Beach Vehicle

Our theme park island requires a lot of maintenance.  One task is to keep the beach clean of debris and “comb” the sand for appearance purposes. To make cleaning easier, the “Snack Shack” is pushed off of the beach prior to cleaning, and back into position afterwards.

Your job is to design and construct a vehicle to do these things and then to show the theme park managers how well your vehicle works. You do this in 2 ways. First, you will move debris from the sand and leave the sand combed to leave a pleasing appearance. Second, you will measure the power produced while pushing the Snack Shack.
You also need to convince park management to choose your design by writing a report and doing a sales presentation.
Achievement
The design process includes defining the problem, brainstorming, researching and generating ideas, identifying criteria and specifying constraints, exploring possibilities, selecting an approach, developing a design proposal, making a model or prototype, testing and evaluating the design using specifications, refining the design, creating or making it, and communicating processes and results. To do this you should:
· Define the problem. Review these specifications. Ask the teacher for clarification of anything that you don’t understand. Inspect the beach and Snack Shack.

· Brainstorm. Research the topic and generate ideas. Do at least 3 sketches of your ideas.
· Identify criteria and specify constraints. Review the conditions listed below and 
· include a device that will move debris to the finish line and comb the sand.
· provide enough structure to carry a driver in the center of the vehicle.

· make sure your vehicle can push the Snack Shack through sand. 

· Explore possibilities. Select an approach. Make a prototype. 
· Test and evaluate the design using specifications. Show that your vehicle can clean the beach by using it to move debris to the finish line and to comb the sand. Then use your vehicle to push the Snack Shack through the sand. 

· Record force on the Snack Shack (in Newtons) and the time to travel 2 feet.

· Multiply Newtons by 0.225 to get pounds of force.
· Multiply the force in pounds by the 2 foot distance to get the work in ft.-lbs.

· Divide the work by the time to find the power in units of ft.-lbs./sec.

· Divide by 550 to convert the power to horsepower.

· Multiply the horsepower by 745.7 to get the power in Watts.

· Extension. Measure the voltage and the current to the motor. Multiply the voltage (in volts) by the current (in amps) to find input power in Watts. Calculate the efficiency by dividing the output power in Watts by the input power in Watts. Convert to percentage.

· Refine the design. Make changes to your vehicle to increase the power. Things that you can do include modifying the wheels, moving the motor, changing the gear arrangement, and adjusting the voltage to the motor. You may also ask the teacher to increase the weight of the Snack Shack. Completely new vehicles can be designed and built. Retest the vehicle to see if it has been improved by your changes.

· Communicate processes and results. Provide a written report. Include all calculations and design drawings. Provide an oral report to the theme park management in order to persuade them to use your design.

Conditions
This activity is for teams of 1 or 2 students. Tools and materials are limited to those provided by the teacher or readily available in the technology laboratory. These may include: Wood, hot glue, glue guns, drill, saw, hobby knife, sandpaper, straws, Styrofoam, wheels, electric motor, solder, soldering pencil, rubber bands, gears, pulley wheels, wire, dowels, other materials for chassis and “rake” construction.

Vehicle must be no more than 1 foot long and 4 inches wide, and can use only one of the specified electric motors. Voltage is limited to the maximum available from the power supply provided. The total weight of the vehicle cannot exceed 1 pound.

The vehicle must have enough structural integrity to support a driver (simulated by a ¾” nut) in the center of the vehicle.
The beach is 1foot wide and 4 foot long, has low walls and is filled with sand. There is 1 foot between the back wall and the start line, and 2 feet between the start and finish lines.
You will have 1 minute to complete each test.
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Standards

Vehicle Design and Construction (30 points)

· An innovative, correct, detailed, and well-engineered solution that meets all design requirements.

· All detail requirements met. Provisions made to carry driver and accomplish all of the tasks in an efficient manner.

· Motor mounted securely. Low friction power train alignment. Friction reduction strategies. Balanced to distribute power to wheels. Wheels modified for effective tread

· Well constructed to close tolerances. Accurately reflects plans and drawings. 

· Light, efficient, and sound structure. Body joints are strong. Structural is stiff enough for task. 
· Finished to be aesthetically pleasing.
Performance – Beach Cleaning (20 points)

Combing the sand. 

4 points for aesthetic appearance of the sand after combing by the vehicle
Raking debris. 

16 points to move all of the pieces to the finish line
14 points to move half of the pieces to the finish line
12 points to travel distance of track while attempting to move debris.

Performance – Pushing the Snack Shack (20 points)

Maximum power output compared to best in lab

20 points – Maximum in lab

18 points – 50% of maximum

16 points – 25% of maximum

12 points – box pushed

Output – Written Report and Drawings (20 points)

An informational report is an integral communications tool for engineering. It is used to convey information clearly and succinctly. The purpose of a report and can be to inform, persuade, or justify an opinion. It can take a number of formats. Regardless of the format, the sentences of the report are usually short and simple, the style being crisp and direct, the material purposeful and adjusted carefully to the audience. The informational report is an effective way to convey observations, interpretations, and conclusions economically. Format:

Summary. This section goes first, but should be written last. It is also known as the executive summary or the abstract. The summary is an abbreviated version of your report. It gives the background in brief and states the most important results or conclusions.

Introduction. What is the project or task? 

Details. What has been done? What problems were encountered?

Conclusions. What are the results? What will be accomplished in the future? Are their any recommendations for improvement?

Output – Oral Report (10 points)

Provide a 5-10 minute oral presentation to the theme park managers. The purpose of this report is to persuade them to buy your design.

Rubric

Team name: ________________ Your score____ of 100 points
_____ Vehicle Design and Construction (30 points)

Standard for satisfactory performance is 18 points
30:Excellent. Exceeds all expectations.

· An innovative, correct, detailed, and well-engineered solution that meets all design requirements.

· All detail requirements met. Provisions made to carry driver and accomplish task in an efficient manner.

· Motor mounted securely. Low friction power train alignment. Friction reduction strategies. Balanced to distribute power to wheels. Wheels modified for effective tread

· Well constructed to close tolerances. Accurately reflects plans and drawings. 

· Light, efficient, and sound structure. Body joints are strong. Structural is stiff enough for task. 
· Finished to be aesthetically pleasing.
24:Outstanding.

· Product meets overall design requirements as built.

· Many detail requirements met.
· Some friction reduction and power increasing strategies used.
· Well constructed to close tolerances (may have few/minor flaws).

· Structurally sound. Easily pushes weight and carries driver.
· Product fully finished.

18:Satisfactory.
· May have minor design violations that do not preclude fair testing.

· Few detail requirements met.
· Few provisions made to maximize power delivery.
· May have some tolerance flaws.

· Adequate structure. May contain minor structural flaws.

· Product has some finishing.

12:Not Yet.

· Design Violations that preclude fair testing.

· Detail requirements ignored.
· Power not delivered to wheels.
· Structure inadequate to withstand normal use.

· Product has major tolerance flaws.

· Product has little or no finish.
_____ Performance – Beach Cleaning (20 points)

Up to 4 points for combing the sand to achieve a pleasing appearance

Up to 16 points for raking debris
16 points to move all of the pieces to the finish line

14 points to move half of the pieces to the finish line

12 points to travel distance of track while attempting to move debris.

_____ Performance – Pushing the Snack Shack (20 points)

Your power _________ 
Max in lab _________

20 points – Maximum in lab


18 points – 50% of maximum


16 points – 25% of maximum


12 points – box pushed

_____ Output – Written Report and Drawings (20 points)

Content
· Summary (abstract) is clearly and concisely stated.

· Introduction gives background information and sets the scene without requiring the reader to be familiar with the situation.

· Details Section elaborates the statement of each conclusion to include background, context, importance, or appropriate evidence. All material is technically correct and clearly stated. Evidence or information is specific, accurate, relevant, and more than enough to support the conclusion. All data sources are documented.

· Conclusions are valid and acceptable, specific, and accurate. They explain clearly, accurately, and thoroughly why the evidence presented supports the conclusions. Explanatory statements may summarize the relevance of the body of evidence, or may explain each type of evidence. This section discusses how additional evidence or the same evidence may lead to different conclusions.

Organization — Within each section

· Pattern of organization (chronological, spatial, comparison-and-contrast, most-important-to-least-important, or cause-and-effect order) is clearly evident.

· Transitional words (and visuals) are used effectively to enable the reader to locate various parts.

· Paragraphs are clear, with a topic sentence and the main idea easy to grasp. Subdivisions of the topic are explained, followed by details.

· Paragraphs are concise and show internal coherence.

Style
· Report is free of undefined technical terms. Informal definitions (synonyms) are provided for terms that may be unfamiliar to the audience. Formal definitions (including term, class and differentiating characteristics) are provided for unfamiliar terms that are essential to the conclusions. Expanded definitions (background or history, list of parts, application, visual aid) are used for supporting information.

· Information is specific, accurate, and relevant. It is free of bias, technically correct and clearly stated.

· Sentence structures are appropriately varied. All sentences are written in active voice and are gender neutral.

· Reading level (Fog Index) is consistent with lowest expected reading level of audience.

· Information level is acceptable for the experience level of the anticipated audience.

Presentation — Form, Format, Visuals, and Mechanics
· Summary (abstract) contains brief overview. "Introduction" contains background information and sets the scene. The "Details" section contains facts, figures, and other data. The "Conclusions" section explains the outcome or suggests what should be done.

· Report follows format for line spacing, justification, font selection, margins, and pagination. Print enhancements (bold, italic, etc.) are used sparingly and only when appropriate.

· Drawings, graphs, charts, and tables are visually appealing, bordered, titled and labeled, clear and legible, balanced, and original. Drawings follow standards for views, labeling, and dimensioning.

· Visuals are accurate and supportive of the conclusions. They are introduced, integrated, and discussed in the text.

· Report is free of errors in spelling, usage, punctuation, capitalization, and grammar.

_____ Output – Oral Report (10 points)

Presentation

· Is dressed appropriately for the occasion.

· Uses appropriate gestures and postures. Faces audience. Stands erect with feet together. Keeps hands at side or holding notes low. Gestures for effect only when appropriate.

· Is articulate. Speaks in a clear voice. Varies volume and tone to maintain audience interest.

· Uses correct technical terms, proper grammar, and good pronunciation.

· Only uses visuals to support the conclusions. The visuals are appealing, titled, labeled, clear, legible, balanced, and original.

· Maintains eye contact with the audience. Observes the non-verbal language of audience and adjusts the presentation accordingly.

Content

· Provides a clear and concise summary and a thorough introduction.

· Information is understandable, technically correct, clearly stated, specific, accurate, relevant, and more than enough to support the conclusions.

· Defines all technical terms that may be unfamiliar to the audience by using informal definitions (synonyms) while speaking. Uses visuals to provide formal or extended definitions for unfamiliar terms that are essential to the conclusions.

· Tailors information to the experience and comprehension level of the expected audience. Uses active voice and gender-neutral phrases.

· Demonstrates in-depth understanding of the subject matter.

· States specific conclusions (or future plans) that are valid, acceptable, and accurate.

· Anticipates most audience questions. Answers show good comprehension of subject.
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