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PROJECT DESCRIPTION

This project is the single most anticipated project for ninth graders at MGJH.  Students will work in groups to design, analyze, build, and race a boat made entirely of cardboard and duct tape.  This project incorporates a variety of engineering standards which will allow students to critically think about the design of their boat, how it is to be constructed efficiently, and the effectiveness of the boat as a sea-faring vessel.  The key to success for this project, like many group projects, is the ability to collaborate as a group.  All group members need to play instrumental roles in all aspects of the design, construction, and analysis of the boat.  Do not be afraid to collaborate with your teacher and other groups; engineers do not work in a box.  Share your ideas with each other so that your group can build the best boat in the easiest manner possible.  
STANDARDS:
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Have Fun and Learn!
Defining The Problem
1. Students will pick their own groups under the advice from the teacher.  Choose your group wisely (see #2)

2. All students must participate fully and equally in all aspects of the project.  All group members receive an equal grade.  This rule can be modified by the teacher under extreme circumstances.  It is expected that all members will try to participate fully.  It is also expected that all group members will allow the full participation of others.  

3. Finished boats must fit within 1 m x 2 m x 0.75 m box.  Any attachments or extensions must also fit within these dimensions.  

4. Construction materials include flat cardboard and duct tape only.  Pre-shaped cardboard such as mailing tubes or paper towel rolls are not allowed.  Cardboard cannot be more than 2 layers thick.  All Cardboard will be provided for you and groups get no more than 2 pieces (each piece is 1.37 m x 2.28 m)! – extra “scraps” may be provided but not guaranteed!
5. The boat must be human powered.  Canoe paddles will be available but not required during the race.

6. Your boat will be required to navigate a course through the swimming pool carrying 1+ passengers.  A passenger is considered one whose center of gravity is physically inside of the boat.

7. Allowable materials to decorate the outside of your boat include permanent markers, construction paper, and tape.  These materials will be provided.  Other materials may be used as approved by your teacher.
8. Your boat will be covered with a transparent plastic sheet before it is placed in the pool.  This is to protect the pool from cardboard fragments.  The plastic may not be attached to the outside of the boat in such a way to aid in flotation.

9. The theme of your boat must be approved by your science teacher.

10. Your boat will be scored using the rubric on the back of this packet.  Note that only two-passenger boats are eligible for an “A” grade on the race.  However, the race only counts for 5 points.  
11. YOU ARE NOT ALLOWED TO LOSE THIS PACKET!
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Analyze the strengths and limitations of physical, conceptual, mathematical and 

computer models used by scientists and engineers.

91211

Understand that engineering designs and products are often continually checked 

and critiqued for alternatives, risks, costs and benefits, so that subsequent designs 

91212

Recognize that risk analysis is used to determine the potential positive and 

negative consequences of using a new technology or design, including the 

91213

Explain and give examples of how, in the design of a device, engineers consider 

how it is to be manufactured, operated, maintained, replaced and disposed of.

91221 Identify a problem and the associated constraints on possible design solutions. 

91222

Develop possible solutions to an engineering problem and evaluate them using 

conceptual, physical and mathematical models to determine the extent to which 

the solutions meet the design specifications. 

91341

Describe how technological problems and advances often create a demand for new 

scientific knowledge, improved mathematics and new technologies. 


Gather Information
As you look at the schedule of events, you will notice that you have a limited time to work on your scale models, analyze your designs, and plan your theme.  Much of this time is going to be self-directed.  It is absolutely necessary that your group use your time wisely to prepare yourselves before it comes time to build your boat.  Good planning can save a ton of mistakes and time!  This is where the meat of the grade is earned!
Each boat design must contain “features.”  A feature is anything that deviates from a simple cardboard box.  Deviations can be made with the exterior design or interior support structure.
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Scale for model boats   
5 cm = 1 m






Calculating scale:

Scale model weight (g) = 0.125 x boat and passenger weight (kg)

Cardboard

mass = 0.915 kg/m2




Cost = $2.93 /m2
Duct tape

mass = 0.0107 kg/m





Width is approximately 0.05 m





Cost = $ 0.25/m
Density of water = 1 g/cm3





1 m = 100 cm

each piece is 1.37 m x 2.28 m




1 kg = 2.2 lbs

Volume = length x width x height




1 kg = 1000 g 
Area of rectangle = length x height


Area of triangle = ½ x base x height
Volume of a pyramid = area of base x height x 1/3
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Briefly describe the design of your boat; focus specifically on the pros/cons of each “feature.”

What is the surface area of your boat? (determine the area of each piece and add them together – area = l x w)

How much tape do you expect to use during construction? (Do some math – show your work – assume you will cover the entire surface with duct tape 2-3 times – use the surface area of your boat and the width of the duct tape!))
How much do you expect this boat to weigh? (Weight of boat = cardboard + duct tape – use the surface to calculate the weight of the cardboard)
What is the total volume of water that can be displaced by the boat? (hint – what is the volume of your boat? – “break down” your boat into simple shapes to determine the volume of each piece before adding them all together – Your planner has helpful resources!)

How much weight will this boat support? (What is the mass of the volume of water above? – this is how much weight you can put in your boat before sinking)
How much do the boat and passengers weight together?  (use your answer above and the weight of passengers – this should be in kilograms.)

How far do you expect your boat to sink? (set up a proportion comparing your boat’s height and maximum capacity to the weight of passengers and boat.)

What is the recommended weight capacity for this boat?  Why have you selected this number? (How much of your boat should be above the water to be “safe”?  How much weight does this represent?))

How much time do you expect to spend on each task while building this boat? (Determine the total amount of time you have for building and budget the time according to your tasks.)

Describe how this vessel should be constructed.  (Include a cutting diagram, parts list, and specific instructions for how to construct the boat from raw materials.) – attach additional sheets as necessary

 Theme
As stated in the rules, your boat must have a theme.  With your group, brainstorm ten possible names or themes for your boat.
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2.
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10.
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	Design/Graphics


	

	Flag


	

	Headwear



	

	Other Ideas



	


MODELING / DESIGN





Top/back/side/front views





From this list, pick one theme and list all applicable ideas in the space provided.  Have your teacher sign it prior to your race day.





If you do all that you have listed here, you will be allowed to participate in the race




















Teacher signature











Captain’s signature








