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Course Review Package

 Spring 2001

Course Review held on: 6 June 2001

EngrMech 432

Finite Element Analysis II
Offered:   Spring Semester

Number of Credit Hours:  3(1)

Prerequisites for this Course: EM 431 

Co-requisites for this Course: 

This Course is a Prerequisite for: 
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Course Director/Instructor: 

Dr. Kay Bryan

1. COURSE DESCRIPTION 

Analysis and design of complex structural components using the finite element method.  Theoretical development of two-dimensional finite elements for static, vibration, and heat transfer analyses.  Special topics in solving Laplace’s equation.  Computer-aided design and analysis projects using commercial finite element software. 

 Textbook:  A First Course in the Finite Element Method Using Algor,, Logan. 

1.1 Goals and Objectives 

1.1.1 Course Goals:

1. Students will obtain a fundamental understanding of the rudiments of finite element analysis.
2. Students will gain a working knowledge on how to operate a state-of-the-art commercial finite element analysis package
1.1.2 Course Objectives:

1.  Summarize the advantages and disadvantages of finite element theory.

2.  Demonstrate an understanding of how to develop a finite element through written discussion of the relevant theory, as well as actual formulation of various elements.

3.  Estimate the mechanical state of a structural member using the finite element method.

4.  Evaluate the finite element method, in general and for specific problems.

5.  Demonstrate effective communication through oral and written reports.
1.1.3 Mapping to Program Curricular Outcomes 

Check which Program Curricular Outcomes are fed by this course? Use Table format below:

	
	1a.  Application of the fundamental analysis concepts of engineering mechanics to solve engineering problems.
	1b.  Application of the fundamental analysis concepts of mechanical engineering to solve engineering problems
	2a.  Modeling, design, and fabrication techniques of systems with solid and fluid components under real-world conditions.
	2b.  Modeling, design, and fabrication techniques of thermal and mechanical systems under real-world conditions
	3a.  Use of contemporary engineering mechanics analysis, design, and test tools.
	3b.  Use of contemporary mechanical engineering analysis, design, and test tools
	4.  Experimental techniques to include test design, execution, data analysis and interpretation.
	5.  Written and oral communications skills.
	6.  Knowledge of ethical and professional responsibilities.
	7.  Breadth and depth of engineering knowledge and skills to effectively identify and solve the types of complex, interdisciplinary problems they will encounter as Air Force engineers.
	8.  Ability to be effective interdisciplinary team members and leaders.
	9.  Skills to be independent life-long learners while knowing when to seek help.
	10.  Knowledge of contemporary social, political, military, and engineering issues, as well as the role of Air Force engineering officers and citizens in our global society.
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1.2 Course Content – Course Syllabus 

SPRING

BLOCK I

	Topics
	Reading
	Assignments

	· Course Intro

· Bar Problem: Direct Stiffness Method

· FEM Solution Process

· Beam Elements: Direct Stiffness Method

· Plane Elements

GR#1 Target Date: L16
	· Chapter 3

· Chapter 5

· Chapter 7

· Chapter 9
	· HW Set #1

· HW Set #2

· HW Set #3

· Project #1 –              Bars and Plates


BLOCK II

	Topics
	Reading
	Assignments

	· Modeling Issues with complex structures


	· Patran Tutorials
	· Project #2 -           Wing Box 

· Oral report on Modeling issues




BLOCK III

	Topics
	Reading
	Assignments

	· Dynamics: Vibration Analysis


	· Chapter 16


	· Project #3 -    WingBox Normal Mode analysis 




1.2.1 Summary of Graded Events 

	Assessment Event
	Percent of Grade

	GR
	10%

	HW #1
	10%

	HW #2
	10%

	HW #3
	10%

	Project #1
	10%

	Project #2
	20%

	Project #3
	30%


1.3 Course Placement

1.3.1 Course Flow Map





1.3.2 Prerequisites

Courses: Engr Mech 431
Topics:

· Introduction to Finite Elements

· Beam theory (stress, strain, deflections)

· Matrix algebra, inverses, and determinates

· Stress concentrations

· Factor of safety

· Eigenvalues and eigenvectors

· System of linear differential equations

1.3.3 Courses Fed  : None

1.3.4 Replacements and Waivers : None

1.4 Course Policies  

· Standard DF/DFEM policies

· You are guaranteed and “A” for 90%+, a “B” for 80-89%, etc., but grade cuts may be lowered 
1.5 General Course Delivery 

Strong emphasis was place on being able to use a commercial finite element analysis package to perform primarily structural analysis. Knowledge of the commercial package was extended by having students develop models on their own without the benefit of step-by-step instructions.   Instruction was primarily hands-on experiences with the software package supplemented by lecture and text readings. Homework problems and projects required students to develop and demonstrate understanding of relevant finite element theory and the classical theory used to validate their models. Projects required students to go beyond the tutorials to learn how to apply their new tools to less defined problems. 

1.6 Changes from Previous Offerings 

· Less structured – tied more to understanding the commercial package and methods of validating results

1.7 Course Resources

1.7.1 Supplies: None 

1.7.2 Equipment/Computers: 

General

Emphasis in the course is placed on working experience with a commercial finite element analysis software package used in industry. Either UNIX or Windows NT/2000 operating systems are required with fairly modern processor capability. Although IDEAS has been used in the past on UNIX platforms, course director background for EM431 led to the use of the MSC.Patran (pre- and post-processor) and MSC.Nastran (solver) combination on Windows NT/2000 platforms for that class.  As a result, rather than have the students learn and additional package the MSC.Patran/Nastran combination was used.  

Used the Network Computer Laboratory (4J17) with approximately 20 licenses of MSC.Patran and MSC.Nastran. Licenses require Windows NT or Windows 2000 platform if used on PCs. Also, 5 licenses were available in the Library Computer Lab and 1 license was available on a common use computer in the Mechanics Lab

1.7.3 Needs/Desires: None

2. ASSESSMENT

2.1 Were the Course Objectives Achieved? Yes

2.1.1 Student and Instructor Assessment 

· Subjective assessment from (1) cadets, (2) course director, (3) other instructors, (4) average.  Includes comments from course directors.

· 5 point scale with the following definitions

0 - strongly disagree, 1 - disagree, 2 - neutral, 3 - agree, 4 - strongly agree

Assessment of the assertion that students can do the stated objectives.

	Objective
	CD/

Instructor

	1.  Summarize the advantages and disadvantages of finite element theory.
	3.5

	3. Demonstrate an understanding of how to develop a finite element through written discussion of the relevant theory, as well as actual formulation of various elements.
	3.0

	3.  Estimate the mechanical state of a structural member using the finite element method.
	3.2

	4.  Evaluate the finite element method, in general and for specific problems.
	3.2

	5.  Demonstrate effective communication through oral and written reports.
	3.4


2.1.2 Assessment Based Upon Graded Events  

	Assessment Events 
	 Oectives


	Avg. Score

	GR
	2,3
	70.2%

	HW #1
	2,3
	77.4%

	HW #2
	2,3
	93.1% 

	HW #3
	2,3
	93.6%

	Project #1
	2,3,4,5
	91.8%

	Project #2
	1,2,3,4,5
	93.4%

	Project #3
	2,3,4,5
	93.6%


2.1.3 Other Student Assessment (Standard Course Critique)

4 – Good; 5 – Very Good; 6 – Excellent
	INSTRUCTOR
	AVERAGE SCORE

	1. Ability to stimulate interest
	5.3

	2.  Quality and timeliness of feedback
	5.2

	3.  Ability to provide clear, well-organized instructions
	5.3

	4.  Ability to present alternative explanations
	5.0

	5.  Use of examples and illustrations
	5.5

	6.  Value of questions and problems raised
	5.2

	7.  Knowledge of course material
	5.5

	8.  Military role model
	5.0

	9.  Encouragement given students to express themselves
	5.3

	10.  Concern for student learning
	5.0

	11.  Availability for extra help
	5.3

	12.  Enthusiasm
	5.8

	Course
	

	13.  Organization
	4.7

	14.  Clarity of course objectives and requirements
	5.0

	15.  Degree which course met stated objective
	5.0

	16.  Intellectual challenge, encouragement of indep. thought
	5.7

	17.  Reasonableness
	5.3

	18.  Evaluative and grading techniques
	5.5

	19.  Quality and usefulness of course text
	4.7

	General Evaluation
	

	20.  Course as a whole
	5.5

	21.  Relevance and usefulness 
	5.7

	22.  Amount learned in course
	5.5

	23.  Instructor’s effectiveness in facilitating learning
	5.3


Historical
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Scale: 4 – Good; 5 – Very Good; 6 – Excellent
95 & 96 = Lt Col Dennis;   98 = Maj Horban   01 = Dr. Bryan

Questions 1-13 = Instructor;  14-23 = Course

Question 19 = text book
2.1.4  Other Student Assessment (Supplemental Critique)

None

2.1.5 Other Course Director Assessment

· This course can be taught from either a focus on theory or on the modeling.  However, I firmly believe that after two semesters the student should have a good foundation in both.  

· I gave a  pre-test and found that during their first semester the focus was on modeling, so I changed my content to cover a little more of  the theory. 

· The homework assignments required them to use the fundamental theories to solve simple problems by hand.

· The projects gave them structures of various degrees of difficulty to model using the commercial code by scratch.

· I believe that this approach combining the homework with the projects filled in the gaps in the theory and also extended their knowledge of modeling.

2.1.6 Other Instructor Assessment: N/A

2.2 Are the Course Goals/Objectives Appropriate? 

Do the goals/objectives cover the body of knowledge appropriately? Yes

Do the objectives lend themselves to effective assessment? Yes, but can be improved with recommended changes.

The goals/objectives satisfactorily embody the important outcomes from a second finite element course. They require an appropriate amount of theory and application while being sufficiently broad to accommodate the strengths, styles, and preferences of different instructors. 

2.3 Time Survey Data: None

2.4 Grade History Data 
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2.5 Were Previous Recommendations Appropriate? None

3.
 RECOMMENDED CHANGES 

3.1 Changes to Course Goals 

None

3.2 Changes to Course Objectives 

· Recommendation #1

- Delete Objective 1. It is better viewed as a subordinate objective under the current Objective 4.

· Supporting Data 

- Though one can assess Objective 1, the amount of course points associated with the assessment becomes trivial. 

· Desired Outcome

- A refined set of objectives for which assessment involves a substantial percentage of course points.

· Recommendation #2

- Add Objective.  Validate the finite element solution with either experimentation or classical theory.

· Supporting Data 

- Although this has been an integral part of the course, it has not been explicitly stated. 

· Desired Outcome

- Justifies substantial time allocation needed to truly validate the models created in the projects and the possible iteration in model generation to get “good” results.   It also impresses the concept that modeling is not as simple as it seems.

Recommended Course Objectives:

1.  Demonstrate an understanding of finite element theory.

2.  Estimate the mechanical state of a structural member using the finite element method.

3. Evaluate the finite element method, in general and for specific problems.

4. Validate the finite element solution obtained with either experimental results or classical theory.

5.  Demonstrate effective communication through oral and written reports.

3.3 Changes to Course Content :

None

3.4 Changes to Course Delivery 

None

3.5 Changes to Course Administration (Graded Events)

None

3.6 Changes to Course Policies 

None

3.7 Recommendations to Curriculum Assessment Committee 

Put in CCP for change to the course description.  Capt Borchert, Dr. Dennis, Major Hansen  and Dr. Jensen (as well as the senior staff) should be consulted on a new description.

Recommended Course Description: Course Description:

A continuing study of the analysis and design of complex structural components using the finite element method.  Theoretical development of the finite elements required for different applications such as static, vibration, heat transfer and/or fluid analyses.   Analytical validation of projects analyzed with commercial finite element software.

3.8 Course Review Results

3.8.1 Attendees: Lt Col Shoales (Curriculum Deputy), Dr Bryan (CD), Maj Hansen (Structures Div Chief), Maj Vaught (Systems & Materials Div Chief), Dr Dennis (EM Program Coordinator

3.8.2 Curriculum Assessment Committee Determinations

3.8.2.1 Revised Course Objectives approved as written in Para 3.2

3.8.2.2 Concur with CCP to improved course description

3.8.2.3 Future CDs continue to work with product of EM 431 to provide relevant follow-on finite element education.
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