameter), charcoal, straw, wood chips, cotton, clay, and silt.
Contestants are allowed to use additional materials, but they shall not be
commercial materials such as chemicals or manufactured filters.

Each individual or 2-person team will receive the following:

1. One (1) basket style paper coffee filter or plastic net/screen—to be determined,
but the same item will be given to all contestants.

One (1) rubber band;

One (1) collection cup—clear 9-ounce cup or similar;

One (1) transfer cup—clear 16-ounce cup or similar; and

One (1) 16-ounce bottle of water mixed with 1/3 cup of potting soil.

oRwN

Each individual or 2-person team must bring the following:

1. Pre-cut clear plastic 2-liter bottles; and
2. Filter media in separate clear containers or bags clearly labeled with the type
of material (e.g., “sand”).

3. CONSTRUCTION

A.

When the group arrives to the Clean It event area, each contestant/team will
receive the items in 1.C above. Please keep all items until the competition is
complete and do not damage bottles or cups.
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B. The filter must consist of two chambers: the Sump (where filtered water collects)
and Filter Bed (where water is filtered). Each chamber shall be built from a clear
2-liter plastic bottle (see Diagram 1).

1. Cut a clear 2-liter plastic bottle near the mid-point before the event. Please use
caution when using scissors and knives. Tools are not provided at the event.
The organizers will not assume any liability for personal injury or damage.

2. The bottom section of the pre-cut 2-clear liter bottle will be the sump, the top
section will be used to build the filter bed.

3. To build the filter bed, take the top section of the pre-cut clear 2-liter plastic
bottle and attach the coffee filter to the cap end with the rubber band.

4. Insert the filter bed cap end into the sump. The sump and filter bed should be
free-standing and need no outside support to remain upright in operation (see
Diagram 2).

C. The filter bed shall consist of one to four layers of filter media.

D. The total thickness of the filter media must be a maximum of five inches (5”) with
each layer at least one inch (17) thick.

E. Each filter layer in the sump must be clearly labeled with the type of material (e.g.,
“SAND?”) printed in black permanent marker.

F. The filter bed, sump and collection cup must be labeled with the contestant’s full
name printed in black permanent marker.

G. Contestants are asked to be considerate and clean up after themselves. Please
dispose of garbage and filters properly in trash cans.

TESTING AND JUDGING

A. Only one entry per person/team will be accepted. A maximum of two people per
team will be accepted.

B. Contestants will line up to present their filter bed, sump, and materials to the judges
for inspection and approval before assembling of the filter. Materials which are not
suitable may not be used. See MATERIALS, Section B. After inspection,
contestants shall take their places at the tables.

C. Contestants will have 15 minutes to assemble the filter bed and filter the
contaminated water in front of the judges. Contestants will receive a countdown
and signal to begin assembling. Judges will start the timer. Judges will notify
contestants of the time remaining at one-minute intervals and a final 10-second
countdown. At the end of fifteen minutes, judges will signal "stop!" and contestants
must remove their hands from the filters and place all items on the table.

Page 23



D. Contestants may attempt as many filtrations as time permits but must complete
the final pour into the filter bed before time expires. For multiple filtrations, pour all
contaminated water from the sump into the empty transfer cup and place the filter
bed back into the empty sump. Pour all contaminated water from the transfer cup
back into the filter for the next filtration. The transfer cup must be emptied for each
filtration. Spilled water may not be returned to the filter bed, sump, transfer cup or
collection cup. Contestant shall not attempt to settle contaminants to the bottom of
the sump or cup or skim contaminants from the top of the water.

E. After filtration is complete, judges will promptly direct contestants to remove their
filters from the sump and pour the filtered water into the collection cup. Filtered
water not poured into the collection cup must remain in the sump. After this step,
contact with the filtered water in the collection cup or sump is prohibited and will
disqualify the contestant.

F. Contestants must produce at least three ounces and a minimum depth of two
inches (2”) of filtered water in the collection cup to be tested.

G. Judges will measure and record the total volume of filtered water using a graduated
cylinder or equal.

H. Judges will measure and record turbidity using a Hach 2100P Portable Turbidity
Meter, or similar equipment, and reserve the right to use an alternative method if
necessary. The same equipment and method will be used to the greatest extent
possible. At the judges’ discretion, each contestant will pour their filtered water into
the original 16-ounce bottle, write their name on the bottle, and give it to the judges
for testing after the competition.

I. Scores will be based on the turbidity reading with the lowest reading being the
best/top score. If tied, the filter that produces the larger volume of water receives
the higher rank.

Tests at home and school:

Newspaper Test: Place the collection cup in front or on top of a newspaper article and
look down. If the large black print letters of the headline can be read, the water is less
than 30 JTU (Jackson Turbidity Units).

Secchi Disk Test: Place the collection cup in front of the Secchi disks below (black and
white circles) and look horizontally through the cup to the chart. Match the shade of circle
seen through the water with the water in the collection cup.

0JTU 20 JTU 40 JTU 60JTU 80 JTU 100 JTU
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Diagram 1 - Chamber Diagram
Two clear plastic 2-liter bottles: one with its
top cut off (sump) and one with the bottom cut
off (filter bed).

Top cut off Bottom cut off

Diagram 2 - Filter Diagram

Filter Bed — 2-liter bottle

/ with bottom cut off

Layer 3 (¥)
Layer 2 (*)
5-inch maximum filter bed
height, up to 4 layers in
addition to the coffee filter
Layer 1 (*)
Coffee Filter attached

__—with rubber band.

Sump — 2-liter bottle

with top cut off =————g,

(*) Each layer must be labeled (e.g., “sand”). Minimum layer thickness = 1 inch.
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POWER-IT

ENGINEERING DESIGN CHALLENGE

Design and build watercraft that will run on photovoltaic panel power when placed in the
water on a sunny day. The individual or team travelling the most distance with their boat
in similar sunlight conditions will be the winner. A standard 3-12V DC motor and a
standard small Photo-Voltaic (PV) panel will be provided for use to supply the motor in
the design. The contestant will also be provided with several optional construction
components also supplied by the Science Center upon your registration for the event.
The solar boats will be raced against other boats in lanes on a small shallow pool. The
challenge is to design and fabricate the watercraft vessel that will travel furthest when
placed in a rectangular pool in direct sunlight in the ambient sun and wind conditions.

RULES
Age: restricted to grades 6 through 12
Entries: Limited to 32 teams consisting of from 1 to 6 students per team.

Equipment supplied to contestants upon registration: A standardized DC motor and
Photo-Voltaic (PV) panel set which are required for use. Also, some building supplies
offered by the Cox Science Center and Aquarium (CSCA) as optional for use will
include a metal shaft extension, plastic shaft couplings, a plastic propeller, a motor
mount, and some additional wire.

Contestants will design and construct at home the motorized vessel powered by the
standard PV panels and DC motor provided by the CSCA. No stored energy (battery or
rubber band) is allowed for the race.

The race-course lanes will be oriented generally North to South and will have rigid lane
boundary lines about 12 inches wide. One pre-declared competitor per team will be
allowed to adjust the boat during operation but cannot aid its speed or distance. No
competitor may hinder the progress of another boat. Once the boat reaches the end
wall of the pool the boat should be manually reversed and allowed to travel back and
forth until the time runs out. The total distance covered, recorded in total feet covered,
is the score. Each team is allowed 2 each, 5 minute tries. The best of the 2 tries will be
used to create a heat final score to be recorded by the judging staff on the time of the
heat.

Due to variability of sun and wind conditions, multiple competitive heats will be run to
select a winner. The number of heats will be determined once the teams are registered
the day of the race. In the event of insufficient sunlight during the contest day, each
team will be provided with equivalent small 3V DC batteries which will clip onto the
exposed wires and power the boats.
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CONSTRUCTION SPECIFICATIONS

All boats must meet the following requirements:

1.

MATERIALS- supplied to registered contestant(s) prior to build

A. One kit provided per entry (see Figure 1)

S “ Motor &
‘ i ) + Mount Wire
T 2mm Dia. %"» r“' Small
Photo Voltaic Shaft Couplings  Extension \d 4 Propeller
Panel(s) . . . .
Required Build Supplies Provided Optional Build Supplies Provided

Figure 1 Supplied items, PV Panels, DC motor, shaft, coupling,
polymer propeller, motor mount, metal drive shaft, and wire

B. The supplied DC motor has approximate dimension of 1.3 inches diameter by

0.75 inches long. The motor shaft is 0.1 inches diameter. This shaft fits into the
plastic propeller and coupling provided. The thin wire leads are several inches

long. This DC motor and PV panel(s) provided are the only power source

allowed.

2. MATERIALS - to be secured by the contestant

A. Safety — In design and building the project there are several potential
hazards to be carefully regarded. Burn caution should be taken while soldering
electrical contact connections, during build or repair. Care should be taken when
using sharp cutting tools such as exacto knives. Because the voltage (<3V) and
power (<1W) are very low there is no risk with the electrical power from the PV
panels or motor.

B. Boat hull, propeller, and shaft materials can come from typical household
materials or may be fabricated out of polymers by 3-D printing. The materials of
construction may be from sustainable materials or recycled waste. Materials such
as paper, cardboard, and cloth can be molded reinforcement for composite
laminate structure. And wood, plastic or aluminum foil can be formed into
acceptable vessels. Figure 2 shows a simple flat bottom hull design.

. 3-D printed boats are allowed to be used. However, 3-D printed polymers are not

necessarily waterproof without a coating or do they make the lightest weight
construction.
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D. A wide range of materials and approaches can be considered for construction.
Figure 3 shows an enclosed design having the motor and PV panel inside the
floating container.

Figure 2 Clear Plastic tube with motor and PV cell inside

E. The provided propeller, shaft, and coupling are optional for use and helpful to make
a functioning solar boat. It is expected that improvements will need to be made to
the propeller to achieve a winning design. Figure 4 depicts polymer props and
couplings designed to connect the motor shaft to an extension rod.

Standa rd small propellers
and shaft couplings
L
| -

Figure 3 Potential drive elements for connection to motor

Metal shaft
extension rod
with an auger
drive

g

F. Some repair materials such as wire, hot glue, or superglue may be available in
limited quantities. Test support materials should be considered.

G. Water-proof design- Electrical connections are generally a concern due to water
contact and mechanical pulling. The thin wires and small motors have shown
tolerance to some water immersion, but the wire joints are fragile and may need
reinforcement protection by securing with glue or tape.
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H. Access to soldering equipment is not needed but very helpful for repair and

alterative designs. Any soldering activity should be monitored by adult supervision
for safety and quality reasons.

3. DESIGN AND CONSTRUCTION

A. Dimensions - The maximum length, width, and height of the assembled boat shall
be 10 inches, 6 inches and 6 inches respectively. Figure 4

10 in (max)
Figure 4 Solar boat dimension limits

B. The supplied motor has approximate dimension of 1.0 inches diameter by 0.5
inches long. The motor shaft is 0.1 inches diameter. This shaft fits into the plastic

coupling provided. The wire leads are several inches long. This motor is the only
DC motor allowed shown in Figure 6.

Figure 5 Small 050in N - _ o
motor provided e __di ,
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C. The PV panel supplied along with the motor are require elements in the
competition show in Figure 7.

ED S30MM

'- i I ..-.

Figure 6 PV panel(s) provided by
CSCA

D. Performance considerations for design:

1) For maximum speed, the total vessel weight should be minimized.

2) The DC motor provided has extremely low torque in the best of sun conditions
with the PV panels supplied; and so, performs better at higher RPM with low
frictional loads. Designs should consider low hydrodynamic drag and low
mechanical friction. Drive gearing or pullies may be beneficial to increase
torque.

3) Boat straight-line tracking will reduce repeated contact friction with lane walls.

4) PV panel angle, as much as possible, should face the sun. This might involve
an adjustable mounting.

5) Windage - Because the race is outside, there is a possibility for wind affecting
boat speed and direction. Lower freeboard (walls) can reduce windage area.

E. Developing the design

1) Breaking the design into smaller elements is usually beneficial to achieving
optimum system results. For example, evaluate separately- the solar power
panels mounting and collection, the motor-propulsion, and the vessel floatation
stability and tracking can each be tested out separately. Then they can be
tested as a system.

2) Initially water testing can be performed in a small pool or even indoors by using
a 3V battery in place of the solar cell. Remember that the 3V solar panel will
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produce only a fraction of the power of a 3V watch battery — so that eventually
the PV system needs to be tested outside in sunlight.

TESTING AND JUDGING

1.

7.

Only one (1) entry (boat assembly) per team will be accepted. A maximum of six
people per team will be allowed.

Two (2) attempts will be allowed for each heat. Note: It is recommended that students
test and redesign their device prior to competition day. “Practice the iterative process
of engineering-test-optimize.”

Each boat assembly will be visually inspected and measured for compliance with all
the rules.

Once the boat is held against the wall in the starting position, no further adjustments
will be permitted until it reaches the end of the lane where it may be manually reversed
by the selected team member. These laps are to be repeated until time runs out. Only
one person from each team may handle the boat at the ends. The boat direction may
be periodically straightened by pushing sideways bumping using the lane lines. The
approximate shallow, 6” to 24” deep, pool course is described in Figure 7.

L= L= Pl T}

SESESE NS SENENE SENENEEERENES
sk o | et e el e e e

i:] SEEEEEEEEEE

[op View g ft Morth/South

Figure 7 Fresh-water racecourse schematic diagram

The wind velocity will be measured, with time of day and weather noted prior to testing.

The greatest distance powered over a 5-minute period will be used to create a score
for each team.

In case of a tie in distance a 2-minute run-off will be used as the discriminator.
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8. The judges will post the results and select the winning watercraft design (Final
discretion resides with judges)

Example score card:

Table 1 Sample data collection table

Team | Entry | Speed | Design Characteristics
Reference data to be collected by judges
Time of day / Heat | (ft/5 Total Place | Gear Propeller | Length/ Wt. | PV
Wind Speed & min) Score | in Ratio? Diameter | Width / (gm. | panel
mph./Wind Run heat | #orN (in) Height ) angle
Direction (in) control
2
#1 (Team name) | A1 10.5 none 1/2 inch 6/4/3 25 fixed
A2 4.5
9:30AM/ 0-1 SE 10.5 2
#2 (team name) | A1 8.0 none 1/2 inch 5/31/4 36 fixed
A2 6.0
8.0 3
#3 (team name) | A1 6 3:1 pully | 1inch 20 tiltable
A2 14
14 ]
10:15AM /0-4
SE
#3 (teamname) [B1-2 [ 135 [135 [fi
#1 (Team name) | B1-2 | 12.5 12.5 3
#7 (Team name) | B1-2 | 13 13 2
#7 (Team name) | B1-2 | 10 10 4
11:00AM /2-4
SE
#3 (team name) | C1-2 | 16 16 ]
#14 (Team C1-2 | 125 12.5 3
name)
#12 (Team C1-2 |14 114 2
name)
#7 (Team name) | C1-2 | 11 11 4
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