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Abstract

This paper describes a new graduate degree program in Aerospace and Ocean Engineering at Virginia Tech.
Responding to strong industry comments, five engineering departments (AOE, ME, ISE, MSE, and ESM) at
Virginia Tech have established a new practice-oriented master’s degree (MEng). The new degree fit within ex-
isting guidelines so that no new administrative approval was required. On an individual department basis the
addition of several new courses each would have been impossible. By working together it became possible to
add two new college-wide courses. We believe that the new program is unique in that it is truly multidiscipli-
nary. Students from the five different college of engineering departments will be taking classes together and
working on the design project teams together. The program will be offered for the first time in the fall of 1996.

Introduction

As educators, we are constantly being told that increased international competitiveness has created a
need for engineers with a better understanding of design methodology and concurrent engineering. Probably the
most significant documentation of the need is contained in a National Research Council Report.1 Representa-
tives of Boeing,2 Lockheed Martin,3 and McDonnell Douglas4 have also voiced strong opinions. To prepare en-
gineers for careers in design requires not only learning about these specific topics, but an understanding of the
broad context of the practice of engineering, experience in solving problems with realistic industrial constraints,
and an awareness of the world of product development.

Listening to our customers, several departments at Virginia Tech have started to work together to estab-
lish a new practice-oriented master’s degree. Although our implementation is different, we are not the only
school establishing this type of program. The national trend has been described recently in the ASEE Prism.5

We are aware of several other programs in Aerospace Engineering. MIT has established a Master’s degree for
students who expect to become practicing aerospace engineers.6 Michigan and Cornell also have programs. In
the case of Aerospace and Ocean Engineering, this type of degree was also recommended in a recent outside
review of our graduate education program. The program fits within existing guidelines so that no new legisla-
tive approval is required. On an individual department basis the addition of many new courses within the avail-
able budget would have been impossible. By working together it became possible to add a small number, ini-
tially two, to the college program.

We think our program is unique. Students from the five different participating departments (Engineering
Science and Mechanics, Industrial and Systems Engineering,  Materials Science and Engineering, Mechanical
Engineering, and Aerospace and Ocean Engineering) will take several core courses together, and will work in
teams composed of students from various departments on the degree-completing final design project.
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The Practice-Oriented Master’s Degree (POMD) program in Aerospace and Ocean Engineering is part
of an emerging curriculum wide focus on design and engineering practice in our department.7 This includes
having freshmen work with the seniors on their capstone design project as part of a SUCCEED project,8,9 and
continues through Ph.D. level research in design and optimization conducted in the Multidisciplinary Analysis
and Design (MAD) Center for Advanced Vehicles at Virginia Tech.10  This emphasis led to the recent addition
of an Aerospace Manufacturing Course,11 and a formal course in Multidisciplinary Optimization.12

The Program

The POMD program is a twelve-month program directed toward the student who wants an in-depth exposure to
the design process and the multidisciplinary aspects of engineering. Each student will be enrolled in a specific
department, and will receive a degree with a major in that discipline. However, the educational experience will
be much broader than the normal research-oriented graduate degree. The essence of the idea behind the educa-
tional program is illustrated in Figure 1, as conceived by Ron Landgraf. This program is essentially a fifth year
of school. To complete the program in twelve months a student will take four courses a semester, and will not
have time to be a research or teaching assistant.

Design
Core

Product
Development

Materials

Manufacturing

Business

Product
Evaluation

Figure 1. The Practice-Oriented Master’s Degree Concept (R. Landgraf)

How It Works

To complete the program in twelve months, as opposed to the usual two years for a Master’s degree stu-
dent supported by an assistantship, we have a fairly formal schedule. It is shown in Figure 2. We are using a “2
+ 2 + 4” course concept. Two common courses will be required of all students regardless of their particular
major, two courses will be selected from a list of electives common to students in all majors, and four courses
will be selected from a list of courses specific to a particular major. With this approach a student can design a
highly individual program within our somewhat rigid framework. As currently envisioned, the first common
course will stress modern engineering design practice. The second course will be professional issues in engi-
neering, and includes legal and business considerations in engineering. The two courses from the list of com-
mon electives include existing courses in manufacturing, quality, systems engineering, optimization and busi-
ness. The areas are similar to those required for our design research degree described in Ref. 12.
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In the last part of the program, students from the different departments will do a project together as a
team (we are thinking of 4 or 5 member teams) in the final summer. Our plan is for the projects to be based on
industry suggestions and to be reviewed by industry.

POMD Schedule

Design Seminar

Team Project (selection/planning)

Fall
(15 weeks)

Spring
(15 weeks)

Summer
(12 weeks)

Team
Design
Project
[6 cr]

(report/
presentation)

ENGR Core 1
[3 cr]

ENGR Core 2
[3 cr]

Core Elective 1
[3 cr]

Technical Focus
Elective 1

Core Elective 2
[3 cr]

Technical Focus
Elective 3

Technical Focus
Elective 2

Technical Focus
Elective 4

Figure 2. The program and schedule for the Virginia Tech Practice-Oriented Master’s Degree

Our Starting Point: Initial Specific Program Requirements

Thirty semester credit hours are required to complete the program. This is a university requirement that won’t
change. Most of the other specific requirements may evolve as we gain experience. Eighteen hours of the re-
quirements are common to all majors. Within this framework the program has been designed to provide a very
broad and flexible individual program through the selection of a wide variety of Design Core and Technical Fo-
cus Electives.

Design Core [12 cr]:
• Core 1: Modern Engineering Design Practice
• Core 2: Professional Issues in Engineering
• 2 courses from the Core Electives List.

Technical Focus [12 cr]:
• 4 courses from the Technical Focus Electives List developed for each major by the major de-

partment.
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Team Design Project [6 cr]:
• The project will mainly be during the final summer, with teams consisting of members with dif-

ferent majors.

The Design Core Courses

Two courses are required of all students in the program. These courses cover the themes that industry
has been stressing as the global marketplace experience has demonstrated the need for a foundation in areas
previously omitted from most science-oriented graduate degree programs. To be offered for the first time in the
1996-97 academic year, these courses are currently being developed, primarily by Norm Eiss and Ron
Landgraf. We expect to use team teaching to give these courses. The course contents are being developed to ad-
dress the following topics:

ENGR Core 1: Modern Engineering Design Practice
• The Product Realization Process
• Design Theory and Methodology
• Creative Problem Solving
• The Role of Specifications/Standards
• Life Cycle Cost
• Concurrent Engineering and Collaborative Design
• Survey of Design Tools/Techniques
• Team Design Project

ENGR Core 2: Professional Issues in Engineering
• Professionalism/Ethics
• Global Engineering
• Intellectual Properties
• Product Liability
• Environmental Issues
• Team Building
• Project Organization Design
• Business Aspects of Engineering
• Communications
• Technology Leadership
• Life-long learning

Core Electives List

Two core electives are required. We have identified a wide variety of existing courses which meet our
objectives, as illustrated in Figure 1 above. The initial list is given below.

Business/Management
ISE 4224 Advanced Engineering Economy
Econ 5504 Economics of Business Decisions
MSci 5404 Management Science
ISE 5134 Management Information Systems
ISE 5124 Management of Quality and Reliability
Fin 5004 Fundamentals of Legal Environment of Business
MGT 5304 Social, Legal and Ethical Environment of Business
MGT 5804 Strategic Leadership in Technology-Based Organizations
Psyc 4024 Industrial and Organizational Psychology
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Technology in Society
Hist 4216 History of Technology
Hum 4304 Contemporary Issues in Humanities, Science and Technology
PAPA/STS 5614 Introduction to Science and Technology Policy
Soc 4814 Sociology of Technology

Engineering/Mathematics
Engr 5105 Applied Systems Engineering
ISE 5204 Manufacturing Systems Engineering
AOE/ESM 4084 Engineering Design Optimization
AOE 5244 Optimization Techniques
ISE 5154 Applied Human Factors Engineering
Stat 4604 Statistical Methods for Engineering
ESM 4614 Reliability Methods in Engineering
ISE 4404 Statistical Quality Control
ISE 5444 Quality & Reliability Engineering
Math 5725 Mathematical Methods in Engineering I
ESM 4714 Scientific Visual Data Analysis with MultiMedia

Technical Focus Electives List in Aerospace Engineering

Twelve credits specific to a particular major are required. Each participating department has developed
its own list, appropriate for that major. In Aerospace Engineering, we have identified the following list from our
senior/graduate level courses. Because so many options are available, the student will work closely with his/her
course advisor to make sure that the specific program of study has a coherent focus.

Structures:
AOE 4024 Introduction to the Finite Element Method
AOE 4054 Stability of Structures
AOE 5024 Vehicle Structures
AOE 5034 Vehicle Structural Dynamics
AOE 5044 Dynamic Stability of Structures
AOE 5064 Structural Optimization
AOE 5074 Computer Aided Design of Structures

Aerodynamics/Propulsion:
AOE 4114 Applied Computational Aerodynamics
AOE 4984 Configuration Aerodynamics (to offered for the first time in Spring 1997)
AOE 5104 Advanced Aero and Hydrodynamics
AOE 5114 High Speed Aerodynamics
AOE 5135 Vehicle Propulsion
AOE 5144 Boundary Layer and Heat Transfer

Flight Mechanics and Control:
AOE 4004 Computer-Aided Control System Design
AOE 4144 Aircraft Automatic Flight Control
AOE 5124 Aircraft Dynamics and Control
AOE 5224 Linear Optimal Control Systems
AOE 5234 Orbital Mechanics
AOE 5244 Optimization Techniques
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Ocean Engineering
AOE 4274 Computer Based Design of Ocean Structures
AOE 4754 Naval Architecture
AOE 5084 Submarine Design
AOE 5304 Advanced Naval Architecture
AOE 5305 Marine Engineering
AOE 5314 Advanced Ship Dynamics

AOE Design
AOE 4404 Applied Numerical Methods
AOE 4984 Aerospace Manufacturing
AOE/ENGR 5004 Systems Engineering
ME 5604 Computer-Aided Design I
ME 6604 Computer-Aided Design II

The Project

Teams of students will do an engineering project in the summer to complete the degree. Each project
team will include members from a variety of majors, and be advised by faculty members from several disci-
plines. The projects will be developed jointly with an industry sponsor during the year, and the summer project
will carry out the plan developed during the spring semester. This experience will be the intensive, team-
oriented activity that industry wants. The final design will be presented to the entire faculty, students and in-
dustry. A team final report will also be produced to document the project.

Summary

This paper has described a new practice-oriented Aerospace Engineering Master’s degree program at
Virginia Tech. It is part of a program by five departments in the college of engineering to be offered for the first
time in the Fall of 1996, with a small group of students. Initially, students from the five different engineering
departments will be participating. It is truly multidisciplinary. Students from the different departments will work
together in common core classes and on a team project. The core courses will be team taught by faculty from
the different departments. We envision expanding the program to all the departments in the college, and beyond
the college of engineering to include other colleges at the university. Our web page will always contain the lat-
est details: http://www.aoe.vt.edu/, including a link to the POMD page: http://www.eng.vt.edu/POMD. Gen-
eral Virginia Tech information is available at http://www.vt.edu/.
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