Physics IA

Fall, 2009

King of the Hill Competition

The Rules

Objective

Working in groups of two, you will design and build a vehicle within the specifications provided that will climb a hill, cross a crest, stop, and prevent your opponent from crossing from the opposite direction.  Your objective is to end the match with your vehicle on the platform at the top of the hill.

Materials

You may use any of the following items, but you need not use them all.  Items not listed require explicit approval of your teacher.  Use of any unapproved materials will adversely affect your final grade.  See the scoring guidelines below.  If you have difficulty obtaining any of these items, see your teacher.  If you purchase any items, attach any receipts to your final report.  You should not spend more than $20.
2 coffee cans with plastic lids (11 oz)
4 plastic soda bottles (1 or 1 liter)

8 rubber bands

3 standard mouse traps (NOT rat traps!)
4 4-oz lead sinkers

1 12 ( 12 ( ¼ -inch piece of plywood

1 12 ( 12-inch piece of cardboard (chipboard or corrugated)

4 jar lids (any size) or 4 CD’s

2 wire coat hangers

1 3-foot wooden dowel (any diameter)

1 3-foot piece of string or fishing line

any type of metal fasteners (paperclips, screws, nails, bolts, etc.)
any type of glue or chemical bonding agent (but identify what you use in your report)

Design Requirement

You can use only the materials listed above to build your vehicle.  It is not necessary to use all of these items.  The materials may be used in any way.  They may be cut, re-shaped, etc.  Up to 2 of the mousetraps may be used for propulsion.  The 3rd may not be used for propulsion.
Your vehicle may use any means you can devise for reaching the other side of the hill and for preventing your opponent from reaching your side – except you cannot purposefully damage or destroy your opponent’s vehicle.  If, in the opinion of the teacher, a vehicle is purposefully attempting to do damage to its opponent, the vehicle will be disqualified.  A vehicle may run on wheels or tracks, or it may launch itself through the air. Note, however, no part of the vehicle may remain at the starting line.  It may extend an arm, throw or drop an object, bulldoze the opponent or take any action to prevent the opposing vehicle from crossing the crest.  It must, however, do so automatically, once the device is started. 

Your vehicle must be self-propelled.  You may touch it to start, but you may not give it a push (i.e., provide any initial velocity).  You may not touch it after the match has begun. It may leave nothing at the starting line.

Your vehicle may be no longer than 12 inches and no wider than 8 inches at the moment it starts.  Since it can extend arms, it may be longer when in operation.  You will place a red dot in the middle of your vehicle to be used to determine its position.  This dot must be on the chassis of the vehicle, and not on the extendable arm.
The Competition

The hill will be a double inclined plane with a 3-inch rise from its base.  The 3-inch rise may sound slight, but it is an 8% grade – a good hill on any highway.  Each inclined plane will be 10 inches wide and 3 feet long.  Sides 3 inches high will be securely fixed to prevent either vehicle from going over the edge.  These sides will help reduce steering problems and will facilitate “bulldozing.”  A one-foot platform will separate the two ramps at the top.
Both vehicles will be place at designated starting lines so that their red dot is directly over the line drawn on the ramp.  At the start signal, both vehicles will be released.
Vehicles will compete 2 at a time with opponents chosen randomly.  Vehicles will have 30 seconds after the start signal to reach and hold the top platform.  In the first round, points will be awarded as follows: 1 point for successfully crossing the starting line, 1 point for crossing the midpoint of the ramp, 1 point for stopping above the two midpoints on each ramp (i.e., stopping near the top of the hill), and 2 points for being the closest to the middle of the top platform (as measured from the dot on each vehicle).  Any vehicle that falls off the ramp or fails to move up the ramp will be disqualified.  The eight vehicles with the highest score in the first round will advance.  In the event of a tie for the last spot, an elimination round will be held.
In subsequent rounds, the vehicle that crosses the midpoint of the ramp and is closest to the center of the top platform will be declared the winner.  Again, time will be called 30 seconds after the start signal.  If neither vehicle crosses the midpoint of its ramp, then a draw will be declared and both vehicles eliminated from the competition.  Any vehicle that is not ready to compete when called will be eliminated.
The winners will advance to the next round and the competition will continue on to a championship round.

Suggestions

Design for speed. The most successful vehicles are usually those that reach the crest first.

Design for stopping.  You will need to include a braking mechanism.  Do not count on bumping into your opponent to stop.  Their vehicle may get stuck at the bottom and not move!

Design for offensive and defensive strategies.  Do not focus on offensive strategies because you will not know what your opponent will look like.  Keep any offensive strategies simple and “generic.”  Remember your opponent will try to stop your vehicle too!  Keep your center of gravity low and find ways to keep your vehicle from moving backwards.

Design for durability. Opposing vehicles and accidents can damage a fragile design.

Design for easy repair. Keep the design simple. Complex designs are more prone to breakdowns and are difficult to repair.  Remember you may need to compete several times!
Scoring Guidelines

	Score
	Design
	Finishing Position

	105
	uses only approved materials

fully self-propelled

within specifications

met deadline
	winner of championship round

	100
	
	runner-up in championship round

	95
	
	two runners up in semi-final round

	92
	
	four runners up in quarter-final round

	90
	
	stopped in top zone of hill

	88
	
	reached midpoint

	84
	
	passed starting line

	80
	
	Moved but did not pass starting line

	70
	
	Did not move

	60
	failed one of:

did not meet deadline
used unapproved material

not self-propelled

not within specifications
	no competition

	0
	no completed project
	no completed project


Engineering Design Report

A part of engineering is documenting your progress, solutions, and results. The major components of this reporting system include:

TITLE PAGE 
PROBLEM – what is the challenge?

MATERIAL LIST
PROBLEM SOLVING PROCESS – the thinking, physics behind the solution

BUILDING PROCESS – the actual construction

PRELIMINARY TESTING – take data during testing and use it to make design change decisions
RESULTS – how did race day go and why?

DRAWINGS – scale drawings, top, side, front, isometric
A rubric for this report is found on the last page of the Rules.

Grading Rubric and Key Dates
Grading for this project consists of three major pieces: (1) regular biweekly progress reports, (2) the final engineering design report, and (3) the actual vehicle itself and the competition.  Note that the vehicle and how well it does in the competition is NOT the sole basis for your grade!  Your final place in the competition affects approximately 5% of your overall grade for this project.

Progress Reports (6 reports ( 10 points each)
Approximately every other week you will complete a brief, one or two page report summarizing your progress on this project.  Each report discusses your work on designing, building, and testing your vehicle – as well as your work on the engineering design paper.  In your first report you will identify the key steps (or milestones) you will need to complete and provide a preliminary schedule for completing them.  The steps should correspond to the design process discussed in class.  Your schedule will need to provide sufficient time to complete each task, noting that you should anticipate problems especially in building and testing your vehicle.  Avoid making your timetable too tight as the deadline for the competition approaches.  Subsequent progress reports will be based on this schedule and include any required modifications.  
The format for each progress report will be:

· Names

· Date of report

· Reporting period #
· Progress on Vehicle (during reporting period only)
· major accomplishments

· problems resolved from previous reporting periods

· new problems encountered and proposed solutions

· Progress on Design Paper (during reporting period only)
· Schedule and Milestones

· highlight any modifications and provide brief explanation

· Labor and Costs
· number of man-hours
 expended and any costs incurred (keep receipts and attach to final report)
· Attachments (if any) 

· designs, data tables, graphs, etc.

Progress reports will be worth 10 points.  4 points of the grade of the report is based on actual progress being made.  If very little has been accomplished, points decrease.  2 points will be deducted for each school day it is late (regardless of whether class meets) and 1 point will be deducted for each of the above items that is missing (except for the attachments).  The progress reports will be kept in the back of the classroom.  There will be roughly two progress reports due in the second half of term 2 and four due in term 3.  They will be due on Monday of the relevant week.  Specific dates will be posted in the classroom and on the class web site (http://www.andersonscience.net).
Engineering Design Report (100 points)
The outline for this report is given above.  The report will be due one week after the actual competition since one section involves your analysis of your final performance.  Your grade for this report will be determined by:

The completeness of your report as judged against the rubric
The amount and quality of your testing (use of quantitative data to assess performance)

The creativity of your design

Clarity and detail of explanations, descriptions, etc.

Accurate and appropriate explanation of physics principles demonstrated in the car.

Apparent effort 
Secondary criteria:

Neatness, grammar, spelling

Engineering Design Paper Rubric

(5) TITLE PAGE - report must include a title page with your names, date turned in.
(5) PROBLEM – defined in your own words, state the problem you are trying to solve.  Clearly and specifically describe the challenge.  Without specific goals, you can’t hone your design.

(5) MATERIAL LIST - list all the materials used in your solution. This should include glue, fasteners, and the amounts used.  Include receipts for any items purchased specifically for this project.
(25) PROBLEM SOLVING PROCESS - give a conceptual summary for design steps 2 through 4:  Generate various solutions, Focus on single approach, Design prototype (from Engineering Design Process). This is where you illustrate the thinking that went into the design of the car.  There should be little to no mention of construction here.  

**You must connect your design decisions to specific physics concepts.  Explain the concept and its application in your car.**
· Mass of car

· Length of lever arm

· Size of wheels

· Thickness of axle

· Stickiness of wheels


(15) BUILDING PROCESS - give a brief summary of how you built your solution. This should be stated so that someone else reading it can build your solution.
(20) PRELIMINARY TESTING - give a brief summary of any testing you performed prior to the due date. Be sure to describe any changes you made to your solution as a result of this testing.  Must include data tables and/or graphs (properly drawn and labeled).  Allude to data when discussing design changes/decisions.
(15) RESULTS - explain what happened to your solution on the due date. State whether it was successful or unsuccessful.  Discuss specific pros and cons that led to your success/defeat.

(10) DRAWINGS - include thumbnail sketches of preliminary ideas (brainstorming), and formal drawings of the side, top, and front and isometric (perspective) views, with dimensions, of your final solution.
You will lose 5 points for each school day it is late.
Vehicle and Competition (100 points)

The scoring for this part of the project is listed above.  Note that over 80% of the points for this part of the project do not involve the actual competition.  Your vehicle can earn a B even if you do not advance beyond the first round if your vehicle moves up the ramp and successfully stops beyond the midpoint.  The specific date for the competition will be determined at approximately the middle of term 2.  The race will probably be early in 3rd term.  Dates are subject to (and probably will) change.
� One “man-hour” is the labor expended by one person working for one hour.  If two people worked for two hours, then this corresponds to 4 man-hours.  Sorry but the usual usage is man-hour, not woman-hour, person-hour being a bit too awkward!  While one woman-hour is probably worth more than one man-hour, the conversion rate has not been standardized.
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