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Criterion 4. Professional Component

The professional component requirements specify subject areas appropriate to engineering but do not prescribe specific courses. The engineering faculty must assure that the program curriculum devotes adequate attention and time to each component, consistent with the objectives of the program and institution. Students must be prepared for engineering practice through the curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating engineering standards and realistic constraints that include most of the following considerations: economic; environmental; sustainability; manufacturability; ethical; health and safety; social; and political. The professional component must include: 

(a) one year of a combination of college level mathematics and basic sciences (some with experimental experience) appropriate to the discipline 

(b) one and one-half years of engineering topics, consisting of engineering sciences and engineering design appropriate to the student's field of study 

(c) a general education component that complements the technical content of the curriculum and is consistent with the program and institution objectives. 

“Students must be prepared for engineering practice through the curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating engineering standards and realistic constraints that include most of the following considerations: economic; environmental; sustainability; manufacturability; ethical; health and safety; social; and political.”

Design Curriculum

Cadets in both programs are exposed to design experiences in several engineering core courses to include:

· Engr Mech 120, Fundamentals of Mechanics

· Civ Engr 210, Air Base Design

· El Engr 231, Electrical Circuits and Systems 

· Engr 310, Energy systems

· Aero 315, Fundamentals of Aeronautics

· Astro 320, Introduction to Astronautics

· Engr 410, Engineering Systems Design

In addition to the core program there is significant design content through group and individual design projects in the following required majors courses:

· Engr Mech 332, Aerospace Structures (req for EM, opt for ME) 

· Engr Mech 340, Material Science (req for EM, opt for ME) 

· Engr Mech 350, Mechanical Behavior of Materials (req for both EM and ME)

· Engr Mech 460, Experimental Design (req for both EM and ME)

· Mech Engr 370, Introduction to Machine Design (req for ME, opt for EM) 

· Mech Engr 467, Energy Conversion (req for ME, opt for EM)

Nearly all optional courses in both programs also include significant design content.

Note:  Mech Engr 467 was originally put in place to be the capstone thermal sciences design experience for our Mechanical Engineering majors.  Because of program changes that start with the core thermo course (Engr 310), the administering department of this course (DFAN) does not feel that they have the time to provide any such design content.  Given this input, DFEM is exploring whether or not this course serves sufficient need in the program to justify the course requirement.  The issue is complicated by lack of agreement between representatives from both departments as to what constitutes sufficient coverage of the thermal sciences discipline for Mechanical Engineering majors. Final decision rests with the continuing efforts of the thermal sciences working group as well as the larger reworking of the USAFA core curriculum.

All cadets in both programs take 2-3 semesters of course work that is specifically targeted at design.  In the beginning of their programs all cadets must successfully complete Mech Engr 290.  This course is intended to introduce newly declared students to the concept of the creative design methodologies as described in the following course catalog description, goals and objectives:

Mech Engr 290 Engineering Design (4 sem hours)

Catalog Description:  Application of engineering principles to the creative design process through redesign and original design. Topics include the creative design process, safety, engineering ethics, engineering economy, machine components, basic manufacturing techniques, technical communications, Computer Aided Design (CAD), measurement systems and project management methods.  Individual or group projects and reports.

Course Goal:
Students will be able to plan and implement a high quality redesign or original design project in the context of a design team by using a variety of current design techniques.

Course Objectives:


1. Students will demonstrate successful team interaction by effectively dealing with team conflict and distributing work equitably.
2. Students will correctly use a full set of current design techniques including customer needs analysis, functional analysis, reverse engineering techniques, quality function deployment, concept generation, decision analysis, design of experiments and basic engineering failure analysis.
3. Students will demonstrate a basic understanding of cost analysis, materials selection, environmental considerations, legal issues and DFM as they apply to design.
4. Students will exhibit proficiency in an industrially common CAD package by producing 3-D, dimensioned, assembly level drawings of complex parts.
5. Students will competently present design concepts and results in written and oral design reviews.
6. Students will demonstrate safety and competence in the use of lab power tools for construction of design projects.

7. Students will gain industrial/real world design experience through examples and case studies.

In the final year of their programs, all cadets must participate in and successfully complete a culminating capstone design experience through Mech Engr 492.  Cadets participating in our professional society sponsored intercollegiate design competition teams substitute this single semester course with a two semester Mech Engr 491 and Mech Engr 492Z combination.  These courses are described by the following course catalog description, goals and objectives:

Mech Engr 492 First-Class Capstone Design Competition (3 sem hours)

Catalog Description:  
Capstone engineering design experience for the Engineering Mechanics and Mechanical Engineering majors.  Emphasis placed on the design process, complete analysis, and technical communication in the creative development of a technical system.  The system is designed, fabricated, and tested against performance specifications determined by faculty members.

Course Goal:
Cadets will apply a design methodology appropriate for solving an ill-defined mechanical engineering problem and effectively document and communicate the design process and solution.

Course Objectives:

1.0 Be effective interdisciplinary team members and leaders.

2.0 Design a system as a solution to an ill-defined engineering problem.

2.1 Determine appropriate customer requirements for the given ill-defined problem.

2.2 Generate multiple solutions to meet the developed customer requirements.

2.2.1 Gather the information necessary to frame the previously identified problem.

2.3 Select the best solution from the cadet-generated set of solution concepts using standard selection approaches.

2.4 Develop a detailed design using proper engineering principles

3.0 Apply Engineering design principles by constructing a working prototype of their solution.

3.1 Demonstrate an ability to apply basic fabrication technique by constructing a working prototype of the design.

3.2 Apply basic manufacturability considerations to the design.

3.3 Test the prototype using standard test techniques.

3.4 Modify the design and prototype based on test results.

4.0 Effectively document and communicate their design solution.

4.1 Maintain a complete record of the design process in an engineering notebook.

4.2 Generate a complete, concise report describing the design process and final solution using accepted technical writing and drawing practices.

4.3 Conduct a professional presentation, which is both clear and concise using a format of the cadet’s choice

All cadets in Mech Engr 492 Capstone for AY 99-00 (Spring 00) participated in the design, development and fabrication of a robotic Air Based Ground Defense system.  A functional prototype of the offensive and defensive capability of their systems was sued in head-to-head competition with other teams in the course.  Further detail is presented in Criterion 3 as well as the ME 492 Course Review package in Appendix 3H.

Mech Engr 491/492Z First-Class Capstone Design Competition (6 sem hours)

Catalog Description:  
Capstone engineering design experience for students involved with intercollegiate design competitions sponsored by professional engineering societies.  Emphasis placed on the design process, complete analysis, and technical communication in the creative development of a mechanical system.  The system is designed, fabricated, and tested against performance specifications determined by the societies sponsoring the competitions.  Successful project completion results in a field trip to the competition, normally held in the spring semester.

Course Goal:
Cadets will be able to apply a design methodology which represents an acceptable solution to an ill-defined problem and effectively communicate their design solution.

Course Objectives:
At the completion of this course, cadets will be able to:

1.0  Given a set of requirements which represent customer needs, cadets will design a mechanical system as a solution to an ill-defined engineering.
1.1 Given an ill-defined problem, cadets will generate multiple solutions for it. (491)
1.2 Given a set of solution concepts, cadets will select the best solution. (491)
1.3 Demonstrate the ability to apply Mechanical Engineering design principles by producing comprehensive analysis and testing results. (491)
1.4 Demonstrate the ability to apply Mechanical Engineering design principles by constructing a working prototype of their solution. (492Z)
2.0  Demonstrate the ability to effectively communicate their design solution
2.1 Generate a complete, concise report describing their design process and final solution. (491 & 492Z)
2.2 Demonstrate the ability to conduct a professional presentation which is both clear and concise. (491 & 492Z) team.
3.0  Demonstrate the ability to work effectively on an interdisciplinary design team (491 & 492Z)
In AY 99-00 we had competition teams participating in:

· 2001 SAE Mini Baja Competition

· 2001 SAE Formula Racer Competition

· 2001 SAE Heavy Lift Aircraft Competition

See descriptions under Criterion 3 for anecdotal project performance evaluation of capstone experiences.

The professional component must include: 

(a) one year of a combination of college level mathematics and basic sciences (some with experimental experience) appropriate to the discipline 

(b) one and one-half years of engineering topics, consisting of engineering sciences and engineering design appropriate to the student's field of study 

(c) a general education component that complements the technical content of the curriculum and is consistent with the program and institution objectives. 
Referencing Appendices 4A and 4B, which are simply the Self Study Table 1 for each program, all possible permutations of both programs exceed the minimum specific semester hour course requirements of the Professional Component paragraphs (a) and (b).   The table below summarizes both programs versus the requirement.

Table 4.1:  Engineering Mechanics Program Summary

	Course Types
	Category (Credit Hours)

	ENGINEERING MECHANICS 
	Math & Basic Science
	Engineering Topics
	General Education&
	Other

	TOTALS FOR CORE COURSES
	28.5
	20.5
	54.0
	0

	TOTALS FOR ENGR MECH COURSES
	9.0
	28.5
	0
	0

	TOTALS FOR OPTIONS
	0
	12.0
	0
	0

	OVERALL TOTAL FOR DEGREE

(EQUIVALENT SEMESTER CREDITS)*
	37.5
	61
	54
	0

	Minimum semester credit hours
	32
	48
	
	


Table 4.2:  Mechanical Engineering Program Summary

	Course Types
	Category (Credit Hours)

	MECHANICAL ENGINEERING
	Math & Basic Science
	Engineering Topics
	General Education&
	Other

	TOTALS FOR CORE COURSES
	28.5
	20.5
	54.0
	0

	TOTALS FOR ENGR MECH COURSES
	9.0
	34.5
	0
	0

	TOTALS FOR OPTIONS
	0
	6.0
	0
	0

	OVERALL TOTAL FOR DEGREE

(EQUIVALENT SEMESTER CREDITS)*
	37.5
	61
	54
	0

	Minimum semester credit hours
	32
	48
	
	


APPENDIX 4A: Table 1 from the Self-Study Guidelines for EM Program

APPENDIX 4B: Table 1 from the Self-Study Guidelines for ME Program
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