CAPSTONE DESIGN, 22.423.802 

(Can be combined with a directed studies/tech elective course)

Spring, 2007
GOALS:

Development of student creativity and engineering design skills in the process of meeting established design objectives with consideration of economic factors, safety, reliability, aesthetics, ethics, and/or social impact.  Development and use of design methodology, synthesis, analysis, and ideally construction, testing, and evaluation.  (Adapted from ABET guidelines)

COURSE FORMAT:

The specific objectives of this course include proposal preparation, establishment of design objectives and constraints, actual design and analysis, construction, testing, evaluation, and preparation of a written and oral final report.  The learning objectives include the following but will vary depending on the kind of project selected and will be developed by each group and the instructor and specified in the proposal.  By the end of the course, the student will be able to:

· Apply the principles learned in other courses in the curriculum to the design of a mechanical system

· Develop performance criteria of a mechanism or system to meet the needs of a community agency or company

· Write a proposal to design the system or mechanism with tasks, deliverables, schedule of performance, and labor estimates

· Design the system or mechanism to meet the performance criteria

· If applicable, manufacture a prototype 

· If applicable, test the prototype and evaluate the extent to which the device or system meets the performance criteria

· Evaluate the economic, safety, reliability, and/or social impact of the device or system design

· Write a logical and concise report on the design process and results

· Make a presentation to stakeholders about the design criteria, system, and results.

This course is highly individualized and also highly structured.  Students should divide into design groups of two or three.  

Each design group will meet with the instructor for at least one weekly review meeting.  Tutorials on background material for particular projects may be held as required; however, no regularly scheduled lectures will be held.  Teams should utilize at least one design method covered in the senior design theory course.
COURSE SCHEDULE:

	Draft Proposal  [guidelines below]
	Feb. 16

	Final Proposal
	Mar. 2

	Midterm Presentation
	Mar. 23

	Draft Final Report
	May 4

	Final Presentation
	May 11

	Final Revised Report
	May 16


GRADING WEIGHTS (overlaps in categories):

	Proposal
	20%

	Design, Synthesis, Analysis
	10%

	Manufacture, Test, Evaluation
	10%

	Participation, Notebook
	15%

	Midterm Presentation
	10%

	Final Presentation
	15%

	Final Report
	20%


GRADING CRITERIA:

The grading for the course will be based on:  creativity; research; meeting of goals and constraints; technical sophistication; constructing and testing a prototype; practicality; completeness; detail; analysis of environmental, economic, legal, aesthetic, social, safety, and/or reliability issues; writing clarity; graphics.

PARTICIPATION:

The level of effort that individual design team members expend will be continually monitored.  It is expected that for a three-credit course each student will devote approximately 9 hours per week.  In order to encourage involvement, the following will be required:

Group leader:  Each week a different member of the design team will be responsible for conducting the weekly design review meetings.  The group leader will follow a typed agenda that he/she has prepared.  The group leader will also collect the weekly time sheet from each member of the team.  These time sheets are to be submitted at the beginning of the design review meeting.

Weekly time sheet:  Weekly time sheets should include a very brief summary of what was attempted and accomplished, the number of hours worked, and when they were worked.

Engineering notebooks:  Each student is required to keep a record of the work that he/she has done on the project.  A three-ring binder with subject dividers should be used.  Records of all project-related activities should be organized in the notebook (i.e., calculations, sketches, notes, references, phone logs, printouts, etc.).  Notebooks will be reviewed at each design review meeting.

PROJECT NOTEBOOK:  

Each group will maintain a project notebook that provides a record of key engineering activities of the project.  A three-ring binder with subject dividers should be used to organize material.  PC files that can be deciphered by software available to the instructor are encouraged in lieu of, or as part of, notebooks (on diskettes, CD, e-mail, or personal web page).  The instructor normally keeps project notebooks.  Material will be added to the notebook as an aspect of the design is completed.

FORMAL REPORT:  

Each group will submit a formal, typed report on all the work completed during the semester.  Include in your report a review of how well your design methods worked.  The instructor(s) will review draft reports.  Design groups will revise and resubmit their reports.  Each member of the team will write at least one chapter (with authorship noted in the report).  Reports will not be accepted unless typed.  Initial design sketches are acceptable for the midterm presentation, but for the final report key drawings must be generated on a CAD system.

MID-TERM PRESENTATION:

A mid-term progress report will be presented orally.  Each student will speak for ten minutes.  A question period of five minutes per student will follow.  All presentations (including visuals) should follow the guidelines of the writing improvement program (presented as part of the laboratory courses).

FORMAL FINAL PRESENTATION:  

Each group will make a formal presentation of the design activities for the semester.  The presentation will last five minutes for each member of the team plus five minutes of question period by the review committee.  Each member of the team will deliver a portion of the presentation.  Each team member will be required to attend the presentations of at least one other team.  Typically all those taking capstone present together at one event.
INSTRUCTOR:  John Duffy, E332; 978-934-2968; John_Duffy@uml.edu.

Ideas for possible projects:

For remote Peruvian villages:

· Water supply system for Yanacaca (piping and tower from other courses)

· Clinic PCs networked via radio modems, internet link.

· Data acquisition systems:  redesign with new NI hardware; install different places

· Headlamp development---microenterprise

· Motorcycle ambulance

· Hydro for grain grinding

· Reverse osmosis water filter with existing canals as energy sources
For local community partners:

· Energy efficiency improvement, buildings for UTEC and Gr. Lowell Mental Health

· Playground rides for kids with disabilities

· Device for PT training to mimic people with disabilities (simulator)

· Turbine interactive display for Tsongas History Center 

· Guiness largest book Peace, page turner

· Biodiesel production system

· HVAC system improvements for Lowell City Hall, green building features. 

· Lowell lock opener (National Park)

· Habitat for Humanity:  Design green houses (reduce monthly utility bills), test existing houses for energy efficiency

· Mechanical thumb prothesis

· Bedrail mechanism (LifeLinks, 5 clients)

Open to new ideas:  design, build, test
Appendix A:
ABET course matrix (see ME Dept. web page for listings of ABET Criteria and Bloom’s taxonomy codes):

	Specific Objectives:

A student will be able to:
	Means to Acquire
	Means to Assess
	ABET Criteria
	Bloom's Tax-onomy

	Apply the principles learned in other courses in the curriculum to the design of a mechanical device or system
	Previous courses
	Weekly meetings, presentations, report, notebooks
	c
	5

	Develop performance criteria of a mechanism or system to meet the needs of a community agency or company
	Meetings with instructor, literature searches, meetings with agency or company representatives
	Weekly meetings, presentations, report
	c, d, j
	6

	Write a proposal to design the system or mechanism with tasks, deliverables, schedule of performance, and labor estimates
	Handout guide, literature review, information from agency/company, instructor input
	Proposal, midterm presentation
	d, g, e
	5

	Design the system or mechanism to meet these performance criteria
	Texts, literature searches, meetings with instructor, outside contacts, agency/company personnel
	Weekly meetings, presentations, report, notebooks, prototype test results (if applicable)
	c, d, 
	5

	If applicable, manufacture a prototype
	Facilities and equipment at university or at company/agency
	Weekly meetings, presentations, report
	k
	5

	If applicable, test the prototype and evaluate the extent to which the device or system meets the performance criteria; or simulate the system or device if an actual prototype is not feasible
	Facilites and equipment at university or at company/agency
	Test results, weekly meetings, presentations, report
	b
	5

	Evaluate the economic, safety, reliability, and/or social impact of the device or system design
	Texts, information from instructor, literature searches, agency/company information
	Weekly meetings, presentations, report, notebooks
	d, f, j, h
	6

	Write a logical and concise report on the design process and results
	Guides from technical writing courses, literature searches, meeting with instructor
	Weekly meetings, presentations, report
	g
	5

	Make a presentation to stakeholders about the design criteria, system, and results
	Guides, texts, input from instructor
	Presentations
	g
	5


Appendix B:

Proposal Guidelines for 22.504 Energy Design Workshop and Capstone 22.423

The basic idea of a proposal is to convince the reader that your proposed work is important and needs to be done and that you have the resources (knowledge, information, materials, space, time) to complete the work by the time you say.  It is important to break down the work into several distinct tasks and to specify deliverables and due dates.  

Elements of the proposal:

Introduction:  Give a brief background; indicate why the proposed work needs to be done.

Goals and objectives:  Explain what you want to accomplish; objectives are measurable goals.  [Be specific.  For example:  The goal is to design, build, and test a solar water pasteurizer for remote regions of the world.  The objectives are to design a collector to deliver 20 gallons per typical day in Malvas, Ancash, Peru of pasteurized water for a target cost of $200; to build a prototype collector to deliver 2 gallons per day in Lowell; to measure water properties and solar irradiation and to estimate the collector efficiency during a typical day in Lowell and to extrapolate the results to performance in Peru.]

Approach:  Give a brief outline of how you propose to achieve the objectives.  What previous work and analytic tools will you use?  What materials, tools, software, and test equipment will you need?  Are these available?

Tasks:  Very important; break down the proposed work into steps.  [For example:  Task 1:  Search for available information, previous work, and components for purchase in the library, internet, etc.  Task 2:  Set performance goals; use methods from solar engineering courses and literature to size the collector, choose materials, predict performance.  Task 3:  Size parts and make a sketch of the complete system.  Task 4:  Construct prototype in the lab…  Task 10:  Write final report.  Task 11:  Prepare and give final presentation.]

Time estimates:  Present a table with each task and estimated person-hours to be spent by each team member.  The sum of all the hours for each team member should be equal to the typical number of hours spent on a three-credit hour undergraduate course:  9 hours per week for 14 weeks:  126 hours, including time to develop proposals.  Then include a time line with planned start and completion dates for each task.  [Examples:   

Task Time Requirement Estimates

	Task
	Person A
	Person B

	1.  Lit. search
	12
	12

	2.  Design Parts A, B
	20
	15

	3.  System Design 
	12
	18 

	….
	…
	…

	Total person-hours:
	170
	170


Time Line [or Gantt Chart]

	Task
	Start
	Complete

	1
	Week 3, or Sep 18
	Week 5, or Sep 30

	2
	Week 3, or Sep 18
	Week 6, Oct. 6

	…
	…
	…

	10
	Week 13
	Week 14, due date


Budget estimate:

	Item
	Availability
	Cost estimate

	Copper tubes and plate
	Scrap in ME machine tool lab
	none

	Wood
	Local lumber yard
	$20

	Test equipment
	Solar lab, roof
	none


]

Deliverables:  Include reports, presentations, prototype…and estimates of delivery dates.  

Conclusion:  Very briefly summarize the proposal and make a final statement about why the work should be done and how you have the capability and resources to complete the tasks and meet the objectives on time.  
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