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An ability to design and conduct experiments, as well as to analyze and interpret data. 
 
Decision(s): 

Based on assessment results from Outcome B, informal end-of-semester evaluation, and instructor 
observations, several modifications were made to MES 305. During the spring of 2013, seven students 
enrolled in MES 305 and two new initiatives were introduced.  
  
Initiative one was greater use of multiple writing formats (formal lab report, technical report, and 
memorandum) in the documentation of the lab experience. In hindsight, this change added confusion to 
the students. The focus seemed to move from analyzing and interpreting the data to how to present 
information. This weakness was identified in the assessment of Outcome B. Students first need to 
master the skill of data analysis and then concentrate on writing formats. In the future, MES 305 will 
utilize the formal lab report so students only have to learn one format. Focus can be maintained on 
analyzing, interpreting and drawing conclusions from data collected during the laboratory experience. 
The various report formats will be introduced and utilized in MES 405. For the spring 2013 MES 305 
students, special emphasis on analyzing and interpreting the data will be given in MES 405.  
 
Initiative two was to place more focus on the use of formal statistical techniques and repetition in 
experiments. Again, the idea behind the change was good, but a few unexpected outcomes occurred. 
The statistical focus was introduced at the beginning of the semester, so as with the writing formats, it 
seemed to take focus away from the basic point of the lab and from learning to interpret the data. The 
focus on repetition in experimentation caused the amount of data the students had to sift through to 
sometimes be overwhelming. It also greatly increased time to present results since there were often a 
large number of graphs to prepare. The statistical focus and learning to deal with large amounts of data 
are important, but the feeling is that MES 305 first needs to let students master the fundamentals of 
analyzing, interpreting, and drawing conclusions from data and then move on to these other skills. How 
these skills are introduced and utilized in MES 305 and MES 405 will be reviewed. 
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0.  BACKGROUND INFORMATION 
 
 
A. Contact information 
 
The primary responsibility for preparation for the ABET visit to the Mechanical Engineering 
Systems BSE program was given by Dr. Jerome Lavelle, College of Engineering—Associate 
Dean for Academic Affairs, to Dr. Bill Fortney, Eastern Regional Director for Distance 
Engineering Programs and Teaching Associate Professor, Mechanical Engineering, NCSU.  
 
Contact Information for Dr. Fortney:  
Dr. Bill Fortney  
Eastern Regional Director for Distance Engineering Programs and Teaching Associate 
Professor, Mechanical Engineering, NCSU  
305 Cunningham Blvd. 
Havelock, NC 28532 
Phone: 252-444-2171 
E-Mail: wbfortne@ncsu.edu  
 
Contact Information for Dr. Lavelle:  
Dr. Jerome Lavelle  
Associate Dean, Academic Affairs, College of Engineering, NCSU  
Page Hall 120, Box 7904  
Raleigh, NC  27695-7904  
Phone:  (919) 515-3693 Fax: (919) 515-8702  
E-mail: jerome_lavelle@ncsu.edu  
 
B. Program History 
 
In 2003, representatives from Naval Air Systems Command (NAVAIR) located at Marine Corp 
Air Station Cherry Point in Havelock, North Carolina approached the College of Engineering at 
NC State University concerning their need for a local engineering program focused on 
Department of Defense work done at Cherry Point. NAVAIR and the Navy Depot at Cherry 
Point are the largest employers in eastern North Carolina and have a significant need for 
employees with degrees in engineering (currently employs over 500 civilian engineers).  Their 
vision was to have a program that would permit current non-degreed employees an option to 
pursue a degree in engineering on a part-time basis and also attract local traditional students 
who would choose to stay in the region and work at Cherry Point after graduation. A team was 
assembled from the NC State College of Engineering which met with representatives from 
NAVAIR on numerous occasions and conducted several open house meetings to assess 
community interest. The team also met with the leadership of Craven Community College 
which is located within one mile of the base at Cherry Point. 
 
After careful study, the team decided that an engineering program in Havelock would support 
the college’s mission to drive economic development for the welfare of the state, the nation, 
and the world. It would also support the university’s desire to support military installations in 
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the state.  A recommendation to move forward with a stand alone engineering program based in 
Havelock, NC was made.  
 
As background to this decision, the College of Engineering had already established a remote 
site-based degree program on the campus of the University of North Carolina at Asheville 
(UNCA) at the opposite end of the state—the decision was made to follow a similar model for 
the program in Havelock. The UNCA program is a Bachelor of Science in Engineering (BSE) 
with a concentration in Mechatronics and was first accredited by ABET in 2005.  
 
Initially, the Havelock program was conceived as a Bachelor of Science in Engineering with a 
concentration in Mechanical and Aerospace Engineering. The program would be housed on the 
campus of Craven Community College, Havelock (CCC) and build on the transfer program 
already established with many North Carolina community colleges. The plan was for students 
to take courses needed for transfer into the College of Engineering at NC State from CCC (or 
any other college of their choice with courses approved for transfer to NC State) and then enter 
the Havelock BSE program as a transfer student. Students would take NC State engineering 
courses taught locally by NC State faculty or by faculty teaching in Raleigh utilizing interactive 
video technology. All NC State academic policies would apply to students in the Havelock 
BSE program, just as if they were an on campus student.  
 
In 2004, NC State placed a program director on the campus of CCC and students began taking 
courses at CCC to transfer into the Havelock BSE program. A timeline of key events from this 
point forward can be seen in Figure 0-1 and is summarized below. 
 

 
Figure 0-1: Timeline of Key Events for MES Program 
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 Interactive video equipment was installed and sophomore engineering courses were 
offered for students transferring to Raleigh. As part of the existing 2+2 program, 
students could take the NC State courses as visiting students before being accepted as 
degree seeking students in a particular program. 

 
 The Havelock BSE degree with a concentration in mechanical and aerospace 

engineering was approved by the North Carolina General Assembly in 2007. 
 

 Laboratory equipment was purchased and installed at CCC in 2008, 2009 and 2010.  
 

 The first cohort (two students) completed their transfer requirements at CCC and 
transferred into the Havelock BSE program fall 2008. Both students were working full-
time and pursuing their degree part-time at night. 

 
 The second cohort (two students) transferred into the program fall 2009. Both were 

employed at Cherry Point and given a flexible schedule to pursue their degree full-
time. 

 
 Establishment of Current MES Curriculum. Between 12/2009 and 7/2010 the 

Havelock site director worked closely with engineering managers from Cherry Point, 
members of the Raleigh Mechanical Engineering Curriculum Committee, and the 
program’s industrial advisory board to review the program’s curriculum and revise as 
needed. To best fit with local and national needs, the group concluded that the program 
should incorporate a focus on formal systems engineering, as used in the DOD 
acquisition process. The decision was made to terminate the Mechanical and Aerospace 
concentration and to create the current Mechanical Engineering Systems (MES) 
concentration. All four students in the program were moved to the newly created MES 
concentration with no impact to their graduation. Main changes from the review are 
summarized below and the impact to students is shown Figure 0-2.  

 
o Total program hours dropped from 122 to 120. No impact to current students. 

 
o Concentration name changed from Mechanical and Aerospace Engineering to 

Mechanical Engineering Systems. No impact to current students. 
 

o The three, 1 hour Mechanical and Aerospace Engineering (MAE) laboratory 
courses were replaced by two local MES laboratory courses (MES 305 – 1 hour 
and MES 405 – 2 hours). All four students had taken the laboratory course 
MAE 305. MES 305 was designed based on content from MAE 305, so a 
substitution was made for MES 305 using MAE 305. 

 
o The 4 hour MAE capstone design course and one, 3 hour MAE technical 

elective were replaced by a two semester local capstone design sequence (MES 
401 – 3 hours and MES 402 – 4 hours). None of the students had taken any of 
these courses so there was no impact to current students. 
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o Two, 3 hour MAE technical electives were replaced by one, 4 hour local project 
based MES course focusing on formal systems engineering (MES 300). No 
students had taken these courses so there was no impact to current students. 
MES 300 was taught as a special topics course to cohorts one and two before 
being added to the NC State Course Catalog as MES 300.  

 
o All curriculum changes were approved and implemented before cohort three 

was ready for any of the new MES courses.   
 

o  As can be seen in Figure 0-2, the timing of the curriculum revision and the 
subsequent creation of the current MES program allowed all three cohorts to 
experience the same revised curriculum now specified for the MES program 
under review. 

 

 
Figure 0-2: Impact of Curriculum Revision on MES Students 

 
 

 The MES program initially attracted the working non-traditional student but is now 
starting to interest the traditional student as well. There is currently one student in the 
third cohort and seven in the fourth. 
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C. Options 
 
The Havelock Mechanical Engineering Systems BSE is an option under the university BS in 
Engineering. The title of the degree awarded for the program under review is Bachelor of 
Science, Engineering, Mechanical Engineering Systems Concentration. There are no additional 
engineering options or other designations that appear on the diploma or transcript. 
 
D. Organizational Structure 
 
The NC State College of Engineering operates three (3) distinct off-campus undergraduate 
engineering offices. These operations are lead and managed by an NC State employed director 
of operations. Initially crafted as 2+2 programs designed to recruit interested students from 
underserved areas of the state into the engineering programs on the Raleigh campus, the 
programs’ missions have expanded to include stand-alone (site-based) degrees, summer camps, 
and enhanced regional engagement. Figure 0-3 below illustrates the general organizational 
structure for the off-campus programs, Figure 0-4 shows the academic structure of the BSE 
degree, and Figure 0-5 furtner shows the program stakeholders. 
 

 
 

Figure 0-3: Organizational Structure of Off-Campus Undergraduate Programs 
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Figure 0-4: Academic Structure for Off-Campus Undergraduate Programs 
 
 
 

 
 

Figure 0-5: Organizational Partners for BSE MES Director 
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The formal organizational charts for NC State University (the Provost’s organizational chart is 
given—the Dean of engineering reports to the Provost) and the College of Engineering are 
given in Figure 0-6 and Figure 0-7. 
 
Relationship with Craven Community College: 
Figure 0-5 above lists the several organizational connections to the director of the BSE-MES 
program. One very important link is the partnership with Craven Community College. The 
nature of the relationship has been codified in a signed formal Memorandum of 
Understanding—the substantive details are given below: 
 
The College of Engineering at NC State University will: 
1. Provide appropriate on-site NC State personnel to manage all aspects of the NC State program and 

courses. This would include a director, program assistant and course or lab facilitators. 
2. Provide funds to cover operational expenses such as phone, copies, mail service, travel, 

instructional/office supplies, equipment, and support personnel. 
3. Provide equipment required for the delivery of all distance education courses as well as all locally 

taught NC State courses and labs. 
4. Provide technical support for the maintenance of NC State owned equipment. 
5. Provide the courses and the academic support to allow students located at CCC to complete their 

Bachelor of Science in Engineering degree. 
6. Act in concert with appropriate CCC personnel to advise interested students and those majoring in 

pre-engineering. 
7. Assist CCC pre-engineering students with the process of transferring to NC State. 
8. Provide a contact on the Raleigh campus to assist with the advising of transfer students. 
9. Market the engineering programs in conjunction with Craven’s marketing staff to ensure the 

compliance of marketing standards for both institutions. 
10. Work with CCC personnel to provide enrichment opportunities for engineering students at CCC. 
 
Craven Community College will: 
1. Provide appropriate office and classroom space as required to conduct the program. As a minimum, 

this will include two classrooms and office space for the director. 
2. Provide network connections required for video conferencing equipment, lab equipment, and 

office/lab computers as well as technical support for the network connections. 
3. Provide basic office services such as phones, access to copier & fax machine, and mail service. As 

outlined above, NC State will cover direct cost for items such as phone and postage. 
4. Provide NC State personnel with access to office and classroom space to support the NC State 

academic schedule. 
5. Provide NC State on-site staff with access to and/or information necessary for advising engineering 

students and managing local budgets. 
6. Schedule non-engineering courses required for the pre-engineering associates degree (A1040D) in a 

timely fashion to allow students to complete the two-year or four-year degree programs on schedule. 
This offering includes ensuring access for the night student to all required courses. 

7. Provide advising and financial aid services for students in the pre-engineering associate’s degree 
(A1040D). 

8. Assist the Director with marketing activities to ensure visibility of the program in CCC’s marketing 
pieces, such as the college’s catalogue, recruitment materials, and information shared in high school 
recruiting/college fairs. 

9. Work with NC State personnel to provide enrichment opportunities for engineering students at CCC. 
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Figure 0-6: NC State Provost's Organizational Chart 
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Figure 0-7: NC State College of Engineering Organization Chart 
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E. Program Delivery Modes 
 
The MES course sequence is designed to accommodate the full-time or part-time student and 
there are three basic delivery modes used – locally taught courses, Raleigh-based courses, and 
transfer courses. The method used for each course in the MES program can be seen in Table 
0-1 and a discussion of each mode follows. 
 

Table 0-1: Delivery Mode for MES Courses 

 

Delivery 
Mode

Course Description
Basic 

Math & 
Science

Engineering      
Significant Design 

Content

Local E101 Intro To Engr (EGR 150)1 1

Local MES 300 Systems Engineering 4 
Local MES 305 MES Lab I 1
Local MES 405 MES Lab II 2
Local MES 401 Capstone Design I 3 
Local MES 402 Capstone Design II 4 

LOCAL TOTAL 0 15

Raleigh GC 120 Foundations of Graphics
Raleigh E115 Intro to Computing Environments
Raleigh ENG 331 Comm For Engr & Tech
Raleigh ST 370 Prob & Stat. for Engrs 3
Raleigh MSE 201 Materials 3
Raleigh MAE 206 Statics 3
Raleigh MAE 314 Solids 3
Raleigh MAE 208 Dynamics 3
Raleigh MAE 301 Engineering Thermodynamics I 3
Raleigh MAE 308 Fluid Mechanics 3
Raleigh ECE 331 Princ Of Elec Engr I 3
Raleigh MAE 316 Strength Of Mechanical Components 3
Raleigh MAE 315 Dynamics of Machines 1 2
Raleigh MAE 435 Principles of Automatic Control 1 2
Raleigh MAE 415 Analysis for Mechanical Engr Design 3 
Raleigh MAE 310 Heat Transfer Fundamentals 1 2
Raleigh MAE 412 Design of Thermal System 3 

RALEIGH TOTAL 6 36

Transfer MA 141 Calculus I (MAT 271)1 4

Transfer MA 241 Calculus II (MAT 272)1 4

Transfer MA 242 Calculus III (MAT 273)1 4

Transfer MA 341 Differential Equations (MAT 285) 1 3

Transfer PY 205 Physics I (PHY 251)1 4

Transfer PY 208 Physics II (PHY 252)1 4

Transfer CH 101 & 102 General Chemistry I (CHM 151)1 4

Transfer CSC 112 FORTRAN or C++ (CSC 134)1

TRANSFER TOTAL 27 0

1. Course number at any North Carolina Community College.

Hours Contributed To
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Locally-based Courses 
Locally-based courses are taught on-site by local NC State faculty utilizing traditional 
lecture/laboratory formats. Courses are scheduled to accommodate day and night students. All 
MES courses are locally based courses. 
 
Raleigh-based Courses 
Raleigh-based courses are taken by students in one of three ways—live, playback, and internet.  
 

Live courses utilize interactive video such that Havelock students participate in the 
course while it is being taught to a section in Raleigh. Instructors are available for 
student questions in various forms such as virtual office hours using Skype-type 
technology, message boards, e-mail, and phone. The live course is captured and posted 
on the internet for use in playback mode. 
 
With playback courses, students gather as a class at night and watch the recording 
from the live day course. A course facilitator is always available for administrative 
functions such as lecture playback, collecting homework, and proctoring exams. Night 
students can interact with the course instructor, like day students, and a local teaching 
assistant is sometimes hired to assist students with some lower level courses.  
 
Like on-campus students, MES students may take some of their courses from Raleigh as 
internet-based courses. ENG 331, ST 370, and humanities courses are common 
courses taken using this mode. No engineering courses are offered in this mode. 
 

Regardless of the delivery mode, instructor expectations of the students do not change. 
 
Transfer Courses 
Since all students enter the MES program as transfer students, their basic math, science, and 
general education courses will be taken at another university and transferred to NC State. All 
NC State policies and procedures for transfer courses apply to the MES program, just as any 
other on-campus program. Many of the students take these transfer courses from CCC, and the 
program director works closely with CCC to ensure all courses required by engineering 
students are available in sequence for the day or night student.   
 
F. Program Locations 
 
The MES program is only available at NC State’s remote site located on the campus of CCC in 
Havelock, NC. 
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G. Deficiencies, Weaknesses or Concerns from Previous Evaluation(s) and the Actions 
Taken to Address Them 
 
The MES program is seeking its initial accreditation.   
 
 
H. Joint Accreditation 
 
The MES program is not a joint degree and is only seeking accreditation from the Engineering 
Accreditation Commission.  
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1.  CRITERION 1.  STUDENTS 
 
A. Student Admissions 
 
Admission to the University:  Admission to NC State University has become very competitive 
as demand for admission continues to outpace available space.  As can be seen on the 
University Planning and Analysis website (www2.acs.ncsu.edu/UPA/), in 2002, approximately 
59.2% of applicants were admitted to NC State University.  In 2012, only 49.9% of applicants 
were admitted. 
In determining an applicant’s likelihood of success, the major factors given consideration are as 
follows: 

o High School Grade Point Average 
o High School Class Rank 
o SAT Critical Reading Score 
o SAT Math Score 

 
The University Admissions Office individually reviews the applications of all students.  During 
the review, the quality of courses is taken into account as well as other factors such as 
recommendations, extra-curricular activities, and the NC State University performance of 
previous students from the same high school.   
The fall 2012 statistics of 4,225 incoming students to the University are as follows: 

 49.1% of incoming first-year students were ranked in the top 10% of their high school. 
 75% of incoming first-year students had a high-school-weighted GPA of 4.15 or 

higher.  25% had a weighted GPA of 4.60 or higher. 
 75% of incoming first-year students had an SAT score of 1130 or higher.  25% had a 

score of 1280 or higher. 
Admission to the College of Engineering: NC State University uses a centralized admissions 
process; thus, students with interest in engineering apply to be admitted through NC State 
University's undergraduate admissions process.  Engineering is highly selective in its 
admissions.  Successful candidates typically meet or exceed the following criteria:  top 10 to 
15% of their high school class in the most rigorous college prep courses, B+ to A- GPA, and 
highly competitive standardized test scores (SAT or ACT).  Students who have taken advanced 
courses, particularly in math, chemistry, and physics, are best prepared for the academic rigor 
of the COE and are more competitive in the admissions process.  Also considered are 
standardized test scores (SAT or ACT) and, to a lesser extent, extracurricular activities and 
leadership experiences. 
The fall 2012 statistics of the 1,373 incoming students to the COE are as follows: 

 75% of incoming engineering first-year students have a high school ranking above the 
85th percentile. 25% have a high school rank above the 96th percentile.  

 75% of incoming first-year students had a high-school-weighted GPA of 4.32 or higher.  
25% had a weighted GPA of 4.74 or higher. 

 75% of incoming first-year students had an SAT score higher than of 1200 higher.  25% 
had a score of 1350 or higher. 

Students apply and are admitted to the College of Engineering as Engineering First Year (EFY) 
students.  However, students may indicate an intended major on their application.  Students 
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who indicate an intended engineering major have an advisor assigned by the department of 
their intended major. EFY students who are undecided on a intended major when they apply 
will have an academic adviser in the COE Office of Academic Affairs until they matriculate 
into a department.  Either of these first-year options will ensure that a student takes the required 
courses for matriculation into any engineering department. 
EFY students take a common first year and choose their majors (matriculate) after they have 
completed Calculus (MA 141), Calculus II (MA 241), Physics for Engineers and Scientists I 
(PY 205), Chemistry – A Molecular Science (CH 101), General Chemistry Laboratory (CH 
102) with a C or better and also completed Academic Writing and Research (ENG 101), 
Introduction to Engineering and Problem Solving (E 101), and Introduction to Computing 
Environments (E 115) with a C minus or better.  Typically, first-year students also begin 
enrolling in their humanities and social sciences electives. The table below details the 
admissions standards for fall entering engineering students over the last five years. 

Table 1-2. College of Engineering First-Year Student Admissions Standards 

Academic 
Year 

Composite 
ACT 

Composite 
SAT 

Percentile Rank in 
High School Number of New 

Students Enrolled MIN. AVG. MIN. AVG. MIN. AVG. 
2012-2013 14 28.3 900 1281 53 90.2 1373 
2011-2012 15 28.0 970 1257 47 89.3 1358 
2010-2011 19 27.2 730 1252 54 89.1 1337 
2009-2010 19 26.8 860 1251 38 88.6 1389 
2008-2009 17 26.7 930 1247 51 88.2 1370 
2007-2008 18 26.3 870 1228 46 86.4 1412 

 
 
B. Evaluating Student Performance 
 
Monitoring: On a semester-to-semester basis, students must demonstrate academic progress 
toward their intended major.  The University has instituted a Progress Toward Undergraduate 
Degree Policy that requires undergraduate students to have a degree plan on file with their 
academic adviser by the end of the first year of enrollment.  This degree plan may be crafted in 
such a way as to incorporate study abroad, co-operative education, part-time enrollment, and 
other events.  However, once a student commits to a degree plan, the student must satisfy 
minimum requirements toward completing the plan.  If a student fails to make adequate 
progress, he or she may be placed on “Progress Warning” and ultimately removed from their 
degree program.  The details of the policy may be found 
at:http://catalog.ncsu.edu/undergraduate/academicpoliciesandprocedures/degree/progresstodegr
ee/ 
 
In addition to this university-level policy, the college currently has in place a requirement that 
all engineering students must matriculate before they earn 60 semester credit hours at NC State 
University.  If students fail to matriculate by this time, they are moved into the Engineering 
Transition Program (TRU degree code).  The COE Office of Academic Affairs (along with 
other resources on campus) works with TRU students to find a degree path at NC State 
University outside of engineering.  Dr. Mary Clare Robbins, Coordinator of Advising for the 
College, oversees the Engineering Transition Program.  
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Prerequisite Checking: Many courses taken by engineering students have prerequisites. It is the 
responsibility of the student to know these requirements and constraints when planning their 
academic courses in consultation with their academic advisors. The new PeopleSoft-based 
student records system at the university (called SIS-Student Information System) allows for 
departments to block students from enrolling in courses when they do not have the course 
prerequisites or for other course restriction reasons (such a senior standing, etc.). In addition, 
many departments allow instructors, at their discretion, to exempt qualifying students from 
stated prerequisites or restrictions. In these cases, for students who fall under our ABET 
accredited programs, the instructor is asked to document the exception and place it in the 
student’s academic file. 

 
C. Transfer Students and Transfer Courses 
 
Typically, transfer students come from the state of North Carolina community colleges, four-
year colleges and universities within North Carolina, as well as throughout the United States, 
and from institutions in foreign countries.  In addition, formalized 2+2 transfer programs in 
engineering currently exist at Craven Community College (Havelock, N.C.), the University of 
North Carolina at Asheville, and the University of North Carolina at Wilmington.  The COE 
also has 3+2 dual degree programs with several partner schools, including Meredith College 
(Raleigh, N.C.), Elon University (Greensboro, N.C.), St. Andrews Presbyterian College 
(Laurinburg, N.C.), and St. Augustine’s College (Raleigh, N.C.).  In these programs students 
not only receive an NC State University engineering degree upon graduation but additionally a 
second degree from their home institution. 
 
For the 2012-2013 academic year, 241 external transfer students transferred into the COE at 
NC State University.  These students came from the state of North Carolina community 
colleges (54%), other four-year colleges and universities within North Carolina (30%), out-of-
state schools (15.5%), and from foreign institutions (0.4%).   
Students who wish to be admitted to the NC State University COE as transfer students must 
meet the following requirements as shown on the COE transfer web site: 

Transfer Student Admission Requirements 

The following list contains the admission requirements for engineering transfer students. 
The NC State University course number is written in parentheses for your reference. A 
course taken at another institution must be equivalent to the NC State course and 
completed with a grade of C- or better.  
If NC State courses are taken, the overall NC State GPA must be at least 2.0. Core courses, 
also known as C wall courses, require at least a C-.  

1. 30 credit hours or more of transferable college-level courses 
2. 3.0 or higher cumulative GPA * Depending on your intended major, a cumulative 

GPA between 2.7 and 2.9 may be considered for transfer admission. 
3. College English composition course 3 credits (ENG 1** ) 
4. Second college English composition course, 3 credits (ENG 1** ) * In lieu of 

requirements 3 and 4, take NC State (ENG 101), 4 credits 
5. College chemistry course with lab, 4 credits (CH 101 and 102) 
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6. Calculus I, 4 credits (MA 141) 
7. Calculus II, 4 credits (MA 241) 
8. Minimum 2.5 math GPA in last two math courses at MA 141 level or higher 
9. Calculus-based Physics I, 4 credits (PY 205) 

Note to Students: Once you meet the transfer admission requirements or currently have the 
last requirements in progress, you are ready to apply to NC State's College of Engineering.  
 

The NC State Office of Undergraduate Admissions and the COE publish transfer policies in 
both print and on the Web.  These policies assist in advising prospective students as well as 
ensuring consistent evaluation and acceptance of transfer courses and advanced placement 
tests.  The COE transfer advisers serve as the primary live resource for questions and advice for 
transfer students on the campus as well as for prospective transfer students.   The transfer 
advisors also work directly with the University Office of Undergraduate Admissions to ensure 
that the admissions processes and procedures are applied to all COE transfer applicants.  The 
website at: www.engr.ncsu.edu/undergrad/transfer/ was built specifically as a resource to 
provide information for transfer students.  At this site, students can find information on 
“Transfer Admission Requirements,” a database entitled “Which Courses Transfer to NC 
State?”, and information regarding “Engineering Degree Requirements,” as well as ”Transfer 
Scholarship Application” materials. 
Students apply to be admitted as transfer students through the Office of Undergraduate 
Admissions.  Transfer applications as well as other information are available on the admissions 
website at http://admissions.ncsu.edu. Students can find requirements and application materials 
on this admissions website.  In addition, transfer applicants can check the status of their 
application online once they have formally applied.  
The COE transfer advisors and Office of Undergraduate Admissions jointly review transfer 
applications. Based on the information in the student’s transfer application, one of three 
admission decisions is made: (1) admit the student (2) deny admission or (3) mark as pending 
until the student’s current semester’s grades are received. The pending state is generally not 
used for spring transfer applicants because of the short time between fall and spring semesters.  
The COE has made continued efforts to matriculate admitted, eligible students directly into an 
engineering degree-granting program by the start of their first admitted semester at NC State 
University. The COE’s transfer admission requirements parallel the matriculation requirements 
for engineering freshmen. Freshmen must meet similar requirements plus successful 
completion of E 101 and E 115 in order to gain formal entrance into their specific engineering 
degree program.  The COE has focused on admitting external transfer students with transfer 
GPAs comparable to the required departmental matriculation GPA standards for freshmen.  In 
borderline admissions decisions, transfer advisors may request departmental input. 
On a limited basis, some transfer students are accepted as exceptions to the general admission 
requirements. Generally, in such cases there is a shortage or mismatch of transfer credit for a 
specific admissions course which cannot be easily remedied outside of the institution, but 
transfer admission is still warranted. A typical example is a student who meets every other 
transfer admission requirement but has only three of the four credit hours required for English 
composition. In such cases extra time is given to rectify the shortage of credit at NC State 
University.   
During first-semester advising for a newly admitted transfer student, the previous semester’s 
grades and course work are reviewed by the transfer advisor. At this point in the process, 
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transfer students are appropriately matriculated into their respective engineering degree or 
notified if there is any requirement still in question. In rare instances, if a student has already 
been accepted for the upcoming semester and his/ her GPA drops below the minimum 
admission requirement due to the latest semester’s grades, admission may be rescinded. Table 
1-3 provides details of the past years data of new transfer student  fall enrollment in the College 
of Engineering. 

Table 1-3. New Transfer Students for Past Five Academic Years 

Academic Year 

No. of New Transfer  
Students Enrolled in 
COE 

2012-2013 241 
2011-2012 211 
2010-2011 231 
2009-2010 179 
2008-2009 211 

 
 
D. Advising and Career Guidance 
 
The primary responsibility of the student advising program in the MES program is to assist 
students in the development of meaningful educational plans that are compatible with their life 
goals, to help students accept responsibility for their own education, and to aid students’ 
professional development by providing guidance in curricular and professional choices.  All 
student advising is done by the MES program director, Dr. Bill Fortney.  Dr. Fortney is 
available to meet with the students as needed, but students must meet with Dr. Fortney at least 
once each semester. Each semester, students are not able to register for classes until they meet 
with Dr. Fortney and he clears the academic hold on their account.  
 
Student progress through the curriculum is monitored, recorded and updated according to 
University and College of Engineering requirements.  One of the main methods of tracking the 
student’s progress through the curriculum relies on the Automated Degree Audit Form, ADA, 
generated by the Department of Registration and Records. The ADA is a degree auditing 
procedure that is updated at the end of each semester or summer session in which the student 
takes courses. This form displays the entire curriculum categorized into various groupings of 
courses and shows courses/credit hours completed, in progress, transferred; course grades; 
overall GPA; GPA in major; specific curriculum; hours completed toward degree; and hours 
needed to complete degree. The ADA also lists the student’s local address, telephone number, 
and hometown. The ADA is a critically important source of information for academic advising. 
 
E. Work in Lieu of Courses 
 
None of the degree programs in the College of Engineering at NC State University allow for 
work in lieu of courses, nor life experience as course credit. All credit is earned through 
content-based mastery of specific courses which together constitute a curriculum. Students with 
work, life, and other previous experiences may petition a department for a “credit by 
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examination” for assessment of content mastery for specific courses. These exams are given at 
the discretion of the unit that owns the courses. 
 
F. Graduation Requirements 
 
At NC State University, the Automated Degree Audit (ADA) tool is used for academic 
advising and graduation certification.  The ADA lists the required courses a student must 
complete for his or her specific major.  In addition, the ADA tracks the student’s progress 
toward completing those requirements.  The ADA tool is available to students, faculty, 
advisers, and staff through secure university databases.  Each engineering degree program is 
coded on the ADA through the COE Office of Academic Affairs and is managed by NC State 
University Registration and Records.  All engineering degree programs have been designed to 
meet EAC (Engineering Accreditation Commission) requirements, and thus the ADA 
graduation checkout tool meets those requirements.  Therefore, when students complete the 
requirements represented on their ADA, they have completed program-specific and EAC 
requirements. 
 
Students meet with their individual departmental advisers at the beginning of each semester to 
make sure that they are on track toward graduation and to verify their schedule for the next 
semester.  Students must meet with their advisers to have advising/registration holds lifted.  
Once the advising/registration hold is lifted, students may register for classes.  
 
Certification of graduation requirements is administered by the Office of Academic Affairs in 
the COE. Candidates for graduation must apply online through their MyPack Portal student 
information system.  They also notify their departmental coordinator of advising during the first 
30 days of the semester in which they expect to graduate.  Applications for academic “minors” 
are also submitted at the same time.  Upon certification by the program coordinator of advising, 
the student’s ADA report is sent to the COE Office of Academic Affairs for final certification.  
Upon review by the Office of the Assistant Dean for Academic Affairs, departmental 
coordinators of advising are notified if discrepancies exist.  This process is ongoing during the 
last semester of enrollment.  When final grades become available at the end of the semester, the 
Office of the Assistant Dean for Academic Affairs does a final check of graduation 
requirements.  Academic minors are reviewed after the major degree is cleared.  Departments 
are notified of those students with clearance difficulties and of those who will receive their 
diplomas from the University Office of Registration and Records.  
  
G. Transcripts of Recent Graduates 
 
Provided as requested in separate communication. 
  



 MES 2012-2013 Self-Study -  Page 19 -  
 

2.  CRITERION 2.  PROGRAM EDUCATIONAL 
OBJECTIVES 

 
 
A. Mission Statement 
 
North Carolina State University Mission  
 
The mission of North Carolina State University, as stated in the Undergraduate Catalog and on 
the university’s website (http://upa.ncsu.edu/univ/miss) is given below. 
 

“As a research-extensive land-grant university, North Carolina State University is 
dedicated to excellent teaching, the creation and application of knowledge, and 
engagement with public and private partners. By uniting our strength in science and 
technology with a commitment to excellence in a comprehensive range of disciplines, 
NC State promotes an integrated approach to problem solving that transforms lives and 
provides leadership for social, economic, and technological development across North 
Carolina and around the world.”  

 
College of Engineering Mission  
 
Consistent with the mission of the University, the mission of the College of Engineering 
(http://www.engr.ncsu.edu/news/about/mission.html) is, “The College of Engineering at NC 
State University leads discovery, learning and innovation by creating and disseminating 
knowledge, empowering significant advances in technology, and driving economic 
development for the welfare of the state, the nation and the world.”  
 
There are seven core values and guiding principles:  
 

1. We value honesty, integrity and insist on ethical behavior.  
2. We value the goal of providing equal educational opportunities for all.  
3. We value a focus on students in all our activities.  
4. We value leadership and high positive worldwide impacts in all our programs.  
5. We value the pursuit of excellence in scholarship, leadership and service.  
6. We value discovery and lifetime learning.  
7. We value free, open and respectful exchange of ideas.  

 
The long term vision, (http://www.engr.ncsu.edu/news/about/future.html) is, “The NC State 
College of Engineering will be the leading public college of engineering in the nation and one 
of the preeminent colleges of engineering in the world.” 
 
In line with the college of engineering, the MES program developed and operates based on the 
core values show in Figure 2-1. 
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Figure 2-1: MES Core Values 

1) Safety is a priority in anything and everything we do.  Everyone is responsible 
and empowered to take appropriate actions to correct an unsafe situation 
(equipment and/or practice).  No one’s safety should ever be compromised.  
Accidents affect our work, our family, and our community and should be 
avoided at all costs. 

 
2) Satisfied customers are the key to a successful program.  Everyone who 

receives a service from us is our customer.  Students and the people who hire 
our students are our primary customers. Always be aware of what your 
customers want/need from you and give it to them. Students should always feel 
welcomed, valued and supported. Because of this customer focus, we must 
always maintain a high level of academic excellence and a strong focus on 
practical application.  

 
3) Everything we do should be done with integrity and excellence. People learn 

best by example, so when students look at us they should see the behaviors we 
expect them to exhibit when they get on the job. We should model behaviors 
such as organization, professionalism, integrity, teamwork and a commitment to 
excellence.  

 
4) Open, honest and appropriate communication is allowed and is expected.  We 

are all part of a team that is constantly improving.  To grow and improve, we 
must be challenged.  Ideas and comments are always valued, and the door is 
always open.  When you communicate, use appropriate language free from 
profanity.  When dealing with conflict, remember the following:  1) Attack the 
problem, not the person.  2) Act, do not react.  3) Seek to find solutions not to 
assign blame. 

 
5) Dignity and respect should be given to all. We should always treat each other 

with respect, consideration, kindness and understanding.  Treat others as you 
expect to be treated. 

 
6) Lean principles will drive our activity.   
 

a) Teamwork:  Work as a team and be flexible and willing to perform 
whatever job that needs to be done. 

b) Quality at the source:   Do it right the first time every time.    
c) Waste reduction:  We should eliminate waste by avoiding non-value added 

tasks such as overproducing, waiting, over processing, inventory, motion, 
defects/corrections, transport. 

d) Continuous improvement:  Always strive for Continuous Improvement in 
all aspects of our program. 

e) Order:  Order keeps you from wasting time searching.  Everything (trash, 
parts, tools, paperwork, etc.) has its place and everything should be put in its 
place.  
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B. Program Educational Objectives 
 
In collaboration with representatives of the significant constituency groups, including students, 
employers and others, the MES director developed the following program educational 
objectives (PEOs) for the mechanical engineering systems BSE program. These objectives can 
be found on the MES website (http://www.engr.ncsu.edu/mes/bse-eastern.php ) and on the 
Raleigh website: http://www.engr.ncsu.edu/abetcommittee/departmental_data/BSE%20-
%20Havelock/BSE%20PEOs.htm 
 
Alumni of the Mechanical Engineering Systems BSE program will attain the following 
objectives within 3-5 years of graduating: 
 

1. Obtain entry level engineering positions and engage in the professional practice of 
mechanical engineering systems or be enrolled in graduate school.  

 
2. Establish themselves as problem solvers in the workplace through the practical 

application of mechanical engineering systems knowledge and skills. 
 

3. Function effectively in a professional environment by utilizing written and oral 
communication, teamwork, project management and leadership skills and their ability to 
view their own work in a broader context.  

 
4. Continuously improve and expand their technical and professional skills through formal 

study, as well as through informal means. 
 
 
C. Consistency of the Program Educational Objectives with the Mission of the Institution    
 
PEO #1: Obtain entry level engineering positions and engage in the professional practice of 
mechanical engineering systems, or be enrolled in graduate school.  
 

This objective is consistent with NC State’s mission of being “dedicated to excellent 
teaching, the creation and application of knowledge, and engagement with public and 
private partners. By uniting our strength in science and technology with a commitment 
to excellence in a comprehensive range of disciplines, NC State promotes an integrated 
approach to problem solving that transforms lives and provides leadership for social, 
economic, and technological development across North Carolina and around the world” 
since it represents graduates trained through the excellent teaching ready to enter the 
workforce. 

 
PEO #2: Establish themselves as problem solvers in the workplace through the practical 
application of mechanical engineering systems knowledge and skills. 
 

This objective is consistent with NC State’s mission “By uniting our strength in science 
and technology with a commitment to excellence in a comprehensive range of 
disciplines, NC State promotes an integrated approach to problem solving that 
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transforms lives and provides leadership for social, economic, and technological 
development across North Carolina and around the world” because it produces students 
in the workplace known as technical problem solving leaders. 

 
PEO #3: Function effectively in a professional environment by utilizing written and oral 
communication, teamwork, project management and leadership skills and their ability to view 
their own work in a broader context.  

 
This objective is consistent with NC State’s mission “By uniting our strength in science 
and technology with a commitment to excellence in a comprehensive range of 
disciplines, NC State promotes an integrated approach to problem solving that 
transforms lives and provides leadership for social, economic, and technological 
development across North Carolina and around the world” because it produces students 
with the professional skills and broad perspective to be true leaders in the workplace. 

 
PEO #4: Continuously improve and expand their technical and professional skills through 
formal study, as well as through informal means. 

 
This objective is consistent with NC State’s mission “that transforms lives and provides 
leadership for social, economic, and technological development across North Carolina 
and around the world” since it develops students who understand the importance of 
continuously learning.  

 
 
D. Program Constituencies 
 
The significant constituencies of the MES program are the students, graduates (alumni), faculty 
and employers.   
 
The undergraduate student body is the first constituency since they are the primary customers 
and product of the MES program. The four PEOs meet the needs of the students by giving them 
the skills and knowledge needed to succeed in an engineering career.  PEOs #1 and #2 ensure 
students have the technical knowledge to perform in a mechanical engineering systems oriented 
job. PEO #3 ensures students have the needed communication and leadership skills to be 
successful in a business environment. PEO #4 ensures MES students will be prepared to 
maintain their skills through life-long learning. 
 
The second group is comprised of MES graduates who put into practice the skills and 
knowledge obtained in their undergraduate program. The PEOs meet their needs just as 
described for students.  The MES graduates are in a strong position to evaluate the relevance 
and quality of their preparation. 
 
The third significant constituency is the MAE and MES faculty who implement the MES 
curriculum to accomplish the program educational objectives.  The faculty is the primary 
provider and caretaker of the discipline’s knowledge and skill base.   
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The fourth constituency is the employers of our graduates, particularly NAVAIR-Cherry Point. 
NAVAIR-Cherry Point was very involved in the development of the MES PEOs so that their 
need for qualified engineers would be met. NAVAIR-Cherry Point desires engineers with the 
characteristics exhibited in each of the four PEOs, so the PEOs of the MES program certainly 
meet their needs. 
 
E. Process for Revision of the Program Educational Objectives 
 
Part of the initial development of the off-site program in Havelock was the creation of the 
original PEOs. These PEOs were developed by the initial faculty team working with industry 
representatives at Cherry Point.  During the 2009/2010 curriculum revision, these PEOs were 
reviewed and modified to create the existing MES PEOs presented on page 21. The process for 
this revision was as follows. 
 

 Based on industry feedback from the BSE Improvement Committee meetings, the 
program director developed a draft set of PEOs for the MES program.  

 Draft PEOs were discussed with current students and members of the Raleigh MES 
Course and Curriculum Committee. No changes were suggested. 

 Draft PEOs were presented at the 6/2011 MES Industrial Advisory Committee meeting 
and were approved with changes. The PEOs approved at this meeting with the 
suggested changes are the current PEOs for the MES program. 
 

With the initial PEOs in place, assessing, reviewing, and revising them as part of the overall 
improvement cycle became the next important steps. This improvement cycle will be discussed 
in more detail in Criterion 4 starting on page 31, but an overview of how the process relates to 
establishing PEOs can be seen in Figure 2-2 and consists of an inner and outer loop. The inner 
loop is the yearly assessment of student outcomes. The outer loop (dotted line) is the 
assessment, review and modification of the PEOs.  
 
MES Improvement Cycle: All program changes, including changes to the PEOs, are formalized 
at the annual program review by the local MES Continuous Improvement Committee (CIC). 
The CIC is composed of representatives from thefaculty, as well as students and industry 
partners. Any changes to PEOs are presented to the Raleigh based Course and Curriculum 
Committee (C&CC) and then implemented locally. As shown in the outside loop (dotted line) 
of Figure 2-2, PEOs areassessed and reviewed annually for the first three years of the program 
and then every three years after. The process is as follows: 
 

 Information is collected from alumni and employer surveys on student performance as 
well as the appropriateness of the PEOs.  

 Industrial advisory board (see current 
members in Table 2-1) reviews assessment 
results and recommends changes to PEOs. 

  The CIC meets to review survey data, as 
well as feedback from the industrial 
advisory board and student exit interviews 
to approve any changes needed in PEOs.  

Table 2-1: Industrial Advisory Board 
Member 

Dr. Bill Fortney, MES Program Director 
Mr. Mark Meno, Department Head Air 
Vehicle Engineering, FRC-East In-Service 
Support Center, Cherry Point, NC 
Annette Brown, Assistant  Superintendent 
for Instruction, Craven County Schools 
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 Recommended changes to the PEOs are presented to the Industrial Advisory Board for 
approval. 

 Changes are formalized at the CIC annual meeting to review the program and then 
presented to the Raleigh C&CC. 

 

 
Figure 2-2: Overview of MES Improvement Cycle 

 
E. Results from Review of Program Educational Objectives 
 
During the 2012-2013 assessment cycle, alumni (through the Alumni Survey), employers of 
MES graduates (through the Employer Evaluation of Alumni Survey), and industry 
representatives (through the spring 2013 Industrial Advisory Meeting) were asked to review 
and comment on the appropriateness of the current PEOs. The feedback is shown in Figure 2-3 
and after review the MES CIC concluded that the PEOs currently in use were appropriate and 
should not be changed. This decision was supported by the Industrial Advisory Committee. 
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FEEDBACK FROM ALUMNI SURVEY 
Part 2 Question 3: Please share any feedback you have on the 
appropriateness of the four Program Educational Objectives above. 
Specifically, which, if any, would you drop and why? What, if 
anything, is missing? 

 Engineering Electives would be nice 

 I would not drop any of the objectives. 

 I do not have any feedback at this time. 

 All four are appropriate. 

FEEDBACK FROM EMPLOYER SURVEY 
Part 2 Question 3: Please share any feedback you have on the 
appropriateness of the four Program Educational Objectives above. 
Specifically, which, if any, would you drop and why? What, if 
anything, is missing? 
 These four objectives seem appropriate. 
 The four Program Educational Objectives are appropriate and 

sufficient for this program. 
 
FEEDBACK FROM INDUSTRIAL ADVISORY BOARD 

Board reviewed PEOs as well as feedback from studets and 
employers and recommended no changes to current PEOs. 

Figure 2-3: Assessment Data on Appropriateness of Current PEOs 
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3. CRITERION 3.  STUDENT OUTCOMES 
 
 
A. Student Outcomes 
 
The student outcomes for the MES program are given below and are documented in the 
Raleigh-based Program Assessment Tool (PAT).  
 
A graduate of the MES program will demonstrate: 
 

a. an ability to apply knowledge of mathematics, science and engineering.  
b. an ability to design and conduct experiments, as well as to analyze and interpret data. 
c. an ability to design a system, component, or process to meet desired needs within 

realistic constraints such as economic, environmental, social, political, ethical, health 
and safety, manufacturability and sustainability. 

d. an ability to function on multidisciplinary teams. 
e. an ability to identify, formulate and solve engineering problems. 
f. an understanding of professional and ethical responsibility. 
g. an ability to communicate effectively. 
h. the broad education necessary to understand the impact of engineering solutions in a 

global, economic, environmental and societal context. 
i. recognition of the need for and an ability to engage in life-long learning. 
j. knowledge of contemporary issues. 
k. an ability to use the techniques, skills and modern engineering tools necessary for 

engineering practice.  
 
To facilitate assessment of MES student outcomes, the above a-k were furthered defined based 
on skills that students should possess at the time of graduation. Please note that outcomes a, c, 
and d were expandeded to specifically include all elements from the  Program Criteria for 
ABET accredited  Mechanical Engineering named programs. The outcomes with further 
definition are given below. 
 

Outcome A: To demonstrate the ability to apply knowledge of mathematics, science, and 
engineering, students at the time of graduation should be able to: 

 a1: apply knowledge of mathematics and science, including multivariate calculus, and 
differential equations  

 a2: apply knowledge of  statics, dynamics, solids, thermal science, fluid mechanics 
and material science  

 
Outcome B: To demonstrate the ability to design and conduct experiments, as well as to 
analyze and interpret data, students at the time of graduation should be able to: 

 b1: design and conduct engineering laboratory tests  
 b2: collect, analyze and interpret data  

 
Outcome C: To demonstrate the ability to design a system, component, or process to meet 
desired needs within realistic constraints such as economic, environmental, social, political, 
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ethical, health and safety, manufacturability, and sustainability; students at the time of 
graduation should be able to: 

 c1: understand problems and identify all system requirements, including each aspect 
of the product life cycle and any constraints  

 c2: generate possible solutions to satisfy all requirements and model, evaluate and 
select the best solution  

 c3: perform detailed design on selected solution to design a product to meet defined 
requirements that include multiple constraints  

 c4: manage product realization process, including formal project management and 
testing  

 
Outcome D: To demonstrate the ability to function on multidisciplinary teams, students at 
the time of graduation should be able to: 

 d1: plan and conduct effective team meetings  
 d2: identify team roles and perform as a contributing member of an engineering 

design team  
 

Outcome E: To demonstrate the ability to identify, formulate, and solve engineering 
problems, students at the time of graduation should be able to: 

 e1: identify, formulate, and solve engineering problems including utilizing knowledge 
of thermal and mechanical systems  

 
Outcome F: To demonstrate an understanding of professional and ethical responsibility, 
students at the time of graduation should be able to: 

 f1: comprehend the use of ethical codes in engineering  
 f2: demonstrate professional behavior  

 
Outcome G: To demonstrate an ability to communicate effectively, students at the time of 
graduation should be able to: 

 g1: effectively communicate through a formal oral presentation  
 g2: communicate through writing, including technical and business reports 
 g3: communicate using graphic communication skills, including visual aids and 

engineering drawings  
 

Outcome H: To demonstrate the broad education necessary to understand the impact of 
engineering solutions in a global, economic, environmental, and societal context, students at 
the time of graduation should be able to: 

 h1: express satisfaction that their education at NC State has helped them to understand 
the impact of engineering solutions in a global and societal context 

 
Outcome I: To demonstrate recognition of the need for, and an ability to engage in life-
long learning, students at the time of graduation should be able to: 

 i1: show that they appreciate the need for further education and self-improvement  
 i2: locate, read, evaluate and reference peer-reviewed technical literature  

Outcome J: To demonstrate knowledge of contemporary issues, students at the time of 
graduation should be able to: 
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 j1: show that they have been exposed to various modes of inquiry into human nature 
and experience, organization and change in human societies, and the nature of the 
world. 

 
Outcome K: To demonstrate the ability to use the techniques, skills, and modern 
engineering tools necessary for engineering practice, students at the time of graduation 
should be able to: 

 k1: use modern tools to aid in the analysis of engineering problems  
 k2: perform detailed calculus-based analysis using hand calculations and computer 

tools  
 
 

B. Relationship of Student Outcomes to Program Educational Objectives 
 
All of the student outcomes relate to each of the PEOs in at least an indirect manner. Table 3-1 
illustrates cases where there exists a direct linkage between outcomes and the PEOs. 
 

Table 3-1: Relationship Between Student Outcomes and PEOs 

 
 
  

1) Obtain 

Engineering 

Position

2) Become 

Established 

as Problem 

Solvers

3) Function 

Effectively in 

a Prof. 

Environment

4) Continuously 

Improve  Skills

a. Apply Engineering Knowledge X X X

b. Design experiments and analyze data X X

c. Design system, component, process X X

d. Function on multidisciplinary teams X X X

e. Solve engineering problems X X X

f. Understand prof. and ethical responsibility X X X

g. Communicate effectively X X X

h. Understand impact of engineering solutions X X X

i. Recognize need for life‐long learning X X X

j. Possess knowledge of contemporary issues X X X

k. Use modern engineering tools X X

Program Educational Objective (abbreviated)

Student Outcomes (abbreviated)
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PEO #1: Obtain entry level engineering positions and engage in the professional 
practice of mechanical engineering systems, or be enrolled in graduate school.  

 
PEO #1 is supported by all of the student outcomes. To obtain an entry level 
engineering position in today’s competitive market, students must  

 
 have a strong technical foundation (Outcome A),  
 be able to collect and analyze data for decision making (Outcome B), 
 perform engineering design at the system or component level (Outcome C), 
 work well with others (Outcome D), 
 perform detailed engineering technical analysis (Outcome E), 
 exhibit professional and ethical behavior (Outcome F), 
 effectively communicate their ideas orally and in writing (Outcome G), 
 understand how their work relates to and impacts society (Outcome H), 
 continually improve their skills through life-long learning (Outcome I), 
 understand current issues and their relationship to the job at hand (Outcome J), 
 be able to effectively utilize modern engineering tools (Outcome K). 

 
 

PEO #2: Establish themselves as problem solvers in the workplace through the 
practical application of mechanical engineering systems knowledge and skills. 
 
Like PEO #1, PEO #2 is supported by most of the student outcomes. To establish 
themselves as problem solvers, MES students must  

 have a strong technical foundation (Outcome A),  
 be able to collect and analyze data for decision making (Outcome B), 
 work well with others (Outcome D), 
 perform detailed engineering technical analysis (Outcome E), 
 exhibit professional and ethical behavior (Outcome F), 
 effectively communicate their ideas orally and in writing (Outcome G), 
 understand how their work relates to and impacts society (Outcome H), 
 continually improve their skills through life-long learning (Outcome I), 
 understand current issues and their relationship to the job at hand (Outcome J), 
 be able to effectively utilize modern engineering tools (Outcome K). 

 
 

PEO #3: Function effectively in a professional environment by utilizing written 
and oral communication, teamwork, project management and leadership skills, 
and their ability to view their own work in a broader context.  

 
PEO #3 is primarily supported by outcomes c, d, f, g, h, and j as follows: 

 
 Sub-outcome c4 deals specifically with the project management skills students 

will need. 
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 Outcome D address the vital teamwork and meeting management skills students 
need in a professional environment. 

 To become good leaders, students need the ability to act ethically and to view 
their work in a broader context as provided by outcomes f, h and j. 

 Outcome G deals directly with providing students essential communication 
skills. 

 
 

PEO #4: Continuously improve and expand their technical and professional skills 
through formal study, as well as through informal means. 

 
PEO #4 is primarily supported by outcomes a, e, i 

 To survive in the workplace, students must understand the importance of 
continually improving their skills (Outcome I), 

 To improve and expand their professional skills, students must have a solid 
technical foundation (outcomes a and e). 
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4. CRITERION 4.  CONTINUOUS IMPROVEMENT 
 
The overall structure for improvements in the MES program can be seen in Figure 4-1. The key 
components are the locally based MES Continuous Improvement Committee (CIC) and the 
Raleigh-based MES Course and Curriculum Committee (C&CC). 
 

 
Figure 4-1: Overview of MES Improvement Structure 

 
Locally Based MES Continuous Improvement Committee 
 
Continuous improvement has always been a key component of the MES culture. Initially, the 
BSE Enrichment Committee was formed with the program director and key engineering 
managers at NAVAIR. Students and advisory board members were consulted on individual 
issues. This committee worked to identify areas for collaboration that would enrich the 
educational experience for students. Several initiatives came from the committee including 
technical presentations, mentoring, and the 2010 curriculum review and subsequent 
modifications. A complete description of the continuous improvement initiatives will be given 
starting on page 73.  
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As the MES program matured, the continuous improvement efforts were formalized and the 
MES Continuous Improvement Committee (CIC) was formed. The MES CIC is composed of 
members from each constituency group shown in Table 4-1 and is responsible for assessment, 
evaluation and overall improvement of 
the MES program.  
 
As shown at the bottom of Figure 4-1, 
the CIC receives input from the 
Raleigh faculty assessment team, 
Industrial Advisory Board, course 
evaluations, student exit interviews, 
formal assessment activities, and the 
formal administrative corrective action 
process. The group then generates 
continuous improvement actions. 
Actions may pertain to PEOs, student 
outcomes or some administrative 
aspect of the program that impacts the 
student’s experience. These actions are 
presented in Raleigh at the Annual 
Program Review.  
 
Once all actions are approved, they are tracked using the form shown in Figure 4-2. Each action 
is assigned a reference number and the column titled “Status” always indicates if the action is 
open or closed. An action stays open 
until the CIC agrees that the issue, that 
gave rise to the action, has been 
resolved. At each meeting, the CIC 
reviews all open actions to ensure 
progress is being made. A status update 
of all open actions is also given at the 
Annual MES Program Review in Raleigh. This formal tracking and review of all actions 
ensures that the loop is being closed on the assessment, evaluation, and improvement process. 
Once the assessment process identifies an issue that requires action, the accountability brought 
by the CIC and Raleigh C&CC ensures the issue is resolved.  
 
The CIC meets once a year to review the evaluations of the assessment process and determine 
improvements that should be made to better meet the program objectives and student outcomes. 
The group meets as needed (at least once a quarter) to review information from the other 
feedback sources and to ensure progress is being made on open actions.  
  

Table 4-1: MES CIC Membership 
Member Representing 

Dr. Bill Fortney, MES Program 
Director 

MES Program 

Mr. Mark Meno, Department Head Air 
Vehicle Engineering, FRC-East In-
Service Support Center, Cherry Point, 
NC 

Business 
Partners 

Scott Fisher, P.E., Branch Head 
Support Equipment & Special Projects 
FRC-East In-Service Support Center, 
Cherry Point, NC 

Business 
Partners 

Ms Susan Lloyd, MES Program 
Assistant to the Director 

MES Program 

Ramsey Davis, Current MES Student Student Body 
 

Figure 4-2: Form To Track All CI Actions 

Ref 
#

Added Description
Source Of 
Change / 

Motivation
Update Status

22
23
24
25
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Raleigh Based MES Course and Curriculum Committee 
   
The MES C&CC is a Raleigh based committee composed of the members shown in Table 4-2. 
Since the MES curriculum has a strong Mechanical 
Engineering component, the MES C&CC was 
formed to link the continuous improvement 
activities of the two programs. The committee is 
co-chaired by leadership in the MAE and MES 
programs and meets annually for the MES Annual 
Program Level Assessment meeting. At this 
meeting, open actions are reviewed and the 
evaluations from the yearly assessment data are 
presented along with any planned changes. The 
MES director works as needed with individual 
members on the committee as well as other MAE 
faculty to coordinate continuous improvement.  
 
The MES C&CC is also responsible for reviewing 
and approving all formal curriculum changes in the 
MES program before they are presented for 
approval by the College of Engineering and the 
University Course and Curriculum committees. 
 
The combination of the Raleigh-based and 
Havelock-based components in the improvement 
structure presented in Figure 4-1 have been very 
effective and allows the MES program to be responsive to the needs of the local constituencies 
while maintaining the long standing high standard of academic excellence demonstrated by the 
Raleigh MAE departments.  
 
Figure 4-3 gives an overview of the actual activities involved in the continuous improvement 
cycle for the MES program. At the center of the diagram is the assessment and evaluation of 
student outcomes. The assessment and review of PEOs is shown at the bottom of the diagram. 
Activities to develop, approve, implement, and track continuous improvement initiatives are 
shown at the top of the diagram. A detailed description of the assessment for PEOs and student 
outcomes follows along with a discussion of continuous improvement initiatives implemented 
in the MES program. 
  
 
 

Table 4-2: MES C&C Committee 
Member 

Dr. Larry M. Silverberg (Co-Chair) 
MAE - Professor, Associate Head & 
Director of Undergraduate Programs 

Dr. Bill Fortney (Co-Chair) 
Engineering Online – East. Regional Dir. 
for DE Programs, MES Program Director 
MAE-Teaching Assistant Professor 

Dr. Kara Peters 
MAE – Professor, Chair of AE C&CC 

Dr. Kevin M Lyons 
MAE - Professor 

Dr. Jerome P. Lavelle 
College of Engineering-Dean's Office 
Associate Dean, Academic Affairs 

Dr. Jeffrey W Eischen 
MAE - Associate Professor, Chair ME 
C&CC 

Mr. Andrew D. Meyers 
MAE - Director of Undergraduate 
Laboratories & Lecturer 
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Figure 4-3: Overview of MES Improvement Cycle 

 
A. Program Educational Objectives 
 
A.1 Process for Assessing Program Educational Objectives 
As shown in Figure 4-3, PEOs are assessed each year for the first three years of the program 
and then every three years. PEOs are assessed through the use of two surveys. The Employer 
Evaluation of Alumni Survey (Figure 4-5) is completed by the direct supervisor of MES 
graduates. The Alumni Survey (Figure 4-6) is completed by MES alumni.  
 
PEO #1 is assessed by the Alumni Survey using the student’s response to the following two 
questions under part 1.   

 Part 2 Question 1: Were you able to obtain an entry level engineering position after 
graduation? How long after graduation was it before you obtained an engineering 
position?    

 Part 2 Question 2: Are you currently or do you have plans to pursue an advanced 
degree?  No 

 
The expectation is that 95% of the students will be employed or attending graduate school 
within five months of graduation. 
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PEO #2 – PEO #4 is assessed using Part 1 on both surveys. In Part 1, students and employers 
are given the questions shown in Figure 4-4 and asked to rate the student’s skills (Poor = 1, 
Average = 2, Excellent = 3).  
 

 
 
The target performance is to have the 
average score for all questions at 2.1 or 
higher. Any question with an average 
lower than 2.0 requires action from the 
MES Continuous Improvement committee. 
Results from the student and employer 
survey will be evaluated separately.  
  

 
PEO #2 

1. Ability to solve problems. 

2. Ability to practically apply mechanical 
engineering systems knowledge and skills. 

3. Ability to function effectively in the work 
environment using written communications. 

PEO #3 

4. Ability to function effectively in the work 
environment using oral communications. 

5. Ability to work effectively with others in a team.

6. Ability to utilize project management skills. 

7. Ability to utilize leadership skills 

8. Ability to view their own work in a broader 
context. 
PEO #4 
9. Ability to learn new skills. 
10. Ability to learn new technical content required 
for the job. 
 

 Figure 4-4: Survey Questions To Assess PEO 2-4 
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PART 2  
Please answer the questions below. 

1. Based on your experience with graduates from the MES program, do you have any concerns about 

the program that should be addressed? 

2. Based on your experience with graduates from the MES program, do you have any suggestions for 

how the program can be improved to better meet your needs? 

3. Please share any feedback you have on the appropriateness of the four Program Educational 

Objectives above. Specifically, which, if any, would you drop and why? What, if anything, is missing? 

4. Do you have any other feedback for the program's continuous improvement committee? 

Figure 4-5: 2013 Employer Evaluation of MES Alumni 
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Mechanical Engineering Systems BSE 

Alumni Survey 
 
The Mechanical  Engineering  Systems  BSE  (MES)  program  at  North  Carolina  State  University  has  defined 
specific  Program  Educational  Objectives  that  graduates  are  expected  to  attain  within  a  few  years  of 
graduating. For the MES program, graduates are expected to: 
 

1. Obtain  entry  level  engineering  positions  and  engage  in  the  professional  practice  of  mechanical 
engineering systems, or be enrolled in graduate school.  

2. Establish  themselves  as  problem  solvers  in  the  workplace  through  the  practical  application  of 
mechanical engineering systems knowledge and skills. 

3. Function  effectively  in  a  professional  environment  by  utilizing  written  and  oral  communication, 
teamwork, project management and  leadership skills, and  their ability to view  their own work  in a 
broader context.  

4. Continuously improve and expand their technical and professional skills through formal study, as well 
as through informal means. 

 
As part of our ABET accreditation, we must demonstrate the extent to which our graduates have attained the 
PEOs since graduating  from NC State. You have been given  this survey because you are a graduate of  the 
program. Your  answers will help us assess how well  the MES program  is meeting  its  stated PEOs. Please 
return the completed form to Mark Meno in a sealed envelope by April 18. Thank you for taking the time to 
give us your feedback by answering these questions. 
 
PART 1  
Please rate your skills in each area below.           

      Assessment

    
Poor  

1 
Average 

2 
Excellent 

3 

No 
Chance 

To 
Observe 

1 Ability to solve problems.         

2 Ability to practically apply mechanical engineering 
systems knowledge and skills. 

        

3 Ability to function effectively in the work environment 
using written communications. 

        

4 Ability to function effectively in the work environment 
using oral communications. 

        

5 Ability to work effectively with others in a team.         

6 Ability to utilize project management skills.         

7 Ability to utilize leadership skills         

8 Ability to view you own work in a broader context.         
9 Ability to learn new skills.         
10 Ability to learn new technical content required for the job.         

PART 2  
Please answer the questions below. 

1. Were you able to obtain an entry level engineering position after graduation? ________. How long 

after graduation was it before you obtained an engineering position?_________________ 

2. Are you currently or do you have plans to pursue an advanced degree?   

3. Based on your experience with the MES program, do you have any concerns about the program that 

should be addressed? Are you happy with how the program prepared you? 

4. Based on your experience with the MES program, do you have any suggestions for how the program 

can be improved to better meet the needs of the workplace? 

5. Please share any feedback you have on the appropriateness of the four Program Educational 

Objectives above. Specifically, which, if any, would you drop and why? What, if anything, is missing? 

6. Do you have any other feedback for the program's continuous improvement committee? 

Figure 4-6: 2013 Alumni Survey 
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A.2 Assessment Results for Program Educational Objectives 
Results for PEO #1 
Student responses for questions 1 and 2 from part 2 of the Alumni Survey can be seen below. 
 

1. Were you able to obtain an entry level engineering position after graduation? ________. 
How long after graduation was it before you obtained an engineering 
position?_________________ 

 Yes, Immediately after graduation 
 Yes, Received a job prior to graduation 
 Yes, I was employed as an engineer before I graduated 
 Yes, 4 months 

 
2. Are you currently or do you have plans to pursue an advanced degree?   

 Yes, I am pursuing a master of mechanical engineering with Engineering Online 
(NCSU) 

 No 
 I am currently enrolled in the masters courses with Engineering Online (NCSU) 
 No 

 
100% of the MES students were employed within five months of graduation so the expectations 
for PEO #1 were met. 
 
Results for PEO #2-4 
Results for the evaluation of PEO #2-#4 can be seen from the employer’s perspective in Table 
4-3 and from the MES alumni’s perspective in Table 4-4. In both cases, all responses are above 
the target of 2.1 showing that expectations for all PEOs were met.  
 
Graduates and employers are very happy with the results from the program as indicated in the 
survey comments shown in Figure 4-7 and Figure 4-8 starting on page 40. 
 
Conclusions and Recommendations from Assessment of PEOs 
The MES CIC is satisfied that the PEOs are being met, but recommends that actions be added 
to explore the two comments below for future improvements to the program.  
 

 One item of improvement I believe would be to diversify involvement with the 
community in terms of projects and not just involvement with FRC-East.  I believe this 
would give students a perspective of other options/interest in the workplace.  
Involvement with local, state government, private contractors, and firms would be a 
great improvement. (comment from Alumni Survey) 

 I would recommend utilizing other FRCE engineering teams to provide real-world 
examples that will substantiate material in classes other than Systems Engineering and 
Capstone Design.  For instance, during a dynamic systems/vibrations class, the students 
could visit with engineers from the Rotor Systems & Vibes team to see how vibes are 
measured in practice and see the effects of an imbalance or misalignment. (Comment 
from Employer Survey) 
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Table 4-3: Summary Employer Evaluation of Alumni Part 1 

 
 

Table 4-4: Summary Alumni Survey Part 1 

 

Average 
3 = Max

# 
Responses

PEO #2 2.88
1 Ability to solve problems. 2.75 4

2
Ability to practically apply mechanical 

engineering systems knowledge and skills.
3 4

PEO #3 2.54

3
Ability to function effectively in the work 

environment using written communications.
2.25 4

4
Ability to function effectively in the work 
environment using oral communications.

2.25 4

5
Ability to work effectively with others in a 

team.
3 4

6 Ability to utilize project management skills. 2.25 4

7 Ability to utilize leadership skills 2.5 4

8
Ability to view their own work in a broader 

context.
3 4

PEO #4 2.75
9 Ability to learn new skills. 2.75 4

10
Ability to learn new technical content required 

for the job.
2.75 4

Average 
3 = Max

# 
Responses

PEO #2 3.00
1 Ability to solve problems. 3 4

2
Ability to practically apply mechanical 

engineering systems knowledge and skills. 3 4
PEO #3 2.83

3
Ability to function effectively in the work 

environment using written communications. 2.75 4

4
Ability to function effectively in the work 
environment using oral communications. 2.75 4

5
Ability to work effectively with others in a 

team. 3 4

6 Ability to utilize project management skills. 2.75 4

7 Ability to utilize leadership skills 3 4

8
Ability to view their own work in a broader 

context. 2.75 4
PEO #4 3.00

9 Ability to learn new skills. 3 4

10

Ability to learn new technical content required 
for the job. 3 4
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ALUMNI COMMENTS 
PART 2 
Please answer the questions below. 
 
Question 3: Based on your experience with the MES program, do you have any concerns 
about the program that should be addressed? Are you happy with how the program 
prepared you? 

 No, Yes 

 No Concerns. I am very happy with the how the program prepared me. 

 No, I am extremely happy with the program.  I feel the BSE program prepares it’s graduates 
with a “hit the ground running”, real-world attitude that pays dividends when the student joins 
the workforce. 

 Overall, I am very happy with the program.  One item of improvement would be to improve 
the communication between student and instructor (increase frequency as needed).  Secondly 
decrease the time between graded work and return to student.  In many cases graded work 
helps with exams scores.  Ensure graded work such as homework, quizzes, projects, is 
returned prior to exam dates. 

Question 4: Based on your experience with the MES program, do you have any suggestions 
for how the program can be improved to better meet the needs of the workplace? 

 No / No suggestions/ None 

 Prepare students with more interaction and instruction using LABVIEW and other related 
software interfaces such as MATLAB.  Make it part of the coursework!! 

Question 5: Please share any feedback you have on the appropriateness of the four Program 
Educational Objectives above. Specifically, which, if any, would you drop and why? What, if 
anything, is missing? 

 Engineering Electives would be nice 

 I would not drop any of the objectives. 

 I do not have any feedback at this time. 

 All four are appropriate. 
Question 6: Do you have any other feedback for the program's continuous improvement 
committee? 

 No / No / This program prepared me for a seamless (as seamless as possible) transition into 
the workforce 

 One item of improvement I believe would be to diversify involvement with the community in 
terms of projects and not just involvement with FRC-East.  I believe this would give students 
a perspective of other options/interest in the workplace.  Involvement with local, state 
government, private contractors, and firms would be a great improvement. 

Figure 4-7: Comments from Alumni Survey 
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EMPLOYER COMMENTS 
PART 2 
 
Please answer the questions below. 
 
Question 1: Based on your experience with graduates from the MES program, do you have 
any concerns about the program that should be addressed? 

 I have no concerns at all.  So far the program grads have been able to gain valuable on-
the-job experience while completing their degree.  So even an entry-level recent grad 
already has considerable experience 

 No, the program has worked as advertised and we have been able to bring in competent 
skilled engineers that are as good as or better than any of the other programs we work 
with. 

Question 2: Based on your experience with graduates from the MES program, do you have 
any suggestions for how the program can be improved to better meet your needs? 

 I am very satisfied with the ability levels of the recent graduates of the MES program. 

 Continue to work closely with the prime target employers such as ISSC Cherry Point with 
programs such as EDAP, Internships, and class project development to ensure the 
immediate needs of their organizations are met.  The ability to remain flexible based on 
market need and make quick changes when needed to a program such as this is a great 
benefit. 

Question 3: Please share any feedback you have on the appropriateness of the four Program 
Educational Objectives above. Specifically, which, if any, would you drop and why? What, if 
anything, is missing? 

 These four objectives seem appropriate. 

 The four Program Educational Objectives are appropriate and sufficient for this program. 
Question 4: Do you have any other feedback for the program's continuous improvement 
committee? 

 I would recommend utilizing other FRCE engineering teams to provide real-world 
examples that will substantiate material in classes other than Systems Engineering and 
Capstone Design.  For instance, during a dynamic systems/vibrations class, the students 
could visit with engineers from the Rotor Systems & Vibes team to see how vibes are 
measured in practice and see the effects of an imbalance or misalignment. 

 Combined with our EDAP program, Cherry Point has been able to bring in highly 
competent engineers with the added bonus of having already gained a great deal of 
experience before they start their engineering careers with us.  The practical 
methodologies and experience the EDAP/MES graduates have brought to their jobs has 
allowed them to quickly come up to speed and become a great asset to the programs they 
support. 

Figure 4-8: Comments from Employer Survey of Alumni 
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A.3 Documentation and Maintenance of Results 
Hard copies of all assessment results are kept in a 3-ring notebook and stored in the MES 
program office in Havelock, NC. Data from the assessment is stored in the MES assessment 
spreadsheet. These are available to program evaluators. 
  
B. Student Outcomes 
 
B.1 Process for Assessing Student Outcomes 
As shown in Figure 4-3 on page 34, student outcomes are assessed and evaluated every year 
and an overview of the tools used in this assessment can be seen in Figure 4-9. Notice in Figure 
4-9 that data for assessing student outcomes is collected throughout the academic year from a 
wide variety of sources.  
Student performance is directly evaluated by the following three methods.  

1. Student work is collected throughout the year and then evaluated by Raleigh MAE 
faculty using the rubrics shown in appendix G starting on page 283.  

2. Standardized quiz questions developed by the Raleigh MAE department are 
administered in several courses throughout the year. Specific quiz questions used can be 
seen in appendix F starting on page 234. 

3. All MES students take the FE exam and subject area performance data is evaluated. 

Subjective data on outcomes A-K is collected from graduating students and employers of MES 
students.   
 
All assessment data is compiled and evaluated by the MES Continuous Improvement 
Committee (CIC) in the summer of each academic year.  
 
The specific tool used to asses each student outcome can be seen in Table 4-5 and an 
explanation of each tool follows.  
 

 
Figure 4-9: Process for Assessing Student Outcomes 
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Table 4-5: Summary of Assessment Tools Used for Each Outcome 

 
 
 
Outcome Assessment Tool #1: Direct Assessment of Student Work 
During the fall and spring semesters, student work is collected from the key engineering 
science and design 
courses shown in 
Table 4-6 and then 
assessed during the 
summer by the MES 
Faculty Assessment 
Team using the rubric 
shown in Table 4-6.  

 
The MES Assessment 
Team is composed of 
at least two faculty 
members from the 
MAE department in 
Raleigh. Team composition for the last two assessment cycles can be seen in Table 4-7. The 
assessment tools in Table 4-6 used by the faculty assessment team can be seen in Appendix G 
beginning on page 283. All rubrics except rubric “E” were developed with a three point scale. 

a c e h j k
ASSESSMENT TOOL b1 b2 d1 d2 f1 f2 g1 g2 g3 i1 i2 Frequency

Assessment of Student Work By Assessment Team
RUBRIC A: Laboratory Reports                                  
(MES 305,405)

X X X X Yearly

RUBRIC B1: Project Reports                                          
(MAE 415, 435, 412, MES 402)

X X X X X X X X Yearly

RUBRIC B2: Major Design Presentations                     
(MES 402, MES 300)

X X X Yearly

RUBRIC C:  Design of Experiments                               
(MES 305, 405)

X Yearly

RUBRIC D: Oral Presentations                                       
(MES 300, 401, 402)

X X Yearly

RUBRIC E: Teamwork                                                    
(MES 300,  402)

X Yearly

RUBRIC F: Meeting Agenda and Minutes                   
(MES 402)

X Yearly

Course Ethics Case Studies                                            
(415, 402)

X Yearly

Standardized Quiz Questions X X Yearly

FE Results f f Yearly

Student Graduation Surveys X X X X X X X X X X X X X X X X X Yearly

Employer Evaluation of Student Outcomes X X X X X X X X X X X X X X X X Yearly

Grade Comparison With Raleigh MAE Students X Once

Student Outcome
b fd g i

Rubric
MAE 

415

MAE 

435

MAE 

412

MES 

300

MES 

401

MES 

402

MES 

305

MES 

405

RUBRIC A: Laboratory Reports X X

RUBRIC B1: Project Reports X X X X

RUBRIC B2: Major Design Presentations X X

RUBRIC C:  Design of Experiments X X

RUBRIC D: Oral Presentations X X X

RUBRIC E: Teamwork X X

RUBRIC F: Meeting Agenda and Minutes X

Course Ethics Case Studies X X

Course

Table 4-6: Courses Used for Direct Assessment 
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For rubric “E”, students complete the five point 
scale on the teamwork evaluation rubric and then a 
linear transformation (1+(5_Point Rating – 1)*.5) 
is used to convert student ratings to a three point 
scale. For all rubrics, the scores are interpreted as 
follows:  
 

 1 = Poor or Needs Work 
 2 = Average or Competent 
 3 = Excellent or Exemplary 

 
The target performance for attainment of all 
student outcomes assessed through the rubrics is a 
mean result of 2.1. Any result below 2.0 must be 
reviewed by the CIC. 
 
Outcome Assessment Tool #2: Standardized 
Quiz Questions 
Starting in 2005, the MAE department developed 
standardized quiz questions to aid in the 
assessment of Outcome A. The initial drive for 
developing standardized questions was to simplify the data collection process, to provide more 
reliable comparative data that enables year-to-year trends to be studied, and to shift instructor 
time and emphasis from data collection to assessment. Discussions at faculty meetings led to an 
implementation plan that began in 2005 with trial questions given to 609 students in November 
of 2005 that addressed math proficiency. The standardized questions were expanded to address 
student outcomes A and F. Rounds of questions were developed by groups of faculty over the 
course of the next several years and led to the development of a database of standardized 
questions. This process was then presented to the College of Engineering in January of 2008 
and to the MAE External Advisory Board (EAB) in February of 2008 and later endorsed by the 
MAE EAB in December of 2009.  The standardized questions were designed to answer basic 
issues related to the different outcomes and were also reviewed by the faculty at large thereby 
increasing faculty participation in the process. The standardized questions are now given to the 
students each semester.  These 15-20 minute in-class quizzes are constructed of multiple choice 
questions so as not to take much class time, and are machine graded.  

 
Questions from the MAE database have been selected and grouped by subject area (Math/Dif. 
Eq., Statics, Dynamics, Solid Mechanics, Thermal Science, Fluid Mech., Mat Science/Chem.). 
A set of these questions are administered to MES students each semester based on the current 
courses being taken. Specific quiz questions used in the MES assessment can be found on page 
262 (2012/13) and on page 235 (2011/12). 

 
For each subject area, the target performance is an average score of 70% or above. 
  

Table 4-7: Faculty Assessment Team 

2012/13 Faculty Assessment Team 
Dr. Bill Fortney (Facilitator) 

MES Program Director 
MAE-Teaching Assistant Professor 

Dr. Richard Johnson 
MAE - Prof. Emeritus 

Dr. Jeffrey W Eischen 
MAE - Associate Prof., Chair ME C&CC 

 
2011/12 Faculty Assessment Team 

Dr. Bill Fortney (Facilitator) 
MES Program Director 
MAE-Teaching Assistant Professor 

Dr. Eric Klang 
MAE – Associate Professor 

Dr. Richard Johnson 
MAE - Prof. Emeritus 

Dr. Jeffrey W Eischen 
MAE - Associate Prof., Chair ME C&CC 
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Outcome Assessment Tool #3: Results from FE Exam by Subject Area / Grade 
Comparison with Raleigh MAE Students 
The overall MES assessment plan calls for the use of results from the FE exam by subject area 
to assess performance in student Outcome A, but administrative issues prevented the collection 
of detailed FE results from the first two graduating classes. Since the detailed results were not 
available, the decision was made to compare MES student performance to the performance of 
MAE students in Raleigh in the key engineering science and design courses. The rational is as 
follows. The MAE programs in Raleigh are well established ABET accredited programs. If 
MES students are performing as well as Raleigh students in the engineering science and design 
courses, it is a good indirect indicator that student Outcome A is being satisfied. To make this 
comparison, average performance for MES and Raleigh students was determined as described 
below. 
 

 MES Student Performance – The average of grades for each MES student taking the 
course was calculated.  

  
 MAE Student Performance – To make a true comparison, Raleigh student performance 

needed to be determined for students taking the course with the same instructor as the 
MES students and at about the same time. Several sections for each course meeting 
these criteria (same instructor and time frame) were identified and the average grade for 
each section was calculated. Because of the small sample size (two to three sections), a 
statistically significant confidence interval could not be set on the Raleigh grades, but a 
rough interval was calculated to give a point of reference for the MES student average. 

 
To meet this assessment of student Outcome A, MES students should perform as well or better 
in all engineering science and design courses as indicated by their average grade being within 
the rough confidence interval calculated from the Raleigh students.  
 
Beginning with the next graduating class, this outcome will be assessed by comparing student 
performance on the FE exam in each subject area to national average performance and these 
results will be tracked from year to year to be able to identify performance trends. An action 
has been created to ensure results will be available. 

 
 
Outcome Assessment Tool #4: Student Graduation Survey 
Every year the university administers a survey to all graduates and includes questions 
submitted by the departments. The MES program utilizes the same question set as the Raleigh 
MAE department to aid in the assessment of student outcomes. The questions used for the 
2011-2012 and 2012-2013 assessment cycles can be seen in Figure 4-10. For each question in 
Figure 4-10, the student outcome it assesses is also shown. The question set provides student 
feedback on all student outcomes. 
 
For the 2011-2012 assessment cycle, a five point scale was used. For consistency with all other 
assessment results, these results were converted to the three point scale and the three point scale 
was used for the 2012-2013 cycle. The conversion between scales can be seen in Table 4-8. 
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Table 4-8: Conversion from 5 Point to 3 Point Scale 

Part 1 Excellent Good Average Fair Poor 

Part 2 Agree 
Tend to 
Agree 

Neither 
Agree nor 
Disagree 

Tend to 
disagree 

Disagree

5 Point Scale 5 4 3 2 1 
3 Point Scale 3 2.5 2 1.5 1 

  
The target performance for all student outcomes assessed through the graduation survey is a 
mean result from all students of 2.1. Any outcome with a mean result below 2.0 must be 
reviewed by the MES CIC. 
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Figure 4-10: 2011-2012 and 2012-2013 Graduating Senior Survey 

 
  

Student 
Outcome

# Question

a2 1 The ability to apply knowledge from your major in engineering or computer science
a1 2 The ability to apply knowledge of mathematics and science
b1 3 The ability to design and conduct experiments
b2 4 The ability to analyze and interpret data
c 5 The ability to design a system, component or process to meet desired needs

d2 6 The ability to function on multidisciplinary teams
e 7 The ability to identify, formulate and solve engineering or computer science problems
f1 8 An understanding of professional and ethical responsibility
g2 9 The ability to write effectively
g1 10 The ability to speak effectively

h1 11
A broad education necessary to understand the impact of engineering solutions in a global 
and societal context

i 12 A recognition of the need for, and ability to engage in lifelong learning
j 12 Knowledge of contemporary issues

k 14
The ability to use the techniques and skills necessary of engineering or computer science 
practice

k 15 The ability to use modern tools necessary for engineering or computer science practice

Student 
Outcome

# Question

g1 16
My program included enough classroom presentations for me to gain good oral presentation 
skills

g2 17 My program included enough written reports for me to gain good report-writing skills

c 18
My senior design project(s) provided a good opportunity to integrate my learning in major 
and non-major courses

c 19 Design activities were integrated throughout my program

e 20
The coursework activities in my program as a whole required synthesis, creativity, and open-
ended thinking

5= Agree, 4=Tend to Agree, 3=Neither Agree or Disagree, 2=Tend to Disagree, 1=Disagree, NA

Please rate the preparation you received in your program at NC State University for each of the following
5=Excellent, 4=Good, 3=Average, 2=Fair, 1=Poor, NA

GRADUATION SURVEY PART 1

GRADUATION SURVEY PART 2
Do you agree or disagree with each of the following statements
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Outcome Assessment Tool #5: Employer Graduate Survey 
The memorandum shown below in Figure 4-11 is sent to the direct supervisor of each MES 
graduate and requests their feedback on student performance on each student outcome. As 
indicated in the memorandum, the supervisor is asked to rate the student’s skills at the time of 
their graduation. Part two of the survey asks additional questions to provide feedback to the 
CIC. 
 
The target performance for all student outcomes assessed through the employer survey is a 
mean result from all responses of 2.1. Any outcome with a mean result below 2.0 must be 
reviewed by the MES CIC. 
 
 

 
Figure 4-11: Request for Employer Feedback on Student Outcomes 
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Figure 4-12: Employer Graduation Survey Part 1 

PART 1:

Outcome Operational Definition
Poor  

1

Average 

2

Excellent 

3

No 

Chance To 

Observe

 A: An ability to apply knowledge of mathematics, science, and engineering.

a1 Apply knowledge of mathematics and science including multivariate 
calculus, and differential equations.

a2 Apply knowledge of  statics, dynamics, solids, thermal science, fluid 
mechanics and material science.

B: An ability to design and conduct experiments, as well as to analyze and interpret data.

b1 Design and conduct engineering laboratory tests.
b2 Collect, analyze and interpret data.

c1 Understand problems and identify all system requirements, including each 
aspect of the product life cycle and any constraints.

c2 Generate possible solutions to satisfy all requirements, and model, 
evaluate and select the best solution.

c3 Perform detailed design on selected solution, to design a product to meet 
defined requirements that include multiple constraints.

c4 Manage product realization process, including formal project management 
and testing.

d1 Plan and conduct effective team meetings.
d2 Identify team roles and perform as a contributing member of an 

engineering design team.

e1 Identify, formulate, and solve engineering problems including utilizing 
knowledge of thermal and mechanical systems.

f1 Comprehend use of ethical codes in engineering.
f2 Demonstrate professional behavior.

g1 To effectively communicate through a formal oral presentation
g2 To communicate through writing, including technical and business reports.

g3 Communicate using graphic communication skills, including visual aids 
and engineering drawings.

h1 Identify and articulate impact of engineering solutions on society.

I: A recognition of the need for, and an ability to engage in life‐long learning.

i1 Demonstrate a desire for learning through post-graduate career plans.
i2 Locate, read, evaluate and reference peer-reviewed technical literature.

J: A knowledge of contemporary issues.

j1 Identify and discuss contemporary issues in relation to engineering 
solutions.

K: An ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.

k1 Use modern tools to aid in the analysis of engineering problems.
k2 Perform detailed calculus-based analysis using hand calculations and 

computer tools.

D: An ability to function on multidisciplinary teams.

E: An ability to identify, formulate, and solve engineering problems.

F: An understanding of professional and ethical responsibility.

G: An ability to communicate effectively.

Assessment

The following outcomes reflect what graduates of the Mechanical Engineering Systems BSE program should be able 

to do AT THE TIME OF GRADUATION. Please rate how this student's skills in each area compare with what you 

would expect from a new graduate.

H:The broad education necessary to understand the impact of engineering solutions in a global, economic, 

environmental, and societal context.

C: An ability to design a system, component, or process to meet desired needs within realistic constraints such 

as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability.
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Figure 4-13: Employer Graduation Survey Part 2 

 
B.2 Assessment Results for Student Outcomes 
Two assessment cycles have been completed for the MES program and the specific assessment 
tools used in each cycle can be seen in Table 4-9. During the two cycles, work from all MES 
graduates (spring 2012 and spring 2013) as well as the next graduating class (spring 2015) was 
used. Completed rubrics and the student work used for assessment will be on display during the 
site visit. Assessment results and evaluation for each student outcome follows. 
 

Table 4-9: Assessment Schedule 

 
 
 

PART 2:

1) 

2)

3)

Please answer the questions below:

Based on your experience with graduates from the MES program, do you have any concerns about the program 

that should be addressed?

Based on your experience with graduates from the MES program, do you have any suggestions for how the 

program can be improved?

Do you have any other feedback for the program's continuous improvement committee?

ASSESSMENT TOOL
MAE 

415

MAE 

435

MAE 

412

MES 

300

MES 

401

MES 

402

MES 

305

MES 

405

MAE 

415

MAE 

435

MAE 

412

MES 

300

MES 

401

MES 

402

MES 

305

MES 

405

F 12
Sp 
12

Sp 
13

Sp 
13

F 12
Sp 
13

Sm 
11  
Sp 
13

Sum 
12

F 11

Sp 
10  
SP 
11

SP 
12

F10  
F 11

F11
Sp 
12

Sm 
09  
Sm 
10

Sum 
11

Assessment of Student Work By Assessment Team
RUBRIC A: Laboratory Reports X X X

RUBRIC B1: Design Project Reports X X X X X X X

RUBRIC B2: Capstone Design Project X X X

RUBRIC C:  Design of Experiments X X X

RUBRIC D: Oral Presentations X X X X X

RUBRIC E: Teamwork X X X X

RUBRIC F: Meeting Agenda and Minutes X X

Course Ethics Case Studies X X X

Standardized Quiz Questions

Employer Evaluation of Student Outcomes

FE Results

Graduation Surveys

Grade Comparison With Raleigh MAE Students

4 of 4 Students responded1 of 1 Student responded

First Cycle Only

Individual Results Not AvailableIndividual Results Not Available

Completed Fall and Spring 2012Complete Fall and Spring 2013

Completed Spring 2012Complete Spring 2013

2011-2012 Cycle2012-2013 Cycle
CourseCourse
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Assessment Results for Student Outcome A 
Outcome A was assessed using results from the standardized quiz questions and grade 
comparison with Raleigh students as well as by using survey results from employers of MES 
graduates and survey results from MES graduates. Results for Outcome A from all direct 
assessment tools can be seen in Table 4-10 and survey results can be seen in Table 4-11.  
 
Conclusions and Recommendations: Outcome A  
 
From the 2011/12 assessment cycle, the following observations and actions were noted. 
 

 MES student performance was below the 70% target on several subject areas from the 
standardized quiz questions, but was in line with quiz performance of Raleigh students.  

 
 After the 2011/12 review cycle, the MES assessment team contacted the Raleigh review 

team to discuss the quiz questions and the lessons learned from the quiz experience.  
Several areas were identified for improvement including question selection and better 
focus on themes in the questions that would better assess the most important student 
outcomes. There was also a sense of a need to improve the way the questions are 
framed and when they are administered to give better insight into the breadth and 
depth(or lack thereof) of student preparation.  

 
 MAE Professor Nagel was tasked with leading an all-faculty effort to overhaul the 

quizzes and the quiz questions with special input from the Havelock MES experience.  
There is a growing sense that there is significant room for improvement of how to test 
for themes in the curriculum. The new improved version will be implemented in fall 
2013 in both programs. 

 
From the 2012/13 assessment cycle, the following observations and actions were noted. 
 

 Quiz performance was consistent with previous year and Raleigh student performance. 
 

 Performance in the MAE courses seems to indicate MES students are performing just as 
well as the Raleigh students in the engineering science and design courses. 
 

 A dimension of Outcome A was below the threshold of 2.1 on the employer survey but 
above the action level of below 2.0. The CIC feels the 2.0 average is due in part to the 
lack of resolution in the 3 point scale. The decision was made to keep the current scale 
for the 2012/13 cycle and then update all rubrics to a 5 point scale.  

 
With the known problems that are being addressed with the quiz questions, the CIC did not feel 
the low performance in some subject areas indicated that Outcome A was not being attained. 
With the consideration of the MES student performance in the MAE courses which utilize 
knowledge being assessed in Outcome A and the subjective data on Outcome A, the CIC does 
not believe any further action is warranted at this time.  
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Table 4-10: Direct Assessment Results for Outcome A 

 

Outcome A Results From Standardized Quiz Questions 

 
 

FE Results 

As explained above, the program director was not able to obtain detailed results for the FE exam 
taken by the first five graduates, but pass rate for these five students was 100%. Detailed FE results 
will be used in next assessment cycle.  

 

Outcome A Grade Comparison with Raleigh MAE Students 

Grade comparison between MES and Raleigh students can be seen in the table and graph below. 
The red and blue bars in the graph represent the rough confidence intergal on the Raleigh average 
and the black circle representes the MES student average. 

 

Subject
# 

Questions
MES 
Avg

Raleigh 
Avg

# 
Questions

MES 
Avg

Raleigh 
Avg

Math/Dif. Eq. 19 68.9 77.1 19 78.8 77.1

Statics 2 75.0 50.5 2 60.0 50.5

Dynamics 0 na na 0 na na

Solid Mechanics 7 64.3 52.1 10 53.7 50.3

Thermal Science 2 100.0 80.0 6 61.7 61.8

Fluid Mech. 0 na na 5 76.0 77.2

Mat Science/Chem. 2 0.0 34.0 6 38.9 35.2

2011-2012 Cycle2012-2013 Cycle

Class Description
MES  
Avg

Raleigh 
Avg

MAE 
206

Engr Mechanics - 
Statics

2.8 2.5

MSE 
201

Materials 3.3 2.5

MAE 
208

Engr Mechanics - 
Dynamics

2.7 2.0

MAE 
314

Solid Mechanics 3.1 2.3

MAE 
301

Engr 
Thermodynamics

3.0 2.6

MAE 
308

Fuid Mechanics 3.7 2.9

MAE 
315

Dynamics of 
Machines

2.6 2.5

MAE 
316

Strength of Mech 
Components

3.0 2.2

MAE 
310

Heat Transfer 3.2 2.8

MAE 
435

Princ Auto 
Controls

2.6 2.8

MAE 
415

Mech. Engr. 
Analysis

3.8 3.0

MAE 
412

Ana & Design 
Engr Systems

3.9 3.3

1

1.5

2

2.5

3

3.5

4

MAE
206

MSE
201

MAE
208

MAE
314

MAE
301

MAE
308

MAE
315

MAE
316

MAE
310

MAE
435

MAE
415

MAE
412

G
ra
d
e
 ‐
4
.0
 S
ca
le

Course

MES Student Performance Compared to Raleigh 
Students in MAE Courses 2011‐2013

Raleigh Avg ‐ 2 Sigma Raleigh Avg + 2 Sigma MES Avg
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Table 4-11: Subjective Assessment Results for Outcome A 

 
 
An action will be added to ensure FE results will be available for the next review cycles and an 
action already exists to ensure issues with the standardized quiz questions are resolved. 
 
Assessment Results for Student Outcome B 
Outcome B was assessed by the assessment team evaluating student work from MES 305 and 
MES 405 using rubric A (page 284) and rubric C (page 291) as well as by using survey results 
from employers of MES graduates and survey results from MES graduates.  Results for 
Outcome B from all direct assessment tools can be seen in Table 4-12 and survey results can be 
seen in Table 4-13. 
 
Conclusions and Recommendations: Outcome B  
 
From the 2011/12 assessment cycle, the following observations and actions were noted. 
 

 Students showed no problems in their ability to conduct experiments, analyze data, and 
interpret data (B2). Performance was above the 2.1 target in all cases. 

 
 The assessment did show performance below the threshold in the area of designing 

experiments (B1).  After investigation, it was determined that many of the dimensions 
in rubric C used to assess the ability to design experiments were not included as 
required elements in the MES 405 laboratory design project write-up used for 
assessment. This explains why many of the elements were missing from the student 
work evaluated using rubric C. 

 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

# Evals
Score   
Max 3

# Evals
Score   
Max 3

a1
Apply knowledge of mathematics and science 
including multivariate calculus, and differential 
equations.

2 2.50 4 2.25

a2
Apply knowledge of  statics, dynamics, solids, 
thermal science, fluid mechanics and material 
science.

2 2.00 4 2.50

a1 2
The ability to apply knowledge of mathematics 
and science

1 3.00 4 2.63

a2 1
The ability to apply knowledge from your major 
in engineering or computer science

1 3.00 4 2.88

Employer Survey Response

Student Graduation Survey Response

Question # & Question

OUTCOME A 2011-2012 Cycle2012-2013 Cycle
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Table 4-12: Direct Assessment Results for Outcome B 

 
 
 
  

Outcome B1 Results from Rubric A: Laboratory Reports 

 
 

Outcome B1 Results from Rubric C: Design of Experiements 

 
 

Outcome B2 Results from Rubric A: Laboratory Reports 

 

Ref # Description # Evals.
Average 

Score      
Max = 3

# Evals.
Average 

Score

1 Experimental procedure 22 2.70 0

4 Design of Experiment 24 2.46 0

5 Conduct Experiments 24 2.75 12 2.98

Overall Score: B1 2.64 2.98

2011-20122012-2013

Ref # Description # Evals.
Average 

Score      
Max = 3

# Evals.
Average 

Score

1 Objective 8 2.75 4 1.88

2 Background Information 8 1.56 4 1.13

3 Identification of Exp. Variables 8 2.31 4 1.00

4 Plan to Measure Variables 8 2.44 4 0.75

5 Plan to Control Variability 8 1.81 4 0.50

6 Experimental Plan 7 2.36 4 0.50

7 Experimental Procedures 8 2.50 4 1.75

8 Plan For Calculations 8 2.13 4 0.75

9 Data Collection Sheet 8 1.94 4 0.00

10 Data Analysis Plan 8 2.25 4 0.50

11 Materials/Resources Required 8 2.25 4 0.00

Overall Score: B1 2.21 0.80

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

2 Results: data, figures 24 2.31 12 2.69

3 Discussion and Analysis 24 2.00 12 2.64

6 Conclusions 23 1.74 12 2.65

Overall Score: B2 2.02 2.66

2012-2013 2011-2012
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Table 4-13: Subjective Assessment Results for Outcome B 

 
 

 Outcome B was below the threshold of 2.1 on the employer survey but above the action 
level of below 2.0. The CIC feels the 2.0 average on these items is due in part to the  
lack of resolution in the 3 point scale. The decision was made to keep the current scale 
for the 2012/13 cycle and then update all rubrics to a 5 point scale.  

 
ACTIONS FROM 2011/12:   

 The experimental design project in MES 305 and MES 405 will be updated to 
ensure students are clearly instructed to document each step in the design of their 
experiment. 

 
 Performance in this dimension will be evaluated again using data from summer 

2012 and spring 2013. 
 
From the 2012/13 assessment cycle, the following observations and actions were noted. 
 

 Outcome B1 – Design of Experiments 
 
The design project assignment in MES 305 and 405 was updated as indicated above and 
overall students meet the target performance of 2.1 in their ability to design an 
experiment (B1). From Table 4-12, the overall score from rubric A was 2.6 and 2.2 
from rubric C. Although this performance meets the overall target performance, a closer 
look at the results from the design project evaluated using rubric C reveals weakness in 
three areas - background information (1.6), plan to control variability (1.8) and data 
collection sheet (1.9). The low score in all three areas was from the MES 305 students. 
Actions should be added to review MAE 305 coverage in these areas and to reinforce 
these skills in MES 405. 
 
 Outcome B2 – Collect, Analyze and Interpret Data 
 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

# Evals
Score   
Max 3

# Evals
Score   
Max 3

b1
Design and conduct engineering laboratory 
tests.

0 no obs 1 2.00

b2 Collect, analyze and interpret data. 1 2.00 3 2.00

b1 3 The ability to design and conduct experiments 1 3.00 4 2.75

b2 4 The ability to analyze and interpret data 1 3.00 4 3.00

Student Graduation Survey Response

Employer Survey Response

Question # & Question

OUTCOME B 2012-2013 Cycle 2011-2012 Cycle
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Students performed very well in Outcome B2 during the 2011/2012 cycle, but showed 
weakness during the 2012/13 cycle. Particular weakness was revealed in the areas of 
discussion, analysis and conclusions. The CIC feels this weakness is due largely to a 
lack of specific feedback to the students on their performance in these areas. During the 
spring 2013 semester, the students were asked to document their lab work using several 
writing formats such as technical reports, memorandums, and formal lab reports. The 
instructor and the CIC feel that the use of these different formats detracted from the 
students being able to learn the basic skills of analyzing and drawing conclusions from 
data. While developing their analysis skills, they also had to concentrate on a new 
writing tool. The added dimension of different writing tools took away from being able 
to focus on the data and what it means. The feedback students received was often 
focused on their performance in documenting their work and students often got lost in 
the format and missed comments on their ability to analyze and draw conclusions.  
The CIC feels it will be better to utilize a formal report format (long and short) in MES 
305 and then introduce different writing tools in MES 405. For the students just 
completing MES 305, special attention will be given in MES 405 to build their ability to 
analyze and draw conclusions.  

 
 A dimension of Outcome B was below the threshold of 2.1 on the employer survey 

but above the action level of below 2.0. The CIC feels the 2.0 average is due in part 
to the lack of resolution in the 3 point scale. The decision was made to keep the 
current scale for the 2012/13 cycle and then update all rubrics to a 5 point scale.  
 

 
ACTIONS FROM 2012/13  

 Review course material in MES 305 to improve DOE skills in the areas of Background 
Information, Plan to Control Variability and Data Collection Sheet.  

 
 Work with student in the fall 2013 MES 405 course to improve DOE skills in the areas 

of Background Information, Plan to Control Variability and Data Collection Sheet. 
 

 Eliminate introducing several new writing tools in MES 305. Instead use a long and 
short form of a formal lab report so students can concentrate on building their skills to 
analyze, interpret and draw conclusions from data. Move the use of various writing 
tools to MES 405.  

 
 
Assessment Results for Student Outcome C 
Outcome C was assessed by the assessment team evaluating student project reports from MAE 
415, MAE 412, MAE 435, and MES 401/2 using rubric B1 (page 286).  Design presentations 
were evaluated by project sponsors in MES 300 and MES 401/2 using rubric B2 (page 289).  
Survey results from employers of MES graduates and survey results from MES graduates were 
also used.  Results for outcome “C” from all direct assessment tools can be seen in Table 4-14 
and survey results can be seen in Table 4-15.  
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Table 4-14: Direct Assessment Results for Outcome C 

 
 
  

Outcome C1 Results from Rubric B1: Project Reports 

 
 

Outcome C1 Results from Rubric B2: Major Design Presentation 

 
 

Outcome C2 Results from Rubric B1: Project Reports 

 
 

Outcome C2 Results from Rubric B2: Major Design Presentations 

 
 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

1
Problem Identification & Working/ 

Criteria
14 2.89 19 2.70

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

1 Operational / Requirements Def. 4 2.57 2 2.89

2012-2013 2011-2012

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

4 ID Alternatives 11 2.64 13 2.58

7 Selection and Analysis of Alternatives 13 2.46 18 2.54

Overall Score: C2 2.55 2.56

2012-2013 2011-2012

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

2 System Atchitecting 4 2.35 2 2.80

2011-20122012-2013
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Table 4-14: Direct Assessment Results for Outcome C (Continued) 

 
 

Outcome C3 Results from Rubric B1: Project Reports 

 
 

Outcome C3 Results from Rubric B2: Major Design Presentation 

 
 

Outcome C4 Results from Rubric B1: Project Reports 

 
 

Outcome C4 Results from Rubric B2: Major Design Presentation 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

5 Analytical Method 14 2.89 20 2.93

6 Technical Analysis 14 2.86 20 2.95

8 Component Selection 14 2.86 15 2.87

9 Analysis of Results 14 2.89 19 2.62

10 Design Drawings 14 2.50 11 2.82

11 Overall Design Process 13 2.85 18 2.89

14 Cost 2 3.00 3 2.67

Overall Score: C3 2.84 2.82

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

3 Detailed Design 4 2.25 2 2.92

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

12 Develop Project 2 3.00 2 2.50

13 Project Testing / Test Plan 0 3 2.40

15 Project Schedule 2 3.00 3 3.00

Overall Score: C4 3.00 2.63

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

4 Project Mgt. 4 2.25 2 2.69

2011-20122012-2013
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Table 4-15: Subjective Assessment Results for Outcome C 

 
 
Conclusions and Recommendations: Outcome C  
 
With the two design experiences in the program, MES students learn and demonstrate the 
ability to design a system, component, or process to meet desired needs within realistic  
constraints. All assessment targets for all dimensions of Outcome C were attained for both 
assessment cycles. The CIC reviewed the results and no actions are recommended.  
 
Assessment Results for Student Outcome D 
Outcome D was assessed by student teamwork feedback in MES 300 and MES 402 using 
rubric E (page 295).  Student performance in MES 402 was evaluated by the instructor using 
rubric F (page 297).  Survey results from employers of MES graduates and survey results from 
MES graduates were also used.  Results for outcome “D” from all direct assessment tools can 
be seen in Table 4-16 and survey results can be seen in Table 4-17. 
 
Conclusions and Recommendations: Outcome D  
 
For both dimensions of Outcome D, students met the target performance of 2.1 during both 
review cycles and the CIC identified no needed actions. Students demonstrated they were able 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

# Evals
Score   
Max 3

# Evals
Score   
Max 3

c1
Understand problems and identify all system 
requirements, including each aspect of the 
product life cycle and any constraints.

3 2.33 4 2.75

c2
Generate possible solutions to satisfy all 
requirements, and model, evaluate and select the 
best solution.

3 2.67 4 3.00

c3
Perform detailed design on selected solution, to 
design a product to meet defined requirements 
that include multiple constraints.

3 2.33 4 3.00

c4
Manage product realization process, including 
formal project management and testing.

3 2.33 4 2.50

c 5
The ability to design a system, component or 
process to meet desired needs

1 3.00 4 3.00

c 18
My senior design project(s) provided a good 
opportunity to integrate my learning in major 
and non-major courses

1 3.00 4 3.00

c 19
Design activities were integrated throughout my 
program

1 3.00 4 3.00

Student Graduation Survey Response

Employer Survey Response

OUTCOME C

Question # & Question

2012-2013 Cycle 2011-2012 Cycle
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to effectively perform in a team environment as well as plan and conduct effective team 
meetings. 
 

Table 4-16: Direct Assessment Results for Outcome D 

 
 

Outcome D1 Results from Rubric F: Meeting Aganda and Minutes 

 
 

Outcome D2 Results from Rubric E: Teamwork Evaluation 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

1 Agenda 2 3.00 4 3.00

2 Conduct Meeting 2 2.75 4 2.00

3 Facilitate Discussion 2 2.75 4 2.00

4 Minutes - Heading 2 3.00 8 3.00

5 Minutes - Overview of Meeting 2 3.00 8 2.13

6 Minutes - Documentation 2 3.00 8 2.19

7 Minutes - Decisions 2 3.00 8 2.00

8 Minutes - Actions 2 3.00 8 2.06

Overall Score: D1 2.94 2.30

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

1 Share of tasks assumed 22 2.91 31 2.48

2 Contribution and Quality of Work 22 2.66 31 2.52

3 Team Spirit 22 2.84 31 2.52

4 Dependability 22 2.82 31 2.47

5 Communication 22 2.75 31 2.66

6 Overall evaluation 22 2.89 30 2.62

Overall Score: D2 2.81 2.54

2011-20122012-2013
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Table 4-17: Subjective Assessment Results for Outcome D 

 
 
Assessment Results for Student Outcome E 
Outcome E was assessed by the assessment team evaluating student project reports from MAE 
415, MAE 412, MAE 435, and MES 401/2 using rubric B1 (page 286).  Survey results from 
employers of MES graduates and survey results from MES graduates were also used.  Results 
for outcome “E” from all direct assessment tools can be seen in Table 4-18 and survey results 
can be seen in Table 4-19. 
 

Table 4-18: Direct Assessment Results for Outcome E 

 
 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME D

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response
d1 Plan and conduct effective team meetings. 3 2.33 4 2.25

d2
Identify team roles and perform as a 
contributing member of an engineering design 
team.

2 2.50 4 3.00

d2 6
The ability to function on multidisciplinary 
teams

1 3.00 4 3.00

2011-2012 Cycle

Student Graduation Survey Response

Question # & Question

2012-2013 Cycle

Outcome E Results from Rubric B1: Project Reports 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

1
Problem Identification & Working/ 

Criteria
14 2.89 19 2.70

2 Research Sources 14 2.43 20 2.26

3 Summarize Research Findings 14 2.50 18 1.66

6 Technical Analysis 14 2.86 20 2.95

Overall Score: E 2.67 2.39

2011-20122012-2013
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Table 4-19: Subjective Assessment Results for Outcome E 

 
 
Conclusions and Recommendations: Outcome E  
 
From the 2011/12 assessment cycle, the following observations and actions were noted. 
 

 Overall, students showed a strong ability to identify, formulate, and solve engineering 
problems but they were below the threshold on their ability to summarize research 
findings. 
 

ACTIONS FROM 2011/12:   
 An assignment to emphasize the importance of and practice the skill of finding, 

summarizing and documenting research findings will be added to MES 300.  
 Assignment sheets for all formal writing assignments in MES 300, MES 305, MES 

405, and MES 401/402 will be updated to emphasize the requirement to clearly 
document research. 

 
From the 2012/13 assessment cycle, the following observations and actions were noted. 
 

 The results from the 2012/13 assessment cycle shows that students continue to perform 
well in their ability to identify, formulate, and solve engineering problems and 
improvement is being made in their ability to summarize research findings.  

 
The CIC does not recommend any further action in this area. 
 
Assessment Results for Student Outcome F 
Outcome F was assessed by the assessment team evaluating student project reports from MAE 
MES 401/2 using rubric B1 (page 286), instructor feedback on case study performance, results 
from standardized quiz questions, and project sponsor feedback using rubric B2 (page 289).  
Survey results from employers of MES graduates and survey results from MES graduates were 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME E

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

e1
Identify, formulate, and solve engineering 
problems including utilizing knowledge of 
thermal and mechanical systems.

2 2.50 4 2.50

e 7
The ability to identify, formulate and solve 
engineering or computer science problems

1 3.00 4 3.00

e 20
The coursework activities in my program as a 
whole required synthesis, creativity, and open-
ended thinking

1 3.00 4 3.00

Student Graduation Survey Response

Question # & Question

2012-2013 Cycle 2011-2012 Cycle
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also used.  Results for outcome “F” from all direct assessment tools can be seen in Table 4-20 
and survey results can be seen in Table 4-21. 
 

Table 4-20: Direct Assessment Results for Outcome F 

 
 
Conclusions and Recommendations: Outcome F 
 
From the 2011/12 assessment cycle, the following observations and actions were noted. 
 

 Even though students met all targets for the assessment of their understanding of 
professional and ethical responsibility, it is felt that students can still benefit from more 
exposure to this area. 
 

ACTIONS FROM 2011/12:   
 Add ethics assignment to MES 402 

 

Outcome F1 Results from Rubric B1: Project Reports 

 
 

Outcome F1 ETHICS CASE STUDIES 

Instructor feedback from MAE 415 and MES 402 indicated all students demonstrated knowledge 
of their personal and ethical responsibility as an engineer and the ability to understand and utilize 
ethical codes. 

 

Outcome F1 Results from Standardized Quiz Questions 

 
 

Outcome F2 Results from Rubric B2 Major Design Presentation 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

16 Ethics 2 2.50 3 2.43

2011-20122012-2013

Subject
# 

Questions
MES 
Avg

Raleigh 
Avg

# 
Questions

MES 
Avg

Raleigh 
Avg

Ethics 3 100.0 72.7 3 83.3 72.7

2012-2013 Cycle 2011-2012 Cycle

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

5a Professional Behavior 4 2.75 2 3.00

5d Professional Presentation 4 2.75 2 3.00

Overall Score: F2 2.75 3.00

2011-20122012-2013
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Table 4-21: Subjective Assessment Results for Outcome F 

 
 
 
From the 2012/13 assessment cycle, the following observations and actions were noted. 
 

 The results from the 2012/13 assessment cycle shows that students continue to 
perform well in their understanding of professional and ethical responsibility and 
showed a good understanding in their performance on the ethic case studies in MAE 
415 and MES 402.  

 
The CIC does not recommend any further action in this area. 
 
 
Assessment Results for Student Outcome G1 
Outcome G1 was assessed by various individuals (instructor, project sponsors, MAE faculty) 
evaluating student presentations in MES 300 and MES 401/2, using rubric D (page 293).  
Survey results from employers of MES graduates and survey results from MES graduates were 
also used.  Results for outcome “G1” from all direct assessment tools can be seen in Table 4-22 
and survey results can be seen in Table 4-23. 
 
Conclusions and Recommendations: Outcome G1  
 
In all assessment dimensions for both review cycles, students meet target performance and 
demonstrated the ability to effectively communicate through oral presentations. The CIC does 
not recommend any further action in this area. 
 
Assessment Results for Student Outcome G2 
Outcome G2 was assessed by the assessment team evaluating student reports from MAE 415, 
MAE 412, MAE 435, and MES 401/2 using rubric B1 (page 286), and MES 305 and MES 405 
using rubric A (page 284).  Survey results from employers of MES graduates and survey results 
from MES graduates were also used.  Results for outcome “G2” from all direct assessment 
tools can be seen in Table 4-24 and survey results can be seen in Table 4-25. 
 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME F

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

f1
Comprehend use of ethical codes in 
engineering.

3 2.67 4 2.75

f2 Demonstrate professional behavior. 3 2.67 4 3.00

f1 8
An understanding of professional and ethical 
responsibility

1 3.00 4 2.88

Student Graduation Survey Response

Question # & Question

2012-2013 Cycle 2011-2012 Cycle



 MES 2012-2013 Self-Study -  Page 65 -  
 

Table 4-22: Direct Assessment Results for Outcome G1 

 
 

Table 4-23: Subjective Assessment Results for Outcome G1 

 
 
  

Outcome G1 Results from Rubric D: Oral Presentations 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

1 Professionalism 7 3.00 21 2.90

2 Preparedness 7 2.86 19 3.00

3 Opening 7 2.21 20 2.63

4 Delivery 7 2.43 21 2.87

5 Organization 7 2.83 21 2.79

6 Presentation Style 7 2.50 21 2.60

7 Visual Impact of Slides 7 2.71 19 2.75

8 Use Of Tools To Help Communicate 7 2.86 20 2.65

9 Closing 7 2.57 21 2.67

10 Style 7 2.93 20 2.85

11 Timeliness 4 3.00 18 2.97

12 Content Knowledge 7 2.64 21 2.70

13 Grammar and Spelling 7 2.86 21 2.86

14 Transition Between Speakers 4 3.00 21 2.70

Overall Score: G1 2.74 2.78

2012-2013 2011-2012

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

g1
To effectively communicate through a formal 
oral presentation

3 2.67 4 2.75

g1 10 The ability to speak effectively 1 3.00 4 2.88

g1 16
My program included enough classroom 
presentations for me to gain good oral 
presentation skills

1 3.00 4 2.88

Student Graduation Survey Response

OUTCOME G1 2012-2013 Cycle 2011-2012 Cycle

Question # & Question
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Table 4-24: Direct Assessment Results for Outcome G2 

 
 

Table 4-25: Subjective Assessment Results for Outcome G2 

 
 
 
 

Outcome G2 Results from Rubric A: Laboratory Reports 

 
 

Outcome G2 Results from Rubric B1: Project Reports 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

7 Abstract/Summary 22 2.30 0

8 Introduction 23 2.17 12 2.75

9 Style 24 2.33 12 2.63

10 Grammar 24 2.65 12 2.88

11 Appearance and formatting 24 2.33 12 2.48

Overall Score: G2 2.36 2.68

2012-2013 2011-2012

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

18 Focus and Flow of Paper 14 2.57 20 2.65

19 Abstract/Summary 13 2.62 0

20 Introduction 14 2.46 20 2.79

21 Style 14 2.61 20 2.50

22 Grammar 14 2.86 20 2.85

23 Appearance and formatting 14 3.00 20 2.56

Overall Score: G2 2.69 2.67

2011-20122012-2013

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

g2
To communicate through writing, including 
technical and business reports.

2 2.50 4 3.00

g2 9 The ability to write effectively 1 2.50 4 2.88

g2 17
My program included enough written reports for 
me to gain good report-writing skills

1 3.00 4 3.00

Student Graduation Survey Response

OUTCOME G2 2012-2013 Cycle 2011-2012 Cycle

Question # & Question
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Conclusions and Recommendations: Outcome G2  
 
In all assessment dimensions for both review cycles, students meet target performance and 
demonstrated the ability to effectively communicate through writing. The CIC does not 
recommend any further action in this area. 
 
Assessment Results for Student Outcome G3 
Outcome G3 was assessed by the assessment team evaluating student reports from MAE 415, 
MAE 412, MAE 435, and MES 401/2 using rubric B1 (page 286), MES 305 and MES 405 
using rubric A (page 284), and oral presentations were evaluated using rubric D (page 293).  
Survey results from employers of MES graduates and survey results from MES graduates were 
also used.  Results for outcome “G3” from all direct assessment tools can be seen in Table 4-26 
and survey results can be seen in Table 4-27. 
 

Table 4-26: Direct Assessment Results for Outcome G3 

 
 

Outcome G3 Results from Rubric A: Laboratory Reports 

 
 

Outcome G3 Results from Rubric B1: Project Reports 

 
 

Outcome G3 Results from Rubric D: Oral Presentations 

 
 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

12 Graphic Communications 24 2.13 0

2011-20122012-2013

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

10 Design Drawings 14 2.50 11 2.82

24 Graphic Communications 14 2.86 0

Overall Score: G3 2.68 2.82

2012-2013 2011-2012

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

7 Visual Impact of Slides 7 2.71 19 2.75

8 Use Of Tools To Help Communicate 7 2.86 20 2.65

Overall Score: G3 2.79 2.70

2012-2013 2011-2012
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Table 4-27: Subjective Assessment Results for Outcome G3 

 
 
Conclusions and Recommendations: Outcome G3  
 
From the 2011/12 assessment cycle, the following observations and actions were noted. 
 

 Students met all assessment targets for their ability to communicate. The evaluators 
specifically commented on the student’s graphical ability shown from their 
engineering drawings and diagrams in reports. It was also noted that rubrics A and 
B1 did not have a specific category to assess the quality of graphical 
communications, so this dimension was added for further assessments. 

 
From the 2012/13 assessment cycle, the following observations and actions were noted. 
 

 In all assessment dimensions for both review cycles students meet target 
performance and demonstrated the ability to effectively communicate using graphic 
communication skills. In the new assessment dimension, Item 12 on rubric A and 
item 24 on rubric B1, students in the 2012/13 cycle met target performance.  

 
The CIC does not recommend any further action in this area. 
 
Assessment Results for Student Outcome H 
Outcome H was assessed by the assessment team evaluating student reports from MES 401/2 
using rubric B1 (page 286), as well as by using survey results from the employers of MES 
graduates and survey results from MES graduates. Results for outcome “H” from all direct 
assessment tools can be seen in Table 4-28 and survey results can be seen in Table 4-29. 
 

Table 4-28: Direct Assessment Results for Outcome H 

 
 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

g3
Communicate using graphic communication 
skills, including visual aids and engineering 
drawings.

3 2.33 4 3.00

Question # & Question

OUTCOME G3 2012-2013 Cycle 2011-2012 Cycle

Outcome H Results from Rubric B1: Project Reports 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

17 Impact on Society 2 2.50 0

2011-20122012-2013



 MES 2012-2013 Self-Study -  Page 69 -  
 

Table 4-29: Subjective Assessment Results for Outcome H 

 
 
Conclusions and Recommendations: Outcome H  
 
From the 2011/12 assessment cycle, the following observations and actions were noted. 
 

 The assessment committee felt that there could be a weakness in the student’s ability to 
identify and articulate the impact of engineering solutions on society. The group felt the 
students understood the impact of engineering on society, but they did not explicitly 
include this topic in their capstone design report or oral presentation. 
 

ACTIONS FROM 2011/12:   
 MES 300 and MES 401 will be reviewed to see how awareness of the impact of 

engineering solutions on society can be better integrated into the existing project 
assignments. 

 Requirements for capstone design report/presentation will be updated to explicitly 
require students to articulate the impact of their work on society. 

 
From the 2012/13 assessment cycle, the following observations and actions were noted. 
 

 In both review cycles, students responded that they believed their education gave them 
the ability to understand the impact of engineering solutions in a global and societal 
context. In the 2012/13 review cycle, this knowledge was demonstrated in the 
assessment of the capstone design report using rubric B1.  

 
The CIC does not recommend any further action in this area. 
 
Assessment Results for Student Outcome I 
Outcome I was assessed by the assessment team evaluating student reports from MAE 415, 
MAE 412, MAE 435, and MES 401/2 using rubric B1 (page 286) as well as by using survey 
results from the employers of MES graduates and survey results from MES graduates. Results 
for outcome “I” from all direct assessment tools can be seen in Table 4-30 and survey results 
can be seen in Table 4-31. 

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME H

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

h1
Identify and articulate impact of engineering 
solutions on society.

2 2.50 4 2.25

h1 11
A broad education necessary to understand the 
impact of engineering solutions in a global and 
societal context

1 3.00 4 2.63

Question # & Question

Student Graduation Survey Response

2012-2013 Cycle 2011-2012 Cycle
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Table 4-30: Direct Assessment Results for Outcome I 

 
 

Table 4-31: Subjective Assessment Results for Outcome I 

 
 
Conclusions and Recommendations: Outcome I  
 
For both review cycles, students express satisfaction that their education has given them 
recognition of the need for and the ability to engage in lifetime learning. They also 
demonstrated the ability to perform research needed to support lifetime learning. A dimension 
of Outcome I was below the threshold of 2.1 on the employer survey but above the action level 
of below 2.0. The CIC feels the 2.0 average is due in part to the lack of resolution in the 3 point 
scale. The decision was made to keep the current scale for the 2012/13 cycle and then update 
all rubrics to a 5 point scale.  The CIC does not recommend any further action in this area. 
 
Assessment Results for Student Outcome J 
Outcome was assessed by the project sponsors evaluating student capstone design performance 
using rubric B2 (page 289) as well as by using survey results from the employers of MES 
graduates and survey results from MES graduates.  Results for outcome “J” from all direct 
assessment tools can be seen in Table 4-32 and survey results can be seen in Table 4-33. 
 

Outcome I Results from Rubric B1: Project Reports 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

2 Research Sources 14 2.43 20 2.26

3 Summarize Research Findings 14 2.50 18 1.66

Overall Score: I2 2.46 1.96

2011-20122012-2013

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME I

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

i1
Demonstrate a desire for learning through post-
graduate career plans.

2 3.00 3 2.33

i2
Locate, read, evaluate and reference peer-
reviewed technical literature.

1 3.00 3 2.00

i 12
A recognition of the need for, and ability to 
engage in lifelong learning

1 3.00 4 2.50

Question # & Question

Student Graduation Survey Response

2012-2013 Cycle 2011-2012 Cycle
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Table 4-32: Direct Assessment Results for Outcome J 

 
 

Table 4-33: Subjective Assessment Results for Outcome J 

 
 
Conclusions and Recommendations: Outcome J  
 
Students express satisfaction that their education provides them with adequate knowledge of 
contemporary issues and this knowledge was demonstrated as shown in the assessment of their 
capstone design project. A dimension of Outcome J was below the threshold of 2.1 on the 
employer survey but above the action level of below 2.0. The CIC feels the 2.0 average is due 
in part to the lack of resolution in the 3 point scale. The decision was made to keep the current 
scale for the 2012/13 cycle and then update all rubrics to a 5 point scale.  The CIC does not 
recommend any further action in this area. 
 
Assessment Results for Student Outcome K 
Outcome K was assessed by the assessment team evaluating student reports from MAE 415, 
MAE 412, MAE 435, and MES 401/2 using rubric B1 (page 286) as well as by using survey 
results from the employers of MES graduates and survey results from MES graduates.  Results 
for outcome “K” from all direct assessment tools can be seen in Table 4-34 and survey results 
can be seen in Table 4-35. 
 

Outcome J Results from Rubric B2: Major Design Presentation 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

5e
Understanding of how project fits in 

with and is impacted by broader 
contemporary issues

3 3.00 2 2.50

2012-2013 2011-2012

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME J

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

j1
Identify and discuss contemporary issues in 
relation to engineering solutions.

0 no obs 3 2.00

j 13 Knowledge of contemporary issues 1 2.50 4 2.50

Student Graduation Survey Response

Question # & Question

2012-2013 Cycle 2011-2012 Cycle
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Table 4-34: Direct Assessment Results for Outcome K 

 
 

Table 4-35: Subjective Assessment Results for Outcome K 

 
 
Conclusions and Recommendations: Outcome K  
 
A dimension of Outcome K was below the threshold of 2.1 on the employer survey but above 
the action level of below 2.0. The CIC feels the 2.0 average is due in part to the lack of 
resolution in the 3 point scale. The decision was made to keep the current scale for the 2012/13 
cycle and then update all rubrics to a 5 point scale.  The CIC does not recommend any further 
action in this area. 
 
B.3 Documentation and Maintenance of Results 
Hard copies of all assessment results are kept in a 3-ring notebook and stored in the MES 
office. Data from the assessment is stored in the MES assessment spreadsheet. 
  

Outcome K Results from Rubric B1: Project Reports 

 

Ref # Description # Evals.
Average 

Score
# Evals.

Average 
Score

5 Analytical Method 14 2.89 20 2.93

6 Technical Analysis 14 2.86 20 2.95

7 Selection and Analysis of Alternatives 13 2.46 18 2.54

10 Design Drawings 14 2.50 11 2.82

Overall Score: K 2.68 2.81

2012-2013 2011-2012

 
 
Refer to page 47 for actual student survey and page 49 for employer survey. 

OUTCOME K

# Evals
Score   
Max 3

# Evals
Score   
Max 3

Employer Survey Response

k1
Use modern tools to aid in the analysis of 
engineering problems.

3 2.33 4 2.25

k2
Perform detailed calculus-based analysis using 
hand calculations and computer tools.

1 2.00 3 2.33

k 14
The ability to use the techniques and skills 
necessary of engineering or computer science 
practice

1 3.00 4 2.88

k 15
The ability to use modern tools necessary for 
engineering or computer science practice

1 3.00 4 2.50

Student Graduation Survey Response

Question # & Question

2012-2013 Cycle 2011-2012 Cycle
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C. Continuous Improvement 
 
As shown in Figure 4-1 on page 31, the MES Continuous Improvement Committee (CIC) is the 
driving force for change in the MES program. The CIC reviews data from all sources (shown at 
the bottom of Figure 4-1) and generates continuous improvement actions. Actions may pertain 
to PEOs, student outcomes or some administrative aspect of the program that impacts the 
student’s experience. As shown in Figure 4-3 on page 34, these actions are presented in Raleigh 
at the Annual Program Review. Once all actions are approved, they are tracked using the form 
shown in Figure 4-14. Each action is assigned a reference number and the column titled 
“Status” always indicates if the 
action is open or closed. An action 
stays open until the CIC agrees that 
the issue, that gave rise to the action, 
has been resolved. At each meeting, 
the CIC reviews all open actions to 
ensure progress is being made. A 
status update of all open actions is 
also given at the Annual MES Program Review in Raleigh. This formal tracking and review of 
all actions ensures that the loop is being closed on the assessment/evaluation/improvement 
process. Once the assessment process identifies an issue that requires action, the accountability 
brought by the CIC and Raleigh C&CC ensures the issue is resolved. Information such as 
agendas and meeting minutes from all continuous improvement meetings will be available 
during the site visit. 
 
Specific improvement actions that have come from the 2012-2013 assessment cycle, the 2011-
2012 assessment cycle, and before the formal program assessment process began are presented 
below. 
 
 
Continuous Improvement Activity Based on 2012-2013 Assessment Cycle 
Based on the 2012-2013 program assessment, the CIC identified the following actions. These 
actions are summarized in Table 4-36. 
 

Obtain Detailed FE Results  
The MES assessment plan utilizes detailed subject area results from the FE exam for the 
assessment of Outcome A and F, but these results were not available for the first two 
graduating classes. Before the next graduating class takes the FE exam in the spring of 
2015, the administrative structure must be in place to be able to obtain the individual 
results just for MES graduates. 
 
Modify Scale on Assessment Rubric 
For the 2011/2012 and 2012/13 assessment cycles, all assessment rubrics utilized a 
three point scale of 1=Poor, 2=Average, 3=Excellent. Feedback from reviewers is that 
the three point scale was often hard to use because of the lack of resolution and 
reviewers often interpolated between values. All assessment rubrics will be redone to 
utilize a five point scale that will allow greater resolution.  

Figure 4-14: Form To Track All CI Actions 

Ref 
#

Added Description
Source Of 
Change / 

Motivation
Update Status

22
23
24
25
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Expand Industry Involvement 
Feedback from alumni and the industrial advisory board indicated that it would be good 
to expose students to industry other than NAVAIR. Effort will be made to add some 
additional local industry to the advisory board and find ways to expose students to local 
industry other than NAVAIR. 
 
Expand NAVAIR Exposure  
Feedback from the Employer Survey suggested that the program better utilize resources 
at NAVAIR. In MES 300 and MES 401/2 there is currently very close contact with 
NAVAIR, but none of the other courses in the program utilize the experience and 
opportunities available. The specific comment made is as follows: 
 

 “I would recommend utilizing other FRCE engineering teams to provide real-
world examples that will substantiate material in classes other than Systems 
Engineering and Capstone Design.  For instance, during a dynamic 
systems/vibrations class, the students could visit with engineers from the Rotor 
Systems & Vibes team to see how vibes are measured in practice and see the 
effects of an imbalance or misalignment.” 
 

Starting fall 2013, the CIC will help coordinate enrichment activities for students that 
reinforce the specific courses being taken. 
 
Develop Strategic Plan  
The industrial advisory board suggested the development of a short term and long range 
strategic plan for the program. By all measures, the MES program is doing a very good 
job of meeting the objectives laid out in the PEOs and the group feels it is important to 
develop a plan for how the program will grow and maintain the distinction that allow s 
it to perform well.  
 
Review MES 305 
Based on assessment results from Outcome B, informal end of semester evaluation, and 
instructor observations, several modifications will be made to MES 305. During the 
spring of 2013 seven students enrolled in MES 305 and two new initiatives were 
introduced.  
 
Initiative one was greater use of multiple writing formats (formal lab report, technical 
report, and memorandum) in the documentation of the lab experience. In hindsight, this 
change added confusion to the students. The focus seemed to move from analyzing and 
interpreting the data to how to present information. This weakness was identified in the 
assessment of Outcome B. Students first need to master the skill of data analysis and 
then concentrate on writing formats. In the future, MES 305 will utilize the formal lab 
report so students only have to learn one format. Focus can be maintained on analyzing, 
interpreting and drawing conclusions from data collected during the laboratory 
experience. The various report formats will be introduced and utilized in MES 405. For 



 MES 2012-2013 Self-Study -  Page 75 -  
 

the spring 2013 MES 305 students, special emphasis on analyzing and interpreting the 
data will be given in MES 405.  
 
Initiative two was to place more focus on the use of formal statistical techniques and 
repetition in experiments. Again, the idea behind the change was good, but a few 
unexpected outcomes occurred. The statistical focus was introduced at the beginning of 
the semester, so as with the writing formats, it seemed to take focus away from the basic 
point of the lab and from learning to interpret the data. The focus on repetition in 
experimentation caused the amount of data the students had to sift through to sometimes 
be overwhelming. It also greatly increased time to present results since there were often 
a large number of graphs to prepare. The statistical focus and learning to deal with large 
amounts of data are important, but the feeling is that MES 305 first needs to let students 
master the fundamentals of analyzing, interpreting, and drawing conclusions from data 
and then move on to these other skills. How these skills are introduced and utilized in 
MES 305 and MES 405 will be reviewed. 
 
Review Material for Teaching Design of Experiments 
During the assessment of Outcome B, a weakness was seen in three areas of the design 
of experiments: background information, plan to control variability, and data collection 
sheet. The lecture material for teaching DOE will be reviewed and special emphasis will 
be given in these areas with the spring 2013 MES 405 class. 

 
Continuous Improvement Activity Based on 2011-2012 Assessment Cycle 
Continuous improvement actions from the first formal assessment cycle (2011-2012) can be 
seen in Table 4-37. Items in yellow are still open. 
 
Continuous Improvement Activity Before First Formal Review Cycle 
Before the first formal review cycle in 2011-2012, program improvement was mainly driven by 
the program director working with the Industrial Advisory group and the BSE Improvement 
committee at NAVAIR. Feedback from other constituents, such as students, was obtained on an 
informal basis through personal conservations. Information, such as agendas and meeting 
minutes from all continuous improvement meetings during this time, will be available during 
the site visit. Table 4-38 shows all of the actions created during this time.  
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Table 4-36: Continuous Improvement Activity Based On 2012/13 Assessment Cycle 

 
 
 
 
 

Ref 
#

Added Description
Source Of 
Change / 

Motivation
Update Status

22 5/13
Obtain Detailed FE Results. Ensure everything is in 
place to collect detailed FE results for 2015 graduates

2012/13 
Assessment

new

23 5/13
Modify Scale on Assessment Rubric. Update all 

assessment rubrics to utilize 5 point scale.
2012/13 

Assessment
new

24 5/13
Expand Industry Involvement. Explore ways to 
expose students to other industries in the area and 
possibly conduct capstone design at other places.

2012/13 PEO 
Assessment

new

25 5/13

Expand NAVAIR Exposure. Explore ways to link 
courses other than capstone and systems engineering to 
work going on at NAVAIR so students can benefit from 

seeing real application of other course material.

2012/13 PEO 
Assessment

new

26 5/13
Develop Strategic Plan. Develop short/long term plan 

for exactly what is needed for program to grow and 
sustain same level of experience for students.

2013 Advisory 
Committee 

Meeting
new

27 5/13
DOE in MES 305. Review lecture material in MES 305 

on DOE to improve coverage of background, plan to 
control variability, and data collection sheet. 

2012/13 
Assessment

new

28 5/13

DOE in MES 405 - 2013. Include new material 
developed for MES 305 to help students with 

background, plan to control variability, and data collection 
sheet.

2012/13 
Assessment

new

29 5/13

Writing in MES 305, Update post-lab assignments in 
MES 305 to put more emphasis on learning to analyze, 

interpret and draw conclusions from data. Consider using 
1 report format and then introduce others in MES 405.

2012/13 
Assessment

new

30 5/13

Review Labs in MES 305. feedback: some labs may 
have contained too many repetition/trials so time was 

spent on developing many graphs/tables instead of data 
analysis, better pre-lab to set stage for lab, focus on basic 

analysis/developing conclusions before bring in detailed 
statistical analysis.

2013 end of 
semester 
feedback

new

31 5/25

Explore Impact of Non-Citizenship. Since the 
program works so closely with NAVAIR, the issue of a 

student's citizenship status needs to be addressed and 
solved before the problem comes up.

2013 Annual 
MES Review

new
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Table 4-37: Continuous Improvement Activity Based on 2011/12 Assessment Cycle 

 

Ref 
#

Added Description
Source Of 
Change / 

Motivation
Update Status

9 8/12

Capstone Final Report. In reviewing student work 
from capstone design, suggestions were made 1) clearly 
document process for lower level design decisions like 

material, 2) highlight need to review factors of safety that 
are too high, 3) give direction in report for ethics and 

impact to society. 

2011/12 
Assessment

Points were 
emphasized during 

2013 senior design and 
assessment team saw 
improvement. Monitor 

1 more year.

open

10 8/12
Improvements to Assessment Rubrics. Assessment 
group suggested various changes to assessment rubrics.  

See July 25 Minutes for details.

2011/12 
Assessment

All rubrics have been 
updated as 

recommended. 

closed

11 8/12

Documenting Steps in Design Process. The design 
projects in MES 401/2 needs to be updated to ensure 

students are clearly instructed to document all aspects of 
their design process.

2011/12 
Assessment

This point was 
emphasized for the 

2013 capstone design 
and assessment team 

saw improvement.

closed

12 8/12
Researching and Documenting Sources. Assignment 
will be added to MES 300 to practice the skill of finding, 

summarizing and documenting research findings.

2011/12 
Assessment

Action not completed 
spring 2013. Must be 

done  F 2014

open

13 8/12

Documentation of Research. All formal writing 
requirements in MES 300, MES 305, MES 405 and MES 
401/402 will be updated to emphasize the requirement to 

clearly document research.

2011/12 
Assessment

Emphasis was made 
in courses and impact 
should be seen in 2012-
2013 assessment data.

closed

14 8/12
Ethics. Assignment to reinforce the prof./ethical 

responsibility  will be added to MES 401
2011/12 

Assessment
Ethics assignment 

added to Spring 2013.
closed

15 8/12

Societal Impact. MES 300 and MES 401/402 will be 
reviewed to see how awareness of the impact of 

engineering solutions on society can be better integrated 
into the existing project assignments.

2011/12 
Assessment

 Instructor tried to 
emphasize link between 
the student's work and 
impact on world around 

them. Monitor 1 yr.

open

16 8/12
Societal Impact. Final Report requirements for MES 

401/402 will updated to include a section for students to 
articulate impact project has on society.

2011/12 
Assessment

Done for Spring 2013 closed

17 8/12

Knowledge of Contemporary Issues. An assignment 
for MES 402 will be developed to reinforce the 

knowledge of contemporary issues students get in their 
other courses.

2011/12 
Assessment

Action not completed 
spring 2013. Must be 
done when course is 

offered F 2014

open

18 8/12
Linking Lab/Course Content. The 405 Labs will be 
done while students are taking the courses dealing with 

the lab material.

2012 Annual 
MES Program 

Review

Scheduled to start Fall 
2013

closed

19 8/12
Update MES C&CC. Talk with Jeff Eischen and Andy 

Meyer about joining the Mess C&CC.
2012 Annual 
MES Review

Done. Both accepted. closed

20 8/12
Pursue faculty appointment in MAE for MES 

director
2012 Annual 
MES Review

Appointment was 
made

closed

21 8/12
Review Quiz Questions for assessment of outcome 

"A". 
2012 Annual 
MES Review

Working with MAE to 
improve effectiveness 

of quiz questions.

open
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Table 4-38: Continuous Improvement Activity Before First Assessment Cycle 

 
 
  

Ref 
#

Added Description
Source Of 
Change / 

Motivation
Update Status

1 12/9

Revise BSE Curriculum. Initial Havelock BSE 
curriculum was revised to create the Mechanical 

Engineering Systems concentration.  Change was made 
so that all students in the program could follow and 

graduate under the new curriculum.

Business 
Partners

Curriculum developed 
and implemented

closed

2 6/11 Updated PEOs

Review of 
PEOs after 
curriculum 
revision.

done. 

closed. 
Review will 
fall under 
normal CI 

cycle.

3 1/12

Add project management to MES 300. Students in 
MES 300 had problems managing their design project and 
the same weaknesses were seen in the seniors and their 
project. Will add a module on project management and 

MS Project

Feedback from 
Fall 11 courses

Project Management 
module was added to 
MES 300 as well as a 
Gantt chart homework 

assignment.

closed

4 1/12

Move Machining part of MES 401. The hands-on 
machining part of senior design was good, but took 

critical time away from work on systems requirements 
and architecting. Better to use time in fall and do 

machining in spring

Feedback from 
Fall 11 courses

Machining experience 
was moved to spring 
starting Spring 2013

closed

5 1/12

Project Management Skills. Saw overall weakness in 
project management of project. Will put more emphasis 

on this up front and have clearly defined milestone to help 
student in this area. 

Feedback from 
Fall 11 courses

Additional milestone 
was not added Spring 
2013. Should be done 

next offering.

open

6 1/12
Prerequisite change. After teaching the course twice, 
the need for ST370 as a pre-req. is not necessary and 

removing it will allow for greater flexibility in scheduling.

Program 
director review 

of course 
sequencing

closed

7 2/12

Course Sequencing. Two courses (MAE 314 and 
MAE 310) offered for the MES program were out of 
sequence from other programs. This sequence caused 
more resources to be used. Sequence which eliminated 
this problem and was supported by students and ABET 

committee was developed.

Program 
director review 

of course 
sequencing

Change completed 
and approved by all 

curriculum committees 
Spring 2013

closed

8 5/12

Graded work returned to students . Students notice a 
problem with Raleigh students getting work back before 
they do sometimes. Have talked with Raleigh DE people 

and will monitor problem.

2012 End Of 
Year Student 

Feedback

Working with Raleigh 
staff and professors. 
Situation improving, 
but still needs to be 

monitored.

open
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5. CRITERION 5.  CURRICULUM 

 
An overview of the MES curriculum can be seen in Figure 5-1. The curriculum is designed to 
give students a solid foundation in all key areas of mechanical engineering and to give them 
formal training in a systems engineering approach to the design and realization of integrated 
systems. Students receive 9 credits of introductory engineering science topics (statics, 
dynamics and material properties) and then receive instruction in the program’s four key focus 
areas – mechanical design (12 hours), thermal design (12 hours), controls (6 hours), and 
integrated systems design (4 hours). The course sequence for each of the four focus areas is 
highlighted in grey in Figure 5-1. The thermal and mechanical design sequences both lead to a 
design intensive course (MAE 412 / MAE 415). Engineering science concepts are reinforced in 
three hours of laboratory courses. The program culminates with a two semester capstone design 
experience (7 hours). In all MES courses, key skills necessary for success in the workplace 
such as project management, meeting management, teamwork and communications are 
reinforced. 
 
Specific details about the curriculum are discussed below. 
 

 
Figure 5-1: MES Curriculum Overview/Prerequisite Flowchart 
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A.1 Program Curriculum 
The current MES curriculum can be seen on the following three pages and all courses are based 
on semesters. As discussed on page 3, the current MES curriculum was officially established 
fall 2011 (14EGRMES), and all MES students have followed and graduated under this 
curriculum. Several small revisions have been made to the curriculum based on the continuous 
improvement process. 
 

 Spring 2013 the curriculum was updated as part of a college wide initiative to modify 
the performance requirement in several first-year math and science courses from a C- to 
a C.  

 Spring 2013 a revision was made to modify which semester some courses would be 
taken.  

 
None of these changes have impacted the academic content of the original curriculum 
implemented fall 2011, and all documents included in this report reflect the current curriculum. 
 
Since many of the MES students transfer from a North Carolina community college, the course 
equivalency for core math and science courses found  is provided in Table 5-1; meanwhile, the 
current MES curriculum is in Table 5-2.  
 

Table 5-1: Common Transfer Courses 

 
 
 
A.2 Curriculum Alignment with Program Educational Objectives 
The MES curriculum can be seen in Table 5-2 (page 81) and how it aligns with each PEO is 
discussed below.   
 

NCSU Course Course Description
NC Community College 

Course Hours

MA 141 Calculus I MAT 271 4
MA 241 Calculus II MAT 272 4
MA 242 Calculus III MAT 273 4
MA 341 Differential Equations MAT 285 3
PY 205 Physics I PHY 251 4
PY 208 Physics II PHY 252 4

CH 101 & 102 General Chemistry I CHM 151 4
CSC 112 FORTRAN or C++ CSC 134 3

E101 Introduction to Engineering EGR 150 1
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Table 5-2: MES Curriculum (1/3) 

 

Dept. 
Number

Title Type1
Math & 

Basic  
Sciences

General 
Education Other

Last Two 
Terms the 

Course was 

Offered3

Year 1 - Fall
CH 101 Chemistry - A Molecular Science R 3            Transfer Course4

CH 102 General Chemistry Laboratory R 1            Transfer Course4

E101 Intro To Engr  (EGR 150 at CCC) R 1 SP 13 / F 12 30 / 30

E 115 Intro to Comp. Environ. R 1 SU 12 / FA 12 1 / 5

ENG 101 Academic Writing and Research R 4            Transfer Course4

MA 141 Calculus I R 4            Transfer Course4

EC 205 Fundam. Of Economics R 3            Transfer Course4

Year 1 - Spring
CSC 112/114 Intro Comp. C++ or FORTRAN R 3            Transfer Course4

MA 241 Calculus II R 4            Transfer Course4

PY 205 Physics for Engrs. & Sci. I R 4            Transfer Course4

PE1** Fitness and Wellness Course R 1            Transfer Course4

R 1            Transfer Course4

R 3            Transfer Course4

Year 2 - Fall
MAE 206 Engr. Statics R 3 SP 12 / FA 12 (4 / 6)3

MSE 201 Mech. Prop. Of Structural Materials R 3 FA 12 / FA 11 (7 / 7)3

MA 242 Calculus III R 4            Transfer Course4

PY 208 Physics for Engrs. & Sci. II R 4            Transfer Course4

GC 120 Foundations of Graphics R 3 SU 12 / SU 11 4 / 9

GEP Humanities Requirement

Pys Ed/Healthily Living Elect.

Max Section 
Enrollment for 
the Last Two 

Terms the 
Course was 

Offered2,3,4

COURSE
j (

Hours)
Engineering 

Topics  
Contains 

Significant 
Design 
Content
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Table 5-2: MES Curriculum (Continued – 2/3) 

 

Dept. 
Number

Title Type1
Math & 

Basic  
Sciences

General 
Education Other

Last Terms 
the Course 

was Offered3

Year 2 - Spring
MAE 208 Engr. Dynamics R 3 SP 13 / SP 12 (6 / 2)3

MAE 314 Solid Mechanics R 3 SP 13 / SP 12 (6 / 2)3

MA 341 Applied Diff. Equations I R 3            Transfer Course4

ST 370 Prob & Stat. for Engineers R 3        Internet Based - Max 40

MES 305 MES Lab I R 1 SP 13 / SU 11 7 / 2

R 3

Year 3 - Fall
MAE 301 Engineering Thermodynamics I R 3 SP 12 / SP 11 (6 / 6)3

MAE 308 Fluid Mechanics R 3 FA 11 / FA 10 (2 / )33

MAE 315 Dynamics of Machines R 1 2 FA 11 / FA 10 (2 / 2)3

MES 300 Systems Engineering R 4  SP 13 / F 11 7 / 5

Year 3 - Spring
MAE 316 Strength Of Mechanical Components R 3 SP 12 / SP 11 (2 / 3)3

ECE 331 Princ Of Elec Engr I R 3 FA 12 / FA 11 (6 / 2)3

ENG 331 Comm For Engr & Tech R 3        Internet Based - Max 20

MAE 435 Principles of Automatic Control R 1 2 SP 12 / SP 11 (2 / 2)3

R 3

Year 4 - Fall
MAE 415 Analysis for Mechanical Engr Design R 3  F 12 / F 11 (1 / 4)3

MAE 310 Heat Transfer Fundamentals R 1 2 SP 12 / SP 11 (2 / 3)3

MES 401 Capstone Design I R 3  F 12 / F 11 1 / 4

MES 405 MES Lab II R 2 SU 11 4

GEP Ethics R 3

GEP Additional Breadth Requirement

GEP Social Science Requirement

COURSE
j (

Hours)

Max Section 

Enrollment2,3,4

Engineering 

Topics  
Design 
Content
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Table 5-2: MES Curriculum (Continued – 3/3) 

 
 

Dept. 
Number

Title Type1
Math & 

Basic  
Sciences

General 
Education Other

Last Two 
Terms the 

Course was 

Offered3

Year 4 - Spring
MAE 412 Design of Thermal System R 3  SP 13 / SP 12 (1 / 4)3

MES 402 Capstone Design II R 4  SP 13 / SP 12 1 / 4

R 3
R 2

33 27 9

120

27.5% 22.5% 7.5%

32

25.0%

COURSE
j (

Hours)
Max Section 

Enrollment for 
the Last Two 

Terms the 
Course was 

Offered2,3,4

Engineering 

Topics  
Contains 

Significant 
Design 
Content

GEP Interdisciplinary Perspective Req.

3. Section enrollment numbers are for local section. All MAE courses also had a maximum of 70 Raleigh students participating in the course.
4. Course taken before transfer into the MES program. Most current MES students take course from Craven Community College and average section 
enrollment is less than 15.

37.5%

TOTALS-ABET BASIC-LEVEL REQUIREMENTS 51

1.  Required courses are required of all students in the program, elective  courses (often referred to as open or free electives) are optional for students, and 
selected elective  courses are those for which students must take one or more courses from a specified group. 

2. For courses that include multiple elements (lecture, laboratory, recitation, etc.), indicate the maximum enrollment in each element. For selected elective 
courses, indicate the maximum enrollment for each option.

OVERALL TOTAL CREDIT HOURS FOR 
COMPLETION OF THE PROGRAM 

PERCENT OF TOTAL 42.5%

Total must satisfy 
either credit hours 

or percentage

Minimum Semester Credit Hours 48

Minimum Percentage

GEP Interdisciplinary Perspective Req.
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PEO #1: Obtain entry level engineering positions and engage in the professional practice of 
mechanical engineering systems, or be enrolled in graduate school.  
 

All courses in the MES curriculum contribute to the students being prepared to engage 
in the professional practice of mechanical engineering systems or attend graduate 
school. Students receive the foundation required for success in their engineering courses 
through 30 hours of math and basic sciences, including Chemistry, Calculus based 
Physics, Calculus I-III, differential equations and statistics. With this foundation, 
students receive 9 credits of introductory engineering science topics (statics, dynamics 
and material properties) and then receive instruction in the program’s four key focus 
areas – mechanical design (12 hours), thermal design (12 hours), controls (6 hours) and 
integrated systems design (4 hours). The thermal and mechanical design sequences both 
lead to a design intensive course (MAE 412 / MAE 415) where students are required to 
apply their theoretical knowledge to solve simulated design problems. These design 
courses provide the student with training and experience in using their basic engineering 
science knowledge for problem solving. All course concepts are reinforced in three 
hours of laboratory courses. The program culminates with a two semester capstone 
design experience (7 hours) where students must solve a real-world design problem that 
incorporates engineering standards and multiple realistic constraints. In all MES 
courses, key skills necessary for success in the workplace such as project management, 
meeting management, teamwork and communications are reinforced. Students interact 
with practicing professionals in the capstone design courses, Systems Engineering 
course and various other activities with NAVAIR (see page 1 for a description of 
NAVAIR). The theoretical foundation built in all of the courses gives MES students the 
academic skills necessary to perform well in graduate school. 

 
PEO #2: Establish themselves as problem solvers in the workplace through the practical 
application of mechanical engineering systems knowledge and skills. 
 

The MES curriculum is designed to emphasize the practical application of engineering 
theory so students become solid problem solvers. With each key focus area in the 
program (mechanical design, thermal design, controls and integrated systems design), 
students are required to apply their theoretical engineering science knowledge as 
follows: 
 
Mechanical Design 

Students receive engineering science knowledge for mechanical design in MAE 
314, MAE 315 and MAE 316 and then are required to apply this knowledge in 
MAE 415 – Analysis for Mechanical Engineering Design. In MAE 415, students 
are given a series of simulated real-world design problems to solve where they 
must apply the theoretical knowledge learned in previous courses. 

 
Thermal Design 

Students receive engineering science knowledge for thermal design in MAE 
301, MAE 308 and MAE 310 and then are required to apply this knowledge in 
MAE 412 – Design of Thermal Systems. In MAE 412, students are given a 
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series of simulated real-world design problems to solve where they must apply 
the theoretical knowledge learned in previous courses. These design problems 
include balancing multiple constraints and consideration of the ethical and 
economic impact of their design decisions. 

 
Controls 

Students receive a basic foundation in electrical engineering concepts in ECE 
331 and then in control theory with MAE 435. MAE 435 also requires students 
to apply their theoretical knowledge to solve a physical control problem. 
Students are given a physical system such as an inverted pendulum or vertical 
lift device and are required to model, design and implement a control system for 
the device. Their designs are tested and evaluated on the physical system in the 
MAE 435 laboratory facility in Raleigh and documented in a formal technical 
report. 

 
Integrated Systems Design 

In MES 300, students receive training in a formal systems engineering approach 
to the design of integrated systems and then apply this knowledge in the design 
and realization of an integrated automated system. Engineers from NAVAIR 
pose as customers and present the students with a design challenge which 
requires an automated system. Students perform all aspects of the systems 
engineering process including requirements definition, system architecture, and 
detailed design and then implement their design using the Lego NXT platform. 

 
PEO #3: Function effectively in a professional environment by utilizing written and oral 
communication, teamwork, project management and leadership skills and their ability to view 
their own work in a broader context.  
 

The MES curriculum gives students training and practice in the skills necessary to 
effectively function in a professional environment as described below. 
 
Communication 

Students receive basic instruction in communications through their general 
education courses ENG 101 (Academic Writing and Research) and ENG 331 
(Communication for Engineering and Technology). They receive further 
instruction on business communications in MES 300 and MES 405. Students are 
required to practice their written skills in MES 300, MES 305, MES 405, MES 
401/2, MAE 435, MAE 415 and MAE 412. Students are required to practice 
their oral communications skills in MES 300, MES 305, MES 405, and MES 
401/2. In MES 300 and MES 401/2, students deliver numerous technical 
presentations for and receive feedback from practicing engineers. 

 
Teamwork/Leadership Skills 

Beginning with their freshman introductory engineering course (E101), MES 
students are instructed on and required to work in teams. Students conduct 
several laboratory exercises in teams in MES 305 and MES 405. Students solve 
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design problems in teams in MES 300, MAE 435, MAE 415, MAE 412, and 
MES 401/2. In MES 300, students are introduced to team/leadership skills such 
as developing an effective meeting agenda, effectively leading a meeting, taking 
notes during meetings, effective use of action items, and how to effectively 
create and use meeting minutes. They are then required to practice these skills in 
the management of their two semester capstone design project. 

 
Project Management 

MES students receive formal training in project management in MES 300, 
including the development of a project Work Breakdown Structure and detailed 
Gantt chart. Students are required to apply this training in managing their two 
semester capstone design project. 

 
Viewing Work in Broader Context 

The University General Education requirement for all degrees gives MES 
students the broad knowledge necessary to view their work in a broader context. 
The General Education requirements not specified as specific degree 
requirements (math, science and English), can be seen in the worksheet used for 
community college students shown in Figure 5-2 on page 87.  Notice students 
are required to take a broad range of courses including humanities, social 
science, visual and performing arts, and interdisciplinary studies. In addition, 
students must ensure at least one course gives them a foundation in global 
knowledge and one course gives them knowledge of US diversity. Together 
these courses complement the technical content of the MES curriculum. 

 
PEO #4: Continuously improve and expand their technical and professional skills through 
formal study, as well as through informal means. 
 

Like any engineering curriculum, the engineering science and design courses taken by 
the MES students teach them how to learn. They are often presented with problems that 
require them to research and learn new techniques. This ability to learn will allow them 
to continuously improve and expand their technical knowledge. 
 

A.3 Curriculum Support of Student Outcome Attainment 
The MES curriculum can be seen in Table 5-2 (page 81) and Figure 5-1 (page 79) and how it 
aligns with the student outcomes is shown below in Table 5-3. A “C” indicates the course 
contributes to the attainment of the objective and an “X” indicates course material is also used 
to assess the outcome. Discussion on how the MES curriculum supports the attainment of each 
outcome follows.  
 
Outcome A: To demonstrate the ability to apply knowledge of mathematics, science, and 
engineering, students at the time of graduation should be able to: 

 a1: apply knowledge of mathematics and science including multivariate calculus, and 
differential equations  

 a2: apply knowledge of  statics, dynamics, solids, thermal science, fluid mechanics and 
material science 
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Figure 5-2: MES General Education Requirements 
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As can be seen in Table 5-3, most courses in the MES curriculum support Outcome A. 
The early math and science courses (Calculus I-III, Differential Equations, physics, 
and chemistry) give the foundation for outcome a1 and the basic engineering science 
courses (MAE 206, MSE 201, MAE 208, MAE 314, MAE 315, MAE 301, MAE 308, 
MAE 316, MAE 310, ECE 331, and MAE 435). Students apply calculus in most of 
their engineering science courses and specifically apply differential equations in MAE 
435. 
 
In support of a2, each engineering science course requires students to apply their 
knowledge to homework or project problems and their engineering science knowledge 
is also applied during the detailed design phase of the design courses (MAE 415 
(Mechanical Systems), MAE 412 (Thermal Systems), and MES 401/2 (Capstone 
Design).  
 
In MES 305 and MES 405, students apply their knowledge of statics, dynamics, 
thermal sciences, fluid sciences and material sciences by performing laboratory 
exercises to confirm theory learned in their engineering science courses. 

 
Outcome B: To demonstrate the ability to design and conduct experiments, as well as to 
analyze and interpret data, students at the time of graduation should be able to: 

 b1: design and conduct engineering laboratory tests  
 b2: collect, analyze and interpret data 

 
The two semester lab experience (MES 305 – 1 hour & MES 405 – 2 hour) is 
designed to directly support Outcome B.  
 
In support of b1, both courses have a project where students are required to go through 
a formal design of the experiment process to design and conduct their own laboratory 
experiment answering engineering related question. Requirements for the 
experimental design can be seen in Table 5-4.  
 
To learn proper procedures for conducting an engineering laboratory test, both courses 
also have some experiments where students must follow prescribed laboratory 
procedures.  
 
In all of the experiments, students are required to collect, analyze and interpret data. 

 
Outcome C: To demonstrate the ability to design a system, component, or process to meet 
desired needs within realistic constraints such as economic, environmental, social, political, 
ethical, health and safety, manufacturability, and sustainability; students at the time of 
graduation should be able to: 
 

 c1: understand problems and identify all system requirements, including each aspect of 
the product life cycle and any constraints 

 c2: generate possible solutions to satisfy all requirements and model, evaluate and select 
the best solution 
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Table 5-3: MES Curriculum and Student Outcomes 

 

Dept. / # Title a b c d e f g h i j k
Year 1 - Fall

CH 101 Chemistry - A Molecular Science C
CH 102 General Chemistry Laboratory C
E101 Intro To Engineering & Prob. Solving C C C C
E 115 Introduction to Computing Environments C

ENG 101 Academic Writing and Research C
MA 141 Calculus I C

Year 1 - Spring
CSC 112/114 Intro Comp. C++ or FORTRAN C

MA 241 Calculus II C
PY 205 Physics for Engrs. & Sci. I C

Year 2 - Fall
MAE 206 Engr. Statics C C
MSE 201 Mech. Prop. Of Structural Materials C C
MA 242 Calculus III C
PY 208 Physics for Engrs. & Sci. II C
GC 120 Foundations of Graphics C C

Year 2 - Spring
MAE 208 Engr. Dynamics C C C
MAE 314 Solid Mechanics C C
MA 341 Applied Diff. Equations I C
ST 370 Prob & Stat. for Engineers C

MES 305 MES Lab I C X C X C C
Year 3 - Fall

MAE 301 Engineering Thermodynamics I C C C C C C
MAE 308 Fluid Mechanics C C
MAE 315 Dynamics of Machines C C
MES 300 Systems Engineering X X X C C

Year 3 - Spring
MAE 316 Strength Of Mechanical Components C C C
ECE 331 Princ Of Elec Engr I C C
ENG 331 Comm For Engr & Tech C C
MAE 435 Principles of Automatic Control C X C X X X X

Year 4 - Fall
MAE 415 Analysis for Mechanical Engr Design C X X X X X C X X
MAE 310 Heat Transfer Fundamentals C C C C C C
MES 401 Capstone Design I C C C C C C C C C C
MES 405 MES Lab II C X C C X C C

General Education - Ethics C C C
Year 4 - Spring

MAE 412 Design of Thermal System C X C X X X X X
MES 402 Capstone Design II C X X X X X X X X X

C CGen Ed Hum/Social Sci/Interdisciplinary Perspective

Student OutcomeCOURSE
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Table 5-4: Design of Experiment Requirements 
Ref 
# 

Dimension 3: Excellent 

1 Objective  Clear statement of the purpose of the experiment. 

2 
Background 
Information 

 All relevant background information is identified and presented  
 Relevant information concerning bias and repeatability of 

measurement equipment is given. 
 Relevant outcomes from previous experiments are listed.  

3 
Identification of 

Experimental 
Variables 

 All response variables are clearly identified 
 All independent variables (factors) are clearly identified along 

with the exact levels to use for each 
 All key background variables have been identified 

4 
Plan to Measure 

Variables 

 The method to measure each variable has been identified 
 The range and resolution of the selected measurement method is 

appropriate for information to be measured 

5 
Plan to Control 

Variability 
 How the impact of each background variable will be minimized 

has been identified 

6 Experimental Plan 

 Plan is clearly presented 
 Plan utilizes appropriate replication 
 Randomization is used when possible to spread out impact of 

background variables 

7 
Experimental 
Procedures 

 Experimental procedures clearly define how to conduct 
experiment 

 Any procedures necessary to reduce variation are documented in 
procedures. 

8 
Plan For 

Calculations 
 Any special calculations and conversions required during the 

experiment have been clearly explained and documented.  

9 
Data Collection 

Sheet 

 Data collection sheet (or plan for how to collect in lab notebook) 
has been clearly documented. 

 Data collection sheet includes all key information that must be 
documented for the experiment including units. 

 Data collection sheet includes a place for any required 
intermediate calculations. 

 Data collection sheet includes a place to document that any key 
procedures required to reduce variation have been followed. 

10 Data Analysis Plan 
 Summary has been given that explains the basic approach for 

analyzing data collected from experiment. 

11 
Materials/Resources 

Required 
 All materials and other resources (equipment) required for the 

experiment have been documented. 

 
 c3: perform detailed design on selected solution to design a product to meet defined 

requirements that include multiple constraints  
 c4: manage product realization process, including formal project management and 

testing  
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Students must design components and/or systems with multiple realistic constraints 
in MES 300, MAE 412, MAE 415, and MES 401/2.  
 
MES 300 and MES 401/2 put specific emphasis on c1, c2, and c4. As described on 
page 97 under Description of the MES Design Process, students are taught a formal 
procedure for detailed requirements definition (c1) and then must perform 
requirements definition in their MES 300 and MES 401/2 projects. In both courses, 
they are also required to generate multiple alternatives and perform a formal 
evaluation to select the preferred alternative (c2).  
 
Students are taught the tools of project management and system testing in MES 300 
and then expected to utilize the tools to manage their two semester capstone design 
project (c4).  
 
Seen in Figure 5-1 on page 79, MAE 412 (Thermal Design) and MAE 415 
(Mechanical Design) are the keystone courses for two of the key focus areas in the 
curriculum. In each focus area, students receive engineering science knowledge that 
builds up to a design course (MAE 412 & MAE 415) where they are required to 
apply this knowledge performing detailed engineering design (c3). In MAE 435, 
students must utilize knowledge of differential in the design and implementation of 
control systems.  
 
  

Outcome D: To demonstrate the ability to function on multidisciplinary teams, students at the 
time of graduation should be able to: 

 d1: plan and conduct effective team meetings  
 d2: identify team roles and perform as a contributing member of an engineering design 

team  
 
Teamwork is an integral part of the MES curriculum. Students are introduced to 
team concepts in E101 and participate in a team based design project.  
 
In MES 300, students are given more instruction in effectively performing on a team 
and are taught techniques for effectively planning, conducting, and documenting 
team meetings.  
 
MES students have significant team based design projects in MES 300 and MES 
401/2 and smaller team based projects in MAE 415, MAE 412, and MAE 435.  
 
In MES 401/2, students are required to plan, conduct, and document at least one 
team meeting based on expectations shown in Table 5-5. 
 

Outcome E: To demonstrate the ability to identify, formulate, and solve engineering problems, 
students at the time of graduation should be able to: 
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Table 5-5: Team Meeting Expectations 

Ref # Dimension 3: Excellent 

1 Agenda  Agenda was prepared before the meeting and given to participants 

2 Conduct Meeting  Group leader followed agenda 

3 Facilitate Discussion 

 Group leader kept meeting on topic 
 Group leader was able to bring closure (action or decision) to topics. 
 Group leader was able to identify important issues that came up during 

the meeting and take appropriate action (document information, create 
action,…)  

4 Minutes – Heading  All key information about the meeting is clearly documented including 
date of meeting and participants. 

5 
Minutes – Overview 

of Meeting 

 A clear picture of what went on during the meeting is given. 
 Sequence of events during the meeting is given. 
 Minutes will give someone not present a general idea of what was talked 

about during the meeting. 

6 
Minutes - 

Documentation 

 Relevant information from the discussion is clearly documented. 
 Information that may be used later or is of interest to people outside of 

the meeting is clearly documented. 
 Information you want others to know is clearly documented. 

7 Minutes – Decisions  All decisions made at meeting are clearly listed. 

8 Minutes - Actions 
 All action items from meeting are clearly listed.  
 When appropriate, due dates and person responsible are listed 

 
 e1: identify, formulate, and solve engineering problems including utilizing knowledge 

of thermal and mechanical systems 
 
All engineering courses in the MES curriculum require students to demonstrate their 
ability to identify, formulate, and solve engineering problems. The early engineering 
science courses (MAE 206, MSE 201, MAE 208, MAE 314, MAE 301, and ECE 331) 
focus mainly on teaching the students to solve engineering problems. The later 
engineering science courses (MAE 315, MAE 308, MAE 316, MAE 310, and MAE 
435) include some open ended problems where students learn to identify and 
formulate engineering problems. The design courses (MES 300, MAE 415, MAE 412, 
and MES 401/2) allow students to demonstrate their ability to identify, formulate and 
solve engineering problems. As discussed on page 84 and shown with the grey boxes 
in Figure 5-1 on page 79, two of the curriculum’s key focus areas give students 
training and experience in mechanical systems (MAE 314, MAE 315, MAE 316 and 
MAE 415) and thermal systems (MAE301, MAE 308, MAE 310 and, MAE 412). 

 
Outcome F: To demonstrate an understanding of professional and ethical responsibility, 
students at the time of graduation should be able to: 

 f1: comprehend the use of ethical codes in engineering  
 f2: demonstrate professional behavior  
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MES students are introduced to engineering ethics in E101 and receive further 
instruction in MAE 415 and MES 401/2. In all of these courses, students practice 
applying ethical codes to engineering situations through an ethics oriented case study 
and in MES 401/2 students are required to discuss the ethical dimensions of their 
capstone design project. In MES 300, students receive instruction on appropriate 
professional behavior and are evaluated by industry representatives in MES 300 and 
MES 401/2. 
  

Outcome G: To demonstrate an ability to communicate effectively, students at the time of 
graduation should be able to: 

 g1: effectively communicate through a formal oral presentation  
 g2: communicate through writing, including technical and business reports 
 g3: communicate using graphic communication skills, including visual aids and 

engineering drawings  
 
In support of g1, MES students receive instruction on preparing and delivering oral 
presentations in E101, MES 300, ENG 331, and MES 401. Students must develop and 
deliver oral presentations in E101, MES 305, MES 405, MES 300, MES 401 and MES 
402. In MES 300 and MES 401/402, the oral presentations are evaluated by practicing 
engineers and students receive individual feedback to help develop their presentation 
skills.  
 
In support of g2, MES students receive instructions on technical and non-technical 
writing in E101, ENG 101, MES 405, and ENG 331. In MES 405, students are 
required to write in various forms including formal academic lab reports, technical 
reports, and memoranda. Students must prepare formal design reports in MAE 415, 
MAE 435, MAE 412, and MES 401/402. In MAE 401/402, students are also required 
to write formal meeting agenda and meeting minutes. 
 
In support of g3, students are introduced to sketching in E101 and receive instruction 
in formal engineering drawing using Solidworks in GC 120. Students are required to 
produce various engineering drawings for projects and 3 dimensional models in their 
design courses and a full 3 dimensional model and drawing package for their 
Capstone Design Project. In all oral and written communications, students are 
expected to produce high quality graphics including graphs, diagrams, and drawings. 
  

Outcome H: To demonstrate the broad education necessary to understand the impact of 
engineering solutions in a global, economic, environmental, and societal context, students at the 
time of graduation should be able to: 

 h1: express satisfaction that their education at NC State has helped them to understand 
the impact of engineering solutions in a global and societal context 

 
The University General Education Requirement (GER) for all degrees gives MES 
students the knowledge necessary to understand the impact of engineering solutions in 
a global, economic, environmental, and societal context. The GER not specified as 
specific degree requirements (math, science and English), can be seen in the 
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worksheet used for community college students shown in Figure 5-2 on page 87. 
Notice students are required to take a broad range of courses including humanities, 
social science, visual and performing arts, and interdisciplinary studies. In addition, 
students must ensure that at least one course gives them a foundation in global 
knowledge, one knowledge of US diversity, one in economics, and one in ethics. 
These courses along with discussions in MAE 415 and MES 401/402 prepare students 
to understand the technical and non-technical impact of their engineering solutions, 
and to understand contemporary issues and their relevance to engineering. 

 
Outcome I: To demonstrate recognition of the need for and an ability to engage in life-long 
learning, students at the time of graduation should be able to: 

 i1: show that they appreciate the need for further education and self-improvement  
 i2: locate, read, evaluate and reference peer-reviewed technical literature  

 
Beginning with E101 and continuing with all engineering courses, students are shown 
the need for and taught how to teach themselves how to learn. MES students are often 
presented with problems that require them to research and learn new techniques. This 
ability to learn prepares them to continuously improve and expand their technical 
knowledge. In MES 305, MES 405, MAE 415, and MES 401/2, students are expected 
to perform and document research in support of their engineering problem solving.  

 
Outcome J: To demonstrate knowledge of contemporary issues, students at the time of 
graduation should be able to: 

 j1: show that they have been exposed to various modes of inquiry into human nature and 
experience, organization and change in human societies, and the nature of the world. 

 
See discussion above for Outcome H on page 93. 
 

Outcome K: To demonstrate the ability to use the techniques, skills, and modern engineering 
tools necessary for engineering practice, students at the time of graduation should be able to: 

 k1: use modern tools to aid in the analysis of engineering problems  
 k2: perform detailed calculus-based analysis using hand calculations and computer tools 

 
In the MES curriculum students are introduced to tools to aid in the analysis of 
engineering problems beginning with Microsoft Excel in E101. Students are 
introduced to MATLAB in MAE 206 and build on this knowledge by using Simulink to 
model and analyze dynamic systems in MAE 435. Students use LabView for data 
capture and analysis in MES 305 and MES 405 and Microsoft Project in MES 300 
and MES 401/2. Students often utilize ANISYS to aid in the strength analysis on their 
Capstone Design project.  

 
A.4 Program Prerequisite Structure 
The MES pre-requisite structure is shown in Table 5-6 (page 96) and in flow chart form in  
Figure 5-1 (page 79).  There is one anomaly in the MES prerequisite structure. In the 
University Catalog, MAE 412 has a prerequisite of MAE 302 (Thermodynamics II). MES 
students take MAE 301 (Thermodynamics I), but they do not take MAE 302. To best 
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accommodate the working night student, the curriculum committee felt it was important to keep 
the MES program hours at 120, so MAE 302 was not included. MAE faculty consulted and the 
consensus was that an exception could be made for the MES students. In the words of the 
course coordinator for MAE 412, Dr. Peter Corson, “MAE 302 is not an absolute prerequisite 
for MAE 412.  MAE 302 is desirable because the course includes a heat exchanger design 
project that is taken from a power cycle.  However, the student's knowledge of power cycles is 
background info, not something that is directly applicable to the project solution.”  At the 
discretion of the faculty, this exception is granted as a blanket prerequisite exception from the 
MAE department for students enrolled in the MES program is Havelock only. Resident MAE 
students must fulfill the prerequisite. 
 
A.5 Program Hours and Depth of Study 
The curriculum for the MES program is shown in Table 5-2 (page 81) and Figure 5-1 (page 
79).  A total of 120 semester hours are required for the MES degree, including 33 semester 
hours (27.5%) of mathematics and basic science, 51 semester hours (42.5 %) of engineering 
topics, 27  semester hours (22.5%) of general education courses, and 9 semester hours (7.5 %) 
of other course credit. This distribution makes the MES program well balanced in its course 
offerings and satisfies the ABET curriculum requirements as follows: 
 
1 Year (30 hours) Math/Basic Science 

The 33 hours of basic math and science in the MES curriculum includes chemistry, 
calculus based physics, Calculus I-III, Differential Equations and Statistics. Both the 
chemistry and physics courses require a laboratory course which gives the students 
experimental experience. 
 

1.5 Years (45 hours) Engineering Topics 
As discussed in detail under PEO #2 starting on page 84, the 51 engineering topics 
hours in the MES curriculum includes 9 credits of introductory engineering science 
topics (statics, dynamics and material properties) and then instruction in the program’s 
four key focus areas – mechanical design (12 hours), thermal design (12 hours), 
controls (6 hours) and integrated systems design (4 hours). In each of the four focus 
areas, students receive a foundation in engineering science and then are required to 
practice their theoretical knowledge by conducting engineering design. The engineering 
science knowledge is further reinforced in three hours of laboratory courses.  

 
General Education Component 

As discussed on page 86 under Viewing Work In A Broader Context, the MES 
curriculum includes a broad range of general education requirements that helps students 
view their technical work in a broader context and complements the MES technical 
requirements. The curriculum meets the NC State GER. 

 
Major Design Experience 

The MES curriculum offers students two major design experiences. In MES 300, 
students are taught a systems engineering approach to design and then given a simulated 
problem that requires them to design and build an integrated system using the Lego 
NXT platform. MES 401/402 is a two semesters (seven hour) capstone design project. 
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Table 5-6: MES Prerequisite Structure 

 

Dept. 
Number

Title

Hours Prerequisite Corequisite
Year 1 - Fall

CH 101 Chemistry - A Molecular Science 3 Eligibility for MA 107 CH 102

CH 102 General Chemistry Laboratory 1 None CH 101

E101 Intro To Engr  (EGR 150 at CCC) 1

E 115 Intro to Comp. Environ. 1 None

ENG 101 Academic Writing and Research 4

MA 141 Calculus I 4 Placement Exam

Year 1 - Spring
CSC 112/114 Intro Comp. C++ or FORTRAN 3

MA 241 Calculus II 4 MA 141 with grade of C- or better

PY 205 Physics for Engrs. & Sci. I 4 MA 141 with a grade of C- or better

Year 2 - Fall
MAE 206 Engr. Statics 3 2.5 GPA, >C in MA 241, PY 205

MSE 201 Mech. Prop. Of Structural Materials 3 C or better in CH 101

MA 242 Calculus III 4 MA 241 with grade of C- or better

PY 208 Physics for Engrs. & Sci. II 4 >C- in PY 205 and >C-  in MA 241

GC 120 Foundations of Graphics 3 None

Year 2 - Spring
MAE 208 Engr. Dynamics 3 2.5 GPA, MA 242, >C- in MAE 206

MAE 314 Solid Mechanics 3 MA 242, >C- in MAE 206 or  CE 214 MSE 200 or 201

MA 341 Applied Diff. Equations I 3 MA 242 or (MA 132 and MA 231)

ST 370 Prob & Stat. for Engineers 3 MA 241

MES 305 MES Lab I 1 MSE 201, MAE 206

Year 3 - Fall
MAE 301 Engineering Thermodynamics I 3 MA 242, PY 208 or PY 202

MAE 308 Fluid Mechanics 3 MA 242, >C- in MAE 208 or CE 215 MA 341 and MAE 301

MAE 315 Dynamics of Machines 3 MA 3415, >C- in MAE 208

MES 300 Systems Engineering 4 C- or better in MAE 206

Year 3 - Spring
MAE 316 Strength Of Mechanical Components 3 C- or better in MAE 314 or CE 313

ECE 331 Princ Of Elec Engr I 3 > C in MA 241, PY 208

ENG 331 Comm For Engr & Tech 3 Junior standing. 

MAE 435 Principles of Automatic Control 3 (MA 341 or MA 301), and MAE 315

Year 4 - Fall
MAE 415 Analysis for Mechanical Engr Design 3 MAE 315 and MAE 316

MAE 310 Heat Transfer Fundamentals 3 MA 341 C- or better in MAE 301 MAE 308

MES 401 Capstone Design I 3 MAE 316, MES 300 MAE 415, MAE 310

MES 405 MES Lab II 2 MES 305, MAE 314, MAE 308 MAE 435, MAE 310

Year 4 - Spring
MAE 412 Design of Thermal System 3 MAE 302, MAE 308, MAE 310

MES 402 Capstone Design II 4 MES 401

COURSE
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In the capstone experience, students are given a real-world design problem which 
includes multiple realistic constraints and are expected to perform all aspects of the 
systems engineering process to produce a working prototype or a production ready 
drawing package. To date, all design projects have been active work projects supplied 
by the Support Equipment department at NAVAIR. The students’ designs were 
fabricated by NAVAIR and utilized in a production environment. Further discussion of 
the design experiences is given below starting on page 97. 

 
Program Criteria 

In addition to the ABET Engineering Criteria above, the American Society of 
Mechanical Engineers (ASME) requires that Mechanical Engineering and similarly 
named programs satisfy the following.  

 
1. Curriculum  

The curriculum must require students to apply principles of engineering, basic 
science, and mathematics (including multivariate calculus and differential 
equations); to model, analyze, design, and realize physical systems, components or 
processes; and prepare students to work professionally in both thermal and 
mechanical systems areas.  

The discussions above under Outcome A (page Error! Bookmark not 
defined.), Outcome C (page Error! Bookmark not defined.), and Outcome E 
(page 91) show that the MES curriculum satisfies the curriculum requirements 
above. 

 
2. Faculty  

The program must demonstrate that faculty members responsible for the upper-level 
professional program are maintaining currency in their specialty area. 

The discussion under faculty professional development on page Error! 
Bookmark not defined. shows the faculty responsible for the upper-level 
courses in the MES program is well qualified and maintain currency in their 
specialty areas. 

 
A.6 Major Design Experience 
The MES curriculum offers students two major design experiences. In MES 300, students are 
taught a systems engineering approach to design and then given a simulated problem that 
requires them to design and build an integrated system using the Lego NXT platform. In MES 
401/402, students apply the design process learned in MES 300 to a real design problem 
provided by an industry sponsor.  
 
Description of the MES Design Process 
 
The design process utilized in both major design experiences follows the systems engineering 
V-Model, and the process used for the left side of the “V” can be seen in Figure 5-3. The 
design process is presented in conceptual terms (what is accomplished in each phase) on the 
left side of Figure 5-3. The right side shows the formal steps in the systems engineering process 
and the specific tasks performed. Built in to the design process are three formal technical 
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reviews – Systems Requirements Review (SRR), Preliminary Design Review (PDR), and 
Critical Design Review (CDR). Each review has specific entrance and exit criteria that students 
must satisfy before they continue with their design process. The entrance and exit criteria for 
each review can be seen below in Figure 5-4 (SRR), Figure 5-5 (PDR), and Figure 5-6 (CDR). 
In both MES 300 and MES 401/2, the audience and decision makers for all design reviews are 
practicing engineers. 
 

 
Figure 5-3: MES Systems Design Approach 
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Figure 5-4: Summary of Requirements for SRR 

SYSTEM REQUIREMENTS REVIEW 
 
Objectives 

 Ensure the customer and the design team are in complete agreement concerning the system to be 
designed - WHAT the system must do, where it will do it, in what conditions it must do it, how 
long it must do it,…etc. 

 Ensure design team and customer agrees on all project deliverables (Scope of project).  
 Ensure the design team and the customer agrees on how the performance of the final system will 

be evaluated (Verified/Validated) – measures of effectiveness, acceptance requirements? 
 Ensure the design team fully understands all of the requirements of the system to design. This 

includes the key aspects customer expects to be considered during design such as cost, reliability, 
maintainability, producibility, usability (ergonomics), supportability, and disposability. 

 Ensure the design team understands everything about the project, product and customer that is 
necessary to make the customer completely satisfied when the product is delivered.  

 
Steps Completed In Systems Engineering Process 
 

 Operational Definition 
 Systems Requirements Definition/Analysis 

 
Entrance Criteria 

 
ITEM 

Design Team 
Assessment 

 
Notes 

Instructor 
Check 

Agenda for SRR Distributed Before Review    
Engineering Plan Distributed Before 
Review 

   

Project Background    
Description of Need    
Presentation of Requirements    
Initial System Verification Plan    
Project Deliverables    
Project Management Information    

Team Members and Roles    
Technical Event Plan    
Top Level Project Schedule    

 
 
Exit Criteria 

Item Design Team 
Sign Off 

Review Team 
Sign Off 

All action items from SRR completed   
Documented Customer Approval of the following:   

List of Customer Needs    
System Level Requirements Matrix   
System Level Measures of Effectiveness   
Initial Verification Plan   
Project Deliverables   
Top Level Project Timeline   
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Figure 5-5: Summary of Requirements for PDR 

PRELIMINARY DESIGN REVIEW 
 
Objectives 

 Ensure that the system design has a high probability of success before money and other resources 
are committed by moving on to detailed design.   

 Ensure system design captures all requirements defined at the SRR. 
 Ensure all technologies utilized in the system design are mature enough for system success. 
 Ensure the review team understands everything about the design that is necessary to make an 

informed decision on its probability of success. 
 
Steps Completed In Systems Engineering Process 

 System Architecting (Conceptual and Preliminary Design) 
 

Entrance Criteria 

 
ITEM 

Design 
Team 

Assessment 

Instructor
Check 

Systems Requirements Review has been successfully completed 
and all follow up action items have been completed. 

  

The following has been completed and documented in the 
presentation and provided to review team at least 24 hours before 
review:  

  

System Functional Description   
System Alternatives Considered 

 Selection Criteria Including Weighting 
 Research Performed For Analysis or Generation of 

Alternatives 
 Presentation of Design Alternatives 
 Analysis of Each Alternative Including Any Trade Studies 
 Final Outcome 

  

Proposed System Design  
 Description of Overall Design Including Overview Of 

Each Sub-System and any Interface Control Documents 
 Concept of Operation Using Proposed Design showing 

interaction between sub-systems 
 For each key sub-system  

o Presentation Of Requirements (if anything new) 
o Presentation of Alternatives/Sub-System Design 

 

  

Preliminary Analysis Plan   
Preliminary Verification / Validation Plan   
Preliminary Cost Estimate   
 Discussion of Project Risks   
 Project Plan / Schedule Update   

 
Exit Criteria 
 

o System/Sub-System Level Requirements Matrix 
o Interface Documents/Diagrams 
o Presentation /solid model of proposed design 
o Approval from review team to continue 
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Figure 5-6: Summary of Requirements for CDR. (1/2) 

  

CRITICAL DESIGN REVIEW 
 
Objectives 

 Ensure that the design/project has a high probability of success if approval to proceed is given. 
 Ensure that the final system design is complete and ready to proceed to fabrication, demonstration 

and test (hardware /software).   
 Ensure that the system is designed correctly and completely implements all system and sub-

system requirements as defined at the SRR. 
 Ensure that a feasible test plan and prototype production plan are in place which satisfies all cost, 

schedule, risk, safety and other applicable constraints. 
 
Steps Completed In Systems Engineering Process 

 Detailed Design – Iterations of  Operational Definition;  Requirements Definition/Analysis; 
System Architecting 

 
Entrance Criteria 

 
ITEM 

Design Team 
Assessment 

Instructor 
Check 

Preliminary Design Review has been successfully completed and 
all follow up action items have been completed. 

  

System Requirements Updated & Verification Shown   
Detailed Solid Model of entire design   
Engineering Drawing for all manufactured components   
Specifications for all purchased parts   
Hand Calculations – written following good engineering problem 
documentation guidelines 

  

Appropriate Computer Analysis – screen shots of results   
Reconciliation of Hand/Computer Analysis showing all strength 
requirements met 

  

Outside review of analysis and confirmation that all strength 
requirements have been met 

  

Review of Final Design (present results from all reviews at CDR)   
Identification of Critical Safety Items/Processes – presented at 
CDR and appropriate notations on production drawings. 

  

Detailed Test Plan   
Detailed Cost Estimate Update     
Detailed Production Plan   
 Risk Assessment Update   
 Project Plan / Schedule Update   
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Figure 5-6: Summary of Requirements for C (Continued 2/2) 

 
The design process shown in Figure 5-3 and practiced in MES 300 and MES 401/2 can be 
viewed in four main stages – development of system requirements; system architecting; 
detailed design; production, integration and testing.  
 

In the development of system requirements, students perform operational definition 
and requirements analysis to completely define the problem and all that is required from 
their design. During this phase, students are given a general description of the problem 
and are expected to produce a comprehensive list of system and project requirements. 
These requirements will include multiple design constraints and often will be driven in 
part by engineering standards such as safety codes, electrical codes or strength safety 
codes. Example requirements from the 2011/12 and 2012/13 capstone design projects 
can be seen in Appendix E starting on page 220. At the end of phase-I, students are 
ready for SRR. 

 
During system architecting, students develop a conceptual design by generating and 
evaluating alternatives. The selected conceptual design is then analyzed and divided 
into logical sub-systems, if appropriate. Each sub-system is further defined by 
requirements definition, requirements analysis, and system architecting being performed 
on each sub-system. At the end of this phase, approximately 80% of the design is 
defined and students are ready for PDR. 

Exit Criteria 

Item Design Team 
Sign Off 

Review 
Team Sign 

Off 
Final design meets all System Requirements   
A complete detailed presentation of the final design has been 
given 

  

All appropriate engineering drawings have been developed for the 
final design 

  

Specifications have been given for all purchased parts in the final 
design  

  

Hand calculations and computer analysis has been reviewed to 
confirm all strength requirements have been met 

  

Design team has reviewed design for items such as 
manufacturability and usability and satisfied any issues raised. 

  

All critical safety issues have been identified and appropriately 
dealt with 

  

Except for issues raised at CDR, current test plan is acceptable   
Detailed cost estimate has been reviewed and is acceptable   
Production plan has been reviewed and is acceptable   
Project risk assessment has been reviewed and level of project 
risk is acceptable 

  

Project schedule has been reviewed and is acceptable   
All actions items from CDR have been completed.   
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During detailed design, students completely define their design. Tasks performed at 
this stage include the following: 

 Evaluation to finalize all component and material selection decisions. This 
evaluation often requires trade studies and various engineering analysis 
techniques such as strength analysis to determine exact design parameters and 
size, 

 Specification of all purchased parts, 
 Design and drawing of all manufactured parts as well as assembly drawings, 
 Design optimization for life-cycle concerns such as safety, manufacturability, 

reliability, cost...etc., 
 Development of bill of materials and production ready drawings. 

 
During production, integration, and testing, students build or manage the building of 
their design. As each component or sub-system is built, it is tested to verify that it meets 
all requirements before it is combined with other components or sub-systems. This 
process continues until the entire system is complete and tested.  

 
The design experience in each course (MES 300 and MES 401/2) is described below and an 
overview of sample design projects MES students have been involved with can be found in 
Appendix E starting on page 220. Full project information will be on display for the site team, 
but Appendix E gives enough information to show the scope of projects, initial information 
given to the students by the sponsors, the requirements developed by the students during their 
design process, and a representation of their final design. 
 
Design Experience in MES 300 – Systems Engineering 
 
In MES 300, two engineering managers from NAVAIR pose as customers and present the 
students with a simulated design problem set in a manufacturing context. The design problem 
always requires some type of autonomous vehicle and the integration of multiple sensor and 
drive technologies. Students must follow the design methodology to create a working vehicle 
that meets all system requirements using the Lego NXT as the base platform.  
 
A typical problem given to the students can be seen starting on page 221. The problem is more 
structured than a real-world capstone design problem, but it still involves multiple constraints 
and leaves many issues unresolved that students must discover, resolve and document during 
operational definition and requirements analysis. A review of the problem description given on 
page 221 and the requirements developed by the students on page 223 shows the depth of 
analysis performed during the requirements phase. These are used to understand the customer 
needs and translate this understanding into a meaningful set of technical requirements. Since 
the plant in the design problem does not exist for the students to gather information from, they 
are required to formulate questions for any information they need and the instructor and/or the 
mock customers answer the questions. 
Following the design methodology presented earlier, required project milestones are shown in 
Figure 5-7. For all technical reviews, the customers (engineering managers from NAVAIR) are 
the audience and decision makers. 
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The class acts as one systems engineering team 
during the first phase of the project. Together 
they develop the system level requirements and 
have a formal SRR and then perform system 
architecting and have a formal PDR.  
 
At PDR, the system has been architected into 
two main sub-systems and sub-system 
requirements have been developed for each. An example structure from the spring 2013 project 
is given in Figure 5-8.  
 
To simulate a large-scale integrated system 
environment, the class is divided in two 
groups after PDR. and responsibility for 
one sub-system is assigned to each group. 
The groups must now operate as two 
independent companies and all 
communications must come through the 
instructor. The groups perform detailed 
design for their sub-systems and then come 
together for CDR. 
 
After CDR, each independent group is 
responsible for building and testing their 
sub-systems. In line with the V-Model, 
performance of all sub-systems is verified 
against sub-system requirements before 
they are integrated at the next level.  
 
At the internal Systems Integration 
Review, performance of each group’s sub-
system is demonstrated and the groups are 
then allowed to come back together for full 
system integration and testing.  
 
The final system is demonstrated at the formal Systems Verification Review. 
 
The MES 300 project is a major design experience for the students and the simulated real-
world environment provides a rich learning experience. The engineering managers that 
participate in the project do a good job of playing the role of customer and teacher. As the 
customer, they have high expectations of the students and communicate with the students as 
they would in the workplace. In the middle of a formal meeting, they will often stop and 
assume the role of teacher. At this point, they will instruct the students from an industry 

Figure 5-8: Example Structure for MES 300
Design 

17-Jan Initial Meeting With Customer
7-Feb System Requirements Review
28‐Feb Sub-Systems Internal - PDR
12-Mar Preliminary Design Review
26-Mar Critical Design Review
11‐Apr Systems Integration Internal Review
25-Apr System Verification Review

Figure 5-7: MES 300 Project Milestones
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perspective on the topic at hand or on specific actions/statements a student may have made. 
This dual role of the NAVAIR participants gives students an invaluable opportunity to learn 
how to perform in an engineering environment while still in school.  
 
Some additional benefits that come from this simulated design experience are as given below. 
 
Students Experience Systems Engineering 

A systems engineering approach to design can be hard for students to grasp and even 
harder for them to see as necessary. At this point in their education, many students have 
only been exposed to the engineering design problems done as homework in their 
engineering science courses. They do not truly appreciate the complexity of integrated 
systems and the difficulty in fully determining requirements for such systems. The MES 
300 design experience allows students to practice each step in the systems engineering 
process as it is being taught in class. Students perform all of the steps in Figure 5-3 as 
well as experience project management, rick management, formal testing and 
integration, and the formal evaluation of alternatives. Because of this hands-on 
approach, students master the systems engineering approach well enough to apply it 
independently during their capstone design. As students deal with problems during 
systems integration, they see issues that could have been avoided if proper requirements 
were developed at the beginning and start to develop an appreciation for the importance 
of following a systems engineering approach to design.   

 
Students Experience a Large Project 

The MES 300 design experience is a large project. The task is intentionally designed 
with a high level of complexity and interrelationship between components. Students 
cannot successfully complete this task alone and they cannot successfully complete it 
without following a systematic approach. Students must work as a team. Most students 
come to MES 300 with experience working as a team, but in this project they must learn 
how to truly function as a team to complete the task. To be successful, each team 
member must fulfill their role. Because of the critical nature for each team member, 
students also learn the importance of commitment. They must work hard to complete 
the project and for many, it is the first time they have been asked to push beyond what 
they thought they could accomplish. With this commitment, they experience the great 
feeling of success after all of their hard work pays off. 
 

Students See How Systems Engineering Relates To Their MAE Courses 
In performing much of the analysis for their design and during detailed design, students 
must use many of the engineering principles and tools learned in their MAE engineering 
science courses. The project helps them to see that their systems engineering skills 
allow them to perform requirements definition and system architecting. Their technical 
and design skills learned in their MAE courses allow them to effectively perform 
detailed design.  

 
The importance of the MES 300 design experience is summed up well by a quote from one of 
the project sponsors. 
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“The MES 300 class fills a void that has been missing from most engineering curriculums for 
time and memorial. My own engineering education in retrospect lacked this content and left me 
with an incomplete picture, though I didn't fully realize it at the time. It wasn't until later in my 
career, when finally exposed to the systems engineering discipline, that I began to realize how 
multi-disciplined and/or complex objectives are systematically approached. 
 
Armed with the big picture, an engineer better understands what role they are playing in the 
bigger process and provides the engineer with a sense of direction and motivation as well as 
helps drive educated decisions as they accomplish their specific objectives in the larger process. 
Understanding the process pedigree of one's own assignment and understanding how that feeds 
the next step is, needless to say, invaluable. How that has been so often omitted in modern 
engineering curriculums is difficult to understand. As I see it, Systems Engineering is to 
Engineering what the Scientific Method is to Science. Both provide a proven systematic 
approach to achieve the end objective. In the case of science, it's the establishment of a scientific 
understanding. In the case of engineering, the objective is an integrated solution to a problem 
using those same scientific understandings (technologies). 
 
I have been a bit of a systems engineering champion throughout my post-enlightened carrier and 
I am now the Systems Engineering Department Head for NAVAIR's In-Service Support Center at 
FRC East. In that vein, I have taken advantage of the opportunity to support the Local NC State 
Distance learning program in both an advisory and participative role for the MES 300 Systems 
Engineering Class. MES 300 class incorporates a well-constructed design experience that 
facilitates the students understanding of the system engineering process. Through the use of the 
Text Book, Lego Mindstorm development environment and a set of formal Systems Engineering 
Technical Reviews, the students are getting a superb learning experience as they work through 
the systems engineering design process to accomplish a well thought out design objective. The 
design objective has been thoughtfully developed to provide a real world experience that 
naturally reinforces the need and value of the systems engineering approach. 
 
I have now had the opportunity to contribute to 3 classes and in each case it has been rewarding 
to see the students experience and ultimately realize the true importance of the systems 
engineering design process. There is no doubt these student are getting an educational 
experience that most of our new graduate hires are not. I have had the opportunity to see some 
of these students in action accomplishing their Capstone Design Project as well as see them 
operate in the workplace as employees. It's clear that they not only have an advantage over 
other new employees, but based on their own unsolicited feedback, they have truly grasped the 
fundamentals of the systems engineering design process and have used it already in their young 
careers.” 
 
Russell Padgett 
AIR 4.1 Systems Engineering Department Head 
In-Service Support Center | FRC East | MCAS Cherry Point NC | 
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Design Experience in MES 401/402 – Capstone Design 
 
The capstone design experience in MES 401/402 is the culmination of the educational 
experience for MES students. Students are given a real-world design problem and expected to 
use their systems engineering skills to fully-understand the problem, define comprehensive 
requirements, architect a design solution, assess and manage risk, and manage the two semester 
project to a completed solution. They are expected to utilize their mechanical engineering 
knowledge to perform detailed design, testing and integration. They are expected to use the 
knowledge received through the University General Education requirements, to be aware of 
and to properly respond to the non-technical impacts of their engineering solution. Because 
students are solving a real-world design problem, they must utilize their knowledge of 
engineering standards and codes so their design will pass all inspections and reviews. 
 
The MES program has conducted two capstone design projects – 2011/12 and 2012/13. An 
overview of the projects can be seen on page 227 for 2011/12 and on page 231 for 2012/13. 
Detailed projects reports including all engineering drawings will be on display during the site 
visit. 
 
Due to the close relationship between NAVAIR and the MES program, the model used for the 
first two capstone design projects is as follows: 
 

 Students are formed into design teams. The 2011/12 project team was 4 students and 
the 2012/13 project was 1 student. The 2012/13 initially had two students, but one 
student had to leave the program for personal reasons, so the project was completed by 
the remaining student. 

 
 NAVAIR and the MES director review projects currently on the support equipment 

task list and select an appropriate project.  
 

 Support equipment engineers present the problem to students. The basic information in 
the briefs can be seen on page 227 for 2012/13 and on page 231 for 2011/12. 

 
 Students spend time at NAVAIR and perform Stage 1 of the design project – Definition 

of Requirements. See page 102 for a description of the four main design phases used by 
the MES students. 

 
 Students present at the formal Systems Requirements Review (SRR). Exact 

requirements for this review in terms of entrance and exit criteria can be seen on page 
99. As with all of the technical reviews, students are not allowed to continue to the next 
design phase until all exit criteria for the review have been satisfied. For SRR, this 
means students must have completed and have customer agreement on the following:  

 
o List of Stakeholders Needs, Constraints and Wants 
o System Level Requirements Matrix 
o System Measures of Effectiveness 
o Initial System Validation/Verification Plan 



 MES 2012-2013 Self-Study -  Page 108 -  
 

o Miscellaneous Project/System Definitions 
o Project Deliverables 

Deliverables will at least include documentation of all required 
engineering analysis (strength analysis), a complete engineering drawing 
/ assembly package with production ready drawings, a complete list of 
purchased parts, and a validation/verification plan. The 2011/12 project 
also included the delivery of a maintenance manual for the design. 

o Top Level Project Timeline 
 

Since the student project is an active work task for NAVAIR, all technical reviews may 
be attended by representatives from groups such as production and safety. There are 
always several senior and lower level engineers from Support Equipment at the 
technical reviews.  

 
 Students conduct Stage 2 of the design project – System Architecting. During this 

phase, students often have an informal concept review with support equipment 
engineers to ensure the overall concept for their design is acceptable before too much 
time is spent developing the design for PDR.  

 
 Students present at the formal Preliminary Design Review (PDR). Exact 

requirements for this review in terms of entrance and exit criteria can be seen on page 
100. Students come in to PDR. having done the following:  

o Developed a complete system functional description, 
o Developed system alternatives (each students must independently develop and 

present one alternative), 
o Evaluated alternatives and selected the best, 
o Developed approximately 80% of the proposed design including solid models, 
o Developed a preliminary analysis plan, verification / validation plan, cost 

estimate, risk management plan, project plan, and schedule update. 
 

Before PDR. is considered complete and students are allowed to continue to detailed 
design, they must have instructor and customer approval on the following: 

o System/Sub-System Level Requirements Matrix, 
o Interface Documents/Diagrams, 
o Presentation / solid model of proposed design, 
o Approval from review team to continue. 

 
 Students conduct Stage 3 of the design project – Detailed Design. During detailed 

design, students have informal design reviews with the Support Equipment engineering 
team as required. Since the project is an active work task for NAVAIR, the Support 
Equipment engineers are willing to spend time mentoring the students, reviewing their 
design, and assisting with required analysis. Students must be aware of standards used 
by support equipment such as drawing standards and safety codes and ensure they 
follow all standards during the design process. The project timeline adjusts based on 
the project, but detailed design typically continues from MES 401 to MES 402 and is 
completed in January or February. 
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 Students present at the formal Critical Design Review (CDR). Exact requirements 

for this review in terms of entrance and exit criteria can be seen on page 101. To 
complete CDR, students must have completed and have customer agreement on the 
following: 

o Final design meets all system requirements, 
o A complete detailed presentation of the final design has been given, 
o All appropriate engineering drawings have been developed for the final design, 
o Specifications have been given for all purchased parts in the final design, 
o Hand calculations and computer analysis has been reviewed to confirm all 

strength requirements have been met, 
o Design team has reviewed design for items such as manufacturability and 

usability and satisfied any issues raised, 
o All critical safety issues have been identified and appropriately dealt with, 
o Except for issues raised at CDR, current test plan is acceptable, 
o Detailed cost estimate has been reviewed and is acceptable, 
o Production plan has been reviewed and is acceptable, 
o Project risk assessment has been reviewed and level of project risk is 

acceptable, 
o Project schedule has been reviewed and is acceptable, 
o All actions items from CDR. have been completed. 

 
 Students conduct Stage 4 of the design project – Production, Integration, and Testing. 

Since the project is an active work task for NAVAIR, they are responsible for all 
purchasing and production. As shown in the CDR, students must provide complete 
information for purchasing and production ready drawings for production. They also 
may be required to provide additional information to support the DOD purchasing 
process. For example, students often have to provide detailed requirements for 
purchase parts to be included in a request for bid. This task gives students practice at 
writing precise requirements. During phase 4 of the project, students monitor the 
progress of purchasing and production and manage testing as parts and sub-systems are 
completed. This is also the time when other deliverables, such as the maintenance 
manual, are completed.  

 
 Students complete their design experience by conducting a final project presentation 

and developing a final written report. For the final presentation, an open invitation is 
issued to NAVAIR and the community. This presentation is a chance for the students to 
present their entire project. During the presentation, they show the problem, the 
systems engineering steps they followed to solve the problem, and present their design. 
A video of the 2011/12 presentation can be viewed using the link below 

http://mediasite.online.ncsu.edu/online/Play/602efccf49554e55b5916d4f6459ac511d 
 

The capstone design experience definitely helps to prepare the students for engineering 
practice. In this project they are allowed to work in an engineering environment and receive 
much feedback from practicing engineers. The project utilizes skills acquired in their course 
works since it requires systems engineering skills to define and manage and requires technical 
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mechanical engineering skills to perform the detailed design. Since the student’s design will be 
used in production, they must incorporate engineering standards and deal with many sometimes 
conflicting constraints. To summarize the design experience the MES students participate in, 
the following statement from the engineering manager of the Support Equipment group at 
NAVAIR is given.  
 

 
 
 
A.7 Cooperative Education 
Cooperative education is not used to satisfy curricular requirements of the MES program. 
However, the co-op opportunity is available to any qualified student pursuing a MES degree. 
The cooperative program is administered by the University Cooperative Education Office.  
 

“For the past two academic years (2011-2012 and 2012-2013) NAVAIR - Cherry Point 
has sponsored a senior design capstone project.  Due to the small class sizes, we were 
able to assign one dedicated team each year to collaborate on a single project.  Some or 
all of the team members were assigned to work in the AIR-4.8.4.11 Support Equipment 
Engineering office for the duration of the project.  This allowed these individuals to gain 
on-the-job training and experience in the NAVAIR design process and standards.  We 
treated each design project as though it was a typical project being managed by 
permanent employees.  The teams were held to the same expectations as experienced 
engineers and the team had every available NAVAIR resource available for the entire 
duration of the project.  Design reviews were conducted in the office as often as required 
to ensure a quality, usable design product.  At the completion of the design and drafting 
stages, our office submitted the designs for manufacture through the FRC-East 
manufacturing division.  The engineering teams were able to track the manufacturing 
progress and make changes as necessary to aid the assembly process. 
 
This design project model is definitely different from projects that NAVAIR has 
sponsored through other institutions.  However, we have seen some significant benefits.  
The design teams have acquired some substantial "real-world" engineering experience 
that will help them with future endeavors.  By utilizing our pre-established design review 
process, we ensure that the designs produced meet or exceed our high quality standards.  
The 3D modeling, 2D drafting, and strength analysis is completed using our in-house 
software so all the data can be maintained and used for future revisions.  Since the 
manufacturing is completed in-house by skilled artisans, the teams can design 
complicated, intricate end products.  Other institutions require the design team to 
manufacture the end product, which typically negatively impacts the potential design 
complexity.  We have had great success with the NCSU design teams developing high-
functioning products for FRC-East.” 
 
Scott Fisher, P.E. 
AIR-4.8.4.11 Branch Head 
Support Equipment & Special Projects
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A.8 Course Material 
 
Course Related Material 

As described below, display material will be available for all major courses 
(MES/MAE) as well as support courses such as basic math and science courses. 
 
Support Courses  

For each support course, the course syllabus and textbook will be available for 
review. 

 
Major Courses (MAE / MES) 

Since the program is requesting that students graduating spring 2012 and 2013 be 
included in the initial accreditation, examples of student work will include work 
from both groups of students. For each MAE and MES course, the course syllabus, 
the course textbook, assignments, and sample student work will be available. 
Lecture material for all MES courses and recordings of capstone design final 
presentations will also be available.  

 
Assessment Related Material 

The following assessment artifacts will be available for review. 
 

 Machine graded standardized quizzes 
 Student Work / Performance Assessed Using The Rubric Shown Below 

o RUBRIC A: Laboratory Reports (MES 305,405) 
o RUBRIC B1: Design Project Reports (MAE 415, 412, 435 MES 402) 
o RUBRIC B2: Design Project Presentation (MES 300/MES 402) 
o RUBRIC C:  Design of Experiments (MES 305, 405) 
o RUBRIC D: Oral Presentations (MES 300, 401, 402) 
o RUBRIC E: Teamwork (MAE 415, MES 300, 401, 402) 
o RUBRIC F: Meeting Agenda and Minutes (MES 402) 

 Course Ethics Case Studies (415, 402) 
 Employer Evaluation of Student Outcomes 
 Graduation Surveys 
 Alumni Surveys 
 Employer Evaluation of Alumni 

 
 
B. Course Syllabi 
 
Appendix A on page 134 includes syllabi for the MES program.  
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6. CRITERION 6.  FACULTY 
 
A. Faculty Qualifications 
 
As described on page 10 under “E. Program Delivery Modes,” there are three basic delivery 
modes used in the MES program – locally taught courses, Raleigh-based courses, and transfer 
courses. Correspondingly, there are on-site faculty and Raleigh-based faculty. Each group is 
discussed below. 
 
On-Site Faculty 
 
Dr. William B Fortney, Assistant Professor and N.C. State Regional Director of Distance 
Engineering Programs is the lead onsite teaching faculty member for the Mechanical 
Engineering Systems (MES) BSE program. He provides academic leadership and teaches 
courses in the systems, design and laboratory areas of the curriculum.  
  
Dr. Fortney has a Ph.D. in Industrial Engineering from University of Tennessee and came to 
the position at NCSU in 2004 after both experience in academics within the Community 
College System in North Carolina and working in industry as a project engineer and general 
manager.  He is team-oriented and has strong technical background in automation, lean 
manufacturing, statistical problem solving, project management, and computer applications. 
With his academic career he has a successful record of program leadership, curriculum 
development and teaching of senior level courses in mechanical and systems engineering.  He 
holds the academic rank of Teaching Assistant Professor in the Mechanical and Aerospace 
Engineering department at NC State University. 
 
As the on-site Faculty member, Dr. Fortney directs the MES program and teaches several key 
junior/senior level courses.  The course MES 300 Systems Engineering is vital to shaping the 
unique character of the degree because it introduces the formal systems engineering approach 
to the design of integrated systems. He also teaches the capstone design sequence MES 401/2 
where this systems methodology is applied further. 
 
Dr. Fortney teaches the laboratory sequence MES 305, 405 at the well-equipped on-site 
laboratory facilities in Havelock where he is assisted by laboratory instructor Mr. Jim 
Yankauskas.  Jim is a retired engineer with M.S. degrees from Rennselear Polytechnic and a 28 
year technical career at Pratt & Whitney. He has years of experience with testing and 
instrumentation technology and combines expertise in the laboratory with a dynamic 
interaction with students. 
 
Raleigh Faculty 
 
Engineering courses other than the MES courses taught by Dr. Fortney are taught by faculty 
members drawn from the Mechanical and Aerospace Engineering Department, the Electrical 
and Computer and Engineering Department and the Material Science and Engineering 
Department on the main campus of NCSU in Raleigh.   
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These engineering courses are taught as a distance section by teachers drawn mainly from the 
MAE department as a distance component of their on-campus section. The excerpt below from 
the Mechanical Engineering Self-Study 2010 gives a collective description of the Faculty pool 
for MAE. 
 

The Mechanical and Aerospace Engineering (MAE) Department, as of the 2009-10 
academic year, has a total of 40 full-time tenure track faculty (including the department 
head and 2 associate department heads), four full-time lecturers, and five part-time non-
tenure track faculty for a total head count of 49. The department head and two associate 
heads each teach two courses per year and as such are each categorized as 0.5 FTE 
faculty and 0.5 FTE administration. Considering this and the part-time faculty 
assignments, the MAE department has a total of 38.5 FTE tenure track faculty and 6.1 
FTE of non-tenure track faculty for a total of 44.6 FTE, plus 1.5 FTE for administration.   

 
The Faculty participating in the MES program are a subset of this pool and the Faculty 
Qualifications for the 16 persons who have taught in the BSE Program as of spring 2013 are 
documented in Table 6-1.  A summary profile of this group reveals the following: 
 

 15 have a PhD in engineering 
 1 has an MS degree and 30 years of experience in industry   
 3 are Professors (two retired who hold rank Emeritus) 
 8 are tenured Associate Professors 
 2 are non-tenure track teaching Assistant Professors 
 1 is a non-tenure track laboratory instructor 

 
The participating faculty members demonstrate an exceptional level of academic experience 
ranging from the co-author of the nationally dominant thermodynamics text and a Faculty 
member with over 30 teaching awards.  Furthermore among this group there are Faculty who 
are nationally known for their pioneering cutting edge research efforts in areas such as bio-
medical applications, Nano technology, material science, structural mechanics, mechatronics, 
and renewable energy. Faculty members in this group have an average of 15 years of academic 
experience within NCSU. 
 
Faculty teach courses for the MES students through the Engineering Online office at NCSU.  
The Raleigh section of a class is taught in a studio on the NCSU main campus and MES 
students receive the class synchronously in one of the Havelock studios or as a playback. MES 
students have to meet all the same requirements and deadlines as the main-campus students and 
are expected to participate in team work with their classmates on main campus. For more 
information on course delivery of the Raleigh courses, see page 11.  
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Table 6-1: Faculty Qualifications - ME, EE, Materials & Sys. Engr. 
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Michael 
Boles 

Assoc P T, Emeritus FT PhD-ME
NC State Univ. - 

1972 
2 37 29 EIT-NC 

ASME - L 
ASEE - M 

L M 

Greg 
Buckner 

Assoc P T FT PhD-ME
Univ. of Texas-
Austin - 1996 

5 12 12 none 
ASME - L 
IEEE - H 
ASEE - L 

H L 

Jeffrey 
Eischen 

Assoc P T FT
PhD-
Appl 

Mech. 

Stanford Univ. - 
1986 

8 25 25 PE - CA 
ASME - M 
AAM - M 

H M 

 
Yusuf 
Fahmy 

 

Assoc. P NTT FT PhD 
NCState Univ.-

1998 
0 14 14 - H L L 

William 
Fortney 

Asst. Prof NTT FT PhD- IE
Univ of 

Tennessee -1994 
6 11 8 

EIT-TN 
ASEE-M 

ASEE-M 
INCOSE -M

L L 

 
Richard 
Gould 

 

Prof T FT PhD-ME
Purdue Univ. - 

1987 
1 24 24 EIT-OH ASME-M 

AIAA-M 
L L 

Anna 
Howard 

T. Asst P NTT PT PhD-AE
Penn State Univ. -

2001 
3 6 6 none AHS - M L L 

Richard 
Johnson 

Prof T, emeritus PT PhD-ME
University of 
Florida -1974 

5 33 29 PE, Tenn. 
ASME-H 
ASEE-M 

M L 

Eric Klang Assoc P T FT
PhD-
ESM 

Virginia Poly 
Tech – 1983 3 25 25 EIT-MO SAE - H L M 
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Afsaneh 
Rabiei 

Assoc P T FT PhD- 
The Univ. of 
Tokyo - 1997 

3 12 12 none 

ASM - H 
MRS - H 

ACES - M 
ASME – M 

H M 

Paul Ro Prof T FT PhD-ME
Mass. Inst. of 
Tech. - 1989 

4 22 22 none 
ASME - M 
ASPE - M 

H M 

Alexie 
Saveliev 

Assoc P TT FT
PhD-Ch 

Phys 

Moscow Inst of 
Physics and Tech 

- 1988
12 10 3 none 

Comb Inst-H
ASEE - L 

H L 

Stefan 
Seelecke 

Assco P T FT
Habil-

Thermo
Technical Univ. -

Berlin - 1999 
3 12 10 none 

ASME - M 
AIAA - M 
MRS - M 

H L 

J Tu Prof T FT PhD-ME
Univ. of 

Michigan - 1991 
0 20 8 none 

ASME-H 
LIA-L 

H N 

Fen Wu Assoc P T FT PhD-ME
Univ. of Cal 

Berkeley - 1995 
4 12 12 none 

ASME - H 
AIAA - L 

H N 

Jim 
Yankauskas 

Lect. NTT PT
M.S.-
ME 

Renssalear 
Polytechnic 

30 2 2 ASME codes None none none 
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B. Faculty Workload 
 
Dr. William B. Fortney, Assistant Professor and N.C. State University Eastern Regional 
Director for Distance Engineering Programs, is responsible for the MES program.  He is the 
faculty member providing academic leadership to the degree program and management of 
students, staff and facilities.  Dr. Fortney’s workload includes teaching the 3 credit hour junior 
level systems engineering course MES 300 in the fall and the 7 credit hour capstone design 
sequence MES 401, 402 in fall and spring.  Dr. Fortney is the Faculty member responsible for 
the laboratory courses MES 305, 405 where he has a laboratory assistant responsible for the 
running of the laboratory.  In addition to the teaching workload Dr. Fortney has the following 
primary administrative responsibilities: 

 Conduct and maintain the educational quality of the MES degree program, 
 Prepare the teaching schedule for academic-year and summer semesters and work with 

teaching Faculty and the Online Engineering Office to deliver courses, 
 Provide leadership on curriculum development for the MES program and to coordinate 

with the Mechanical and Aerospace Engineering Curriculum Committee  on curriculum 
matters important to the MES program, 

 Solicit and act on student/faculty feedback, feedback from graduates, and feedback 
from employers about program graduates, 

 Conduct activities related to program accreditation including liaison with an advisory  
panel and the formulation and  implementation of recommendations, 

 Financial management of all program monetary resources, including budget 
formulation, decisions about real-time allocations of funds, year-end budget closeout, 
and compliance with spending guidelines, 

 Representing the program’s interests to the College of Engineering (Dr. Jerome Lavelle, 
Associate Dean of Academic Affairs), to Mechanical and Aerospace Engineering (Dr. 
Richard Gould, Head MAE) and to Craven County Community College, 

 Supervision of program staff, 
 Organization of laboratory, classroom and studio space, 
 Conduct of alumni, corporate, and public relations activities, 
 Planning of the program’s future including student recruiting goals. 

 
The majority of engineering courses taken by students are taught in the distance engineering 
program from the N.C. State University Mechanical and Aerospace Engineering Department 
where the participating faculty members are the direct responsibility of the head of MAE, Dr. 
Richard Gould and the administration of the undergraduate curriculum falls to Associate Head, 
Dr. Larry Silverberg.  Dr.  Fortney interacts very closely with Drs. Gould and Silverberg 
concerning the involvement and scheduling of teaching faculty in the program.  Because many 
of the Faculty teaching in the MES program are drawn from the MAE department, it is 
worthwhile to present the MAE departmental statement on workload philosophy as given in 
their self-study of 2010: 
 

Our research-active and professionally-active faculty tend to equally share the 
undergraduate teaching load. As a guiding policy, research-active faculty teach two 
undergraduate-level course sections per year, whereas teaching faculty teach six 
undergraduate courses as their full time load.. The popularity of the mechanical 
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engineering program has resulted in significant growth over the last decade that has 
outpaced faculty hiring. This trend has resulted in an increase in our class sizes. Rather 
than respond by placing less experienced instructors in the classroom, the faculty in its 
commitment to our undergraduate program, has elected to continue teaching 95% of its 
regular and service classes in the academic year; the result being an increase in our 
average class sizes. The average size of our recitation type classes is now 65, excluding 
our laboratory and design focused classes whose sizes continue to be restricted to 18 
and 40, respectively.   

 
A snapshot of Faculty workload for all those that have taught in the MES program is presented 
in Table 6-2 on page 120. A summary of the data in Table 6-2 reveals that for the Faculty 
teaching in the MES program over 40% of all activity is devoted to teaching.  Nine of the 16 
Faculty members are research active and 3 have major administrative commitments.  Teaching 
loads, as indicated earlier, are generally two undergraduate courses per year for research-active 
Faculty and typically four or five courses for others. 
 
C. Faculty Size and Competencies 
 
The competencies of the faculty and how they cover the curricular areas of the MES program 
are summarized briefly in Table 6-3 on page 121. The 16 active faculty who have taught in the 
MES Program bring a wide-range and high level of expertise and experience to the classroom. 
Details of faculty education, background, experience, participation in professional societies, 
and registration status are presented in Appendix B – Faculty Resumes starting on page 179. 
 
The local faculty consists of Dr. Fortney and his two laboratory assistance (Jim Yankauskas 
and Chris Yde). Dr. Fortney works closely with the students, performs all advising and is the 
main contact for the program’s industry partners. Mr. Yankauskas informally interacts with 
students during MES 305, MES 405, and MES 401/2. Mr. Yde informally interacts with 
students during MES 305 and MES 405.  
 
D. Professional Development 
 
Professional development is driven by both individual initiative and by institutional 
encouragement.  The level of individual commitment is reflected in the fact that all of the 
Faculty members who have taught in the MES program are active in one of the professional 
societies.  In Table 6-1 there is an indication of the breadth of that involvement with major 
societies such as ASME, ASEE, AIAA, SAE and IEEE along with the more specialized 
societies such as  MRS (Materials Research Society), ASM (American Society of Metals), and 
INCOSE (International Council on Systems Engineering).  Over 70% of the faculty group are 
members of ASME (American Society of Mechanical Engineers) with four members showing 
high level of involvement in the organization.  As seen in Table 6-1 faculty members are also 
very active in ASEE (American Society of Engineering Education). 
 
There is departmental travel support to faculty engaged in presenting papers or organizing 
sessions at these society conferences or obtaining experience or skills that particularly fit an 
educational or research need.    
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Within the College of Engineering there is an Associate Dean in the Office of Faculty 
Development and Special Initiatives.  The Office maintains a web site 
www.engr.ncsu.edu/faculty/development/index.php alerting Faculty to opportunities available 
for professional development and organizes a series of workshops and meetings about research, 
education and skill enhancement.  The activities are attended by faculty at different stages of 
their careers.  The office also provides a great deal of assistance in the way of teaching 
technologies and methodologies.  The Center staff will work with an individual faculty member 
to improve teaching and delivery styles. 
 
The University provides funding to tenured faculty members to take a fully paid six-month 
sabbatical every six years.  Normally faculty members take advantage of the offer and conduct 
their sabbatical at another institution.  Of the faculty teaching in the MES program four have 
taken advantage of the sabbatical opportunity. 
 
E. Authority and Responsibility of Faculty 
 
The overall improvement structure for the MES program can be seen in Figure 4-1 on page 31 
and this structure provides multiple avenues for faculty to influence the program. Local faculty 
are directly involved in all aspects of improvement through the MES Continuous Improvement 
Committee (CIC). This group also directly involves Raleigh faculty in the improvement cycle 
that includes all MES courses, PEOs, and Student Outcomes. As shown in Figure 4-1, locally 
driven improvement efforts are linked in with and monitored by the Raleigh faculty through the 
MES Courses and Curriculum Committee. Formal curriculum changes must be approved by the 
College of Engineering Course & Curriculum Committee and then the University Course and 
Curriculum Committee as described below in the MAE procedures. 
 
Changes to courses originating in the MAE department are driven by the MAE faculty using 
their standard procedures as explained in the MAE self- study report of 2010 as: 
 

The MAE department identifies the role played by the faculty with respect to course 
creation, modification, and evaluation in terms of the Mechanical Engineering Course 
and Curriculum Committee ME CC&C which is responsible for continually reviewing 
the mechanical engineering program and curriculum. It reviews department goals, 
objectives and outcomes to ensure that the ME program is current and meets the needs 
of its constituencies. The process for course and curriculum changes in degree 
requirements and the modification, addition or deletion of courses is: 

 A proposal for change either originates from the ME C&CC or is proposed to 
the Committee by faculty members or faculty in impacted programs (example is 
the distance MES program at Havelock), 

 The ME C&CC studies the proposal and if supportive presents the proposed 
changes to the MAE faculty for approval, 

 The Director of Undergraduate Programs presents the proposed change with 
rationale to the College of Engineering Curriculum Committee for review and 
approval, 
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 The College of Engineering Curriculum Committee presents the proposed 
change with rationale to the University Courses and Curriculum Committee for 
final approval, 

 The change is included in the next Undergraduate Catalog and the MAE web 
site (www.mae.ncsu.edu), 

 Minor changes in course content, initiated either by the faculty teaching a 
course, or the Undergraduate Curriculum Committee, do not need to go through 
the full approval process, however, they do require approval within the 
department. 

 
As shown in Figure 4-1 on page 31, the MES Course and Curriculum Committee interfaces 
with the MAE improvement process described above on any issues dealing with the courses 
taken by MES students. This close cooperation between the MAE program and the MES 
program allows for two-way beneficial communication of both concerns arising in the MES 
program and impacts of decisions by the committee on the MES program. 
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Table 6-2: Faculty Workload Summary 

Faculty Member    
(name) 

FT  
or 
PT 

Classes Taught (Course No./Credit Hrs.) 
Term and Year 

*  Distance Sections taught for MES Program 

Total Activity Distribution 

Teaching 
Research/Scholarly 

Activity 
Other 

Michael Boles R MAE 301*-3cr-F12;   MAE 302-3 cr-S12 50% 0% retired 

Gregory Buckner FT MAE 208* -3 cr- F09;   MAE 435, 535-3 cr- S10 45 45 10 

Jeffrey Eischen FT MAE 415*-3 cr- F09;   MAE 316, 543-3 cr- S10 45 45 10 

Yusef Fahmy FT MSE 201*-3cr-F12, EGM482-4cr, EGM360 – 1 cr 50 0 50 

William Fortney FT MES 300, MES 401-4cr-F12, MES 402-4cr- S12 40 0 60 

Richard Gould FT MAE 310*-3 cr- F09;   MAE 501-3 cr- S10 30 0 70 

Anna Howard FT MAE 206* (3 sec)-3 cr- F09;   MAE 206 (2 sec)-3 cr- 
S10

90 0 10 

Richard Johnson R MAE 412*-3cr-S12 25 25 retired 

Eric Klang FT MAE 206*, 442-3 cr, 416-4 cr-F09;  MAE 416-4 cr, 
537 3 S10

75 0 25 

Afsaneh Rabiei FT MAE 539-3 cr- F09;   MAE 314*-3 cr- S10 45 45 10 

Paul Ro FT MAE 315*, 521-3 cr-F09;   MAE 435, 544-3 cr- S10 45 45 10 

Alexie Saveliev FT MAE 308*-3 cr- F09;   MAE 301-3 cr- S10 45 45 10 

Stefan Seelecke FT MAE 589-3 cr- F09;   MAE 208*, 314-3 cr- S10 45 45 10 

J Tu FT MAE 314*, 589-3 cr- F09;   MAE 415-3 cr- S10 45 45 10 

Fen Wu FT MAE 435-3 cr- F09;   MAE 315, 208-3 cr- S10 45 45 10 

Jim Yankauskas R Lab. Instructor in labs MES 305, MES 405 20 0 retired 
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Table 6-3: MES Faculty 
Area of Specialization* Name, Year of PhD Degree, Rank

Aerodynamics, Fluid Mechanics & 
Propulsion 

 

Johnson, R., 1974, Prof. Emeritus 
Saveliev, A, 1988, Assoc.  Prof. 

Dynamics, Vibration and Controls 
 

Buckner, G., 1996, Assoc. Prof. 
Ro, P., 1989, Prof. 
Wu, F., 1995, Assoc. Prof 
 

Structural Mechanics and Materials 
 
 

Eischen, J., 1986, Assoc. Prof. 
Fahmy, Y.,  
Howard, A.,  
Klang, E., 1983, Assoc. Prof. 
Rabiei, A., 1997, Assoc. Prof.  
Seelecke, S., 1999, Assoc. Prof. 
Tu, J., 1991, Prof. 
 

Thermal Sciences and Energy Systems 
 

Boles, M., 1972, Prof. Emeritus 
Gould, R., 1987, Prof. 
Johnson, R., 1974, Prof. Emeritus 
Saveliev, A., 1988, Assoc. Prof. 
  

Systems Engineering Fortney, W.,  1994 Assistant professor 
 

Electrical Engineering Walsh  
Materials Engineering Fahmy, Y., 1998 Assoc. Prof 

Rabiei, A., 1997 Assoc. Prof 
*Areas of Specialization listed in Peterson’s Guide 
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7. CRITERION 7.  FACILITIES 
 
 
A. Offices, Classrooms and Laboratories 
 
The Mechanical Engineering Systems Program is housed in space designated for North Carolina 
State University on the Craven County Community College campus in Havelock, North 
Carolina.  The Craven County Community College campus is composed of two buildings 
totaling 30,000 sq. ft. of useable space.  The administration building where the MES program is 
housed contains 15,256 sq. ft.   
 
The space allocated to MES comprises two large multi-purpose rooms and a designated office 
distributed as follows: 
 

 Faculty Office Space, 120 sq. ft. used by director of program, 
 

 Studio Classroom Space, two rooms for a total of 437 sq. ft. where local N.C. State 
courses are taught and interactive courses from Raleigh are received, 

 
 Laboratory Space, 588 sq. ft. with all equipment required to perform laboratory exercises. 

 
There are NC State distance education studio facilities in both rooms that serve as classrooms 
with the ability of both receiving and originating lecture classes.  Major laboratory equipment for 
both the laboratory courses and capstone design occupies a room that also houses studio facilities 
and desk space for small classes.  Instrumentation and smaller laboratory equipment is stored in a 
storage room and brought out as needed. It may be noted that in both of the previous two years 
the capstone design has also been helped by generous use of floor space and facilities at 
NAVAIR because they have been the major sponsor of the senior design projects. There is a 
faculty office for the Director and desk space in the main room for the staff.  The approximate 
square footage allocated to each function is shown in Table 7-1.  The areas shown sometimes 
overlap with each other but are scheduled at different times. 

 

Table 7-1: MES program Space Allocation by Function 
Purpose Square feet Location 

Faculty and Staff Offices 120 Room 106 
Classrooms (studio capable) 437 Rooms 108,109 

Lab. Experiments/Senior 
Design 

588 Room 108 

Storage 108 Room 108 
Computer/Student area  Room 109 

Reception 108 Room 108 
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In addition to the dedicated space, the MES program is able to reserve numerous other 
classrooms and two conference rooms on the Havelock campus for events such as student work 
sessions, outreach events, and committee meetings.  
 
The other buildings on campus are the library and the building used by the Institute for 
Aeronautical Technology (IAT) program.  The IAT program is an FAA approved program 
targeted at training aircraft mechanics to support the needs of the depot at Cherry Point.  This 
building totals 14,792 sq. ft. of useable space.  Facilities in the IAT building include the 
following: 
 

 Fully equipped welding/sheet metal and fabrication shop, 1,449 sq. ft., 
 Avionics Laboratory, 827 sq. ft., 
 Aircraft Power Plant Laboratory, 1,789 sq. ft., 
 Mechanical Systems Laboratory, 803 sq. ft., 
 Composites Laboratory, 881 sq. ft.. 

 
A.1 Offices (Administrative, Faculty, Clerical, Teaching Assistants) 
 
The Director, Dr. William Fortney has a private office.  Full time staff person, Ms. Susan Lloyd, 
has a front office desk in the main office and access to administrative files in the Director’s 
office.  Part-time faculty and student assistants share desk space in the main office.   
 
A.2 Classrooms 
 
There is a major classroom capable of accommodating 20 students and a smaller classroom for 
six students within the laboratory space.  Both classrooms are fully equipped to receive and 
originate program courses whether they are taught locally, taught at the NCSU main campus in 
Raleigh or taught at NCSU program in mechatronics at Asheville NC.   
 
A.3 Laboratory Facilities 
 
The laboratories serve the needs of the two laboratory classes MES 305 and MES 405 and to a 
limited degree the needs of the capstone design class MES 402.  There exist some major 
platforms useful to different groupings of experiments along with many smaller pieces of 
equipment and instrumentation that are used in conjunction with the major platforms to provide 
hands-on experience for students.  A full list of equipment is provided in Appendix C starting on 
page 206, but some examples of how the equipment is used for multiple experiments may be 
useful. 
 
The fluid flow rig includes a re-circulating pump station and a major panel of flow 
configurations that are used to study friction flow in pipes, head loss in a variety of system 
components and pump characteristics.  These are experiments found in the second laboratory 
course MES 405 and linked to the fluids course MAE 308.  The same rig, however, is first used 
in MES 305 as a platform for experiments in instrumentation, measurement, and calibration.  It is 
useful for learning about techniques for measuring pressure by using gages, manometers, or 
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transducers.  It is also useful for calibration of flow measuring devices such as rotameters, 
venturi meters, and differential pressure manometers by comparing with a timed bucket. 
The wind tunnel is similarly used for both instrumentation and application experiments.  The 
wind tunnel is equipped with inclined manometers for pressure differential measurements, pitot 
tubes for velocity profiling, and a force balance for measurement of lift and drag.  The wind 
tunnel is used to examine boundary layer flow. 
 
There is heat exchanger equipment and equipment for heat transfer experiments for conduction, 
convection, and radiation.  Operation and understanding of these experiments comes from earlier 
experiments in how to use thermocouples for temperature measurements. 
The laboratory has material testing equipment such as the tensile tester, the hardness indenter, 
and the viscometer.  Students sometimes define experiments of their own in which they use some 
of these standard testers to test a hypothesis as for example when examining the effect of heat 
treatment on tensile strength or the effect of oil grade on viscosity.  There is a rig for vibration 
testing, which includes both accelerometers and an impact hammer.   
Students learn a variety of skills ranging from mounting and testing strain gages to building and 
using PID controllers. 
 
Experiments are set-up by the instructor but are performed in a very interactive way by the 
students.  Because of small student numbers, it can be arranged for every student to have 
experience with each and every piece of equipment.  The space available for laboratory 
experiments is 588 square feet. 
 
B. Computing Resources 
 
Main campus Public Computing Laboratories  
The Engineering Operating System “EOS” is the name of the college's distributed client-server 
network. Formerly an engineering-only system, EOS was expanded to the rest of campus in a 
project called "Unity." It's a resource provided at the campus level. Other services are provided 
to engineering students only under the EOS network. On the main campus in Raleigh, College of 
Engineering students have access to approximately 325 Windows, 163 Linux and 25 Solaris 
computer workstations that are distributed in 12 labs throughout the college of engineering in 
departmental buildings (http://www.eos.ncsu.edu/labs/). This distributed system allows for user 
profiles, file access, and software access from any computer on the network. Seventy 
applications, such as, Adobe applications, ANSYS, AutoCad, COMSOL Multiphysics, Fortran 
Nagware f95, LabView, Maple, Mathematica, MATLAB, MS Office ProEngineer, SAS, 
Solidworks, and Tecplot 360 are licensed and available to our students 
(http://www.eos.ncsu.edu/software/catalog/ ). Student email accounts were migrated to Google 
mail in 2010.  
For MES students, computing needs are met through the use of university owned laptops. 
University owned laptops loaded with all necessary software are available for students to check-
out whenever needed.  
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Student Owned Computing 
The majority of students in the MES program have personal laptop computers and/or desktop 
computers.  Wireless networks and a centralized file system allow students to be mobile and 
access their networked files. In addition, many of the licensed software packages can be installed 
on student computers. 
 
Virtual Computing Lab 
NCSU provides a remote access service that allows students to reserve a computer with a desired 
set of applications and remotely access it over the Internet.  Popular applications such as 
MATLAB, Maple, SAS, Solidworks, and many others are available. This capability is useful for 
those licensed software packages that can reside only on university owned computers.  
 
C. Guidance 
 
Students are guided in the use of tools, instrumentation, and experimental equipment by the 
teaching faculty Dr. Fortney and by the laboratory instructor Mr. Jim Yankauakas through pre-
lab instruction, through demonstration and through hands on experience. 
 
D. Maintenance and Upgrading of Facilities 
 
Maintenance of equipment is managed by Dr. Fortney and a laboratory instructor with the help 
of student assistants.  Upgrading and extension of facilities is an ongoing effort by Dr. Fortney 
who seeks support from the College of Engineering and Engineering Online as needed.   
 
E. Library Services 
 
MES students have remote access to all NCSU library facilities.  On main campus the principal 
libraries are the D.H. Hill library and the new James B Hunt library on Centennial Campus.  
Both are major libraries and they network with the larger library system that includes libraries at 
UNC at Chapel Hill and Duke University. 
 
Students also have library privileges at the Craven County Community College. 
 
F. Overall  
 
The MES Core Values are shown in Figure 2-1 on page 20 and the first core value addresses 
safety. Students receive any appropriate safety briefing before using any tool, piece of 
equipment, or chemicals. The MES director and laboratory assistant routinely conduct safety 
audits and provide any concerns to the MES CIC for action.   
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8. CRITERION 8.  INSTITUTIONAL SUPPORT 
 
A. Leadership 
 
Dr. William B. Fortney, Assistant Professor and N.C. State University Eastern Regional Director 
for Distance Engineering Programs, is responsible for the MES program.  He is the faculty 
member providing academic leadership to the degree program and management of students, staff 
and facilities.  Dr. Fortney’s workload includes teaching the 3 credit hour junior level systems 
engineering course MES 300 in the fall and the 8 credit hour capstone design sequence MES 
401, 402 in fall and spring.  Dr. Fortney is the Faculty member responsible for the two laboratory 
courses MES 305, 405 where he has a laboratory assistant responsible for the running of the 
laboratory.  In addition to the teaching workload Dr. Fortney has the following primary 
administrative responsibilities: 

 Conduct and maintain the educational quality of the of the Mechanical Engineering 
Systems BSE degree program 

 Prepare the teaching schedule for academic-year and summer semesters and work with 
teaching Faculty and the Online Engineering Office to deliver courses 

 Provide leadership on curriculum development for the Mechanical Engineering Systems 
BSE Program and to coordinate with the Mechanical and Aerospace Engineering 
Curriculum Committee  on curriculum matters important to the BSE program 

 Solicit and act on student/faculty feedback, feedback from graduates and feedback from 
employers about Program graduates 

  Conduct activities related to program accreditation including liaison with an advisory  
panel and the formulation and  implementation of recommendations  

 Financial management of all Program monetary resources, including budget formulation, 
decisions about real-time allocations of funds, year-end budget closeout, and compliance 
with spending guidelines 

 Representing the program’s interests to the College of Engineering (Dr. Jerome Lavelle, 
Associate Dean of Academic Affairs), to Mechanical and Aerospace Engineering (Dr. 
Richard Gould, Head MAE) and to Craven County Community College.  

 Supervision of Program staff 
 Organization of laboratory, classroom and studio space 
 Conduct of alumni, corporate, and public relations activities 
 Planning of the Program’s future including student recruiting goals. 
 Teaching and administration of the senior capstone design courses and administration of 

the on-site laboratory courses. 
 
Dr. Fortney is qualified, able and capable of providing leadership for the BSE MES program in 
Havelock, NC.  He has been working in this capacity for a few years and has demonstrated his 
ability to development, grow, manage and promote the program. 
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CRITERION 8.  INSTITUTIONAL SUPPORT 
 

B.  Program Budget and Financial Support  
 
B.1 Budgeting Process 
 
The BSE MES Program is funded by the College of Engineering (COE) Engineering Online 
(EOL) office. EOL is the College’s distance education unit which supports 14 online graduate 
programs, 2 site-based undergraduate engineering programs, and three 2+2 undergraduate 
transfer programs. EOL is one component of the overall COE academic enterprise, and as such, 
receives funding from the University’s Office of the Provost. Academic funding to the 
University originates with the State legislature, and funding level increases are tied to increases 
in delivered student credit hours. The State funding mechanism for distance education programs 
is identical to the funding for on-campus programs.  

 
The result is a consistent and predictable funding stream to the College for support and 
expansion of the distance education initiatives. This funding is used to provide salary support for 
the direct program personnel, to the Raleigh-based teaching faculty, and for equipment and 
infrastructure support in Havelock. A concise history of this program funding is: 
 

Expenditures  2007‐08  2008‐09  2009‐10  2010‐11    2011‐12   2012‐13 

Local Operating  $ 25,000  $ 25,000  $ 20,000  $ 35,000  $ 25,000  $ 25,000 

Teach/Lab Supplies  $ 30,218  $ 17,777  $ 28,039  $ 13,954  $ 21,788  $ 24,987 

Lab Equipment***  $ 48,680  $  1,935  $ 45,154  $ 47,091  $ 19,365  $      258 

Fixed Services**  $   8,918  $ 2,681  $   6,670  $   1,224  $   4,337  $   2,346 

Travel  $      412  $    900  $   3,800  $   4,450  $   5,248  $   2,752* 

TOTAL  $113,328 $ 48,293  $103,663  $101,719  $ 75,738  $ 55,343 

             

Personnel****             

  Director  $ 81,558  $ 83,584  $ 84,004  $ 84,004  $ 84,004  $ 89,559 

  Program Asst.  $ 37,630  $ 39,753  $ 39,953  $ 40,552  $ 40,552  $ 42,050 

  Facilitators  $   0  $      407  $      233  $ 21,500  $ 20,636  $ 17,983 

TOTAL  $119,188 $123,744 $123,957  $146,056  $145,192  $149,592 

 
 
*Used local funds for much of the travel expenses for marketing purposes 
** Services for insurance, phone charges, printing, etc. 
*** Note:  start-up expenses for labs varies based upon lab schedule for program 
****Benefits not included 

 
B.2 Support for Teaching Resources 
 
Departmental support is provided to the engineering departments for support of the 
undergraduate courses in mechanical engineering for TA/grader support.  Travel for faculty to 
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visit the site is also paid by EOL.  Approximately, $4,000 per course is sent to the department 
each semester.   

 
EOL provides supplemental pay for each faculty in Raleigh who teaches courses for this program 
and also provides laptop computers, IPads and Microsoft Surface Pro tablets to use in the studio 
classrooms, for online office hours and for review sessions.  Several mini-studios have been 
created on campus for faculty to use for interacting synchronously with students for help and/or 
review sessions. 
 
New engineering faculty on the campus of NC State attend a four-day New Faculty Workshop 
the week before classes start. Topics of the workshop, designed to build the habits of “fast 
starters,” include: 

Day 1: Introductions, new faculty success strategies, learning and teaching styles, planning a 
course and getting it off to a good start, effective testing and grading.  
Day 2: Effective lecturing, active learning, teaching with technology, advising, crisis clinic 
(classroom management problems, students with emotional disturbances, students with 
disabilities, cheating,...).  
Day 3: Getting grants, finding collaborators, internal support for research at NCSU. 
Activities include a mock NSF review panel and a multidisciplinary planning opportunity, 
both of which offer suggestions for writing successful proposals and establishing successful 
research programs.  
Day 4: Recruiting graduate students and assembling and managing a research team, getting 
papers published in first-class journals, crisis clinic (equipment failures, unproductive 
research assistants, loss of funding,...), time management, integrating into the campus 
culture. At the end of the day, both Deans and several department heads discuss tenure and 
promotion requirements and answer questions, followed by a celebratory reception.  

Notice that on Day 2 the focus is in teaching, student learning, pedogogy, and classroom 
management topics. In addition, faculty have access to the NC State Office of Faculty 
Development, whose Teaching and Learngin goals include: 
 

By recognizing excellent teaching and encouraging faculty members to explore the 
Scholarship of Teaching and Learning (SoTL), the Office of Faculty Development strives to 
support faculty members in this important area of their professional lives.  We are proud to 
support teaching awards such as the Board of Governors Award, among others, and to offer 
programs such as Thank a Teacher, where students can personally thank a teacher who has 
had a significant impact on their lives. Additionally, our What the Best NC State Teachers Do 
video series and our many workshops and Elluminate sessions on best practices in teaching 
highlight effective strategies you can implement in your classroom. 

 
Also, many engineering faculty take advantage of workshops, confernences, and professional 
development of excellence in teaching and the scholarship of teaching. Examples include the 
American Society of Engineering Education, Frontiers n Engineering, and education deivision of 
professional engineering societies. 
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The College of Engineering will provide funding to maintain laboratory equipment, computers, 
and distance education technology.  Equipment will be replaced as needed for the program.  
Craven Community College (CCC) will provide classroom, lab and office space for the BSE 
program as well as the maintenance of such space.    
 
B.3 Adequacy of Budget 
 
The total funding from all the sources described above are sufficient to ensure the quality and 
continuity of the BSE MES degree program in Havelock, NC. 
 
C. Staffing 
 
Hiring and rention of NC State personnel on location in Havelock, NC is different than that of 
traditional academic departments. On location are the director, academic support personnel and 
an administrative assistant. The director is in a 12-month EPA administrative position and carries 
a gratis (non-tenure track) academic appointment in Mechanical Engineering. The lab support 
personnel are in flexible temporary hire positions, and the administrative assistant is a full time 
SPA state employee. 
 
Staff at NC State in the areas of advising, student support, dean’s office, ABET assessment, 
course delivery, IT support, and other units are committed to the current and on-going success of 
the program.  In addition, counseling center, career development center, libraries, co-operative 
education, student health and other units are available and supportive of students in the program. 
 
D. Faculty Hiring and Retention 
 
As a site-based program the BSE MES does not follow a conventional faculty staffing model, 
nor a completely distance education-based model. Basic general education transfer credit is built 
upon with DE and locally available engineering course content to deliver a unique integrated 
currilcum.  As with the delivery model the faculty model is unique, combining local and 
distance-based faculty to support the program and students. In addition, this unique program 
builds on a substantial local industrial commitment.  
 
Faculty from the Raleigh-based MAE, MSE, ECE departments are committed to the ongoing 
delivery of the program, and there is ownership of the curriculum and assessment process, and 
success of the students.  Engineering On Line supports the delivery of curriculuar courses from 
within those units.  The offered courses are drawn from existing offerings required in other NC 
State engineering curricula and as such there is no risk of faculty not being available to teach 
these sections.  Faculty hiring and retention is an important aspect of the development of faculty 
in those units. New faculty workshops, professional development, the RTP process, departmental 
mentoring programs and other initiatives are all in place in these units to address the issues of 
hiring and retention. Below find data on two other important elements—salaries and benefits. 
 

Faculty Salaries 
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Neither the UNC system, the University nor the College has policies that speak directly 
to the issue of faculty salaries. As a result faculty salaries are determined, and managed, 
by the individual departments heads in which faculty are appointed. The level, type and 
term of the appointment and associated salary result from an explicit consideration of 
contributing factors. Factors often used in setting salary may include, but are not limited 
to, the following: market conditions, experience level, areas of expertise versus needs and 
appointment rank. In general faculty salaries are meant to be competitive and set to 
reward, recognize and motivate faculty. Any annual salary increases result from the 
annual review process conducted within each department,* and are made possible 
through monies appropriated by the North Carolina State General Assembly. The Board 
of Governors of the consolidated University system then determines how these funds are 
to be distributed. Based on the Board of Governors’ guidelines, recommendations for 
individual faculty salary increases are forwarded from department heads, through deans, 
provost, chancellor, and Board of Trustees, to the Board of Governors for final approval. 
In addition, in recent years there have been monies available at the system level to 
address issues of retention of faculty being recruited by other universitites. These monies 
are not permanently available and are limited. 
 
* See: NCSU Policy on Faculty Review at www.ncsu.edu/policies/employment/epa/REG05.20.3.php. 
 
Faculty benefits 
Faculty in the College of Engineering become eligible to participate in a full range of 
employee benefits offered through the NC State Office of Human Resources. Participants 
may select from a range of options related to health plans, retirement and financial 
planning, life insurance, worker compensation and disability and other perks and 
recognition options. More detail about these plans and options are found at the HR 
Benefits website at http://www.fis.ncsu.edu/hr/benefits/. 

 
E. Support of Faculty Professional Development 
 
The active engagement of our faculty in professional activities (research, service to their 
technical community, consulting, partnering with industry, etc.,) contributes extensively to the 
professional development of our faculty. There is no formal line item in the departmental budget 
for faculty professional development; however, the department, College of Engineering and 
University provide limited but adequate support for faculty development. Operating funds are 
used to support faculty for travel to professional conferences, technical committee meetings 
and/or workshops and funding agencies. There is special emphasis on start-up funds and travel 
support for new faculty.  Additional support is available through discretionary funds (alumni and 
industry contributions) that are available to the department head or directly to individual faculty 
and through a range of professional development opportunities available through the Dean’s and 
the Provost Offices.  Numerous departmental, College of Engineering, and university supported 
seminars are available for faculty to attend thus providing for a rich environment of professional 
development. There is also a New Faculty Workshop as well as an informal mentoring system to 
assist in the transition to new teaching and research responsibilities. All faculty may seek support 
from the Office of Faculty Development (see details at 
http://www.ncsu.edu/project/fctl/index.html.) The Office of Faculty Development lends a great 
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deal of assistance in the way of teaching technologies and methodologies. The center staff will 
work one on one with an individual faculty member to improve teaching and delivery styles. 
 
Faculty are supported through funds and allocated time for their involvement in the professional 
societies.  These include major societies such as ASME, ASEE, AIAA, IIE, SAE and IEEE along 
with the more specialized and varied societies such as MRS (Materials Research Society), ASM 
(American Society of Metals), Precision Engineering, American Society of Packaging 
Engineering, and INCOSE (International Council on Systems Engineering). 
 
The university provides funding for faculty members to take a fully paid six-month sabbatical 
every six years. Normally faculty members take advantage of the offer and conduct their 
sabbatical at another institution. Finally, seed funding for faculty developing new research 
activities is available through the office of the Vice Chancellor for Research and Graduate 
Studies. 
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9. PROGRAM CRITERIA 
 
 
In addition to the ABET Engineering Criteria, the American Society of Mechanical Engineers 
(ASME) requires that Mechanical Engineering and similarly named programs satisfy the 
following.  
 

1. Curriculum  
The curriculum must require students to apply principles of engineering, basic science, 
and mathematics (including multivariate calculus and differential equations); to model, 
analyze, design, and realize physical systems, components or processes; and prepare 
students to work professionally in both thermal and mechanical systems areas.  
 
The discussions under Outcome A (page Error! Bookmark not defined.), Outcome C 
(page Error! Bookmark not defined.), and Outcome E (page 91) show that the MES 
curriculum satisfies the curriculum requirements above. 

 
2. Faculty  

The program must demonstrate that faculty members responsible for the upper-level 
professional program are maintaining currency in their specialty area. 

 
The discussion under faculty professional development on page 118 shows the faculties 
responsible for the upper-level courses in the MES program are well qualified and 
maintain currency in their specialty areas. 
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APPENDICES 
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10.  APPENDIX A - COURSE SYLLABI 
 

Syllabi of Site-Based Courses (Havelock)….. Page 135 
 
Course Number Title Instructor 
EGR 150(E101) Introduction to Engineering Dr. Bill Fortney/ Mr. Jim Yankauskas
MES 300 Systems Engineering Dr. Bill Fortney 
MES 305 Laboratory I Dr. Bill Fortney/ Mr. Jim Yankauskas 
MES 401 Capstone Design I Dr. Bill Fortney 
MES 402 Capstone Design II Dr. Bill Fortney 
MES 405 Laboratory II Dr. Bill Fortney/ Mr. Jim Yankauskas
 
Syllabi of Raleigh-Based Courses….. Page 147  
 
Course 
Number 

Title Instructor 

ECE 331 Principals of Electrical Engineering Dr. Stephen J. Walsh 
MAE 206 Engineering Statics Dr. Anna Howard 
MAE 208 Engineering Dynamics Dr. Fen Wu 
MAE 301 Engineering Thermodynamics I Dr. Mike Boles 
MAE 308 Fluid Mechanics Dr. Savaliev 
MAE 310 Heat Transfer Dr. Rich Gould 
MAE 314 Solid Mechanics Dr. Afsaneh Rabiei 
MAE 315 Dynamics of Machines Dr. Paul Ro 
MAE 316 Strength of Mechanical Components Dr. Jeff Eischen 
MAE 412 Analysis and Design of Energy Systems Dr. Richard R. Johnson 
MAE 415 Analysis for Mechanical Engineering Design Dr. Jeff Eischen 
MAE 435 Principles of Automatic Control Dr. Greg Buckner 
MSE 201 Structure and Properties of Engr. Materials Dr. Yusuf Fahmy 
ST 370 Probability and Statistics for Engineers Dr. Kimberly Weems 
 
 
Syllabi of NC Community College Transfer Courses….. Page 176 
 
Course 
Number 

Title NCSU Equivalent 

CHM 151 General Chemistry CH 101 & CH 102 
MAT 271 Calculus I MA 141 
MAT 272 Calculus II MA 241 
MAT 273 Calculus III MA 242 
MAT 285 Differential Equations MA 341 
PHY 251 General Physics I PY 205 
PHY 252 General Physics II PY 208 
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Syllabi of Site-Based Courses (Havelock) 
 
Course Number Title Instructor 
EGR 150(E101) Introduction to Engineering Dr. Bill Fortney/ Mr. Jim Yankauskas
MES 300 Systems Engineering Dr. Bill Fortney 
MES 305 Laboratory I Dr. Bill Fortney/ Mr. Jim Yankauskas 
MES 401 Capstone Design I Dr. Bill Fortney 
MES 402 Capstone Design II Dr. Bill Fortney 
MES 405 Laboratory II Dr. Bill Fortney/ Mr. Jim Yankauskas
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EGR 150 Syllabus 

 
Course Number and Name 
 

EGR 150 HEI Introduction to Engineering 

Credits and Contact Hours 
 

2 credit/3 contact, One 180 minute lecture per week, 16 
lectures 

Instructor, Coordinator 
 

Mr. Jim Yankauskas; Dr. Bill Fortney 

Textbook:  no textbook 
 
a. Supplemental Information: 
 For this course, you must have access to a computer with Microsoft Word, Powerpoint 
and Excel 2003 or above as well as internet access to use Moodle. 
Campus Planner – this organizational tool and calendar provides college policies and 
procedures.  It is available at the College bookstore. 
 
Specific Course Information 
 
a. Catalogue description: This course is an overview of the engineering profession.  
Topics include career opportunities, ethics, public safety, the engineering method and 
design process, written and oral communication, interpersonal skills and team building, 
Assignments will use the Microsoft Office Suite of Word, Excel, PowerPoint.  Upon 
completion, students should be able to understand the engineering process and 
profession. Classroom lectures, hands on projects and self-directed learning using 
material provided in course Moodle site. 
 
b. Pre-requisites: none 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: Upon completion of this course, the student should be able to: 
1. Understand specifics of the various engineering disciplines and about careers in 
engineering. 
2. Demonstrate knowledge of the resources and opportunities on campus that assist in 
achieving your unique educational and life goals. 
3. Work in teams to solve and present engineering problems. 
4. Apply a structured design process in developing a project. 
5. Present engineering problems and solutions in oral presentation modes. 
6. Use Excel for engineering problem solving. 
   
 
Latest Version Prepared by:                            Dr. Richard R. Johnson,  March 24, 2013 
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MES 300 Syllabus 
 

Course Number and Name 
 

MES 300 Systems Engineering 

Credits and Contact Hours 
 

3 credits, Two 120 minute lectures per week, 25 lectures

Instructor, Coordinator 
 

Dr. William Fortney, Dr. William Fortney 

Textbook: Blanchard B., and Fabrycky W., Systems Engineering and Analysis, 5th ed,  
 
Specific Course Information 
a. Catalogue description: This course provides an introduction to the theory and practice 
of formal systems engineering.  Students are exposed to systems thinking, systems 
modeling and performing engineering design within a formal systems engineering 
framework. They will perform requirements definition and analysis, system architecting, 
test and integration plan development, economic evaluation of alternatives, and formal 
technical reviews.   
 

b. Pre-requisites: MAE 206 (C or better), Junior standing 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: By the end of this course, students should be able to: 

1. Explain what it means to think in terms of systems and define a design 
component in terms of the role it plays in its system hierarchy.  

2. Represent systems from different perspectives using various system 
modeling tools.  

3. Qualitatively evaluate how design decisions impact other elements in a 
system and how to consider all dimensions of these impacts (technical, 
people, training, disposal, Mfg.,….) when initiating change. 

4. Explain what Systems Engineering is and the benefit of following a SE 
approach to engineering design. 

5. Identify user requirements and write them in the form of system and 
sub-system specifications. 

6. Perform requirements analysis and system architecting. 
7. Develop and execute sub-system/system test and integration plans. 
8. Formally research, evaluate and document alternative design options.  
9. Work on a team which follows a specific system engineering 

methodology to design and build a given product.  
10. Develop and deliver professional oral presentations for formal technical 

reviews.  
11. Develop a project Work Breakdown Structure and project gantt chart.  

 
                                                                                                      Continued on next page 
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b. Student outcomes addressed by course (Criterion 3) continued from previous page 
for MES 300 
Learning 
Outcome 

Course content related to outcome implementation/assessment 

c 
Formal Procedure for detailed requirements definition, generate multiple 
alternatives, design of systems with multiple realistic constraints 
 

d 
Techniques for planning, conducting and documenting team meetings, Team 
based design project. 
 

g 
Preparation and delivery of oral presentations 
 

i 
Perform and document research in support of problem solving 
 

k 
 

Use of Microsoft Project 
 

c. Contribution to Criterion 5 to a 3-hr course 
 

Other 
Mathematics and 

Basic Science 
Engineering Science General Education 

NA 
 

NA 
 

4 hrs with significant 
design content 

 

NA 
 

Topics covered  
1. Systems Engineering, SE Overview 
2. SE Model, Project Definition, Requirements Definition 
3. Requirement witing, technical review and Analysis medeling 
4. System Architecting and evaluation 
5. Preliminary Design Review 
6. Product Design 
7. Developing a Test Plan 
8. Critical design review 
9. Project management, Evaluation of Alternatives 
10. System Integration 
11. Adapting the SE process 
12. System verification review 

  
 
 
 
 
Latest Version Prepared by:                            Dr. Richard R. Johnson,  March 24, 2013 
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MES 305 Syllabus 
 

Course Number and Name 
 

MES 305 Laboratory I 

Credits and Contact Hours 
 

1 credit, one 3 hour  laboratory meeting per week  

Instructor, Coordinator 
 

Dr. William Fortney, Dr. William Fortney 

Textbook:   Wheeler A., and Ganji A., Introduction to Engineering, 2nd ed.,  
  Silverberg, L and Tran C., Basic Experiments in PID Control,  
 
Specific Course Information 
 
a. Catalogue description: Course provides an introduction to the theory and practice of 
manual and computer assisted laboratory measurement techniques, data analysis, design 
of experiments and technical report writing. Students learn to successfully conduct and 
document an engineering experiment. 
 
b. Pre-requisites: GC 120, MSE 201, MAE 206 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes:  
By the end of this course, students should be able to: 

 
1. Properly use mechanical and electronic measuring devices to quantify properties such 

as dimensional characteristics, flow, temperature, strain, voltage and current; 
2. Utilize computer tools to perform automated data acquisition;  
3. Use statistical techniques to analyze the consistency and reliability of experimental 

data; 
4. Properly identify sources of experimental error and create plans to reduce variation; 
5. Perform a materials properties analysis on traditional and composite materials; 
6. Create and execute a plan to lead a team of peers in performing a pre-designed 

laboratory experiment; 
7. Create a professional engineering lab journal; 
8. Present experimental results and methods in various industry supported formats. 
   
 
 
                                                                                                      Continued on next page 
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b. Student outcomes addressed by course (Criterion 3) continued from previous page 
for MES 305 
Learning 
Outcome 

Course content related to outcome implementation/assessment 

a Apply knowledge of statics,material properties, 
 

b Conduct experiments and collect and analyze data; Demostrate DOE 
 

d Work in teams 
 

g Oral presentations and written lab. Reports 
 

i Document research in support of laboratory analysis 
 

k 
 

LabView 
 

c. Contribution to Criterion 5 to a 1-hr course 
 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

1 hr 
 

NA 
 

Topics covered  
 Laboratory Safety, data analysis and mechanical measurements 
Currents and Voltages, LabView 
Capacitors and Operational Amps, LabView 
Data analysis, temperature measurements and Design of Experiment 
Basic design of Experiment, Flow measurements 
Composites – I 
Composites – II 
Material Properties – I 
Material Properties – II 
Group Project Presentation 
 
Latest Version Prepared by:                            Dr. Richard R. Johnson,  March 24, 2013 
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MES 400 Syllabus 
 

Course Number and Name 
 

MES 401 Capstone Design I 

Credits and Contact Hours 
 

3 credits, 2 115-minute meetings per week, Technical 
Reviews, Systems Engineering Status Reviews, 
Machine Training 
 

Instructor, Coordinator 
 

Dr. William Fortney, Dr. William Fortney 

Textbook:  No specific textbook required although texts from previous classes are useful 
 
Specific Course Information 
 
a. Catalogue description: This course is the first semester of the two semester senior 
engineering design and manufacturing experience. This capstone experience is the 
culmination of the MES student’s undergraduate education experience. Working in 
teams, students design, cost, and build a working prototype to solve a real-world 
engineering problem supplied by an industry partner. In MES 401, students follow a 
formal systems engineering approach to manage their design project through the 
completion of a Requirements Definition Review, a Preliminary Design Review, and the 
completion of Detailed Design. Students develop written and verbal communication 
skills through reports and presentations. Students also gain insight into engineering 
design practices through guest lectures from local engineers.    
 
b. Pre-requisites: MAE 316, MAE 310, MES 300 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course  
a. Specific outcomes: By the end of this course, students should be able to: 

1. Investigate an open-ended “real-world” engineering problem and define goals and 
objectives for its solution.  

2. Create and maintain an engineering journal.  
3. Demonstrate independent learning skills by devising and investigating feasible ideas. 
4. Demonstrate the ability to work effectively in engineering teams to resolve conflict 

and meet quantitative engineering objectives established during the project.  
5. Effectively communicate technical information through engineering drawings, written 

reports, and oral presentations (formal & informal).   
                                                                                                      Continued on next page 
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continued from previous page for MES 401 
6. Understand and utilize mechanical engineering design and analysis techniques. 
7. Demonstrate proficiency in creating and understanding design drawings.  
8. Demonstrate proficiency in using state of the art software and other electronic tools.  
9. Create a Systems Engineering Management Plan complete with a project management 

plan, project budget and life-cycle cost analysis.  
10. Clearly request and exchange quantitative information. 
11. Analyze and optimize a design in relation to life-cycle parameters such as 

performance, cost, safety, manufacturability, reliability, and maintainability.   
 
b. Student outcomes addressed by course (Criterion 3)  
Learning 
Outcome 

Course content related to outcome implementation/assessment 

a Apply knowledge of math, science and engineering to system design 
c Carry out engineering system design 
d Work in teams 
e Identify, formulate and solve engineering problems  
f Discuss ethical dimensions of capstone design project  
g Oral presentations and Written reports 
h Discussion of technical and non-technical impact of design projeect 
i Research and document material in support of the design project 
j Discussion of the context of design project in contemporary issues 
k 
 

EXCEL, MatLab, LabView and Microsoft Project 
 

c. Contribution to Criterion 5 to a 3-hr course 

Other 
Mathematics and 

Basic Science 
Engineering Science General Education 

NA 
 

NA 
 

3 hrs with significant 
design content 

 

NA 
 

Topics covered  
Engineering Standards in requirements development 
Having Effective Meetings and writing meeting minutes 
Project Management and MS Project 
Evaluating Alternatives 
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MES 402 Syllabus 
 

Course Number and Name 
 

MES 402 Capstone Design II 

Credits and Contact Hours 
 

4 credits, Two 75 minute lectures per week  plus time 
for machine training and fabrication 
 

Instructor, Coordinator 
 

Dr. William Fortney, Dr. William Fortney 

Textbook:  No text required but although texts from previous classes are useful 
 
Specific Course Information 
a. Catalogue description: This course is the second of the two semester senior 
engineering design and manufacturing experience. This capstone experience is the 
culmination of the MES student’s undergraduate education experience. Working in 
teams, the students design, cost, and build a working prototype to solve a real-world 
engineering problem supplied by an industry partner. In MES 402, students manage their 
design project through the completion of a Critical Design Review, a Production 
Readiness Review, Manufacturing and Fabrication, a Test Readiness Review and a Final 
Verification Review. Students develop written and verbal communication skills through 
reports and presentations. Students also gain insight into engineering design practices 
through guest lectures from local engineers.     
 
b. Pre-requisite: MES 401 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
a. Specific outcomes: By the end of this course, students should be able to: 

1. Create and maintain an engineering journal.  
2. Demonstrate the ability to work effectively in engineering teams to resolve conflict 

and meet quantitative engineering objectives established during the project.  
3. Effectively communicate technical information through engineering drawings, written 

reports, and oral presentations (formal & informal).   
4. Understand and utilize mechanical engineering design and analysis techniques.  
5. Demonstrate proficiency in creating and understanding design and manufacturing 

drawings.  
6. Demonstrate proficiency in using state of the art software and other electronic tools.  
7. Execute a Systems Engineering Management Plan.  
8. Clearly request and exchange quantitative information. 
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continued from previous page for MES 402 

 
9. Analyze and optimize a design in relation to life-cycle parameters such as 

performance, cost, safety, manufacturability, reliability, and maintainability.   
10.  Fabricate a prototype.  
11.  Improve a design through testing and modification 

 
b. Student outcomes addressed by course (Criterion 3)  
Learning 
Outcome 

Course content related to outcome implementation/assessment 

a Apply knowledge of math, science and engineering to system design 
c Manage Design Project Realization 
d Work in teams 
e Identify, formulate and solve engineering problems  
f Discuss ethical dimensions of capstone design project  
g Oral presentations and Written reports 
h Discussion of technical and non-technical impact of design projeect 
i Research and document material in support of the design project 
j Discussion of the context of design project in contemporary issues 
k 
 

EXCEL, MatLab, LabView and Microsoft Project 
 

c. Contribution to Criterion 5 to a 3-hr course 
 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

4 hrs including 
significant design 

NA 
 

Topics covered  
1. Critical Design Review 
2. Project management and Safety Brief 
3. Ethics, Engineering Economy  
4. Production Readiness Review /Machining, Welding and Fabrication 
5. SE Status Review/ Machining, Welding and Fabrication 
6. Design and Safety Issues/ Machining, Welding and Fabrication 
7. Design and Legal Issues/ Machining, Welding and Fabrication 
8. Design and Ethical Issues/ Machining, Welding and Fabrication 
9. SE Status Review/Heat Treating Concepts/ 
10. Configuration Mgt./ Machining, Welding and Fabrication 
11. Testy Readiness Review 
12. Non-destructive Testing Techniques/Testing 
13. SE Status Review/Testing/Debugging 
14. System Verification Review 
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MES 405 Syllabus 
 

Course Number and Name 
 

MES 405 Laboratory II 

Credits and Contact Hours 
 

2 credits, Two 3-hour laboratory sessions per week 

Instructor, Coordinator 
 

Dr. William Fortney, Dr. William Fortney 

Textbook:   Wheeler A., and Ganji A., Introduction to Engineering, 2nd ed.,  
  Silverberg, L and Tran C., Basic Experiments in PID Control,  
 
Specific Course Information 
a. Catalogue description: In this course, students apply the measurement and 
experimental techniques learned in MES 305 to explore, experience and verify key 
theoretical concepts from the fields of thermal science, fluid mechanics, solid mechanics, 
and dynamics and controls. Students learn to successfully design, conduct, analyze, 
document and present a statistically sound engineering experiment. 
 
b. Pre-requisites: MES 305, MAE 314, MAE 308, Co-requisites: MAE 435, MAE 310 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: By the end of this course, students should be able to: 
1. Properly use mechanical and electronic measuring devices to explore and verify 

theoretical concepts in fields of thermal science, fluid mechanics, solid mechanics, 
and dynamics and controls;   

2. Use statistical techniques to analyze and interpret experimental data;  
3. Calibrate various types of mechanical and electronic measurement devices; 
4. Design and execute a statistically sound experiment to explore a given engineering 

phenomena; 
5. Create a professional engineering lab journal; 
6. Present experimental results and methods in various industry supported formats; 
7. Prepare and deliver a professional oral presentation which presents technical results 

from an engineering experiment. 
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b. Student outcomes addressed by course (Criterion 3) continued from previous page 
for MES 405 
Learning 
Outcome 

Course content related to outcome implementation/assessment 

a Apply knowledge of thermal and mechanical sciences 
 

b Conduct and Design Experiments 
 

d Work in teams 
 

e Experiments in both thermal and mechanical sciences and exercise of design 
of experiment 
 

g Oral and written reports 
 

i Document research in support of laboratory analysis 
 

k 
 

LabView 
 

c. Contribution to Criterion 5 to a 2-hr course 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

2 hrs 
 

NA 
 

Experiments  
 
Flow 1 and 2 
Viscosity measurements 1 and 2 
Wind Tunnel 1, 2 and 3 
Pup Performance map 
Vibrations 1 and 2 
Capacitors and Op amps / Lab View 
Currents and Voltages/ Lab View 
PID Control 1 and 2 
Thermal Conductivity and Heat Exchanger 1 and 2 
Thermal radiation 1 and 2 
Group project/Design of experiment 
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Syllabi of Raleigh-Based Courses 
 
Course 
Number 

Title Instructor 

ECE 331 Principals of Electrical Engineering Dr. Stephen J. Walsh 
MAE 206 Engineering Statics Dr.Anna Howard 
MAE 208 Engineering Dynamics Dr. Fen Wu 
MAE 301 Engineering Thermodynamics I Dr. Mike Boles 
MAE 308 Fluid Mechanics Dr. Savaliev 
MAE 310 Heat Transfer Dr. Rich Gould 
MAE 314 Solid Mechanics Dr. Afsaneh Rabiei 
MAE 315 Dynamics of Machines Dr. Paul Ro 
MAE 316 Strength of Mechanical Components Dr. Jeff Eischen 
MAE 412 Analysis and Design of Energy Systems Dr. Richard R. Johnson 
MAE 415 Analysis for Mechanical Engineering Design Dr. Jeff Eischen 
MAE 435 Principles of Automatic Control Dr. Greg Buckner 
MSE 201 Structure and Properties of Engr. Materials Dr. Yusuf Fahmy 
ST 370 Probability and Statistics for Engineers Dr. Kimberly Weems 
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ECE 331 Syllabus 
 

Course Number and Name 
 

ECE 331 Principals of Electrical Engineering 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Stephen J Walsh 

Textbook:  Electrical Engineering Principles and Applications, Allan R. Hambley, 
Prentice Hall, 4th Edition, 2008. 
 
Specific Course Information 
 
a. Catalogue description: Concepts, units and methods of analysis in electrical 
engineering. Analysis of d-c and a-c circuits, characteristics of linear and non-linear 
electrical devices; principles of Operational Amplifiers; transformers; motors; and filters. 
 
b. Pre-requisites: MA 241, PY 208 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: By the end of this course, the student should be able to: 
1.Analyze AC and DC circuits using Kirchhoff's Laws. 
2.Solve basic circuit problems using nodal and mesh analysis. 
3.Perform the analysis of first order R-C and R-L transient circuits. 
4.Use transfer functions and Bode plots to analyze Filter circuits in the frequency 
domain. 
5.Explain AC steady-state power and basic principles of power delivery. 
6.Analyze currents and voltages in non-linear diode circuits. 
7. Perform analysis of motors. 
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ECE 331 Specific Course Information continued 
 
b. Student outcomes addressed by course (Criterion 3): 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

 a Major Students analyze d-c and a-c circuits. They characterize linear 
and non-linear electrical devices, study transfer functions and 
analyze circuits in the frequency domain. 
 

 e Major Students solve Electrical Enineering problems using the 
analysis tools they are given in the course. 
 

 k Intermediate Students from other engineering departments learn basic 
electrical engineering analysis techniques to satisfy their 
program criteria. 

   
   

c. Contribution to Criterion 5 to 3-hr course 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1.Kirchhoff's Laws and basic R, L, C, Transformer concepts. 
2.Resistor Networks.  
3.Node Voltage Analysis 4.First Order R-C and R-L Transient Circuits.  
5.AC Sinusoidal Circuit Analysis. 
6.Filters.  
7.Operational Amplifiers.  
8.Diodes. 
9. Motors. 
10.Transistors 
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MAE 206 Syllabus 
 
Course Number and Name 
 

MAE 206 Engineering Statics 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Anna Howard, Dr. Anna Howard 

Textbook:  Vector Mechanics for Engineers: Statics, Beer, Johnston, Eisenberg and 
Mazurek, 10th edition, 2013 
Supplemental Material: Clicker-Response Card XR, Turning Tech, 2008 
 
Specific Course Information  
 
a. Catalogue description: Basic concepts of forces in equilibrium. Distributed forces, 
fluid forces, friction forces. Inertial properties. Application to machines, structures, and 
systems 
 
b. Pre and Co-requisites: Prerequisite: C- or better in MA 241 and PY 205. Co- 
requisite: MA 242 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes:  The students will be asked to demonstrate their knowledge of the 
material covered in MAE 206. Through the study of MAE 206 the student will be able to: 
  
1. Model physical systems using free body diagrams; 
2. Comprehend static equilibrium for particles, rigid bodies, trusses, and 
frames/machines; 
3. Solve for reaction forces and moments; 
4. Understand and apply friction and fluid pressures; 
5. Calculate and graph internal forces and moments; 
6. Calculate centroids and moments of inertia 
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Specific Goals for the Course continued for MAE 206 
 
b. Student outcomes addressed by course: 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Major Vector algebra, linear algebra, some calculus. 
 

e Major Calculate internal forces and moments. 
Force and moment calculations for typical engineering 
structures. 
Systematic and structured approach to problem solving. 
Distributed forces, beams, moments of inertia. 
Friction, trusses, frames and machines. 
 

c. Contribution to Criterion 5 (as part of 3 credit hours) 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Math and Physics Review  
2. Particle Equilibrium  
3. Force Resultants  
4. 2-D Equilibrium  
5. 3-D Equilibrium  
6. Distributed Forces   
7. Centroids  
8. Moments of Inertia 
9. Friction 
10. Fluid Statics  
11. Beams 
12. Beams: Shear and Bending  
13. Trusses  
14. Frames & Machines  
15. Review  
16. Exams 
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MAE208 Syllabus 

 
Course Number and Name 
 

MAE 208 Engineering Dynamics 

Credits and Contact Hours 
 

3 credits, two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. F. Wu, Dr. Gregory Buckner 

Textbook: Hibbeler, R.C., Engineering Mechanics: Dynamics, 11th Edition, Pearson 
Prentice Hall, 2007.  
a. Supplemental Information: Reference: J. L. Meriam and L. G. Kraige, 6th Edition, 
Engineering Mechanics: Dynamics, John Wiley & Sons, 2007. 
 
Specific Course Information 
 
a. Catalogue description: Kinematics and kinetics of particles in rectangular, cylindrical 
and curvilinear coordinate systems; energy and momentum methods for particles; kinetics 
of systems of particles; kinematics and kinetics of rigid bodies in two and three 
dimensions; motion relative to rotating coordinate systems. 
 
b. Pre-requisites: 2.5 GPA or higher, MA 242, C- or better in MAE 206 or CE 214 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes:  The students will be asked to demonstrate their knowledge of the 
material covered in MAE 208. Through the study of MAE 208 the student will be able to: 
1. Analyze the motion (displacement, velocity and acceleration) of particles in 
rectangular, cylindrical and curvilinear coordinate systems using vector mechanics; 
calculate relative motion relationships between translating particles; 
2. Apply Newton's 2nd law of motion to relate the forces acting on a particle to the 
resulting motion of the particle; use the work-energy method to predict particle motion; 
use impulse-momentum equations to solve impact problems involving particles; 
3. Analyze the motion of rigid bodies undergoing both translation and rotation; compute 
the derivatives of vectors resulting from both changes in magnitude as well as direction; 
analyze motion relative to rotating reference frames in two and three dimensions; 
4. Determine the inertia descriptions of a rigid body relative to a coordinate system; 
analyze the plane motion of a rigid body using Euler's equations.  
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b) Student outcomes addressed by course (continued from previous page for MAE 
208) 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Basic Application of mathematics to dynamics problems 
 

e Major Applications which are current. 
Free-body diagrams, work-energy principles. 
Analyze 2D motion of particles and rigid bodies. 
 

j Basic Setting up problems that provide societal context. 
 

 
c. Contribution to Criterion 5 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Particle kinematics  
2. Particle dynamics   
3. Work-energy, momentum methods  
4. Rigid body kinematics  
5. Rigid body dynamics   
6. Review and tests  
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MAE 301 Syllabus 

 
Course Number and Name 
 

MAE 301 Engineering Thermodynamics I 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Michael Boles, Dr. Michael Saveliev 

Textbook:  Cengel, Y. A. and Boles, M. A., Thermodynamics: an Engineering Approach, 
7th ed., The McGraw-Hill Companies, New York, 2008. 
 
Specific Course Information  
 
a. Catalogue description: Introduction to the concept of energy and the laws governing 
the transfers and transformations of energy. Emphasis on thermodynamic properties and 
the First and Second Law analysis of systems and control volumes. Integration of these 
concepts into the analysis of basic power cycles is introduced. 
 
b. Pre-requisites: MA 242, PY 208 or PY202 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: The students will be asked to demonstrate their knowledge of the 
material covered in MAE 301. Through the study of MAE 301 the student will be able to: 
1. Determine properties of real substances, such as steam and refrigerant 134-a, and ideal 
gases from either tabular data or equations of state. 
2. Analyze processes involving ideal gases and real substances as working fluids in both 
closed systems and open systems or control volumes to determine process diagrams, 
apply the first law of thermodynamics to perform energy balances, and determine heat 
and work transfers. 
3. Analyze systems and control volumes through the application of the second law. 
4. Analyze the basic Otto and Rankine cycles  
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b. Student outcomes addressed by course (continued from previous page for MAE 
301) 
 
Outcome Level  Course content related to outcome

a Major Apply principles of math, science and engineering 
 

e Major Identify, formulate, and solve engineering problems 
associated with closed and open systems using both ideal 
gases and real substances as working fluids. 
 

f Major Power systems and ethical problems arising in practice. 
 

h Major Impact of practice in the work place. 
 

i Basic Changing energy/power creation and usage. 
 

j Major Practical examples of power cycles. 
 

c. Contribution to Criterion 5 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Basic Concepts  
2. Properties of pure substances   
3. Energy transfer by heat,  
work, and mass  
4. The first law of thermodynamics 
5. The second law of thermodynamics   
6. Entropy and 1st & 2nd law applications 
7. Introduction to power cycles   
8. Review and tests 
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MAE 308 Syllabus 
 

Course Number and Name 
 

MAE 308 Fluid Mechanics 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Alexie Saveliev, Dr. Echeki 

Textbook: Munson, B.R., Young, D.F., Okiishi, T.H., and Huebsch, W.W.,Fundamentals 
of Fluid Mechanics, 6th ed., Wiley, 2009.  
 
Specific Course Information 
 
a. Catalogue description: Development of the basic equations of fluid mechanics in 
general and specialized form. Application to a variety of topics including fluid statics; 
inviscid, incompressible fluid flow; design of fluid dynamic system. 
 
b. Pre-requisites: MA 242; MAE 208 with a grade of C- or better or CE 215; 
Corequisites: MA 341 or MAE 301 and MAE 301 or MSE 301 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
a. Specific outcomes: Through the study of MAE 308 the student will be able to:  
1. Give operational definitions of Newtonian and non-Newtonian fluids, Lagrangian and 
Eulerian methods of describing fluid motion. 
2. Analyze pressure distributions in static fluids, determine the hydrostatic forces and 
their lines of action on plane surfaces and curved surfaces.  
3. Develop integral relations for conservation of mass, linear momentum, angular 
momentum, and energy, solve flow problems and calculate forces for inertial control 
volumes, develop the Bernoulli equation for a differential control volume. 
4. Develop differential equations for conservation of mass, momentum, and energy, and 
simplify the equations by introducing stream functions and velocity potentials. 
5. Apply the Buckingham pi theorem to systematically develop appropriate 
dimensionless ratios to characterize physical problems, predict prototype behavior from 
model test results. 
6. Determine conditions for which internal flows will be turbulent, solve the equations of 
motion for fully developed laminar flow in a pipe, use a Moody chart to determine the 
friction factor, evaluate minor losses in pipe systems, predict pressure losses in non-
circular ducts, and evaluate fluid meters for specific applications. 
7. Develop the boundary layer equations for external flows and determine the drag and 
lift forces on bodies.8. Evaluate the performance of fluid machines from measured data, 
and use non-dimensional parameters to scale the performance as the size, speed, or 
operating conditions change. 
                                                                                                      Continued on next page 
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b) Student outcomes addressed by course (continued from previous page for MAE 308 
Fluid mechanics) 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a 
 

 

Major 
 
 

Apply basic principles to develop differential equations and 
integral formulations for control volumes, simplify and solve 
the equations. 
 

e 
 
 
 

Major 
 
 
 

Identify, formulate, and solve engineering problems by means 
of analyses and application of experimental results 
Analysis of pressure distributions, solve Bernoulli equation, 
solve potential flow problems. 
Work problems involving variables such as Reynolds number, 
Mach number, and drag coefficient. 

   
c. Contribution to Criterion 5 to 3-hr course 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Fundamental Concepts 
2. Fluid Statics 
3. Integral Relations for  
Control Volumes 
4. Differential Relations 
5. Dimensional Analysis 
6. Viscous Flow in Ducts  
7. External Viscous Flow  
8. Fluid Machinery  Review 
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MAE 310 Syllabus 
 

Course Number and Name 
 

MAE310 Heat Transfer 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Richard Gould, Dr. Richard Gould 

Textbook: Incropera, DeWitt, Bergman & Lavine, of Heat and Mass Transfer, 6th ed., J. 
Wiley, 2007.  
 
Specific Course Information 
a. Catalogue description: Analysis of steady state and transient one and multi-
dimensional heat conduction employing both analytical methods and numerical 
techniques. Integration of principles and concepts of thermodynamics and fluid 
mechanics to the development of practical convective heat transfer relations relevant to 
mechanical engineers. Heat transfer by the mechanism of radiation heat transfer. 
b. Pre-requisites: MA 301 OR MA 341, C- or better in MAE 301 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
a. Specific outcomes: The students will be asked to demonstrate their knowledge of the 
material covered in MAE 310. Through the study of MAE 310 the student will be able to: 
1. Determine surface temperature or heat rate by performing control surface or control 
volume energy balances; 
2. Calculate heat rate using Fourier's law, Newton's law of cooling, Stefan-Boltzmann 
law; 
3. Determine the steady-state temperature distributions in 1-D, constant property solids; 
4. Calculate interface temperatures, and or, heat rates for 1-D steady state heat transfer 
problems using the electrical resistance circuit analogy; 
5. Determine the temperature distribution, heat rate, and performance of 1-D fins; 
6. Determine 2D steady-state temperature distributions using separation of variables and 
finite difference techniques; 
7. Determine 1D transient temperature distributions using separation of variables and 
finite difference techniques; 
8. Determine 3D transient temperature distributions using the product solution technique;
9. Determine the total and spectral blackbody emissive powers, surface radiation 
properties and radiation view factors; 
10. Calculate surface temperature or heat rate of gray diffuse surface enclosures.  
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b. Student outcomes addressed by course (continued for MAE 310 Heat Transfer) 
 
Learning 
Outcome 

Level  of 
Instruction 

Course content related to outcome 
implementation/assessment

a Major Heat conduction equation (differential equation) 
 

d Major Fin design. 
 

 e Major Demonstrate effective solution procedures to communicate 
solutions to engineering problems. 
 

 h Major Real-world applications, discussions about impact. 
 

 i Major Identify, formulate, and solve engineering problems 
associated with heat transfer, to determine surface 
temperatures and/or heat rates. 
 

 j Major Discussions about current heat transfer problems in the news. 
 

c. Contribution to Criterion 5 to 3-hr course 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

1 hr 
 

2 hrs 
 

NA 
 

Topics covered  
1. Rate equations, energy balances 
2. Heat conduction equation and BCs  
3. 1D SS heat conduction & fins  
4. 2D steady state heat conduction  
5. 1D transient heat conduction 
6. 3D transient heat conduction & FD 
7. Radiation heat transfer  
8. Review and tests 
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SYLLABUS MAE 314 
 

Course Number and Name 
 

MAE 314 Solid Mechanics 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Afsaneh Rabiei, Dr. Afseneh Rabiei 

Textbook:  Craig, R.R., Mechanics of Materials, 2nd ed., Wiley 
 
Specific Course Information 
 
a. Catalogue description: Concepts and theories of internal force, stress, strain, and 
strength of structural element under static loading conditions. Constitutive behavior for 
linear elastic structures. Deflection and stress analysis procedures for bars, beams, and 
shafts. Stability of columns. 
 
b. Pre-requisites: MA 242 with a grade of C- or better MAE 206 or CE 214;  
Co requisite: MSE 200, MSE 201, BME 203 or BAE 315 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: The students will be asked to demonstrate their knowledge of the 
material covered in MAE 314. Through the study of MAE 314 the student will be able to: 
1. Apply linear elastic material laws to calculate deformations of deformable bodies; 
2. Integrate deformable body concepts with static equilibrium to solve statically 
indeterminate problems; 
3. Model simple beams; 
4. Design a structural component including the concept of factor of safety; 
5. Interpret two dimensional stresses and strains using coordinate transformations; 
6. Calculate maximum normal/shear stresses and strains; 
7. Model thin walled pressure vessels.  
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b) Student outcomes addressed by course (criterion 3) Continued from previous page 
for MAE 314. 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Major Solve ordinary differential equations and solve problems in 
the area of solid mechanics, vector algebra 
 

e Major Applications to stress and strain 
 

c) Contribution to Criterion 5 
 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Introduction to Solid Mechanics  
2. Tension, Compression and Shear   
3. Axially Loaded Members  
 4. Torsion   
5. Advanced Shear Force, Bending Moments   
6. Stresses in Beams 
7. Deflection of Beams 
8. Analysis of Stress and Strain  
9. Pressure Vessels 
10.Column Analysis  
11. Exams 
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MAE 315 Syllabus 

 
Course Number and Name 
 

MAE 315 Dynamics of Machines 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Paul Ro, Dr. C. Tran 

Textbook: Rao, S., Mechanical Vibrations, fourth Edition, Addison-Wesley, 2004. 
Supplemental materials.   
 
Specific Course Information 
 
a. Catalogue description: Introduction to mechanical vibration, free and forced 
responses of discrete and continuous systems. Application of vibrations to the analysis 
and design of machine and mechanical components. 
 
b. Pre-requisites: MA 341, C- or better in MAE 208 and CE 215. 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
a. Specific outcomes: The students will be asked to demonstrate their knowledge of the 
material covered in MAE 315 through their mastery of the following course objectives. 
Through the study of MAE 315 the student will be able to:  
1. Analyze and develop single degree-of-freedom vibration models of physical systems, 
predict the system's natural frequency, and calculate the forced vibration response to 
harmonic input forces;  
2. Perform basic natural frequency analysis for two degree-of-freedom systems, and for 
one-dimensional continuous systems;  
3. Calculate the kinematic response variables for planar mechanism such as linkages. 
Determine the dynamic forces arising in a mechanism due to the motion of the system 
components. Predict the dynamic motion of a mechanism that results from a set of 
applied forces;  
4. Determine the mass corrections to be added to or subtracted from a planar mechanism 
in order to achieve a state of dynamic balance.  
 
         
 
 
                                                                                              Continued on next page 
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b. Student outcomes addressed by course (Criterion 3) Continued from previous page 
for MAE 315 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Major 
 

Differential equations of vibration 
 

e 
 
 
 
 

Major 
 
 
 

Identify, formulate and solve engineering problems associated 
with mechanical vibrations, gear trains, and machinery force 
determination. Apply principles of physics, statics and 
dynamics in solving MAE 315 problems. 
 

k Major Solve problems using EES software. 
 

c. Contribution to Criterion 5 to 3-hr course   
This course requires homework assignments that involve both design analysis of 
vibration models of physical systems and open-ended design problems where students 
must make choices for parameters controlling the kinematic and dynamic response 
variables for planar mechanisms such as linkages.3 hrs, Engineering Topics with 
significant design. 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Single degree-of-freedom systems   
2. Multi degree-of-freedom systems  
3. Continuous systems 
4. Machinery kinematics  
5. Dynamic forces, balance 
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MAE 316 Syllabus 
 

Course Number and Name 
 

MAE 316 Strength of Mechanical Components 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Jeff Eischen, Dr. Jeff Eischen 

Textbook:  Ugural, et. al, Mechanical Design- An Integrated Approach, McGraw-Hill, 
2004. 
 
Specific Course Information 
 
a. Catalogue description: Analysis and design of mechanical components based on 
deflection, material, static strength and fatigue requirements. Typical components include 
beams, shafts, pressure vessels, and bolted and welded joints. Classical and modern 
analysis and design techniques. Computer analysis using the finite element method. 
Material and manufacturing considerations in design. 
 
b. Pre-requisites: C- or better in MAE 314 or CE 313 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes:  The students will be asked to demonstrate their knowledge of the 
material covered in MAE 316 through their mastery of the following course objectives. 
Through the study of MAE 316 the student will be able to: 1. Perform engineering 
analysis on basic mechanical components including but not limited to: bars, beams, 
shafts, thick wall pressure vessels, beams with skew loads and non-symmetric cross 
sections, curved beams, columns, bolted joints.2. Formulate and solve engineering 
mechanics problems with advanced techniques such as: Castigliano’s theorem matrix 
methods (finite elements) for beam analysis.3. Perform design analysis on mechanical 
components using taking into account: failure theories, fatigue analysis, fracture 
mechanics analysis4. Perform limited design calculations on machine components such 
as: beams, thick wall pressure vessels, beams with skew loads and non-symmetric cross 
sections, curved beams, columns, bolted joints. 
 
   
 
                                                                                                      Continued on next page 
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b. Student outcomes addressed by course (Criterion 3) Continued from previous page 
for MAE 316  
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

c Intermediate Design engineering components with particular emphasis on 
beams, thick wall pressure vessels, beams with skew loads 
and non-symmetric cross sections, curved beams, columns, 
bolted joints. Identify, formulate, and solve engineering 
problems associated with bars, beams, shafts thick wall 
pressure vessels, beams with skew loads and non-symmetric 
cross sections, curved beams, columns, bolted joints. Apply 
principles of statics, dynamics, solid mechanics, and materials 
science in solving MAE 316 design problems. 
 

e Major Combined stress matrix methods for beam analysis. 
 

k Basic Open-ended mechanical design problems, design of bolted, 
welded bolts. 
 

c. Contribution to Criterion 5 for a 3-hr course 

Other 
Mathematics and 

Basic Science 
Engineering 

Science with design
General Education 

NA 
 

NA 
 

3 hrs 
 

NA 
 

Topics covered  
1. Bars, beams, shafts, combined stress  
2. Principal stress in 2D and 3D  
3. Design of thick wall pressure vessels  
4. Press and shrink fits  
5. Contact stress (2) 6. Beams with skew loads  
7. Beams with` non symmetric cross sections  
8. Design of curved beams 
9. Castigliano’s theorem  
10. Matrix methods for beam analysis 
11. Column design  
12. Failure theories  
13. Stress concentration 14. Fatigue analysis  
15. Fracture mechanics  
16. Design of bolted, welded joints  
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MAE 412 Syllabus 
Course Number and Name 
 

MAE 412 Analysis and Design of Energy Systems 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Richard R. Johnson, Dr. Stephen Terry 

Textbooks: (previously required in MAE 301 Thermodynamics, MAE 308 Fluid 
Mechanics and MAE 310 Heat Transfer 
Munson, B.R., Young, D.F., Okiishi, T.H., and Huebsch, W.W.,Fundamentals of Fluid 
Mechanics, 6th ed., Wiley, 2009. 
Incropera, DeWitt, Bergman & Lavine, Fundamentals of Heat and Mass Transfer, 6th ed., 
J. Wiley, 2007. 
Cengel, Y. A. and Boles, M. A., Thermodynamics: an Engineering Approach, 7th ed., 
The McGraw-Hill Companies, New York, 2008. 
 a. Supplemental Information: Notes provided for engineering economics 
 
Specific Course Information 
a. Catalogue description: Applications of thermodynamics, fluid mechanics, and heat 
transfer to thermal systems with an emphasis on system design and optimization. Design 
of heat exchangers. Analysis of engineering economics, including time value of money, 
present and future worth, payback period, internal rates of return, and cost benefit 
analysis. Review of component models for pipes, pumps, fans, compressors, turbines, 
evaporators, condensers and refrigerators. Simulation methods for finding the operating 
point for thermal systems. Design of thermal systems through optimization. 
b. Pre-requisites: MAE 302, MAE 308, and MAE 310 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
a. Specific outcomes: The students will be asked to demonstrate their knowledge of the 
material covered in MAE 412. Through the study of MAE 412 the student will be able to: 
1. Calculate the performance of parallel, counter and cross flow heat exchangers using 
both the LMTD and the effectiveness-number of transfer units methods of analysis. 
Analyze the performance characteristics of a number of components in thermal and 
energy systems including heat exchangers, condensers, evaporators, pumps, fans, pipes 
and ducts.  
2. Calculate system performance of multiple thermal components joined together using 
graphical techniques, analytical simulation techniques solving simultaneous equations, 
and numerical techniques approximately solving simultaneous equations. 
3. Evaluate the economic viability of projects using methods based on the time value of 
money with techniques such as life-cycle costing, payback period, and internal rate of 
return. 
4. Design thermal systems using methods of repeated simulation and optimization.  
5. Communicate results of project work through report writing and oral presentations. 
                                                                                                      Continued on next page 
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b. Student outcomes addressed by course (Criterion 3) Continued from previous page 
for MAE 412 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

c Major Design thermal and energy systems (multiple components 
together) using simulation and optimization methods. 
 

d Major Work in teams on a major project involving simulation, 
optimization, and economic analysis, and present results 
(report, oral presentation) as a team.  
 

e Major Identify, formulate, and solve engineering problems 
associated with heat exchangers, pumps, fans and engineering 
economics. 
 

f Basic Consider ASME codes and NSPE Code of Ethics 
 

g Major Major reports and presentations. 
 

i Basic Encourage  FE and discuss PE exams 
 

k Major Solve simulation and optimization problems using modern 
software tools such as MATLAB, MAPLE, and EXCEL. 
Assess viability of project using engineering economics.  
 

c. Contribution to Criterion 5 for 3-hr course 
 

Other 
Mathematics and 

Basic Science 
Engineering 

Science with design
General Education 

NA 
 
 

NA 
 
 

3 hrs 
 
 

NA 
 
 

Topics covered  
1. Methods of design  
2. Heat exchangers  
3. Thermal components (pipes and ducts) 
4. Turbomachinery  
5. Thermal systems analysis  
6. Engineering economics 
7. Thermal system optimization 
8. Tests, team project and presentations 
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MAE 415    Syllabus 
 

Course Number and Name 
 

MAE 415 Analysis for Mechanical Engineering 
Design 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Jeff Eischen,  Dr. Jeff Eischen 

Textbook:  Budynas and Nisbett, Shigley's Mechanical Engineering Design, 8th Edition, 
McGraw Hill. 
 
Specific Course Information 
 
a. Catalogue description: Integration of the physical sciences, mathematics, and 
engineering to solve real-world design problems. Emphasis on open-ended problems 
which contain superfluous information and/or insufficient data. Solution techniques focus 
on problem definition, reduction to a solvable system, and development of a design 
response. Formal written communication of results. 
 
b. Pre-requisites: MAE 315 and MAE 316 or MAE 371 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: The students will be asked to demonstrate their knowledge of the 
material covered in MAE 415 through their mastery of the following course objectives. 
Through the study of MAE 415 the student will be able to:  
1. Design basic mechanical components including but not limited to: bolted joints, 
weldments, springs, rolling contact bearings, journal bearings, gears, brakes, clutches, 
flexible drive elements, shafts, and axles. Find essential information for design purposes 
from WorldWideWeb sites of manufacturers and suppliers. 
2. Integrate background developed in the physical sciences, engineering sciences and 
mathematics to solve real world design problems. Solve open-ended problems that 
contain superfluous or insufficient information and require development of additional 
data for analysis.  
3. Create technical reports that describe the context and significance of a design problem, 
and the procedures/methods used to solve the problem. 
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b. Student outcomes addressed by course (Criterion 3) Continued from previous page 
for MAE 415 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Basic Apply principles of math, science and engineering in solving 
MAE 415 problems. 
 

c Major Design mechanical systems with particular focus on 
components including fasteners, welds, springs, rolling 
contact bearings, journal bearings, gears, brakes, clutches, 
flexible drive elements, shafts, and axles. 
 

d Major Work on teams to accomplish goals of several significant 
design projects. 
 

e Major Solve technical problems 
f Major Discussion and homeworks on ethical cases from NSPE 
g Major Demonstrate effective solution procedures and communicate 

solutions to engineering problems by written reports. 
h Major Social impact integrated in to  design problems 
i Basic Participation in FE and discussion of PE exams 
k Major Use computer aided analysis and design tools to implement 

design approaches developed in class, use WWW to gather 
information for design projects. 
 

c. Contribution to Criterion 5  
Engineering Topics with significant design. Students working in teams are required to 
complete three design projects from problem definition to design drawings and 
calculations. In the design the students will address some of the issues of economics, 
environmental, sustainability, manufacturability, ethical, health and safety, social and 
political. Written reports are required for each project. 
 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA NA 3 hrs NA 
Topics covered 
1. Design of bolted joints 
2. Design of weldments   
3. Design of springs 
4. Design of rolling contact 
bearings 
 
 

 
5. Design of journal bearings 
6. Design of gears 
7. Design of brakes and 
clutches 
8. Design of flexible drive 
elements 
 

 
9. Design of shafts and 
axles 
10. Reporting and 
presentations 
11. Review and tests 
 
 

 
Latest Version Prepared by:                            Dr. Richard R. Johnson,  March 24, 2013 
  



 MES 2012-2013 Self-Study -  Page 170 -  
 

MAE 435 Syllabus 
 

Course Number and Name 
 

MAE 435 Principles of Automatic Control 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Buckner, Dr. Buckner 

Textbook: Franklin, Powell, and Emami-Naeini, Feedback Control of Dynamic Systems, 
6th Ed., Pearson, 2009.  
 
Specific Course Information 
 
a. Catalogue description: Study of linear feedback control systems using transfer 
functions. Transient and steady state responses. Stability and dynamic analyses using 
time response and frequency response techniques. Compensation methods. Classical 
control theory techniques for determination and modification of the dynamic response of 
a system. Synthesis and design applications to typical mechanical engineering control 
systems. Introduction to modern control theory. 
 
b. Pre-requisites: MA 341 OR MA 301 AND MAE 315 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: The overall objective of the course is to facilitate student s ability 
to analyze and design control systems for various electromechanical engineering systems. 
Specifically, the students are required to demonstrate their knowledge and understanding 
of the course material by:1. Modeling typical electromechanical systems using 
elementary concepts in machine dynamics and electrical circuits coupled with basic skills 
in solving linear ordinary differential equations.2. Analyzing theoretical responses of 
typical electromechanical systems to various forms of commands and to examine their 
characteristic behavior in terms of stability, performance limits, and sensitivity to 
parameter changes.3. Predicting and interpreting system behaviors in terms of design 
goals and constraints along with presence of external disturbances by use of classical 
control tools such as Root Locus Method and Frequency response techniques4. Designing 
controllers to modify and improve system behaviors and achieve a desired behavior 
considering hardware constraints and cost-performance tradeoffs. 
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b. Student outcomes addressed by course (Criterion 3) Continued from previous page 
for MAE 435  
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

c Basic Apply controller design rules and techniques to solve open-
ended problems in design project. 
 

d Basic Work in teams on a project 
 

e Major Solve and analyze electromechanical system problems using 
dynamics and energy principles. 
 

g Basic  Write reports and make presentations 
 

i Basic Development of information gathering tools  
 

k Major Solve homework problems and design problems using 
MatLab/Simulink tools. Model systems, system response 
 

c. Contribution to Criterion 5 for 3-hr class. 
1 hour of Engineering Science, 1 hour of Engineering Math and 1 hour of Design. 
Through this course the students apply differential equations to modeling typical 
electromechanical systems while using elementary concepts in machine dynamics and 
electrical circuits and apply the Root Locus Method and Frequency response techniques 
to predict and interpret system behaviors. Students demonstrate their knowledge of the 
course through designing controllers. 
 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

1 hr 
 

2 hrs 
 

NA 
 

Topics covered  
1. Basic concepts  
2. System Modeling   
3. Response analysis and stability  
4. PID control technique   
5. Root Locus Method  
6. Frequency Response and Bode plots  
7. Lead-lag compensation and applications 
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MSE 201  Syllabus 

 
Course Number and Name 
 

MSE 201 Structure and Properties of Engineering 
Materials 

Credits and Contact Hours 
 

3 credits, Two 75 minute lectures per week, 25 lectures 

Instructor, Coordinator 
 

Dr. Fahmy 

Textbook:  Fundamentals of Materials Science and Engineering: An Introduction, 7th 
ed., W.J. Callister, Jr., Wiley & Sons, 2007. 
 
Specific Course Information 
 
a. Catalogue description: Introduction to the fundamentals that give rise to the wide 
spectrum of materials of practical use to engineers. Emphasis on the mechanical behavior 
of materials. The topics covered in this course are extensive, and many new terms and 
concepts will be presented. You are expected to learn terminology, be able to present 
concepts and relationships graphically, and apply your knowledge to solve a variety of 
numerical problems. 
 
b. Pre-requisites: CH 101 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: By the end of this course, the student should be able to: 
1) Explain relationships between atomic bonding and atomic structure of materials,  
2) Explain relationships between the atomic and microscopic level structure of materials 
and their mechanical and physical properties, 
3) Select materials for applications based on performance and failure modes,  
4) Design the processing of a material to achieve a desired set of properties 
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b. Student outcomes addressed by course (Criterion 3) Continued from previous page 
for MSE 201 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Major 

Describe the periodic table, chemical bonding, electronic band 
structure in solids, electrical and magnetic principles, 
stress/strain principles, structure-property relationships in 
metals, ceramics, polymers and composites. 

b Major 
Analyze and compare mechanical testing data for metals, 
ceramics and polymers, including stress-strain, hardness, 
fatigue, fracture, creep and impact tests. 

   
   
   

c. Contribution to Criterion 5 for 3-hr course 
Introductory coverage of crystallography, phase diagrams, mechanical properties of 
materials. 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 
 

NA 
 
 

3 hrs 
 
 

NA 
 
 

Topics covered  
1. Atomic structure, bonding and material properties 
2. Atomic structures of crystalline materials 
3. Defects in crystalline materials 
4. Diffusion in solids 
Mechanical properties of materials 
5. Strengthening mechanisms for materials 6. Failure mechanisms 
7. Phase diagrams & Phase transformations 
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ST 370 Syllabus 

 
Course Number and Name  ST 370 Probability and Statistics for Engineers 
 
Credits and Contact Hours  3 Credits 

 
Instructor, Coordinator  Kimberly Weems 
 
Textbook: Douglas C. Montgomery and George C. Runger, Applied Statistics and 
Probability for Engineers, 5th Ed., 2011. 

 
Lawerence L. Lapin, Modern Engineering Statistics, 2007. 

 
Stephen Vardeman and J. Marcus Jobe.  Basic Engineering Data Collection and Analysis, 2001.   

 
Specific Course Information 
 
a. Catalog Description: Calculus-based introduction to probability and statistics with emphasis 
on Monte Carlo simulation and graphical display of data on computer workstations. Statistical 
methods include point and interval estimation of population parameters and curve and surface 
fitting (regression analysis). The principles of experimental design and statistical process control 
introduced. Credit not allowed for both ST 370 and ST 361 or ST 380 
 
b. Prerequisites or Co-requisites: C or better in MA 241 – Calculus II 
 
c. Required, Elective, or Selected Elective: Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: By the end of this course, the student should be able to: 
1.Construct basic numeric and graphical summaries of data. 
2.Plan and analyze simple factorial designs. 
3.Calculate probabilities using basic probability distributions. 
4.Make statistical inference using basic statistics. 
 
Relationship to Program Learning Outcomes 
 
a. Student outcomes addressed by course (Criterion 3): 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

 a Major 
 
 

 
b. Contribution to Criterion 5 to 3-hr course 
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Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education 

NA 
 

3 hrs 
 

NA 
 

NA 
 

 
Topics covered 
Descriptive Statistics 
Designed Experiments 
Factorial Data Analysis 
ANOVA 
Regression Analysis 
Discrete Random Variables 
Normal Distribution 
Sampling Distributions 
Hypothesis Testing 
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Syllabi of NC Community College Transfer Courses 
 
 
Course 
Number 

Title NCSU Equivalent 

CHM 151 General Chemistry CH 101 & CH 102 
MAT 271 Calculus I MA 141 
MAT 272 Calculus II MA 241 
MAT 273 Calculus III MA 242 
MAT 285 Differential Equations MA 341 
PHY 251 General Physics I PY 205 
PHY 252 General Physics II PY 208 
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CHM 151 Syllabus 
 
Course Number and Name 
 

CHM 151: General Chemistry I 

Credits and Contact Hours 
 

4 credits/6 contact hours 

Instructor, Coordinator 
 

Donald Carpenetti 

Textbook:  Chemistry: The Central Science, 12th Edition by Brown, LeMay etal. 
 
Specific Course Information 
 
a. Catalogue description: This course covers the fundamental principles and laws of 
chemistry.  Topics include measurement, atomic and molecular structure, periodicity, 
chemical reactions, chemical bonding, stoichiometry, thermochemistry, gas laws, and 
solutions.  Upon completion, students should be able to demonstrate an understanding of 
fundamental chemical laws and concepts as needed in CHM 152.  This course has been 
approved to satisfy the Comprehensive Articulation Agreement general education core 
requirements in natural science/mathematics 
 
b. Pre-requisites: None 
 
c. Required, Elective, or Selected Elective:  Required 
 
Specific Goals for the Course 
 
a. Specific outcomes: By the end of this course, the student should be able to: 
1. Solve problems related to: dimensional analysis, stoichiometry, thermodynamics, gas 

laws, atomic structure, bonding and molecular structure. 
2. Analyze and interpret experimental data related to: dimensional analysis, 

stoichiometry, thermodynamics, gas laws, atomic structure, bonding and molecular 
structure. 

3. Articulate the meanings of technical terms related to: dimensional analysis, 
stoichiometry, thermodynamics, gas laws, atomic structure, bonding and molecular 
structure. 

 
Relationship to Program Learning Outcomes 
 
a. Student outcomes addressed by course (Criterion 3): 
 
Learning 
Outcome 

Level of 
Instruction 

Course content related to outcome 
implementation/assessment

a Major 
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b. Contribution to Criterion 5 to 3-hr course 

Other 
Mathematics and 

Basic Science 
Engineering 

Science 
General Education

NA 
 

4 hours 
 

NA 
 

NA 
 

 
Topics covered 
1. Matter and measurement 
2. Atoms, molecules and ions 
3. Stoichiometry 
4. Reactions in aqueous solution 
5. Thermochemistry 
6. Gases 
7. Electronic structure 
8. Periodic properties 
9. Bonding 
10. Geometry and bonding theories 
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11.  APPENDIX B – FACULTY VITAE 
 

 
List of Faculty 

 
Faculty Name 

 
Faculty Rank Courses Taught in MES 

Boles, Mike Prof. Emeritus MAE 301 Thermodynamics 
Buckner, Greg Professor MAE 435 Automatic Control 
Eischen, Jeff Assoc. Prof MAE 316 Strength of Mechanical Components 

MAE 415 Analysis for Mechanical Design 
Fortney, William Teaching Asst. 

Prof. and Program 
Director 

MES 300 Systems Engineering 
MES 305 Laboratory I 
MES 405 Laboratory II 
MES 401 Capstone Design I 
MES 402 Capstone design II 

Gould, Rich Prof. and Head MAE 310 Heat Transfer 
Howard, Anna Tchg Asst. Prof. MAE 206 Statics 
Johnson, Richard  Prof. Emeritus MAE 412 Thermal Design 
Klang, Eric  Assoc. Prof MAE 206 Statics 
Rabiei, Afsaneh Assoc. Prof. MAE 314 Solid Mechanics 
Ro, Paul Prof. and GPA MAE 315 Dynamics of Machines 
Saveliev,  Assoc. Prof. MAE 308 Fluid Mechanics 
Seelecke, Stefan Assoc. Prof. MAE 206 Statics 
Wu, Fen Professor MAE 208 Dynamics 
Yankayskas, James Lab. Instructor MES 305 Laboratory I 

MES 405 Laboratory II 
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Curriculum Vitae for Mike Boles 
 

Name:  Mike Boles 
 
Education: 
Ph.D. Mechanical Engineering, North Carolina State University, 1972 
M.S. Mechanical Engineering, North Carolina State University, 1967 
B. S. Mechanical Engineering, North Carolina State University, 1965  
 
Academic experience: 
North Carolina State University, Professor Emeritus 2013 
North Carolina State University, Associate Professor, 1983-2012, full time 
North Carolina Sate University, Visiting Assoc. Prof., 1980-1982, full Time 
Indiana Institute of Technology, Asst./Assoc. Prof.,  1972-1980, full time 
 
Non-Academic experience: 
Research Engineer, E. I. Dupont DeNemours Company, 1972-1974 
 
Certifications or professional registrations: NA 
 
Current membership in professional organizations: 
American Society of Mechanical Engineers 
American Society for Engineering Education 
Sigma Xi 
Pi Tau Sigma 
Tau Beta Pi 
NCSU Academy of Outstanding Teachers 
 
Honors and Awards: 
American Society for Engineering Education Merriam-Wiley Distinguished Author 
Award, 1992  
North Carolina State University Alumni Distinguished Professor Award for 
Undergraduates, 1987-1990  
North Carolina State University Outstanding Teacher, 1983, 1993  
Pi Tau Sigma, Pi Alpha Chapter Outstanding Professor, 1988 
ASME Carnot Award as the outstanding teacher in mechanical engineering, North 
Carolina State University, 1984, 1985, 1986, 1987, 1992, 1993, 1996, 1997, 1998, 1999, 
2001, 2002, 2003  
ASME Impact Award as the faculty having the most impact on the education of 
mechanical engineering students, North Carolina State University, 1994, 1997, 1998, 
1999, 2003 
 
 
                                                                                                      Continued on next page 
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Honors and Awards for Mike Boles continued from previous page: 
 
Teacher of the Year, Indiana Institute of Technology, 1980  
Society of Automotive Engineers' Ralph R. Teetor Award, 1977  
NASA-ASEE Summer Faculty Fellow, 1975, 1976  
Outstanding Graduate Teaching Assistant, North Carolina State University, 1970  
Ford Foundation Fellowship, 1967-1969  
NSF Summer Traineeship, 1967 
 
Service Activities: 
College Search Committees 
Nuclear Reactor Safety Committee 
Taught FE and PE review courses 
 
Most Important  Publications and presentations from past five years: 
Engineering Thermodyanics An Engineering Approach, with Y. A. Cengel, 6th Ed., 
McGraw-Hill Book Company, New York, New York, 2008. 
 
Consulting, patents, etc.: 
Institute for Transportation, Research and Education 
Professional Development Associates 
 
Recent professional Development Activities: 
Published Thermodynamics text book 
Developed distance education courses for Thermodynamics I and II and Fluid Mechanics 
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Curriculum Vitae for Gregory D. Buckner  
 

Name:  Gregory D. Buckner 
  
Education: 
Ph.D. Mechanical Engineering University of Texas at Austin 1996 
M.S. Mechanical Engineering Virginia Polytechnic Institute 1987 
B. S. Mechanical Engineering Louisiana State University 1986 
 
Academic experience: 
North Carolina State University, Professor, 2010-2013, full time 
North Carolina State University, Associate Professor, 2004-2010, full time 
North Carolina State University, Assistant Professor, 1999-2004, full time 
 
Non-Academic experience: 
Research Engineer, Univ of Texas at Austin Center for Electromechanics, 1997-1999 
Senior Engineer, Westvaco Covington Research Center,  1988-1991 
 
Certifications or professional registrations NA 
 
Current membership in professional organizations 
Pi Tau Sigma - Mechanical Engineering Honor Society (Faculty Advisor, NCSU 
Chapter) 
Tau Beta Pi - Engineering Honor Society 
Phi Kappa Phi - Academic Honor Society 
Sigma Xi Scientific Research Honor Society; American Society of Mechanical Engineers 
(ASME) 
Institute of Electrical and Electronics Engineers (IEEE) 
American Society for Engineering Education (ASEE) 
 
Honors and Awards: 
2008 ASME Carnot Award for Teaching Excellence, MAE, NCSU 
2007-2008 Distinguished Undergraduate Professor Award,  
2007 North Carolina State University Alumni Association 
2006 Ralph R. Teetor Educational Award, The Society of Automotive Engineers (SAE 
International) 
2005 ASME Faculty Impact Award, MAE, NCSU 
2004 ASME Carnot Award for Teaching Excellence, MAE, NCSU 
2002 New Faculty Research Award, American Society of Engineering Education, 
Southeast Region 
2002 Outstanding Teacher Award, induction into the Academy of Outstanding Teachers, 
NCSU 
2001 NSF CAREER Award - Intelligent Control Systems for Active Magnetic Bearings: 
An Enabling Technology for Flywheel Energy Storage Systems, $375,000 funding 
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Service Activities continued from previous page for Greg Buckner 
MAE Departmental Representative, College of Engineering ETF Task Force (2005-2006, 
2006-2007, 2007-2008, 2008-2009) 
Chair, MAE ETF and Undergraduate Laboratory Committee (2004-2005, 2005-2006, 
2006-2007, 2007-2008, 2008-2009) 
MAE ETF Peer Review of Teaching Committee (2004-2005, 2005-2006, 2006-2007, 
2007-2008) 
Judge, A.B. Combs Elementary School Science Fair, Raleigh NC - 2003, 2004, 2005, 
2006, 2007, 2008, 2009 
NIH SBIR Panel Review (2008, 2009) 
Panelist, N.C.S.U. New Faculty Orientation, August 13, 2007 
 
Most Important  Publications and presentations from past five years: 
A.L. Richards, R.C. Cook, G. Bolotin, G.D. Buckner, A dynamic heart system to 
facilitate the development of mitral valve repair techniques, Annals of Biomedical 
Engineering: 37(4):651-660, 2009 (PMID: 19224369). 
 
S.R. Jernigan, Y. Fahmy, G.D. Buckner, Implementing a Remote Laboratory Experience 
into a Joint Engineering Degree Program: Aerodynamic Levitation of a Beach Ball, in 
press (http://ieeexplore.ieee.org/, DOI 10.1109/TE.2008.924217), IEEE Transactions in 
Education. 
 
E. Bean, G. Chanoit, S. Jernigan, G. Bolotin, J. Osborne, G. Buckner, Evaluation of a 
novel atrial retractor for exposure of the mitral valve in a porcine model, Journal of 
Thoracic and Cardiovascular Surgery,136:1492-1495, 2008 (PMID: 19114196). 
O. Zohni, G. Buckner, T. Kim, A. Kingon, R. Siergiej, Effects of adhesion layers on the 
ferroelectric properties of PZT thin films deposited on silicon nitride substrates, Thin 
Solid Films, 516(18):6052-6057, 2008. 
 
B. Lu, H. Choi, G. Buckner, K. Tammi Linear Parameter-Varying Techniques for 
Control of A Magnetic Bearing System, Control Engineering Practice, 16(10):1161-1172, 
2008. 
 
Consulting, patents, etc.: 
2008-Present: Local startup company (PhyScient, Inc.) formed to commercialize an 
instrumented chest retractor based on patented technology developed at NCSU. 
1999-Present: Engineering consultant to the University of Texas Center for 
Electromechanics (UT-CEM), MeadWestvaco (Charleston, SC), MBM Corporation 
(Rocky Mount, NC), and others 
 
Recent professional Development Activities: NA 
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Curriculum Vitae for Jeff Eischen  
 

Name:  Jeff Eischen 
  
Education 
Ph.D. Applied Mechanics Stanford University 1986 
M.S. Applied Mechanics Stanford University 1981 
B. S. Engineering UCLA 1978 
 
Academic experience: 
North Carolina State University, Associate Professor, 1991 – 2013, full time 
North Carolina State University, Assistant Professor, 1986 – 1991, full time 
 
Non-Academic experience: 
Failure Analysis Associates Mechanical Engineer, 1978-1986 
 
Certifications or professional registrations 
California (Mechanical) 
 
Current membership in professional organizations 
American Society of Mechanical Engineers- Member  
American Academy of Mechanics- Member 
 
Honors and Awards: 
Stanford University Post-Doctoral Research Affiliate, 1986. 
ASME Failure Prevention, Reliability, and Stress Analysis Division-National Steering 
Committee Member, 1989-1998. 
Who's Who in Science and Engineering, Marquis, 5th. Ed, 1999. 
North American Co-Chairman, Pan American Congress of Applied Mechanics 
Conference, Mexico, January 2006 
 
Service Activities: 
Course Coordinator for MAE 316 and MAE 415 
Pan American Congress of Applied Mechanics, Scientific Committee Member, 2004-
present 
North American Co-Chairman, Pan American Congress of Applied Mechanics, 2004-
present, Mexico, January 2006 
MAE Undergraduate Curriculum Committee- 2006-present 
MAE ASME Student Section Faculty Advisor- 2006-present 
MAE Aerospace Structures Faculty Search Committee- 2009-present 
Taught a short course Fatigue and Fracture Mechanics for the Eastern NC Section of 
ASME, April 2007 Reviewer for International Journal of Fracture 
Reviewer for Journal of the Mechanic of Materials and Structures  
Reviewer for ASME Journal of Applied Mechanics 
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Most Important  Publications and presentations from past five years (continued from 
previous page for Jeff Eischen) 
 
Palmer, J., Dessent, B., Mulling, J.F., Usher, T., Grant, E., Eischen, J. W., Kingon, A., 
Franzon, P., The Design and Characterization of a Novel Piezoelectric Transducer-Based 
Linear Motor, IEEE/ASME Transactions on Mechatronics, June 2004. 
 
Special issue of the Journal of the Mechanics of Materials and Structures, a collection of 
invited papers from the Ninth Pan American Congress of Applied Mechanics, editors J. 
W. Eischen and G. Monsivais, Vol. 2, No, 8, 2007. 
 
Jernigan, S. R., Buckner, G. D., Eischen, J. W., Cormier, D. R., Finite Element Modeling 
of the Left Atrium to Facilitate the Design of an Endoscopic Atrial Retractor, ASME 
Journal of Biomedical Engineering, Vol. 129, Issue 6, 2007. 
 
Pandurangan, P., Eischen, J. W., Kenkari, H., and May-Plumlee, T., Enhancing accuracy 
of drape simulation. Part I: Investigation of drape variability via 3D scanning, Journal of 
the Textile Institute, February 4, 2008. 
 
Pandurangan, P., Eischen, J. W., Kenkari, H., and May-Plumlee, T., Enhancing accuracy 
of drape simulation. - Part II: Optimized drape simulation using industry-specific 
software, Journal of the Textile Institute, February 4, 2008. 
 
Consulting, patents, etc.: NA 
 
Recent professional Development Activities: 
2004 International Conference on Robotics and Animation, The Design, Fabrication, and 
Characterization of Millimeter Scale Motors for Miniature Direct Drive Robots, with J. 
A. Palmer, J. F. Mulling, B. Dessent, E. Grant, A. Gruverman, A. I. Kingon, P. D., 
Franzon, New Orleans, LA (April 2004). 
Eighth Pan American Congress of Applied Mechanics, Optimal Pick-up Locations for 
Transport and Handling of Limp Materials, with S. Lankalapalli, Havana, Cuba (January 
2004). 
Ninth Pan American Congress of Applied Mechanics, A Study of the Relationship 
Between Buckling and Wrinkling of Membranes,Merida, Mexico (January 2006). 
23rd Annual ASPE Conference "Fast Long Range Actuator- FLORA II", with 
Zdanowicz, E., and Dow, T., Portland ORE (Oct 2008). 
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Curriculum Vitae for  William B. Fortney 

 
Name:  William B. Fortney 
Team-oriented servant leader with a strong technical background in automation, lean 
manufacturing/DFT, statistical problem solving, project management and computer 
applications. Proven record of ability to get things done through and with others.  
Successful record of program leadership, curriculum development and teaching of senior 
level engineering courses in the Mechanical Engineering Systems BSE program. 
 
Education 
Ph.D. Industrial Engineering, University of Tennesee, Knoxville, 1994 
M.S. Industrial Engineering, Purdue University, West Lafayette, 1987 
B.S. Industrial Engineering, Tennessee Technological University, Cookeville, 1985 
 

Academic experience: 
North Carolina State University, Assistant Teaching Professor, 2012-2013 
North Carolina State University, Eastern Regional Director For Distance Engineering Programs, 
2004-2013 
 
Non-Academic experience: 
Director of Industrial Programs, Lenoir Community College, 2002-2004 
Program Head, Industrial Engineering Technology, Lenoir community College, 2001-
2004 
General Manager, MasterBrand Cabinets Inc., 1999-2001 
Manager of Industrial Engineering, MasterBrand Cabinets Inc., 1998-1999 
Project Engineer, MasterBrand Cabinets Inc., 1994-1998 
Instructor in Industrial Engineering, University of Tennessee, 1987-1994 
 
Certifications or professional registrations  NA 
 
Current membership in professional organizations 
ASEE American Society of Engineering Education 
INCOSE International Council on Systems Engineering 
 
Honors and Awards: 
Nominated for the Navy 2012 Key Influencer Program 
Selected to present a live robotics demonstration at Purdue University for President Ronal 
Reagan, 1987 
 
Service Activities: 
Setup engineering transfer and four year BSE programs at Craven Community college. 
Manage all aspects of NC State engineering programs at Craven and Lenoir Community 
Colleges including course delivery, recruiting, lab development, ABET accreditation, and 
coordination of Community College course offerings.  Continued on next page: 
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New Courses Developed and Taught: continued from previous page for Bill Fortney 
MES 401 (3hrs) Capstone Design I and MES (3hrs) Capstone design II, MES 402 (4hrs) 
Systems Engineering, MES 305 (2hrs) and MES 405 (2hrs)  Engineering laboratory 
sequence, EGR 150 (1hr) Introduction to Engineering   
Curriculum development: 
Worked closely with Cherry Point to develop a unique curriculum that combines formal 
systems engineering with mechanical engineering.  
Worked closely with the Mechanical and Aerospace Engineering Department at NCSU to 
deliver online engineering courses to Havelock  
Established and obtained University approval of curriculum for the Mechanical 
Engineering Systems BSE program.  
Created laboratories for onsite teaching of the critical engineering laboratory and senior 
capstone design courses 
Initiated, developed and currently implementing the ABET assessment plan for the 
mechanical engineering systems BSE program 
Coordinated with Craven Community College to align the math, physics, chemistry and 
general education courses taken by students at Craven Community College that are 
transferred for credit in the NCSU BSE program  
Personnel: 
Managed all aspects of instructor, student and secretarial personnel associated with the 
running of the mechanical engineering systems BSE program at Havelock  
Maintained active dialog with both the departmental leadership of MAE in Raleigh and 
individual Faculty teaching courses delivered online to the BSE students. 
Reported to the Associate Dean and the Distance Education Director of the College of 
Engineering on all aspects of the BSE program 
Outreach: 
Developed and repeatedly conducted Middle School Engineering camp for sixty rising 
7th, 8th and 9th grades  
Organized visits during National engineers week reaching over 1500 students in two 
counties every year since 2007 
Co-chair (with the Head of Engineering at Cherry Point) of the Eastern NC Science and 
Engineering Forum every year since 2007 
Mentored the 2012 Kenan Fellows program. Led three fellows in the design and 
development of curriculum to teach the Engineering design Process and raise awareness 
of engineering education and employment opportunities in eastern NC 
Developed and conducted numerous workshops for local teachers and counselors to 
educate them about engineering. 
 
Recent professional Development Activities: 
Guest attendee at the DOD Detailed design review for CH-35 Multi-Function Color 
Displays, 2011 
Attended 4-day CE course “Applied System Engineering”, 2010 
Developed and delivered a Calculus/Physics review course to help returning students 
prepare for MAE 206 Statics. 
Developed and delivered 4-day class on lean manufacturing, for local company 2004 
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Curriculum Vitae for  Richard Gould 

 
Name:  Richard Gould  
 
Education 
Ph.D. Mechanical Engineering Purdue University 1987 
M.S. Mechanical Engineering Purdue University 1983 
B. S. Mechanical Engineering Purdue University 1979 
 
Academic experience: 
North Carolina State University, Professor, 1999-2013, full time 
North Carolina State University, Assoc. Professor, 1993-1999, full time 
North Carolina State University, Assistant Professor, 1987 – 1993, full time 
 
ASME ME Department Head executive committee, 2009-present 
Department Head Mechanical and Aerospace Engineering, NC State University, August 
2007 Present 
Interim Department Head Mechanical and Aerospace Engineering, NC State University 
August 2004 - 2007 
Interim Associate Dean, NC State, Graduate School, Jan 2004 August 2004 
Director of Graduate Programs, Mechanical and Aerospace Engineering Department, NC 
State University, Jan. 2000 August 2004 
 
Non-Academic experience: 
Co-Chair North Carolina Aerospace Industry Sector (w/ NC Dept. Commerce) 
University Resident Research Scientist, Aero-Propulsion & Power Directorate, Wright 
Lab., Dayton, OH, 1995 - 1996 
AFOSR Summer Faculty Fellow, Aero-Propulsion & Power Directorate, Wright 
Laboratory, Dayton, OH, 1991 - 1995 
Graduate Research Assistant, Purdue University, W. Lafayette, IN, 1980 - 1987 
Research & Development Combustion Engineer, Detroit Diesel Allison, Gas Turbine 
Division, Indianapolis, IN 1979 1980 
 
Certifications or professional registrations NA 
 
Current membership in professional organizations 
American Society of Mechanical Engineers (ASME), 1978 - present. 
American Society for Engineering Education (ASEE), 2003 present 
American Institute of Aeronautics and Astronautics (AIAA), 2006 - present  
Tau Beta Pi, 1985 – present 
 
Honors and Awards: 
NCSU Outstanding Teacher Award 2000-2001 
Sigma Xi Scientific Research Society – Member 
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Service Activities (continued from previous page for Richard Gould) 
Chair ECE department head search committee (2008-2009) 
University Graduate Council (UNC-GA) (2003 2006) 
NCSU Automotive Industry Workshop Steering committee (2005-2006) 
AVRC Management Advisory Board (2005-2007) 
UNC-A Mechatronics advisory committee (2004 present) 
 
Most Important  Publications and presentations from past five years: 
C. Rende, R. Gould, and S. Bhattacharya, Temperature Optimization on Wakefield 392-
Series Heat Sink for Solid State Transformer, FREEDM Conference Proceedings, 2010. 
 
C. Rende, R. Gould, and S. Bhattacharya, Copper Heat Spreader Analysis for Solid State 
Transformer, FREEDM Conference Proceedings, 2010. 
 
J. Elliott, R. Gould, and S. Bhattacharya, Design Considerations and Effect of Air Ducts 
on Flow Rate and Heat Transfer from a Series of Heat Sinks for Solid State Transformer, 
FREEDM Conference Proceedings, 2010 
 
D. A Cassidy and R. D. Gould, Heat Transfer with a MicroPCM Suspension in Laminar 
Tube Flow using a Realistic Melting Model, Proceedings of Heat Transfer and Fluids 
Engineering Conference, Charlotte, NC, Paper HT-FED2004-56730, July 11-15, 2004 
 
Consulting, patents, etc.: 
Rapperport and Son , Lexington, MA 
RayChem Corp., Fuquay Varina, NC 
Gilbarco Inc, Greensboro, NC 
 
Recent professional Development Activities: NA 
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Curriculum Vitae for  Anna K. T. Howard 

 
Name:  Anna K. T. Howard  
 
Education 
PhD Aerospace Engineering The Pennsylvania State University 2001 
MS Mathematics The Pennsylvania State University 1994 
BS Mathematics University of North Carolina at Chapel Hill 1992 
BA Philosophy University of North Carolina at Chapel Hill 1992 
 
Academic experience: 
North Carolina State University, Assistant Teaching Professor, 2010-2013, full time 
North Carolina State University, Adjunct Assistant Professor, 2005-2009, part time 
 
Non-Academic experience: 
Mechanical Engineering Contractor, 2007 
Thomas Lord Research Center, 2003-2005 
Post-Doctoral Fellow, Bell Helicopter Textron and Penn State University, developed 
analytical model for helicopter Fluidlastic lag dampers, 2002 
Post-Doctoral Fellow, Bell Helicopter Textron and Penn State University, expand thesis 
research to model elastic blades to contribute stability analysis to VGARD project on 
extensible tip tilt rotors for Bell Helicopter Textron, 2001 
 
Certifications or professional registrations 
NA 
 
Current membership in professional organizations 
AHS International 
 
Honors and Awards: 
ASME Crankshaft Award, 2006 and 2007 
 
Service Activities: 
AHS Student Organization Faculty Chair 
 
Most Important  Publications and presentations from past five years: 
Prediction of Air and Ground Resonance Stability of Soft-Inplane Tiltrotors Using a 
Semi-Span Analytical Model. J. American Helicopter Society, Vol. 53, No. 2, pp. 164-
178, April 2008 (with E.C. Smith) 
 
Consulting, patents, etc.: 
NA 
Recent professional Development Activities: 
North Carolina Summer Institute Participant, Spring 2005 
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Curriculum Vitae for Richard R. Johnson 

 
Name:  Richard Johnson 
  
Education 
Ph.D. Engineering Science, University of Florida, 1974 
M.Sc. Mechanical Engineering, University of Cape Town, 1969 
B.Sc. Mechanical Engineering, (First Class Pass with Honors),U. of Cape Town, 1967 
 
Academic experience: 
North Carolina State University, Professor Emeritus, 2006-2013 
North Carolina State University, Professor, 2004-2006 
North Carolina State University, Associate Professor, 1981-2004 
University of Tennessee at Chattanooga, Assistant Professor, 1978-1981 
  
Non-Academic experience: 
Visiting Professor, Kenyatta University, Kenya, 2007-2010 
Associate Department Head, North Carolina State University, 2000-2004 
Fulbright Professor(sabbatical) National  University of Science and Tech., Zimbabwe, 
1999-2000 
Fulbright Professor and Director of the Appropriate Technology Center, Kenyatta 
University, Nairobi, (on sabbatical from NCSU) 1990-1992 
Energy Auditor for  USAID funded energy project with Energy Development Intl. in 
Kenya, 1982-1983 
Volunteer with the Turkana Rehabilitation Program in North West Kenya, 1982-1983      
Research Officer, National Research Council of Canada, 1975-1977 
 
Certifications or professional registrations 
PE  Professional Engineer Registered In Tennessee 
Current membership in professional organizations 
ASME  Faculty Advisor; Past chair Of The National Student Sections Committee; Board 
of Student Affairs: Council of Member Affairs (non-voting member); Past-Chair of the 
Fundamentals Committee of the Solar Energy Division;  Past Chair, Vice-chair, 
Secretary, Treasurer, and Director of ASME-Eastern NC Section 
Member of ASHRAE, ASEE, ISES, and ASES  
 
Honors and Awards: 
 ASME Dedicated Service Award, April 2004. 
 Creation of named endowment (Richard R. Johnson) for scholarships to students at 

NCSU,   established and funds raised on initiative of present and past students of 
NCSU-ASME. 

 College of Engineering Nominee for the N.C. University System Board of Governors 
Outstanding TeacherAward in 1999, 2001, and 2002  

 Outstanding Faculty Award, 1999 Pi Tau Sigma Mechanical Engineering Honor 
Society 
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 Fulbright Scholar (twice:  Kenya 1999/2000 and Zimbabwe1990/1992) 
 Outstanding  Teacher of the Year, NCSU 1998 (2nd time), Academy of Outstanding 

Teachers 
 Outstanding Faculty Advisor, National award by ASME, 1996 
 Alumni Distinguished Professor  Teaching award, NCSU, 1990 
 Outstanding Teacher of the Year, NCSU 1985. Elected to Academy of Outstanding 

Teachers  
 Teacher of the Year, School of Engineering, U. of Tennessee at Chattanooga, 1980 
 Outstanding Faculty Advisor for Region IV, ASME, 1987, 1988, 1989, and 1994 
 Impact Award  Voted for by graduating seniors for the professor who had the most 

positive impact on their time as a student in mechanical engineering at NCSU, 1993, 
again in1995. 

 Carnot Award for the Teacher with the most nearly perfect teaching style, ASME 
Student Section, N.C. State University, 1982, 1989, and again in 1995. 

 Square Wheel Award for the Teacher with most unique teaching style, ASME 
Student Section, NCSU, 1985, 1987, 1988, 1989, 1993, 1994, 1996, 1997, 1998, 
1999, again in 2001 

 Phi Kappa Phi   Inducted into honor society Phi Kappa Phi, 1994 
 Pi Tau Sigma  Inducted as honorary member of Pi Tau Sigma, 1989 
 
Service Activities: 
Committee Chair for 12 PhD students and 68 Masters students 
 
Most Important  Publications and presentations from past five years: 

2 Books, ASHRAE, 1995, 97 
27 Journal Articles, ISES Solar Energy J., ASME J. of Solar Energy Engrg, Intl. J.of 
Numerical Heat Transfer, ASHRAE Transactions, ASME Tribology J., AIAA J.of 
Thermophysics and Heat Transfer, 1980-2005 
68 Conference Proceedings, ASME, ASHRAE, ISES, AIAA, SAE, 1980-2011 
23 Funded Research ProjectsNREL, ONR, SUCCEED, NSF, BFGoodrich,  CP&L, 
Duke Power, NCSC, TVA, DOE, 1980-2005 

 
Consulting, patents, etc.: 
 Curriculum Consultant in Engineering Education, (2007-2010, Appropriate 

Technology Center,  Kenyatta University  
 Volunteer, (2005-2006) Flood recovery,  Lutheran World Foundation, Mozambique  
 Fulbright Research Scholar, (1999-2000) CIES, Department of Industrial 

Engineering, National University of Science and Technology, Zimbabwe. 
 Director, (1990 to 1992) Appropriate Technology Center, Kenyatta University.  

Administration of an M.Sc granting department and the launching of a Bachelors of 
Science in Technology degree program. 

 
Recent professional Development Activities: 
NA 
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Curriculum Vitae for  Eric Klang 

 
Name:  Eric Klang 
  
Education 
Ph.D. Engineering Mechanics Virginia Polytechnic Institute 1983 
M.S. Mechanical & Aerospace Engineering University of Missouri 1980 
B. S. Mechanical & Aerospace Engineering University of Missouri 1979 
 
Academic experience: 
North Carolina State University, Associate Professor, 1992-2013, full-time 
North Carolina State University, Assistant Professor, 1986-1992, full-time 
University of Illinois, Research Associate and Instructor, 1985-86, full-time 
 
Non-Academic experience: 
Delft Univ. of Technology, Research Fellow, 1983-84 
NASA-Langley Research Center, Research Engineer (Co-op), 1982-83 
 
Certifications or professional registrations: NA 
 
Current membership in professional organizations 
Society of Automotive Engineers 
 
Honors and awards: 
George H. Blessis Outstanding Undergraduate Advisor Award (NCSU -1992) 
Academy of Outstanding Teachers Award (NCSU-1990) 
Alumni Association Outstanding Teacher Award (NCSU-1990) 
SAE Ralph Teetor Engineering Education Award (1989) 
NASA-ASEE Summer Research Fellowship to NASA Langley (1987) 
Research Fellowship in the Netherlands (Sponsored by the Dutch Govt.) 
Pratt Presidential Fellowship (Two years, Ph.D. Program) 
Proctor & Gamble Fellowship (One year, M.S. Program) 
ASEE 
 
Service Activities: 
Society of Automotive Engineers: Member and Faculty Advisor for Student Section 
Undergraduate Curriculum Committee, Chairman 
Wolfpack Motorsports, Faculty Advisor 
MAE 416 Course Coordinator 
Laboratory Committee, Member 
Wolfpack Motorsports summer workshop for high school students 
 

Continued on next page
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Most Important  Publications and presentations from past five years: (continued 
from previous page for Eric Klang) 
 
Design, Analysis and Fabrication of a Formula SAE Chassis Andrew Salzano and Eric 
Klang 
Race Car Systems Optimization: Tire Temperature Distribution Maxwell A. Koff and 
Eric Klang 
Design of Formula SAE Brake Systems Eric Hamilton and Eric Klang 
Formula SAE Engine Development Matt Anderson and Eric Klang 
Formula SAE Unsprung System Design Seth Chavka and Eric Klang 
 
Consulting, patents, etc.: 
ZellComp Inc: Analysis and Design of Fiber Reinforced Plastic Bridges 
 
Recent professional Development Activities: 
Member of SAE Education Board 
Proposed new journal for SAE: Collegiate Design Journal 
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Curriculum Vitae for  Afsaneh Rabiei 

 
Name:  Afsaneh Rabiei  
 
Education 
Ph.D. Material Science & Technology The University of Tokyo, Tokyo, Japan 1997 
B. S. Material Science & Engineering Sharif University of Technology, Tehran, Iran 
1986 
 
Academic experience: 
North Carolina State University, Associate Professor, 2007-2013, full-time 
North Carolina State University, Assistant Professor, 2000-2007, full-time 
 
Non-Academic experience: 
NorthEastern University, Visiting Professor, Department of Mechanical, Industrial and 
Manufacturing Engineering, 6 months in 2002 
Harvard University, Research Associate, Department of Engineering and Applied 
Sciences, 1997-2000 
 
Certifications or professional registrations 
NA 
 
Current membership in professional organizations 
Member of Sigma Xi, American Society of Materials (ASM), Materials Research Society 
(MRS), American Ceramic Society (ACES), and American Institute of Aeronautics and 
Astronautics (AIAA), American Society of Mechanical Engineers (ASME) 
 
Honors and Awards: 
October 2008: NSF highlighted CAREER projects invention on NSF Discoveries.  
Aug. 2006, Nominated for outstanding early- to mid-career female scientist recognition 
by Advance Virginia Tech Scholars Program. This program has been funded by NSF. 
Feb 2003: NSF-CAREER award "processing and development of ultra-light high-
strength materials" 
 
 
 
 
 

Continued on next page
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Service Activities: continued from previous page for Afsaneh Rabiei 
NCSU-Japan National Institute of Materials Science NIMS workshop July 2008 
Symposium organizer for ASME Manufacturing Engineering Division (MED) for the 
2006, ASME International Manufacturing Science & Engineering Conference Ann 
Arbor, Oct. 2006. JOURNAL REVIEWER for Journal of Materials Science and 
Engineering A (multiple cases each and every year), surface and coating technology 
(multiple cases each and every year), Metallurgical and Materials Transaction 2006, 
International journal of modern physics-B 2006, Journal of Applied Surface Science 
2006, Journal of Biomedical Materials Research-A 2006, Advanced Materials CVD 
2006, Journal of Biomedical Materials Research-B 2006- 2007, Journal of materials 
research 2007, Applied surface science 2008, Acta Biomaterialia 2008, ASME- 
Advances in Materials Science 2008, ASME Journal of Manufacturing Science 2008. 
NSF- OISE Americas Program 2006, US Civilian Research and Development Foundation 
(CRDF) Science Center Program in 2000 and 2003, Department of Energy (DOE) 2006, 
NSF-DMR 2008, NSF-CMMI 2008. REVIEWER FOR THE CONFERENCE 
PROCEEDINGS: (MRS) Materials Research Society annual meeting proceedings, 1999 
and 2004 total of four times, Tehran International Congress on Manufacturing 
Engineering 2005, ASME-MSEC Annual meeting2006, MetFoam 2007. SESSION 
CHAIR, TMS annual meeting, Second JSME/ASME International conference on 
Materials and processing (M&P) 2005, MS&T International conference on Next 
Generation Biomaterials 2005, MetFoam 2007. Member of Review Editorial Board of 
Spine Arthoroplasty Surgery since 2008 
 
Most Important  Publications and presentations from past five years: 
Total of 17 Journal articles already published and 10 pending publications 
 
Consulting, patents, etc.: 
An invention disclosure No 07-082 titled supplement to an invention entitled Processing 
of nanostructure functionally graded Hydroxyapatite coatings for biomedical implants 
has been filed and approved by the university intellectual property committee in 2007* 
An invention disclosure No 08-014 titled Processing of Hydroxyapatite ceramic coatings 
on polymeric implants has been filed and approved by the university intellectual property 
committee in July 2007* 
An invention disclosure No 08-062 titled A new ultra-light radiation shielding structure 
with impact/ vibration damping capacity as well as temperature control has been filed and 
approved December 2007 
International patent on: (PCT/ US2005/043045) pending 
US patent on: (US20060210494A1), pending* 
*Note that the three of the above mentioned inventions are already licensed by a start up 
company in July 2007. 
 
Recent professional Development Activities: 
A new graduate course on Advanced Materials (NEU special topic 3915) has been 
developed and taught at Northeastern University and presented at NCSU in fall 2003 
(MAE589G). This course turned on to a regular course MAE539 in 2007 at NCSU. 
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Curriculum Vitae for  Paul Ro 
 

Name:  Paul Ro 
  
Education 
Ph.D. Mechanical Engineering Massachusetts Institute of Technology 1989 
M.S. Mechanical Engineering Massachusetts Institute of Technology 1985 
B. S. Mechanical Engineering University of Minnesota 1982 
 
Academic experience: 
North Carolina State University, Professor, 2000-2013, full-time 
North Carolina State University, Associate Professor, 1994-2000, full-time 
North Carolina state University, Assistant Professor, 1989-1994, full-time 
 
Graduate Program Director, Mechanical and Areospace Engineering Department, North 
Carolina State University, appointed 2012 
 
Non-Academic experience: 
Visiting Associate Professor (Sabbatical Leave) Dept. of Machine Design and Production 
Engineering, Seoul National University, South Korea, 1995 
Foreign Science Analysis Fellow of Office of Naval Research, Dept. of Precision 
Machinery and Engineering, University of Tokyo, Japan, 1989-1993 
Research Assistant, Laboratory for Manufacturing and Productivity, M.I.T., Cambridge, 
MA, 1982-1989 
Digital Equipment Corporation, 1985 - 1989 
Caterpillar, Inc., Summer 2000  
 
Certifications or professional registrations 
NA 
 
Current membership in professional organizations 
American Society of Mechanical Engineers  
American Society of Precision Engineers  
Korean Scientist and Engineers Association  
Tau Beta Pi 
 
Honors and Awards: 
ONR Foreign Science Analysis Fellow, 1993 
 
Service Activities: 
Graduate Program Director, Mechanical and Areospace Engineering Department, North 
Carolina State University, appointed 2012 
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Most Important  Publications and presentations from past five years: Continued 
from previous page for Paul Ro 
 
1.W. Panusittikorn and P.I. Ro, Modeling and Control of a Magnetostrictive Tool Servo 
System, in-press for publication in the ASME Journal of Dynamic Systems, 
Measurement, and Control, Vol. 130, No. 3, pp 031003: 1-12, 2008 
 
2. Gutierrez, H. and Ro, P.I.: "A Modified Sliding Mode Control for Non-affine Systems 
with Algebraic Input Invertibility, IEEE Transactions on Industrial Electronics, Vol. 52, 
No. 5, pp. 1449-1455, 2005. 
 
3. Q. Wan et al, Forced Convective Cooling via Acoustic Streaming in a Narrow Channel 
Established by Vibrating Piezoelectric Bimorph, accepted for publication in Flow, 
Turbulence, and Combustion, 2005, 74, 195-206 
 
4. Wu, T. and Ro, P.I., Heat Transfer Performance of a Cooling System Using Vibrating 
Piezoelectric Beams, Journal of Micromechanics and Microengineering, 15 (2005), 213-
220 
 
5. W. Panusittikorn, M.C. Lee, P.I. Ro, Modeling and Sliding Mode Control of Friction-
based Object Transport using Two-mode Ultrasonic Excitation, IEEE Trans. on Industrial 
Electronics, 51 (4), 917-926, 2004 
 
6. T. Wu, P.I. Ro, Dynamic peak amplitude analysis and bonding layer effects of 
piezoelectric bimorph cantilevers, Smart Materials and Structure, 13 (2004), 203-210 

 
Consulting, patents, etc.: 
United States Patent #4,761,588; Date: 8/2/88; Inventors: K. Youcef-Toumi, P.I. Ro 
 
Recent professional Development Activities: 
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Curriculum Vitae for  Alexei Saveliev 
 

Name:  Alexei Saveliev 
  
Education 
PhD Chemical Physics Moscow Institute of Physics and Technology 1988 
MS Physics & Engineering Moscow Institute of Physics and Technology 1985 
BS Physics & Engineering Moscow Institute of Physics and Technology 1985 
 
Academic experience: 
North Carolina State University, Associate Professor, 2008-2013, full-time 
 
Non-Academic experience: 
Research Professor, Department of Mechanical & Industrial Engineering, University of 
Illinois at Chicago, 2001 to 2008 
Senior Research Scientist, College of Engineering, University of Illinois at Chicago, 1995 
to 2001 
Visiting Professor, Department of Mechanical Engineering, Ohio State University, 1993 
to 1995 
Head of the Research Sector, Chemical Physics Laboratory, Heat & Mass-Transfer 
Institute, Minsk, Belarus, 1992 to 1993 
Senior Research Scientist, Chemical Physics Laboratory, Heat & Mass-Transfer Institute, 
Minsk, Belarus, 1991 to 1993 
Research Scientist, Chemical Physics Laboratory, Heat & Mass-Transfer Institute, 
Minsk, Belarus, 1989 to 1991 
 
Certifications or professional registrations 
NA 
 
Current membership in professional organizations 
Member of Combustion Institute, ASEE 
 
Honors and Awards: 
Best Paper Award, Central State Section of Combustion Institute (2001) 
Award for Work with IMSA Students (2000) 
Best Research Paper Award, Heat and Mass Transfer Institute (1990) 
Best Student Research Work Award of the FSU (1986) 
 
Service Activities: 
Journal Reviewer:  
International Journal of Hydrogen Energy 
Chemical Physics Letters 
Proceedings of the Combustion Institute 
Journal of Heat Transfer 
Fuel 
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Most Important  Publications and presentations from past five years: continued from 
previous page for Alexei Saveliev 
1. Hydrogen Production in Ultrarich Combustion of Hydrocarbon Fuels in Porous Media, 
International Journal of Hydrogen Energy, 34: 1818-27, 2009 (with M. Toledo, V. 
Bubnovich, L.A. Kennedy).  
 
2. Opposed Flow Oxy-flame Synthesis of Carbon and Oxide Nanostructures on 
Molybdenum Probes, Proceedings of the Combustion Institute, 32: 187986, 2009 (with 
W. Merchan-Merchan, V. Nguyen). 
  
3. High Rate Flame Synthesis of Highly Crystalline Iron Oxide Nanorods, 
Nanotechnology, 19: 125605-9, 2008 (with W. Merchan-Merchan, A.M. Taylor).  
4. Coating of Inner and Outer Carbon Nanotube Surfaces with Polymers in Supercritical 
CO2, The Journal of Physical Chemistry C, 111: 13655-58, 2007 (with E. Lock, W. 
Merchan-Merchan, J. DArcy, L.A. Kennedy ).  
 
5. OH and CH Luminescence in Opposed Flow Methane Oxy-Flames, Combustion and 
Flame, 149: 435-447, (with M. De Leo, L.A. Kennedy, S.A. Zelepouga).  
 
6. NO Reburning in Ultrarich Filtration Combustion of Methane, Proceedings of the 
Combustion Institute, 31: 341724, 2007 (with J.P. Bingue, L.A. Kennedy).  
 
7. A Numerical and Experimental Study of Counterflow Syngas Flames at Different 
Pressures, Fuel, 87: 319334, 2008 (with S. Som, A.I. Ramrez, J. Hagerdorn, S.K. 
Aggarwal).  
 
8. Reply on the Comments Initiation of Pulsed Corona Discharge under Supercritical 
Conditions by C.H. Zhang, J.M.K. MacAlpine, H. Akiyama, IEEE Transactions on 
Plasma Science, 34: 2467-2468, 2006 (with E. Lock, L.A. Kennedy). 
  
9. Flame Nanotube Synthesis in Moderate Electric Fields: from Alignment and Growth 
Rate Effects to Structural Variations and Branching Phenomena, Carbon, 44: 33083314, 
2006 (with W. Merchan-Merchan, L.A. Kennedy). 
 
Consulting, patents, etc.: 
NA 
 
Recent professional Development Activities: 
NA 
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Curriculum Vitae for  Stefan Seelecke 
 

Name:  Stefan Seelecke 
  
Education 
Dr.-Ing. habil. Thermodynamics Technical University Berlin 1999 
Dr.-Ing. (PhD) Phys. Eng. Sci. Technical University Berlin 1995 
Dipl.-Ing. (M.S.) Phys. Eng. Sci. Technical University Berlin 1989 
 
Academic experience: 
North Carolina State University, Associate Professor, 2001-2011, full-time 
 
Non-Academic experience: 
1999-2001 Associate Professor, TU Berlin 
1996-1999 Postdoctoral fellow, TU Berlin, Institute of Thermodynamics.  
1995 Research fellow, Weierstra Institute of Applied Analysis and Stochastics, Berlin 
1994 Visiting scholar, Massachusetts Institute of Technology (MIT), Mech. Engineering 
 
Certifications or professional registrations 
NA 
 
Current membership in professional organizations 
ASME, AIAA, MRS  
International Society for the Interaction of Mathematics and Mechanics (ISIMM) 
Sigma Xi 
 
Honors and Awards: 
NSF CAREER Award 2002 
 
 
 
 
 
 
 
 
 
 

Continued on next page
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Service Activities: continued from previous page for Stefan Seelecke 
Editor-in-Chief Continuum Mechanics & Thermodynamics, Springer, 2005-present 
Associate Editor Continuum Mechanics & Thermodynamics, Springer, 2001-2004  
Editorial Board ISIMM Book Series, Springer, 2002-present 
Editorial Board Member Advances in Transport Phenomena, Elsevier, '05 -present 
Symposium Co-Chair SMASIS Conference, Active Materials Symposium, '08-present 
Program Committee SPIE Smart Structures & Materials Conference 
NSF Review Panel Nanomanufacturing program, 2001, 2002, 2006, Structural Systems, 
2004, 2005Reviewer Natural Sciences and Engineering Research Council NSERC 
(Canada), 2006 
Reviewer SHARCNET, Canada High Performance Computing Center, 2007 
Journal Review for Continuum Mechanics and Thermodynamics, ASME Journal of 
Vibration and Acoustics, Mathematics & Mechanics of Solids, SIAM Journal of 
Scientific Computing, Journal of Intelligent Material Systems and Structures, Smart 
Structures & Materials, International Journal of Non-Linear Mechanics, Proc. Royal Soc. 
A, Springer Book Series, Composites B, ASME Journal of Biomechanical Engineering, 
Journal of Physics: Condensed Matter, Measurement Science and Technology, 
Technische Mechanik, Metallurgical and Materials Transactions A, Journal of Vibrations 
and Control, Acta Materialia, Journal of Mechanics of Materials and Structures 
 
Most Important  Publications and presentations from past five years: 
1. Morrison, P., Seelecke, S., Kohl, M., Krevet, B., A Free Energy Model for Magneto-
Mechanically Coupled NiMnGa Single Crystals, European Journal of Physics Special 
Topics, 2008, 205-211 
2. Heintze, O., Seelecke, S., A Thermomechanically Coupled Model for Pseudoelastic 
SMA Wires, Mat. Sci. Eng. A, 481-482, 2008, 389-394 
3. Kim, S.J., Seelecke, S., A rate-dependent three-dimensional free energy model for 
ferroelectric single crystals, Int. J. Solids and Structures, 44 (3-4): 1196-1209, 2007 
4. Smith, R. C., Seelecke, S., Dapino, M. J., Ounaies, Z., A Unified Model for Hysteresis 
in Ferroic Materials, Journal of Mechanics & Physics of Solids, v 54, n 1, Jan. 2006, p. 
46-85  
5. Seelecke, S., Kim, S.J., Ball, B.L., Smith, R.C., A Rate-Dependent Two-Dimensional 
Free Energy Model for Ferroelectric Single Crystals, Continuum Mechanics and 
Thermodynamics, 2005, 17, 4, 337-350 
 
Consulting, patents, etc.: 
Smart Inhaler System for Targeted Aerosol Delivery, March 1, 2007, US Patent 
Application 20070044793, Co-Inventor: Dr. Kleinstreuer 
Semi-Adaptive Damping Device Based on Shape Memory Alloys. Inventory Disclosure 
Submitted on October 19,2001. File No. 02-65. Co-Inventors: Drs. M. Noori, Dr. H. 
Davoodi. 
 
Recent professional Development Activities: 
NA 
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Curriculum Vitae for Fen Wu  

 
Name:  Fen Wu 
  
Education 
Ph.D. Mechanical Engineering University of California at Berkeley 1995 
M.S. Mechanical Engineering Beijing University of Aeronautics and Astronautics 1988 
B. S. Mechanical Engineering Beijing University of Aeronautics and Astronautics 1985 
 
Academic experience: 
North Carolina State University, Professor, 2010-2013, full-time 
North Carolina State University, Associate Professor, 2005-2010, full-time 
North Carolina State University, Assistant Professor, 1999-2005, full-time 
 
Non-Academic experience: 
Staff Engineer, Dynacs Engineering Company, Houston, TX, July 1997-July 1999  
Research Associate, Centre for Process Systems Engineering, Imperial College of 
Science, Technology and Medicine, London, U.K., June 1995--Feb. 1997  
Research Assistant, Dept. of Mechanical Engineering, University of California, Berkeley, 
CA, Jan. 1991-May 1995 
 
Certifications or professional registrations 
NA 
 
Current membership in professional organizations 
ASME member; AIAA associate fellow;  
NCSU Multi-disciplinary Operation Research Program Faculty 
 
Honors and Awards: 
AIAA Associate Fellow, 2008; NASA CAREER Award, 2001; Air Force Summer 
Faculty Fellowship Award, 2001; Best Paper Presentation Award, American Control 
Conference, 1998; Employee Appreciation Certificate, Dynacs Engineering Company, 
1998; Chevron Fellowship in Mechanical Engineering, University of California at 
Berkeley, 1993 
 
Service Activities 
Served in MAE seminar, Undergraduate Scholarship, Graduate, and Undergraduate 
Curriculum Committees, NCSU; Vice-chair and Chair, Optimal and Adaptive Control 
Panel, ASME Dynamic Systems and Control Division, 2002-2004, 2004-2006; Review 
Panelist, NSF Civil and Mechanical Systems Division, 2004, 2008; Review Panelist, 
Tennessee State DOD EPSCoR proposals, 2004-2005; 
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Service Activities: continued from previous page for Fen Wu 
Associate Editor, ASME Journal of Dynamic Systems, Measurement and Control, 2006-
present; Associate Editor, IEEE Transactions on Automatic Control, 2008-present; 
Technical Program Committee member, Chinese Control and Decision Conference, 
2008-2009; Program Committee member, Joint 44th IEEE Conference on Decision and 
Control/European Control Conference, Seville, Spain (2005); Associate Editor, 2007 
American Control Conference, New York, NY (2007); Technical Program Committee 
member, Chinese Control and Decision Conference, 2008-2009; Session and workshop 
organizer for several conferences; Session Chairman for several national and 
international conferences; Reviewer for various international control journals and 
conferences 
 
Most Important  Publications and presentations from past five years: 
X. Cai and F. Wu, Robust Fault Detection and Isolation for Parameter-Dependent LFT 
Systems, accepted by International Journal of Robust and Nonlinear Control, March 
2009.  
Q. Zheng and F. Wu, Stabilization of Polynomial Nonlinear Systems using Rational 
Lyapunov functions, accepted by International Journal of Control, Nov. 2008.  
 
Q. Zheng and F. Wu, Nonlinear H_inf Control Designs with Axi-Symmetric Rigid Body 
Spacecraft, accepted by AIAA Journal of Guidance, Navigation and Control, Nov. 2008. 
F. Wu, Q. Zheng and Z. Lin, Disturbance Attenuation by Output Feedback for Linear 
Systems Subject to Actuator Saturation, International Journal of Robust and Nonlinear 
Control, 19:168-184, 2009.  
 
Q. Zheng and F. Wu, Output Feedback Control of Saturated Discrete-Time Linear 
Systems using Parameter-Dependent Lyapunov Functions, Systems and Control Letters, 
57:896-903, 2008.  
 
F. Wu and Y. Chen, Robust Receding Horizon Control for LFT Parameter-Dependent 
Systems, IET Control Theory and Applications, 1(5):1423-1430, 2007. 
K. Dong and F. Wu, Robust and Gain-scheduling Control for LFT Systems through 
Duality and Conjugate Lyapunov Functions, International Journal of Control, 80(4):555-
568, 2007.  
 
F. Wu, Z. Lin and Q. Zheng, Output Feedback Stabilization of Linear Systems with 
Actuator Saturation, IEEE Transactions on Automatic Control, 52(1):122-128, 2007.  
B. Lu, F. Wu and S. Kim, Switching LPV Control of An F-16 Aircraft via Controller 
State Reset, IEEE Transactions on Control Systems Technology, 14(2):267-277, 2006.  
F. Wu and K. Dong, Gain-Scheduling Control of LFT Systems using Parameter-
Dependent Lyapunov Functions, Automatica, 42(1):39-50, 2006. 
 
Consulting, patents, etc.: 
NA 
Recent professional Development Activities: 
NA 
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Curriculum Vitae for James Yankauskas 

 
Name:  James Yankauskas 
  
Education 
M.S. Management of Technology, Rensselear Polytechnic Graduate Center, Hartford 
CT., 1999 
M.S. Mechanical Engineering, Rensselear Polytechnic Inst., Hartford CT., 1981 
B.S. Mechanical Engineering, University of Lowell, Lowell MA., 1976 
 
Academic experience: 
North Carolina State University, Engineering Lab Assistant 2012-2013 
 
Non-Academic experience: 
 
Experience at Pratt & Whitney and  Pratt & Whitney Central Engineering Co., 
(PW-CENCO)  East Hartford CT., divisions of United Technologies 
 
Engine Validation Capital Manager, 2004-2010 
Manager, Test Systems Engineering, Electrical Control & Data Systems, 2002-2010 
Manager, CENCO Subsisiduary of P & W Mechanical and Electrical Engineering group, 
2001-2002 
Manager, Test Systems Engineering Design and Engineering, 2000-2001 
Manager, PW6000 Facilities readiness, 1999-2000 
Manager, Instrumentation Technology, 1998-1999 
Manager, Instrumentation Electrical, data and control Systems, and Manager, Automated 
Data Recording, 1995-1998 
Engineering Manager Experimental Test facilities and Electrical Control Systems, 1986-
1995 
Computer Aided Design Coordinator, Experimental Tets Equipment Engineering, 1983-
1986 
Mechanical Engineering trainee through Senior designer, 1976-1983 
 
Certifications or professional registrations 
Professional Engineer, Number 12630, State of Conneticut since 1982 
ASME Boiler and Pressure Vessel Code, Section VIII Div. 1. 
ASME power Piping Code B31.1 
ISO-9000, value steam process improvement 
Line safety codes: OSHA 510, National Electric Code NFPA 70, and Electrical Safety 
Code NFPA 70e 
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12. APPENDIX C – EQUIPMENT 
 

 
 

Equipment Description  Make  Model   Qty 

Armfield Heat Transfer Service Unit  Armfield  HT10XC‐B  1 
Armfield  Laws  of  Radiant  Heat 
Transfer/Radiant Heat Exchange 

  HT13  1 

Computer  Controlled  Heat  Exchanger 
Service Unit 

  HT30XC‐B  1 

Extended Tubular Heat Exchanger    HT34  1 
Heat Linear Heat Conduction Accessory    HT11  1 
Plate Heat Exchanger    HT32    1 
Shell & Tube Heat Exchanger    HT33  1 
Tubular Heat Exchanger    HT31  1 

Lab Equip: Universal Material Stress Tester  Axis 
Analytical 

AB‐KIP‐I  1 

Lab Equip: Universal Test / Extensometer    AE‐040  1 

Lab Equip: Pipe  Friction Demonstrator and 
Pump 

Hampden  6920  1 

Lab Equip: Wind Tunnel  Hampden  6910  1 
Lab Equip: Wind Tunnel ‐ Flow‐in Pipes       1 
Lab Equip: Wind Tunnel ‐ Fog Machine       1 
Lab Equip: Wind Tunnel ‐ Probe Tool Box       1 
Lab  Equip: Wind  Tunnel  ‐ Race  car Draftin 
test section 

     1 

Lab  Equip:  Wind  Tunnel  Bernoulli  Test 
Section 

     1 

Polycom 8000  Polycom  HDX‐
8000HD 

1 

Polycom 8000    HDX8000  1 
Polycom 9002    HDX‐9002  1 
Polycom 9002    HDX9000  1 
Polycom 9004    HDX‐9000  1 
Polycom Eagle Eye HD Camera    Eagle Eye  5 

MediaSite Recorder  Sonic 
Foundry 

Recorder  1 

MediaSite Recorder  Sonic 
Foundry 

Recorder  4 

Lab Equip: ECP Rectilinear Model 20     210  1 



 MES 2012-2013 Self-Study -  Page 207 -  
 

NI Compact DAQ #1  National 
Instruments 

   2 

MDB‐5, MDB‐10, CAL‐TEDS, TC‐CAL  Transducer 
Techniques 

   2 

SDC  Benchtop  Temp.  Controller,  Beaker 
Heater, Beaker 

Grainger  J‐Type  120 
volt 

6 

HP DesignJet T790ps ePrinter  Hewlett‐
Packard 

T790ps  1 

Black & Decker Drill        1 

Camera ‐ Digital  Canon  A620  1 

Camera Document ‐ Elmo  Visual 
Presenter 

HV5100XG  1 

Camera Panasonic Video  Panasonic  PV‐GS15  1 

Dell 22" LCD Computer Monitor  Dell     10 

Dell Computer CPU  Dell  Optiplex 740  10 

Furniture: Book Cabinet, Black        5 

Furniture: Classroom Chairs, Black        45 

Furniture: Computer Desk         1 

Furniture: Desk Chair, Black        4 

Furniture: File Cabinet, Black        10 

Furniture: L‐Shaped Desk. Beige        1 

Furniture: Storage Cabinet ‐ double door  6  foot 
storage 

light brown  2 

Furniture: Utility Cabinets, Black        2 

Furniture: Utility Desk, Beige        2 

Furniture: Work Bench  Global 
Industries 

Wooden  3 

Lab Equipment: Hardness Tester  Sarrett     1 

Lab Equip: Strain Gage Application Kit  Vishay  GAK‐2‐200  2 

Lab Equip: Strain Guage Install Tester  Vishay  1300  1 

Lab Equip: Strain Indicator and Recorder  Vishay  P3  3 

Lab Equip: Twist & Bend Machine  Feedback   MT 3005  3 

Lab Equipment: Strobe Scope        1 

Lab Equipment: Viscometer  Brookfield  LVDV‐ll+P  1 

Lab Equipment: Watt Meter  Logs  Data 
Pro 

   1 

Label Maker  Brother   P‐Touch   1 

Measurement:  Machinest Tool Kit        2 

Measurement:  Anemometer  +  IR 
Thermometer with Probe 

Extech  HD3000  1 

Measurement: Dial Caliper 24 inch        1 

Measurement: Dial Indicator & Base        2 
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Measurement: Dial Indicator & Mag Base        2 

Measurement: Digital Caliper 6 inch        2 

Measurement: Electronic  Scales  Pelouze  PE5  4 

Measurement: Machinist Square Kit        2 

Measurement:  Ohaus  Electric  Precision 
Scales ‐ 200 gm 

      4 

Measurement:  Ohaus  Electric  Precision 
Scales ‐ 6000 gm 

      1 

Measurement: Photo / Contact Tachometer  Extech  461995  1 

Measurement: Protractor (metal)        1 

Measurement:  Protractor  magnetic 
polycast 

Empire     1 

Measurement: Radius Gauges        1 

Measurement: Rotary Dial Indicator Base        2 

Measurement: Steel Rulers 48", 36", 24"        1 

Monitor LCD NEC 46" with speakers  Multeos  M46‐2  3 

Paper Shredder Black  GBC  Shredmaster 
950 

1 

Printer ‐ Photo  Hewlett‐
Packard 

Photosmart 
7760 

1 

Printer Color Laser Jet  HP DeskJet  4600dn  1 

Printer Color LaserJet   Hewlett 
Packard 

P1505n  1 

Printer Color LaserJet Printer  Hewlett 
Packard 

CP3525X  1 

Projector ‐ DLP  Sharp  PG‐F312X  2 

Projector Panasonic Portable  Panasonic  PT‐LB60NTU  1 

Scanner ‐ ScanSnap  Fujitsu  S1500  3 

Speakers ‐ Bookshelf  Radio Shack  Black  3 

Table Top Display Recruiting  Gray  4 panel  1 

Telephone (Multiline)  Lucent 
Technologies

Model 854 4 
line 

1 

Test Equip: Agilent Oscilloscope  Agilent  54622A  1 

Test Equip: Aligent Function Generator  Aligent  33120A  2 

Test Equip: Aligent Multimeter  Aligent  34401A  2 

Test Equip: Aligent Power Supply  Aligent  E3631A  2 

Test Equip: NI Elvis Instrument Consol  National 
Instrument 

NI Elvis  2 



 MES 2012-2013 Self-Study -  Page 209 -  
 

Test Equip: USB I/O Interface  National 
Instrument 

USB 6251  2 

TurningPoint Response Clickers  Turning 
Point 

   24 

UPS ‐ APC Back Up  APC  RS800  5 

Lifebook T‐Series Laptop   Fujitsu  T‐Series  24 

IBM ThinkPad  IBM      2 

Gauge Block Set  Mitutoyo     1 

Impulse Hammer w/force sensor and tips  PCB 
Piezotronics 

086C01  1 

Anemometer  Omega  HHF141  1 

OMEGADYNE  Omega  DPG409‐
10WDWU 

1 
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13. APPENDIX D – INSTITUTIONAL SUMMARY - 
 

 
1. The Institution 

 
Name and address of the institution 
 

North Carolina State University, Raleigh, NC  27695 
 
Name and title of the chief executive officer of the institution 
 

Dr. Randy Woodson, Chancellor 
 
Name and title of the person submitting the self-study report. 
 

Dr. Bill Fortney, Eastern Regional Director for Distance Engineering 
 
Name the organizations by which the institution is now accredited and the dates of the 
initial and most recent accreditation evaluations. 
 

North Carolina State University is accredited by the Commission on Colleges of 
the Southern Association of Colleges and Schools (1866 Southern Lane, Decatur, 
Georgia 30033-4097; Telephone number:  404-679-4501) to award associate's, 
bachelor's, master's and doctoral degrees.  NC State’s initial accreditation was in 
1928, the most recent action is from 2004 and the next visit is scheduled for 2014. 

 
2. Type of Control 

North Carolina State University (herein also referred to as NC State University, NC State and 
NCSU) is a state-controlled public institution and a member of the University of North Carolina 
(UNC) system.  UNC is the 17-campus higher education system in the state of North Carolina made 
up of 16 universities and one high school.  NC State is the largest of the institutions within the UNC 
system.  The UNC Board of Governors is the policy-making body legally charged with "the general 
determination, control, supervision, management, and governance of all affairs of the constituent 
institutions." It elects the president, who administers the University.  The 32 voting members of the 
Board of Governors are elected by the General Assembly for four-year terms.  Special members are 
non-voting members with varying terms.  Such members are former chairs of the board, former 
governors and the president of the UNC Association of Student Governments, or that student's 
designee.  According to UNC Code, NC State has a Board of Trustees composed of thirteen persons:  
eight are elected by the UNC Board of Governors, four are appointed by the governor and the 
remaining member is the president of the student government, ex officio. 
 
The Board of Trustees promotes the sound development of North Carolina State University 
within the functions prescribed for it, helping it to serve the people of the State in a way that 
will complement the activities of the other institutions and aiding it to perform at a high 
level of excellence in every area of endeavor.  The Board of Trustees serves as adviser to the 
Board of Governors on matters pertaining to North Carolina State University and serves as 
advisor to the NC State Chancellor concerning the management and development of the 
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institution.  The Chancellor is the official medium of communication between the Board of 
Trustees and all individuals, officials, agencies and organizations, both within and without 
the institution.  
 
References: 
http://www.northcarolina.edu/content.php/bog/index.htm 
http://www.ncsu.edu/policies/governance_admin/bot/POL01.05.1.php 

 
3. Educational Unit 

 

The College of Engineering at NC State is the largest of the twelve colleges at NC State, enrolling 
nearly 9,000 graduate and undergraduate students.  Figures D-1 and D-2 represent the organizational 
structures of the University and College. 
 
The ordinary educational unit for the purpose of ABET accreditation within the College of 
Engineering at NC State is the department.  There are nine departments wholly administered in the 
COE:   
 

• Department of Biomedical Engineering 

• Department of Chemical and Biomolecular Engineering 

• Department of Civil, Construction, and Environmental Engineering 

• Department of Computer Science 

• Department of Electrical and Computer Engineering 

• Edward P. Fitts Department of Industrial and Systems Engineering 

• Department of Materials Science and Engineering 

• Department of Mechanical and Aerospace Engineering 

• Department of Nuclear Engineering 
 
In addition, there are three degree programs that are jointly administered with other 
colleges:  
 
• The Department of Biological and Agricultural Engineering, offering the degree Biological 

Engineering, is in the College of Agriculture and Life Sciences. 

• The Department of Textile Engineering, Chemistry, and Science, offering the degree Textile 
Engineering, is in the College of Textiles. 

• The Department of Wood and Paper Science, offering the degree Paper Science and 
Engineering, is in the College of Natural Resources. 

 
The engineering department heads for each unit are as follows:  

• Dr. Robert O. Evans, Head of the Department of Biological and Agricultural Engineering 

• Dr. Nancy Albritton, Head of the Department of Biomedical Engineering 

• Dr. Mort Barlaz, Head of the Department of Civil, Construction, and Environmental Engineering 

• Dr. Daniel Stancil, Head of the Department of Electrical and Computer Engineering 

• Dr. Yousry Y. Azmy, Head of the Department of Nuclear Engineering 

• Dr. Mladen A. Vouk, Head of the Department of Computer Science 

• Dr. Justin Schwartz, Head of the Department of Materials Science and Engineering 
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• Dr. Jon P. Rust, Head of the Department of Textiles Engineering, Chemistry, and Science 

• Dr. Peter S. Fedkiw, Head of the Department of Chemical Engineering 

• Dr. Paul H. Cohen, Head of the Edward P. Fitts Department of Industrial Engineering 

• Dr. Richard D. Gould, Head of the Department of Mechanical and Aerospace Engineering 

• Dr. Stephen S. Kelley, Head of the Department of Wood and Paper Science. 
 

The College of Engineering is organized around a traditional academic format with a dean, 
associate deans, assistant deans, directors and coordinators of programs, and the heads of the 
academic departments. 
 
There is one non-departmental College of Engineering educational unit that supports 
engineering degree programs for the purpose of accreditation. The College of Engineering 
Dean’s Office serves as the educational unit for the Bachelor of Science in Engineering 
Mechatronics (BSE-Mechatronics) Joint Degree Program with the University of North 
Carolina at Asheville, and the Bachelors of Science, Mechanical Engineering Systems 
(BSE-MES) concentration for which we seek initial accreditation with this action.   
 
The BSE-MES degree program is administered by program director, Dr. Bill Fortney, 
Eastern Regional Director for Distance Engineering. Dr. Fortney reports directly to Dr. 
Linda Krute, Director of Distance Engineering Education Programs for the College of 
Engineering. Dr. Fortney is one of three regional directors who report to Dr. Krute 
throughout the state. Dr. Jerome Lavelle, and the Office of Academic Affairs, supports the 
program related to accreditation, curriculum and student affairs issues. 

 
The principal administrators at the college level are as follows: 
• Dr. Louis A. Martin-Vega, Dean of Engineering 

• Dr. John G. Gilligan, Senior Advisor to the Dean of Engineering for Research and Graduate 
Programs 

• Dr. Jerome P. Lavelle, Associate Dean for Undergraduate Academic Affairs 

• Dr. Christine Grant, Associate Dean for Faculty Development and Special Initiatives 

• Dr. Thomas K. Miller III, Associate Dean for Distance Education and Information Technology 

• Dr. David Parish, Assistant Dean for Undergraduate Academic Affairs 

• Dr. Linda Krute, Director of Distance Engineering Education Programs 
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Figure D-1: NC State University Organization Chart  
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Figure D-2: College of Engineering Organization Chart
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4. Academic Support Units 

 
Table D-1 provides data for N.C. State academic units that provide courses for the BSE-MES curriculum. 
 

Table D-1: Academic Support Units for BSE-MES Curriculum 
 

 
Academic Unit 

Courses Delivered 
Department Head 

Computer Science E115 Mladen Vouk 
Electrical and Computer 
Engineering 

ECE 331 
Daniel Stancil 

English ENG 331 Anthony Harrison 
Graphic Communication GC 120 Patricia Simmons 
Material Science and 
Engineering 

MSE 201 
Justin Schwartz 

Mechanical and Aerospace 
Engineering 

MAE 206, 208, 301, 
308, 310, 314, 315, 
316, 412, 415, 435 Richard Gould 

Mechanical Engineering 
Systems Office 

MES 300, 305, 401, 
402, 405 Bill Fortney 

Statics ST 370 Sastry Pantula 
 

 
5. Non-academic Support Units 

 
Table D-2 provides data for N.C. State units that provide non-academic support to students in the BSE-
MES curriculum. Although located at a remote site, students may access these offices for services, 
programs and support. 
 

Table D-2: Non-Academic Support Units for BSE-MES Students 
 

 
Non-Academic Unit Unit Head 

Cooperative Education Arnold Bell 
Career Development Center Arnold Bell 
NC State Libraries Susan Nutter 
First Year Engineering Program David Parish 
Women in Engineering Laura Bottomley 
Minority Engineering Program Angelitha Daniel 
International Engineering Program Brian Koehler 
Statics Sastry Pantula 
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6. Credit Unit 
 

One-semester-credit hour represents one class hour or three lab hours per week.  One academic year 
represents 30 weeks of classes, inclusive of final examinations. 

 
7. Tables 

Complete the following tables for the program undergoing evaluation.
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Table D-3. Program Enrollment and Degree Data 

Bachelors of Science in Engineering, Mechanical Engineering Systems concentration 
 

 Academic 
Year 

Enrollment Year 

T
ot

al
 

U
nd

er
gr

ad
 

T
ot

al
 

G
ra

d Degrees Awarded 
 1st 2nd 3rd 4th 5th Associates Bachelors Masters Doctorates 

Current 2012 
FT 0 0 0 0 0 0 0 0 1 0 0 

Year PT 1 1 1 3 0 6 0    

1 
2011 

FT 0 0 0 0 0 0 0 0 4 0 0 

 PT 0 0 1 5 0 6 0    

2 
2010 

FT 0 0 0 0 2 2 0 0 0 0 0 

 PT 0 0 0 4 0 4 0    

3 
2009 

FT 0 0 0 0 0 0 0 0 0 0 0 

 PT 0 0 4 1 0 5 0    

4 
2008 

FT 0 0 0 0 0 0 0 0 0 0 0 

 PT 0 0 1 0 0 1 0    

 
Give official fall term enrollment figures (head count) for the current and preceding four academic years and undergraduate 
and graduate degrees conferred during each of those years.  The "current" year means the academic year preceding the fall 
visit.   

 
FT--full time 
PT--part time 
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Table D-4.  Personnel 

Bachelors of Science in Engineering, Mechanical Engineering Systems concentration 
 

Year:  FALL 2012* 
 

 HEAD COUNT FTE2 

 FT PT 

Administrative3 1  .75 

Faculty (tenure-track)  1 .25 

Other Faculty (excluding student 
Assistants) 

 4 1.0 

Technicians/Specialists  3  

Office/Clerical Employees 1  1.0 

 *Notes: Administrative - .75 FTE is Regional Director. 
  Faculty tenure-track – One tenture track MAE faculty delivering one course. 

Other faculty – Three non-tenture track MAE and one non-tenure track ECE faculty delivering one 
course each. 

  Technicians/Specialists - Three temporary positions supporting course delivery. 
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Signature Attesting to Compliance 
 
By signing below, I attest to the following: 
 
That   Bachelor of Science, Mechanical Engineering Systems concentration  has conducted an 
honest assessment of compliance and has provided a complete and accurate disclosure of 
timely information regarding compliance with ABET’s Criteria for Accrediting Engineering 
Programs to include the General Criteria and any applicable Program Criteria, and the ABET 
Accreditation Policy and Procedure Manual. 
 
_Louis A. Martin-Vega _______________________________ 
Dean’s Name (As indicated on the RFE) 
 
 
 
 
________________________________  _______________________ 
Signature      Date 
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14.  APPENDIX E – MAJOR DESIGN EXAMPLES 
 

 This appendix contains information from the two major design experiences the MES students 
receive – MES 300 and MES 401/2. Full project information will be on display for the site 
team, but the information below is given to show the scope of projects, initial information 
given to the students by the sponsors, the requirements developed by the students during their 
design process, and a representation of the final design. Information on the following projects is 
given. 
 

1. MES 300 AGV Design Project (page 221) 
 

2. MES 401/2 Capstone Design from 2012/13 (page 227) 
 

3. MES 401/2 Capstone Design from 2011/12 (page 231) 
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MES 300 SYSTEMS ENGINEERING DESIGN PROJECT 
SPRING 2013 

BACKGROUND 
 

MixItUp is a manufacturing company and has an Automated Factory built around the idea 
of agile manufacturing. MixItUp aggressively pursues lean manufacturing improvement 
strategies which mean that waste in any area, especially things like maintenance tasks, is 
not acceptable. They also have a very strong commitment to safety. Their main plant has a 
single main aisle that makes a loop around the perimeter of plant. All production cells are 
“fingers” off this main aisle.  

 
In the plant are three main cells. Each cell area is color coded for easy ID of all tools, work 
processes,…. In front of each cell is a 3” colored circle in the center of the aisle to identify 
the area. Each cell is built around specific capabilities and then configured based on the 
particular product being produced at the time. Cell 1 ( Red) has up to three independent 
curing stations. Cell 2 ( Yellow) has an automated mixing station where raw materials are 
brought and mixed before being delivered to the curing stations. Cell 3 (White) is an 
automated charging station where the AGV will transfer production data to the main 
computer and obtain more power packets if needed. The exact location along the perimeter 
could change for each cell, but each will always be identified by color in the main aisle.   

 
The company has said that they do not mind some type of guide wire or marking in floor of 
the main aisle, but whatever is used, it may be broken at times when reconfiguring a new 
area.  
 

THE NEED 
 

The company has come to us to design and build some type of Automated Guided Vehicle 
to regularly “service” each flexible production cell. The company considered using fixed 
process automation at each cell, but they feel like something that travels to each station is 
better with the constant reconfiguration that goes on. The idea is that the AGV would travel 
to each station and perform certain tasks. It would then travel back to the home charging 
station and transfer data collected about each station to the main production computer. After 
data transfer, it would go back and continue servicing cells unless it needed to charge or it 
needed more powder packets.  A description of the services needed at each station follows: 

 
RED Workstation (diagram at right) 
 

 Cell has heat based curing stations 
with a maximum configuration for 
three stations. When curing, station 
temperature is between 108 and 
113 degrees F. Once a batch is 
cured, station temperature can be 
between 70 and 100 degrees F. 
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 For safety purposes, the entry to the station from the main aisle has a “chute” made 
from two 1” high walls and then a third wall to block access to the work area.  

 For batch quality traceability, records must be kept on the curing station temperature 
when a batch is being cured.   

 The inspection should determine if a curing station is setup. If a station is setup and 
curing, then temperature should be recorded at the center of the station. If a station is 
not setup (not present), record a value of -1 for temperature for this station. If it is setup 
but not curing, record a temperature of 1. 
 

YELLOW Workstation  
 

 Cell has specialized mixing equipment and based 
on current recipe, different amounts of two 
special powders are required for the mixing.  

 Once ready to do the actual mixing, the mixing 
station computer determines how many of each 
powder are required for the current recipe and it 
can communicate this requirement via Bluetooth. 

 The AGV is going to be used to deliver the 
powders to the mixing station, so it must be able 
to carry some of each of the two powders.  

 When making its rounds, the AGV should check with the Yellow station and see how 
much powder, if any, it needs. 

 If powder is needed, the AGV should deliver the proper number of powder packets to 
the station. It should note how many of each packet type was delivered and report to the 
main computer. 

 
Automated Charging Station (diagram at right) 

 After servicing both stations, AGV should always go to charging station, engage with 
the automated charging system and deliver data to the master computer. Unless 
additional packets are 
needed, AGV should 
continue servicing stations.  

 AGV will need a charging 
probe that sticks out 3” from 
any other surface of the 
vehicle. 

 Cell has automated charging 
system. AGV should pull in 
so probe is 2” from the back 
wall and then wait for the 
charging equipment to 
extend and contact the probe. Once the charging equipment has contacted the probe, the 
AGV should move back to fully engage the plug  

 Operator will fill unit if it needs powder. 
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THE ASSIGNMENT 
 
Your job is to follow the systems engineering process discussed in class to design and build a 
device to satisfy the need described above using the base robot components given in class. You 
will have two key deliverables from this project. First you will create an Engineering Plan (EP). 
The EP will document your systems engineering work all along the project and will be similar 
to the kind of plan you would develop if you were performing this type of design work in 
industry. Next you split into groups and execute your plan to create a device that will meet the 
need described above. 
 
The project will follow the technical 
review schedule shown at the right 
and for each technical review you 
will be given specific parts of your 
EP that you must have completed 
before the review. Requirements for 
the first review (SRR) are attached. 
 
After the Preliminary Design Review, you will be split into groups. From this point on, 
communications between groups concerning the project must be coordinated through your 
instructor. 
 
 
 
 
SYSTEM REQUIREMENTS DEVELOPED BY STUDENTS 
 

Req. # 
Need/ 

System 
Description 

1 0 0 Need  
1.0  The AGV will navigate safely, independently, and expeditiously 
throughout the facility with as little human interaction as possible. 

1 1 0 System 
The AGV shall operate in a building no larger than 12x8 ft. with a 

wood-like linoleum floor surface with no human intervention except as 
noted for charging, packet loading and trouble assistance.  

1 2 0 System The AGV shall operate with the lights on or off in the facility. 

1 3 0 System The AGV shall operate in a temperature range of 0-42.2° C. 

1 4 0 System The AGV shall maneuver around a marked 9 inch aisle. 

1 5 0 System 
The AGV shall begin each loop on aisle after receiving instruction 

to do so by the operator. 

1 6 0 System 
The AGV shall complete a service loop (leave charge station / return 

to charge station) within 10 minutes. 

1 7 0 System 
The AGV shall continue maneuvering past breaks in the straight 

marked pathway less than 6 inches long. 

17-Jan Initial Meeting With Customer
7-Feb System Requirements Review
28‐Feb Sub-Systems Internal - PDR
12-Mar Preliminary Design Review
26-Mar Critical Design Review
11‐Apr Systems Integration Internal Review
25-Apr System Verification Review
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1 8 0 System 
If the AGV loses its position, it shall stop and send alert until the 

operator sets the AGV back on the guide line and resets the AGV. 

1 9 0 System 
The AGV shall maneuver from main isle into the curing, mixing, 

and charging stations. 

1 10 0 System 
The AGV shall  identify color coded circles (3in in diameter) in the 

factory's aisle that mark each station. 

1 11 0 System 
For all cells, the AGV shall follow a guideline which deviates from 

the main aisle into the cell and stop to perform needed tasks. 

1 12 0 System 
The AGV shall be able to drive over power cords with a maximum 

diameter of 3/16in. 

1 13 0 System 
When the AGV encounters anything larger than 3/16in it shall stop 

at a minimum of "X" distance, send alarm, wait 30 sec, send alarm again, 
and wait for manual reset. (0% chance of running into obstacles) 

2 0 0 Need  2.0 The AGV shall service the curing workstation. 

2 1 0 System 
The AGV shall determine the presence of up to three curing stations. 

(1% chance of missing a curing station) 

2 2 0 System 

The AGV shall record the temperature according to MixItUp 
Interface Document #2 value (± 0.5° C) for an active curing station 
(Temp 42.2°-45° C) within ±0.5in from center. (Readings will be 
accurate 85% of the time) 

3 0 0 Need  3.0 The AGV shall service the mixing workstation. 

3 1 0 System 
The AGV shall store a minimum of 8 packets of each type, with no 

more than 2 types. 

3 2 0 System 
The AGV shall communicate with the mixing station computer via 

Bluetooth in accordance with the MixItUp Interface Document # 1. 

3 3 0 System 
The AGV shall deliver the number of packets of each type requested 

from the mixing computer. (95% accuracy) 

3 4 0 System 
The AGV will deliver packets into a designated 2"x2" square as 

shown in Figure #1. (100% accuracy) 

3 5 0 System The AGV shall record the number of each type of packet delivered. 

4 0 0 Need  4.0 The AGV shall service the charging workstation. 

4 1 0 System 
The AGV shall stop with charging probe 2" (±.25") from the back 

wall. 

4 2 0 System 
The AGV shall extend the male end of charging probe 1/2" past any 

other surface and 1" above the ground. 

4 3 0 System 
The AGV shall wait for the female end of the probe to contact the 

AGV. 

4 4 0 System The AGV shall engage the female end of the probe with 5N of force. 
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4 5 0 System 
The AGV shall communicate with the main computer via Bluetooth 

in accordance with the MixItUp Interface Document #2 and deliver data. 

4 6 0 System The AGV shall allow the operator to load packets as needed. 

4 7 0 System The AGV shall charge for a minimum of 1 minute. 

5 0 0 Need  5.0  The AGV shall comply with the specified laws and regulations. 

5 1 0 System 
The AGV shall comply with all state and federal laws and 

regulations, as well as any MixItUp safety standards. 

6 0 0 Need  6.0  The AGV should minimize maintenance downtime. 

6 1 0 System The system shall minimize maintenance downtime. 

7 0 0 Need  7.0  The AGV should be operational by April 25, 2013. 

7 1 0 System The system shall be operational by April 25, 2013. 
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Representation of Final Design 
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V-22 Manual Drive Test Fixture Design Project 
MES 401/401 Capstone Design 2012/2013 

PROBLEM STATEMENT 
 
NOTE – The following was put together from a brief given to the MES students by Kevan 
Dover and Scott Fisher from NAVAIR. 
 
PROBLEM STATEMENT 
The shops at FRC-East, are currently in the process of “standing 
up” capability to perform re-work on most of the major assemblies 
and components of the V-22 aircraft.  One of the next components 
to declare capability on is the V-22 Manual Drive Unit see 
diagram on right). In order to have this capability, there is a need 
to be able to test the overhauled units. 
 
BACKGROUND 
The wing/nacelles rotate 90⁰. Until they are directly on top of the 
fuselage. The wing stow system 
allows shipboard capability 
through reduced footprint of the 
aircraft. This is done via the flex 
ring, which is rotated by the 
Capstan Drive  (a hydraulically 
powered radial actuator). 
The Capstan Drive is driven 
through the Manual Drive Unit by 
a hydraulic motor. The Manual 
Drive Unit allows the use of hand-
held wrenching to manually stow 
the wing in the event of electrical 
and/or hydraulic failure. 
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TECHNICAL REQUIREMENTS 
The requirements are driven by the Production Acceptance Test Procedure or ATP that 
is given to Bell/Boeing by the OEM of the specific component(s).  

 
The requirements include but are not limited to:  

 Product “Run-In” (motor input run at 3000 rpm for 1 minute) in both directions, 
CW and CCW. 

 Static Breakout Torque (measure the max torque at motor input required for 
input to rotate at 10 rpm) in both directions). 

 Dynamic Torque (max torque at motor input when ramping speed from 10 to 
2400 rpm in 10 seconds in both directions). 

 Test setup size limitation: 6’ x 3’ x 3’ max 
 
DESIGN OBJECTIVES 

 Design for ease of manufacture 
 Design for simple disassembly/re-assembly of the unit for inspection purposes 
 Design for minimal floor footprint of the unit 
 Design to minimize the likelihood of damage to the aircraft component 
 Design for the safety and ease of operation by the operator 
 Minimize the costs associated with materials, machining, and assembly 
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SYSTEM REQUIREMENTS DEVELOPED BY STUDENTS 
 

 

Description
1 0 The Test Rig shall be able to complete the Running In performance test.

1 1
The Test Rig shall be capable of driving the unit (configured for powered operation & output shaft 
free) through its splined drive shaft CW and CCW at a speed of 1000 +/-300 RPM for at least one 
minute.

1 2
The test rig shall be able to measure the rotation of the main and manual input shafts in RPM with a 
range of +/- 1000 RPM with 10% FSD accuracy and display on a digital readout. The Test Rig shall 
measure RPM up to 2000 RPM.

2 0 The Test Rig shall be able to complete the Smooth Running Check performance test.

2 1
The Test Rig shall be configured so that the manual drive unit can be fitted to the Test Rig so that the 
manual drive unit's input is disengaged from the Test Rig.

2 2
The Test Rig shall allow the manual drive unit's motor input shaft to be manually rotated while in 
manual mode.

3 0 The Test Rig shall be able to complete the Dynamic Torque performance test.

3 1
When operating as described in 1.1(configuration 1), the test rig shall be capable of measuring and 
displaying torque on the main input shaft with a range of +/- 10 in-lb with 1% FSD accuracy.

4 0 The Test Rig shall be able to complete the Torque Limiter Operation performance test.
4 1 The Test Rig shall allow the gagging piece (A664642) to be secured to the unit.

4 2
The Test Rig shall be capable of driving the unit (configured for manual operation & output shaft 
gagged) through its manual input shaft CW and CCW at a speed of 1000 +/-300 RPM for at least one 
minute.

4 3
When the manual drive unit is configured for manual operation with the output shaft gagged, the test 
unit shall allow the manual input shaft to be manually rotated for at least 10 breakouts in a CW and 
CCW direction.

4 4
When manually operated as described in 4.3, the test unit shall be capable of measuring and displaying 
maximum torque on the manual input shaft with a range of +/- 35 in-lb with 1% FSD accuracy.

5 0 The Test Rig shall be able to complete the Backlash test.
5 1 The bench test backlash equipment will be supplied by Support Equipment Engineers 4.8.11.

5 2
The Test Rig shall utilize bench test backlash equipment A660412 while allowing the gagging device 
to be installed on the Output Shaft without removing the Test Rig from the fixture so that a Dial Test 
Indicator can measure the Manual Input Shaft backlash.

6 0 For the Test Rig to comply with FRC East's expectations the following shall apply.
6 1 The Test Rig dimensions should not be larger than 6' x 3' x 3' . 
6 2 The Test Rig will operate in room conditions between 68 degrees F and 90 degrees F.
6 3 The Test Rig shall interface with existing services.
6 4 The Test Rig shall be able to reverse directions without disassembling the Test Rig.

6 5
The Test Rig shall be configured so that the manual drive unit can complete all tests for the ATP by 
being engaged and disengaged without being removed from the fixture.

6 5 The Test rig will have a timing device attached to it.

6 6
The Test Rig shall comply with all applicable safety codes, OSHA and FRCE Instructions.  The Test 
Rig shall have a safety cover that will be used while motor is running.

6 7 The Test Rig  shall be able to measure and display RPM during all tests.
6 8 All readings from the Test Rig shall be digital.

6 9
An approved corrosive preventative measure will be applied to the Test Rig.  (4.8.11 Support 
Equipment Engineers will approve method)

6 10 A ratio of 3:1 will be utilized for any strength analysis of Yield strength.
6 11 A ratio of 5:1 will be utilized for any strength analysis of Ultimate Tensile strength.
6 12 Working Test Rig shall be delivered by 4/26/2013 .
6 13 The specifications for calibrating the Test Rig shall be provided by 4/26/2013 .

Req. #



 MES 2012-2013 Self-Study -  Page 230 -  
 

Representation of Final Design 
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AV-8B Harrior Wing Ergonomic Lift Design Project 
MES 401/401 Capstone Design 2011/2012 

PROBLEM STATEMENT 
 
NOTE – The following was put together from a brief given to the MES students by Katie 
Holbrook  and Scott Fisher from NAVAIR. 
 
PROBLEM STATEMENT 
In the depot shops at FRC-East, four posts currently support the Harrier wing in the horizontal 
position during rework.  There is a new requirement to adjust the working height of the wing.  
A new design is required to allow the wing to be easily raised and lowered; thus, this will 
eliminate the need for a human powered method.   
 
BACKGROUND 
Wing on the AV-8B weighs approximately 3,000 Lbs and is removed at the depot for repair. 
During repair, artisias are required to access all points of the wing. Currently a fixed stand is 
used (see photgraphs) and multiple work platforms are required to provide needed access. 
Stands are costly and not optimal in terms of safety.  
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TECHNICAL REQUIREMENTS 
 
The requirements include but are not limited to:  

 Device must Raise and lowe wing  to provide ergonomic working levels for top 
and bottom wing surfaces 

 Interface with existing work stands 
 Infinite adjustability with lockout at any position 
 Emphasis on human safety and ergonomics during operation 
 Factor of Safety: 5:1 based on Ultimate Tensile Strength 
 3:1 based on Yield Strength 
 Proof loaded to 6,000 lbs 
 Team must supply an Operation/Maintenance Document 

 
DESIGN OBJECTIVES 

 Ease of Manufacturability 
 Easy disassembly for inspection purposes 
 Free standing design that minimizes floor footprint 
 Universally adaptable to all work stands 
 Stand shall not damage or alter the wing in any way 
 Wing must be stable and balanced while suspended in air 
 Minimize costs associated with materials, machining, and assembly 
 Stand shall be ergonomic (i.e. easy to operate by a single person, minimal trip hazards, 

allows easy access for wing maintenance, etc) 
 

 
SYSTEM REQUIREMENTS DEVELOPED BY STUDENTS 
 
1. The device shall be operated by a single individual 
2. The device shall provide input controls for a single user 
3. The device shall have a smooth means of travel 
4. The device shall lock at a maximum of 6” incremental positions 
5. The system will provide appropriate lockout for operation and maintenance 
6. The device shall raise high enough to accommodate operating range of landing gear. 
7. The device shall raise the wing from existing attachments points 
8. The device shall lower the wing tips within 6” of the ground 
9. The device shall not damage the wing in any way. 
10. The device shall interface with work stands necessary to achieve proper ergonomic height. 
11. The device shall allow access to all areas of the wing 
12. The device shall fit through existing entrances and walkways during transport 
13. The device shall adhere to OSHA 1910.144 requirements for Hazard Warning Colors 
14. The system will be supplied with appropriate electrical connections 
15. The device shall adhere to OSHA 1910.305 requirements for Electrical Grounding 
16. There shall be a factor of safety of 5:1 on the ultimate tensile strength 
17. There shall be a factor of safety 3:1 on the yield strength 
18. The device shall be proof loaded to 6,000 lbs. 
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Representation of Final Design 
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15.  APPENDIX F – STANDARDIZED QUIZ 
QUESTIONS 

 
The standardized quiz questions administerd for the assessment of Criterion A and Criterion F 
can be seen on the following pages for the 2011-2012 (page 235) and the 2012-2013 (262) 
assessment cycles. 
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QUIZZES USED FOR THE 2011/2012 ASSESSMENT CYCLE 
 
Actual quizzes used are given beginning on the next page and the tables below relate each quiz 
question to the subject area it assesses. 

 

Administered Fall 2011
Quiz 
Name 

Quest. Subject 

206  1  Math/Dif. Eq. 

206  2  Math/Dif. Eq. 

206  3  Math/Dif. Eq. 

206  4  Math/Dif. Eq. 

206  5  Math/Dif. Eq. 

206  6  Math/Dif. Eq. 

206  7  Math/Dif. Eq. 

206  8  Statics 

206  9  Statics 

301  1  Thermal Science 

301  2  Thermal Science 

301  3  Thermal Science 

301  4  Thermal Science 

308  1  Fluid Mech. 

308  2  Fluid Mech. 

308  3  Fluid Mech. 

308  4  Fluid Mech. 

308  5  Fluid Mech. 

315  1  Solid Mechanics 

315  2  Solid Mechanics 

315  3  Solid Mechanics 

315  4  Solid Mechanics 

315  5  Solid Mechanics 

415  1  Solid Mechanics 

415  2  Solid Mechanics 

415  3  Solid Mechanics 

415  4  Solid Mechanics 

 

Administered Spring 2012
208  1  Math/Dif. Eq. 

Quiz 
Name

Quest. Subject 

208  2  Math/Dif. Eq. 

208  3  Math/Dif. Eq. 

208  4  Math/Dif. Eq. 

208  5  Math/Dif. Eq. 

208  6  Math/Dif. Eq. 

208  7  Math/Dif. Eq. 

310  1  Thermal Science 

310  2  Thermal Science 

310  3  Ethics/Professional 

310  4  Ethics/Professional 

310  5  Ethics/Professional 

314  1  Solid Mechanics 

314  2  Solid Mechanics 

314  3  Mat Science / Chem. 

314  4  Mat Science / Chem. 

314  5  Solid Mechanics 

316  1  Solid Mechanics 

316  2  Solid Mechanics 

316  3  Mat Science / Chem. 

316  4  Mat Science / Chem. 

316  5  Mat Science / Chem. 

316  6  Mat Science / Chem. 

412  1  Math/Dif. Eq. 

412  2  Math/Dif. Eq. 

412  3  Math/Dif. Eq. 

412  4  Math/Dif. Eq. 

412  5  Math/Dif. Eq. 

412  6  Societal 

412  7  Societal 

412  8  Societal 
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QUIZZES USED FOR THE 2012/2013 ASSESSMENT CYCLE 
 
Actual quizzes used are given beginning on the next page and the tables below relate each quiz 
question to the subject area it assesses. 

 

Administered Fall 2012
Quiz 
Name 

Quest. Subject 

     

206  1  Math/Dif. Eq. 

206  2  Math/Dif. Eq. 

206  3  Math/Dif. Eq. 

206  4  Math/Dif. Eq. 

206  5  Math/Dif. Eq. 

206  6  Math/Dif. Eq. 

206  7  Math/Dif. Eq. 

206  8  Statics 

206  9  Statics 

415  1  Solid Mechanics 

415  2  Solid Mechanics 

415  3  Solid Mechanics 

415  4  Solid Mechanics 

 

Administered Spring 2013
Quiz 
Name

Quest. Subject 

208 1 Math/Dif. Eq. 

208 2 Math/Dif. Eq. 

208 3 Math/Dif. Eq. 

208 4 Math/Dif. Eq. 

208 5 Math/Dif. Eq. 

208 6 Math/Dif. Eq. 

208 7 Math/Dif. Eq. 

314 1 Solid Mechanics 

314 2 Solid Mechanics 

314 3 Mat Science / Chem. 

314 4 Mat Science / Chem. 

314 5 Solid Mechanics 

412 1 Math/Dif. Eq. 

412 2 Math/Dif. Eq. 

412 3 Math/Dif. Eq. 

412 4 Math/Dif. Eq. 

412 5 Math/Dif. Eq. 

412 6 Societal 

412 7 Societal 

310 1 Thermal Science 

310 2 Thermal Science 

310 3 Ethics/Professional 

310 4 Ethics/Professional 

310 5 Ethics/Professional 
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16. APPENDIX G – ASSESSMENT TOOLS 
 

 

ASSESSMENT TOOL PAGE 

RUBRIC A: Laboratory Reports 
(MES 305,405) 284 

RUBRIC B1: Project Reports 
(MAE 415, 435, 412, MES 402) 286 

RUBRIC B2: Major Design Presentations 
(MES 402, MES 300) 289 

RUBRIC C:  Design of Experiments 
(MES 305, 405) 291 

RUBRIC D: Oral Presentations 
(MES 300, 401, 402) 293 

RUBRIC E: Teamwork 
(MES 300,  402) 295 

RUBRIC F: Meeting Agenda and Minutes 
(MES 402) 297 

Course Ethics Case Studie MAE 415 
(415)) 300 

Course Ethics Case Studis MES 401/402 
(402) 320 
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ETHIC CASE STUDIES  
USED FOR ASSESSMENT 

 
 
 
MAE 414 Case Study Material………… Page 300 
 
MES 401/2 Case Study Material……...…Page 320  
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