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 Project Overview

Description

Working as a team of student engineers you will use a seven step design process to solve a realistic engineering challenge.  The design process will provide the structural frame work to approach and solve the problem systematically.  You will use provided building materials to build a working prototype.  You will use current technology; apply physical science and math concepts to solve the engineering challenge. You will analyze and document your design.  Finally you will give a formal presentation of your design and participate in a “head to head” design competition at the end of the project.

Purpose and Focus

The purpose of this project is to solve a mechanical engineering problem following a seven step design process.   Additionally students will learn how to apply engineering principles through an inquiry based learning method.  The focus of this project is both the final product and the process used to produce the final product.  The process is to satisfactorily perform each step of the design process.  The final product will be a working prototype and project portfolio.  The project portfolio will serve as summative documentation of the design process.  This project is designed to be a keystone project for juniors and seniors and is expected to represent the highest caliber of work in your high school career.

Objectives

The objectives of the project are to:

1. Apply mathematics in engineering design
· Use simple and advance mathematics to solve engineering problems

· Using mathematics to evaluate design costs

2. Apply science concept in engineering design

· Review and apply the concepts  of simple machines to develop compound/complex machines

· Investigate material properties and selecting the appropriate material for design

3. Utilize state of the art technology in engineering design

· Utilize word processor, database, spreadsheet, internet, email and presentation software to organize data and report findings

· Utilize digital video, photo, and sound equipment to capture data

· Utilize digital video, photo,  and sound editing software to manipulate captured data

· Utilize data collection equipment and software to capture design data (i.e. force, motion, temperature, location, and others)

· Utilize industry bindery equipment to create a paper portfolio

· Utilize CD/DVD authoring software and CD/DVD duplication and printing equipment to produce electronic portfolio

4. Develop research skills

· Utilize Internet & library research skills

· Utilize telephone research skills (contacting product/sales engineers)

5. Develop testing and analysis skills

· Utilize spreadsheets, database & other programs to analyze data

· Utilize digital video, photo and audio to document, analyze and test designs

· Utilize data collection software to analyze and test designs

· Utilize finite element analysis (FEA) software to analyze & evaluate designs

6. Develop technical writing and presentation skill

· Make engineering log entries daily

· Write research reports & project reports

· Make oral presentations

· Create advance PowerPoint presentations using hyperlinks, video, sound and digital images.

· Creating bounded professional portfolios

· Creating a digital portfolio

7. Develop creative problem solving techniques

8. Develop critical thinking skills

9. Develop team skills

10. Gain a first hand exposure to the disciplines of engineering

Design Brief

Problem Statement

The time is 1000 BC.  A wealthy king is being invaded by fast Viking war ships.  The ships sail into the harbor and up the river where they make raids on unprotected villages.  The harbor that the ships must pass through is dotted with several small islands.  The Viking ships also have one major disadvantage.  They are wind driven and must remain in the river channel. The ships move at a fairly constant speed and heading as the pass through the harbor. The king believes if he could place catapults at strategic places on the islands and shore lines, he could sink the ships as they pass through the harbor.  

The king heard about the pre-engineering program at Hiram High School and has issued a Request for Proposal (RFP) for a catapult design.  He wants a team of students to design and build a scaled prototype catapult that is accurate and precise with adjustable range and angular position.   He is offering a million PE dollars for the productions of the prototype.  Proposals must include the deliverables listed in Project Schedule:

Design Constraints (given)

	Constraint
	Actual

	Projectile Mass
	20 grams

	Linear Range
	5’-20’

	Angular Range
	360O

	Target size
	9” diameter

	Materials 
	K’nex. Components & other provided components (i.e. springs, twine, glue, etc) 

	
	


Engineering Challenge Rules

1. Students must work in groups.  The group will consist of 2-3 members.

2. The group must follow the engineering design process.  The group can not proceed to the next step until they have gained approval of the previous step.

3. All group members must use engineering log books following standard procedures to document daily work.

4. Groups can only use approved resources.  Groups will be given 1 million PE dollars for prototype production.   

5. Prototypes are to be constructed within the given budget and timeline.
Project schedule 

	Project Phase
	Deliverables
	Type of grade
	Possible Points


	Score 

(70 min. mastery)
	Schedule

In hours
	State QCC’s

	Problem definition
	· Prob. Definition & Diagram of Problem
	Team
	100
	
	2 
	

	Research and investigate the problem
	· Historical research paper on past approaches to solve the problem
· Market research paper of demand for affordable solution to defined problem
· Design Constraints & other info found 

· Presentation on existing solutions, market viability & recommendation to pursue new solution 
	Individual

Individual

Team

Team
	100

100

100

100
	
	4

4

4

3


	

	Come up with possible solutions
	· 2-3 Individual solutions/ member

· 3 group solutions

· labeled sketch of solution 

· description of how solutions work


	Individual

Team
	100

100
	
	1 

2
	

	Pick the best solution
	· Completed Design Analysis worksheet with explanation of grading
	Team
	100
	
	1-2 
	

	Developmental work
	· Working Drawings & Bill of Materials
· Perform Design Analysis to support design 

· Manufacturing Plan w/ cost estimate to manufacture
	Team

Team
	500
100
	
	4-5 

2-3 
	

	Build a prototype
	· Build Working Prototype


	Team
	300
	
	2-3 
	

	Test and evaluate the prototype
	· Objective testing of the top three design criteria
· Evaluation of design for patentability
	
	
	
	
	

	Engineering Logbook
	· Daily Log w/ concepts, sketch, & research info
	Individual


	200
	
	On-going
	

	Design Presentation
	· PowerPoint Presentation 

· Current Design

· Design performance data

· Cost Data

· Suggested modifications

· Completed patent application
	Team
	200
	
	2-3
	

	Prototype Demo
	· Demonstration of functional prototype
	Team
	300
	
	1
	


Resources

Web site

General Info on Catapults and Trebuchets

http://www.howstuffworks.com/question127.htm 

http://www.codesmiths.com/siege/engines/
http://members.iinet.net.au/~rmine/howtreb.html
http://www.icatapults.freeservers.com/    Lots of plans

http://www.newton.mec.edu/Brown/TE/CATAPULTS/Catapult_index.html  Lots of neat info!
http://home.t-online.de/home/d.baatz/catapult.htm  Some neat Historical Info.
http://www.catapults.info/  Excellent Site!

http://www.stormthewalls.dhs.org/Siege/SCA%20Catapults/SCAcatapults.htm  Excellent Site

http://www.barrie.org/MS_Science/bridges.htm

Physic Info on Catapults and Trebuchets
http://science.howstuffworks.com/framed.htm?parent=question127.htm&url=http://www.algobeautytreb.com/    (physic of a trebuchet)

http://www.phys.virginia.edu/classes/109N/more_stuff/Applets/ProjectileMotion/jarapplet.html  (projectile motion calculator)
http://www.physicsclassroom.com/Class/vectors/U3L2a.html  (Projectile motion tutorial)
Presentation Info 
http://www.effectivemeetings.com
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