Senior Design:  BE1160/1161  M.J. Gartner – Instructor
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Revision: 110106

Course Information:

Scheduled time/location:  Fridays, 9:00 am – noon; B62/B63 Benedum Hall

Instructor:  Mark Gartner, Ph.D. 

Class correspondence:  mgartner@ension.com
Homework submission:  mark.gartner@gmail.com

Phone:  (412) 828-5209 ext. 10

Cell phone: (412) 951-4079

FAX:  (412) 828-5229

Teaching assistant:  Matt Fisher – mbf7@pitt.edu
Office hours:  MG is available via e-mail or phone as needed.  (Known as, “office hours on-demand”)
Course Description:

This two-semester design course has been created as an opportunity for you to synthesize and extend the skills and knowledge acquired during your undergraduate education toward design (or redesign) of a biomedical product or service.  In this course you will be exposed to key facets of medical product design and will develop an understanding of the unique requirements of this profession.

To achieve this goal, I have established educational objectives that include:

1. Developing your ability to use state-of-the-art design tools such as computer aided engineering (SolidWorks 2006), finite element analysis (COSMOS Works), and computational fluid mechanics (COSMOS FloWorks);

2. Developing your ability to synthesize and apply engineering and scientific principles to solution of real-world problems;

3. Developing your ability to understand the unique requirements in design of medical/biotechnology products and services;  

4. Developing your ability to construct experimental plans using statistical design of experiments (DOX) methodologies (Design Ease);

5. Developing your ability to effectively communicate in the product design process -  both verbally and in writing;
6. Developing an appreciation of key accounting, finance, and marketing principles

Though various design-related topics and tools will be discussed throughout this two-semester course, those most relevant to your design project will be emphasized in the first semester (see the syllabus).  My goal is to provide exposure to as many practical design tools as possible so you can leverage them, where applicable, in your design projects.  

There are several “software intensive” classes – SolidWorks 2006 (computer aided engineering), COSMOS Works (finite element analysis), and COSMOS FloWorks (computational fluid dynamics) are the major topics.  Please do not get the impression that this is simply a “CAD class” – our focus is learning how to leverage engineering design principles and tools toward the solution of a relevant biomedical problem.  This instruction is provided to 1) give you additional tools you can use in your senior design projects and 2) improve your post-baccalaureate marketability.

One final thought; when my colleagues and I hire freshly-minted undergraduate engineers we tend to focus on their senior design project.  If you have a stellar GPA being able to cogently describe your senior design topic gives you credibility you are more than just “book smart”.  Similarly, if you have a less-than-stellar GPA, your senior design project is an opportunity to show what you can actually accomplish versus regurgitate during an exam.  Those of you falling into this latter category may especially want to heed this advice.

Deliverables:
Your major deliverable for the fall semester is 1) a draft “project report” for your selected design topic that includes a project plan AND 2) draft design history file (DHF) containing design-related documents created in BE 1160.   These two deliverables logically represent a large portion of your BE 1160 grade.  However, your grade will be supplemented by individual and group-based homework, class participation
, and unannounced quizzes.  
The format of the project report deliverable will be appropriate to your interests and ideally aligned with your plans for your post-baccalaureate career.  
For example, if your design group is generally interested in attending graduate school or medical school, a grant application (Small Business Innovative Research (SBIR) Phase I) or archival scientific paper might be a good format to follow.  If you plan to enter industry, a business plan format might be a good choice.   If you are an aspiring entrepreneur, your report may take the form of an entry (business plan) to Pittsburgh Business Competition that begins in the fall.  This option is the only one that can win you $50,000.  Lastly, formal submission to one of the several, “senior design competitions” is a highly recommended format for this deliverable since it encompasses all of the three previously mentioned.
In brief, your design history file (DHF) will be prepared in accordance with the guidelines suggested by the U.S. Food and Drug Agency (FDA).  You will follow the same methodologies that commercial entitles are required to follow.  I grade your DHF according to how the FDA would – according to the Quality System Inspection Technique (QSIT) used by FDA auditors.
Project selection:
One of the most difficult facets of BE 1160 is deciding on a project topic and locating a suitable mentor(s).  While there is no pre-determined project list, there are a number of sources that may help you narrow your search.  For example, www.medgadget.com is a website used by students in previous years to identify possible project ideas.  As another resource, I have, “adopted” a local foundation for this year that has articulated a need for student design groups to assist in the design and development of various medical device-oriented solutions.  This group, the Amyotrophic Lateral Sclerosis (ALS) Society of Western PA is located in Station Square, is eager to pursue opportunities for interested groups of students.  More details will be discussed in class regarding this latter opportunity.  The ALS website is http://www.cure4als.org/ if you are interested in more information.

The key is to choose a project for which 1) there is exists a real need, 2) is not too complicated, and 3) you have access to people that can guide you.  Often project ideas come from family members that are in the health care area or that have an affliction that generates ideas on how to improve quality of life.

Syllabus:
Attached is a tentative syllabus usually modulated based on the results of the course survey.  I expect to distribute a finalized syllabus by the end of September.

Before you e-mail me with questions, first read the syllabus.  Asking me to answer questions that are clearly articulated in the syllabus is strongly discouraged.

The current, updated, syllabus is always on CourseWeb. 
Course Texts:

Required:  

1.
Whitmore, Elaine, Development of FDA-Regulated Medical Products:  Prescription Drugs, Biologics, and Medical Devices, ISBN 0873896130.  Available all the usual places but I recommend the website of the publisher, the American Society for Quality (www.asq.org).  The direct link to the book should be http://qualitypress.asq.org/perl/catalog.cgi?item=H1198
2.
SolidWorks documentation:  Available at bookstore (packet costs approximately $20.00 and may require pre-ordering).  Should be available by Sept 1st.  You need to have this packet for class on September 15th.
3.
**BE 1161** Whitcomb, Patrick and Mark Anderson, Design of Experiments Simplified, Productivity Press, 2000 ($39.95.  Order online at http://www.statease.com/doe_simp.html or call Stat-Ease at 612-378-9449 (I list it now so everyone has plenty of time to get a copy)
Recommended:

1. 
Total Design – Integrated Methods for Successful Product Engineering, Stuart Pugh, 1990, ISBN 0-201-41639-5
2.  
SolidWorks Student Edition software, available with or without COSMOS FEA and CFD applications, is available from sites listed below for between $75.00 to $150.00.  If you have a computer and are interested in developing your SolidWorks skills outside of B62, this purchase of this software is highly recommended.
www.academicsuperstore.com
www.creationengine.com
www.journeyed.com
3. Trautman, Kimberly, The FDA and Worldwide Quality System Requirements Guidebook for Medical Devices, ISBN 0-87389-377-8, Available all the usual places but I recommend the website of the publisher, the American Society for Quality (www.asq.org).  The direct link to the book should be http://qualitypress.asq.org/perl/catalog.cgi?item=H0965
This book provides essential information regarding the new FDA regulation for medical devices and international quality system requirements (ISO 9001 and ISO/DIS 13485:1996). Icons quickly establish the differences and relationship between FDA regulation, the ISO 9001 standard, FDA guidance, and the Global Harmonization Task Force (GHTF) guidance. This book allows manufacturers to establish a single quality system that satisfies world requirements.

4.  
Karen Becker and John Whyte, Clinical Evaluation of Medical Devices, Principles and Case Studies, Second Edition, Humana Press, 2006
The regulation and reimbursement of medical products is an important design consideration.  This book, while focusing primarily on clinical trial design, has several good chapters explaining how medical products are reimbursed by Medicare (Chapter 16 in particular).

Course evaluation:

As usual, the Office of Measurement and Evaluation of Teaching will conduct a 20-minute survey.  I will let you know when I know the exact date and time.

Grading and homework submission:
I anticipate your first-semester grade to be comprised of homework assignments, class participation, and your end-of-semester “project report” that outlines the course of action you will follow with respect to your design project.  Specifically:

· Homework and quizzes:  35%

· Class participation: 15%  

· “Report” draft and Design History File (DHF):  35% (20% “Report”; 15% DHF)

· Oral presentation: 15%
Last year, there were 9 individual homework assignments and 3 team-based homework assignments.  The individual homework assignments help differentiates individual efforts.  This means usually not all group members receive the same grade.
Unless I tell you otherwise, submit all assignments to me at mark.gartner@gmail.com before the start of class the date due.  If you do not make prior arrangements with me, late homework submissions will results in a zero grade.

Do not send homework assignments to my other e-mail address – it is to be used for communication.  For example, your should indeed use mgartner@ension.com to ask me questions about homework or anything else, but when it is time to submit your assignment, it needs to be sent to mark.gartner@gmail.com.

Finally, when you turn in SolidWorks/COSMOSWorks/COSMOSFloWorks homework, make sure your last name is part of each part or assembly or drawing file.  For example, Smith-bracket.sldasm or Smith-evilbottle.sldprt.

CourseWeb:

All PowerPoint slide lectures are placed on CourseWeb usually no later than 24 hours after class.  I also post a weekly anonymous grading spreadsheet, keyed to the last five digits of your social security number, so you can keep an eye on your assignment grades.

Other course resources are also posted to CourseWeb as necessary.  The current, updated syllabus is always on CourseWeb.

Senior Design webpage:

A course webpage is maintained at www.pitt.edu/~gartnerm
This webpage is a central, public, repository for everything related to your senior design project – most notably your design history file (DHF).   If you are ever asked to describe your project you can refer to this web page to clearly demonstrate what was accomplished.

Since this web page is public, you want to ensure everything put on it positively reflects the capabilities of you and your project group.

Also, this web page contains an extensive set of literature related to FDA and ISO quality systems and design controls.  I would strongly suggest that you look to this webpage first before search other sources (e.g., Google).  Chances are, you find what you might be looking for much more directly.

Fall semester (BE 1160) syllabus:
	Date
	Focus Topic(s)
	Assignment
	Deliverable

	9/1
	Introduction; survey of interests; syllabus review; project discussion; unique challenges of medical device design; 
	Identification of potential design project topics and mentors; estimated market size; resume
	Interests survey

	9/8

WISER Center
	Discussion of design teams;  Project selection; Market size approximation; Introduction to medical product design; Discussion with last year’s Sr. Design students (Calano and Steed)
	Individual assignment 1 -Project selection matrix

Group assignment 1 - Project selection matrix
	Individual project ideas; need and market analysis; copy of your current resume; ideas for mentors

	9/15
	SolidWorks – Sketching and basic modeling skills Part 1
	Individual assignment 2 - SolidWorks (Box, Switch plates); 
	Project selection matrix (Note:  individual AND group); 

	9/22
	SolidWorks – Sketching and basic modeling skills Part 2 -  revolves, sweeps, and lofts
	Individual assignment 3 – SolidWorks (6 parts)
	SolidWorks – box, switch plates 

	9/29
	SolidWorks:  Assemblies
	Individual assignment 4 – SolidWorks (CD holder assembly; claw (p. 44), bearing block (p.57), bearing plate (p.61))
	1. Part file from, “40 minute running start” (covered in class).
2. On page 31, a CD jewel case.  If there are dimensions needed that you’re not given, use your judgment.  **Make this as a single part and not an assembly** 
3. On page 102 – a candlestick.  Dimensions – use your judgment. 
4. On page 103 – a candle. 
5. On page 105 – a coffee mug.  Dimensions but will need to use your own judgment. 
6. On page 114 – Bottle (Create so that bottle holds liter of fluid):  Utilize, “SHELL” function to hollow-out bottle

	10/6


	Project reviews and updates;

Review of deliverables; Medical device classification and regulation in the US and Europe; Introduction to quality systems; 


	Individual assignment 5 - SolidWorks, “test” part 

Group assignment 2 – Design brief
	 SolidWorks (CD holder assembly; claw (p. 44), bearing block (p.57), bearing plate (p.61))


	10/13
	SolidWorks:  Advanced assembly and drafting
	Individual assignment 6 - SolidWorks 

(1. CD holder assembly drawing (Task 4 Lesson 6); 2. bearing block drawing; 3. bearing block assembly drawing;  (All from lesson 5)  **submit as E-Drawings)
	Individual:

SolidWorks, “test” part
Group:

Design brief

	10/20
	Finite element analysis (FEA) - COSMOS Works – Part 1
	Individual assignment 7 – 1.Beam bending problem; page 1-14 of COSMOS Works guide; 2. “bracket analysis”
	SolidWorks assignment 

(CD holder assembly drawing (Task 4 Lesson 6; Task 4); bearing block drawing; bearing block assembly drawing;  **Submit as E-drawing**

	10/27
	Finite element analysis (FEA) - COSMOS Works – Part 2 - Optimization
	Individual assignment 8 - Crank arm optimization (first manually then using Optimization functionality in CW)
	1-2 page engineering report covering 1. beam bending and, 2. “bracket” problem

	11/3
	Computational fluid dynamics (CFD) – COSMOS FloWorks – Part 1

	Individual assignment 9 – 1.Heat exchanger tutorial; 2.Pipe flow problem
	1-2 page engineering report comparing and contrasting results from both analyses.

	11/10
	Computational fluid dynamics (CFD) – COSMOS FloWorks – Part 2 


	Individual assignment 10 – COSMOSFloWorks Heart valve analysis 
	1-2 page engineering report (details discussed in class)

	11/17
	Design controls Part 1; Product design specification (PDS); Risk analysis;  Course survey (11:00 am)

	Group assignment 3 – 1.Product design specification (PDS); 2 .Initial hazard analysis
	COSMOS FloWorks heart valve analysis 

	Thanksgiving Break

	12/1
	Design controls Part 2 – Risk analysis, Human factors analysis; Guest lecturer:  Ruey Dempsey (10:30 am)
	Group assignment 4- Preliminary HFE; BE 1160 draft; “report”; FTA, FMEA
	Product design specification (PDS); Initial hazard analysis; 


	12/8
	No class (Tentative)
	N/A
	N/A

	12/15
	Design controls Part 3 – Human factors, project planning
	Group assignment 5 – Project plan (Due January 9, 2007)
	Design history file; BE 1160, “report” draft; 
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� Attendance does not equal participation; I do not give credit for attendance.
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