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Designing an Edible Derby Car 



Objectives: 1) To apply the engineering design process to solve a problem 2) To recognize applications of physics concepts 

Time to complete activity: ~1-2 hours

Skill level: Grades 5-10

Setting: 4-H Club Meetings, School and After-School Classroom Visits 

Related Indiana Academic Standards (2022): 
· Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost (3-5-ETS1-1)
· Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem (3-5-ETS1-2)
· Plan and carry out fair tests in which variables are controlled and failure points are considered to identify aspects of a model or prototype that can be improve (3-5-ETS1-3)
· Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions (MS-ETS1-1)
· Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem (MS-ETS1-2)
· Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success (MS-ETS1-3)
· Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be achieved (MS-ETS1-4)

Materials: 
· Pencils
· Paper 
· Stopwatch and tape measure for older groups 
· Safety scissors, other crafting tools 
· Smooth, flat materials to make a ramp to race down (e.g. cardboard sheets, wooden plank) 
· Food items to build the edible vehicle (Get creative!).
· Drivers (Examples: gummy bear, teddy grahams) 
· Sealant (Examples: frosting, peanut butter)
· Body of vehicle (Examples: Rice Krispy treats, squash, potatoes, banana)
· Axles (Examples: pretzel rods, licorice, carrot sticks, celery)
· Wheels (Examples: cookies, crackers, mints, cucumber slices)
· Fasteners (Examples: gummy lifesavers, gummy peach rings) 





Background: 
· Engineering design process includes the following phases: 1) Identify the problem or goal 2) Outline design constraints 3) Brainstorm multiple solutions to solve the problem 4) Select the best solution 5) Build and test your design 6) Improve your design 7) Retest your design 
· Gravitational potential energy is converted to kinetic energy when we release the vehicle down the incline. Energy is lost as heat due to drag and frictional forces, which reduces vehicle speed. 
· Some engineering considerations:
· Reducing drag
· Drag is the force that acts in the opposite direction of motion when two objects slide against each other. 
· Drag slows the speed of the object and increases as the speed of the object increases. 
· Example: Parachute slows down a sky-diver. The higher surface area creates more drag than a sky-diver in free fall. 
· Reducing friction 
· Friction is the force that acts in the opposite direction of motion when two objects slide against each other. 
· Kinetic energy is converted to sound or heat due to friction. 
· Engineers reduce frictional losses by making surfaces smoother or by reducing the amount of contact area between materials.  
· Examples: Bowling alleys are smooth and waxed to minimize friction between the lane and your bowling ball. Are you more likely to slip on the floor if you have socks on or have bare feet? 
· Distribution of weight toward the front or back of the car 

Method: 
· Introduce the engineering design process. Emphasize that design is iterative, and we rarely reach a final solution on our first try. 
· Present the engineering problem and constraints
· Problem/need: A vehicle that moves as fast as possible down an incline
· Constraints: 
· Vehicle can only be made of edible materials. 
· Your driver cannot fall out of the vehicle during the race.  
· Design must be within budget (optional extension).
· Vehicle must roll, rather than slide down the ramp (for Grades 8-10)
· Ask the students to discuss what they can incorporate into their design to make their vehicles go faster. 
· Pass out paper and pencils. Prompt student teams to brainstorm multiple designs, draw them out, and select the best design. The best design should meet all of the constraints and maximize vehicle speed. 
· Once teams have decided on a design, tasks teams with building their design with edible materials. 
· Once the cars are assembled, let students test the vehicles. Have students or another volunteer release the vehicle at the top of the ramp (Avoid pushing to minimize inconsistencies between tests). 
· For older students, use a stopwatch to time how long it takes for the vehicle to reach the bottom of the ramp from release. Use a tape measure to measure how far the vehicle rolls from the end of the ramp along a flat surface (i.e. floor or desk). Prompt students to record the time and distance on the flat surface for each test so that they can track improvements. 
· For younger students, have teams test to see if the car reaches the bottom of the ramp. 
· After initial tests, prompt students to think about and implement changes to their designs that will improve performance. Give teams time to modify their designs before the competition. 
· Once modifications are made, repeat the testing procedures in a competition format if desired. 






Optional Extensions: 
Extend across Multiple Meetings with Tinkercad: 
Additional materials: computers or tablets 	
· Prior to the first session, create a class as an “Educator” in Tinkercad. 
· Students can join via the class link if they do not already have an account. 
· Ask students to create a representation of their design in Tinkercad before testing their vehicles. Drafting detailed, precise technical drawings with computer software is often an important step in the engineering design process. 

Practicing Technical Communication Skills: 
· Task student teams with creating a two-minute pitch about their vehicle. 
· Student team should present the name of their vehicle and discuss why they chose edible components and what each component does to the rest of the class. 

Practicing Mathematics Skills: 
Additional materials: kitchen scale, kitchen measuring cups, nutritional information for edible vehicle components
· Provide the nutritional information for each edible vehicle component.
· Ask student teams to calculate the total calories for their vehicle.

Practicing Meeting Design Constraints:
· Create a list of costs for every available vehicle component (e.g. 1 marshmallow=$1, 4 pretzel rods = $5).
· Share that each team’s final design must cost less than $100 (design constraint). 
· Have students keep track of their budget to ensure that their final design meets with constraint. 

Reflection Questions:
· After initial testing, what changes did you make to your design? Why did you make those changes? 
· What other materials would you want to use if you could do this challenge again? 
· What parts of your model or prototype are similar to the real-world car? 

Supplemental Information:
· Example video: Edible Vehicles Derby

Vocabulary: 
Kinetic energy – energy that an object has because it is moving 

Gravitational potential energy – energy that is stored in an object due to its vertical position 

Drag – force that acts in the opposite direction of an object’s motion through a fluid, such as air or water. 

Friction – force that acts in the opposite direction of motion when two objects slide against each other. 

Reference: 
Adapted from DIY: Edible Vehicle Derby at Home | College of Agriculture and Life Sciences (ncsu.edu)
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