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Course Review Package
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Engr Mech 450

Offered:  Fall Semester Only

Number of Credit Hours:  3(1)

Prerequisites for this Course: Engr Mech 330, Math 245
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This Course is a Prerequisite for: none

This Course is an elective for Engr Mech, Mech Engr, Aero and Chemistry (Materials Science option) programs
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Course Director:  Lt Col Shoales

Instructors: Lt Col Shoales

1. COURSE DESCRIPTION 

Engr Mech 450.  Aerospace Composite Materials.  3(l).  Introduction to selected advanced aerospace materials.  Mechanical behavior, design and analysis, processing, testing, inspection and repair of resin-matrix composite materials.  Discussion of metal-matrix and ceramic-matrix composites processing and application.  Final exam or final project.  Field trip. Prereq:  Engr Mech 330 and Math 245.  Sem hrs:  3 fall.

Text:  Agarwal & Broutman,  Analysis & Performance of Fiber Composites, Wiley, 1990. 

1.1 Goals and Objectives 

1.1.1 Course Goals:  

To provide a broad knowledge of fiber-reinforced composites including:  applications, mechanical behavior, design and analysis, processing, testing, inspection, and repair of composites.

1.1.2 Course Objectives 

Upon completion of the course, the student should be able to

1. cite examples of applications of various composite materials to the aerospace and other industries, and to be able to describe methods of manufacture.

2. define the important characteristics of, and the relationship between, typical fiber & matrix materials used in fiber-reinforced composites.

3. analyze the characteristics of a laminated plate consisting of unidirectional fiber-reinforced plies using classical laminated plate theory (CLPT).

4. predict first-ply failure in a laminated composite plate using current failure theories.

5. design, analyze, and test a composite structure in a team environment.

6. discuss, in qualitative terms, the effects of fatigue on a laminated composite plate, and to understand the statistical nature of fatigue analysis for fiber-reinforced composites.

7. choose the appropriate joint design for various composite parts.

8. discuss appropriate composite repair techniques given a damage scenario, as well as common failure modes of composite repairs.

1.1.3 Mapping to Program Curricular Outcomes 

	Upon completion of the course, the student should be able to
	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: Topics mapped to Course Objectives (CO)

	LSN
	Topic
	Reading
	CO
	Assignment Due

	1
	Introduction
	Chapt 1
	1
	

	2
	Reinforcing Fibers, Lab Safety
	2.1
	2
	

	3
	The Matrix
	2.2
	1, 2
	

	4
	Composite Fabrication
	2.3
	1, 2
	

	5
	Lamina Properties I
	3.1-3.2.1
	2
	

	6
	Lamina Properties II
	3.2.3-3.2.4
	2
	

	7
	Lamina Failure Modes
	3.6
	2, 4
	

	8
	Orthotropic Lamina: Hooke’s Law
	5.1-5.2
	2
	

	9
	Special and General Orthotropy
	5.3
	2
	

	10-11
	Lamina Failure Theories
	5.4 & Supp
	2, 4
	

	12-13
	Plate Kinematics and Laminate Analysis
	6.1-6.4
	3
	

	14*
	Tensile Lab – Specimen Lay-up
	9.1-9.2
	3, 5
	

	15
	Laminate Stress and Strains
	6.5
	3
	

	16
	Tensile Lab – Specimen Prep
	9.4.3, 9.5
	3, 5
	

	17
	Tensile Lab – Testing
	-
	3, 5
	

	18
	Laminate Failure Analysis
	6.6
	3, 4
	

	19-20
	Mid-Term Exam
	-
	1-5
	HW Notebook 1

	21*
	Filament Winder Demonstration 
	-
	1
	Tensile Lab

	22*
	Hygrothermal Stresses
	6.8
	2, 3
	

	23
	Interlaminar Stresses in Laminates
	6.7, 7.1
	3
	

	24
	Impact Damage
	8.2
	2, 8
	

	25-26
	Laminated Beams
	-
	3
	

	27
	Interlaminar Shear in Beams
	Supp
	3
	

	28
	Designing For Strength
	-
	1, 3
	Comp Proj Pt 1

	29-30
	Project Day
	-
	3-5
	

	31-32
	Composite Fatigue
	8.1-8.1.4
	6
	Project Proposal

	33-34
	Project Day
	-
	3-5
	

	35-36
	Composite Joints
	7.3 & Supp
	7
	

	37
	Bonded Repair
	Supp
	8
	

	38
	Design Case Study
	Supp
	1-5
	Project Testing

	39
	Metal / Ceramic Matrix Composites 
	Supp
	1
	DP Report

	40
	Field Trip
	-
	1
	

	41-42
	Final Project Briefing and Assessment
	-
	3-5
	~HW Notebook 2


1.2.1 Summary of Graded Events mapped to Course Objectives

	Assessment Events
	Course Objective
	PCT of Grade

	Tensile Pre-Lab (Computer Project)*
	2
	10

	Tensile Test Lab
	3-5
	15

	Homework Notebook 1
	1-3
	10

	Mid-Term*
	1-5
	20

	Computer Projects
	2-5
	15

	Homework Notebook 2
	4-7
	5

	Final Project Design and Brief
	1-8
	25


1.3 Course Placement 

1.3.1 Course Flow Map  




1.3.2 Prerequisites - EM 330 and Math 245: Matrix methods, stress-strain relationships, stress transformations, elementary failure theories, strain & curvature displacement relations for a plate and basic computer program methods.

1.3.3 Courses Fed – Although EM 450 is not a pre-requisite to any USAFA course, depending on the year and the cadets involved, background in this course becomes a critical experience base in capstone design projects.  This is particularly true in the area of appropriate resin-epoxy material system selection, CLPT analysis, structural design, fabrication skills and test techniques.

1.3.4 Replacements and Waivers - none

1.4 Course Policies  - The course was criterion reference graded in that an average score of 88%, 78%, 68%, 60% warrants a recommended grade of A, B, C, D, respectively.  Additionally a grade of 60% in individual effort assessment events (* in Section 1.2.1 Table) was required to pass the course.

1.5 General Course Delivery - The first half of the course focused on analysis concepts unique to composite structures.  The focus of these largely lecture style lessons was the extension of isotropic analysis from pervious course work (mostly in EM 330) to the non-isotropic.  Particular emphasis was given to orthotropic elasticity and the development of Classical Laminated Plate Theory (CLPT).  Through out the course in-class exercises were used in an effort to clarify the most difficult concepts.  Homework problems were further assigned for additional lesson emphasis.  Additionally, computer projects were designed such that as the cadets built their analysis “tool box” they built a corresponding computer analysis tool.  The first hands-on experience came in the Tensile Test Lab.  In this lab, the cadets laid up assigned lamination from graphite/epoxy pre-preg.  Laminates were cured by lab techs to save lesson time.  Cadets then cut and prepared test tabs per the ASTM standard and applied strain gages.  Tensile test data was then available to all groups for use in the capstone project.  This project was a composite bridge design patterned after the 1999 SAMPE Conference competition  The last half of the lessons were focused on application to design and repair of composite materials as well as a visit to a composite materials product manufacturer (Volant Ski in Denver).

1.6 Changes from Previous Offerings 

1.6.1 Recommendation:  It is recommended that future CDs continue to take advantage of visiting professors and other visiting and/or on-site composites experts to guest lecture.  Maintaining flexibility in the course syllabus is important.
1.6.1.1 How Addressed: Research staff from CAStLE was used as expert consultants during all phases of the design project.  These individuals also guest lectured in composite lay-up and curing techniques.

1.6.2 Recommendation: Future course directors should continue to assess and adjust assessment items to ensure that the distribution is appropriate.  
1.6.2.1 How Addressed: done, See Section 3

1.6.3 Recommendation: I would suggest at least considering returning to the two-GR format, rather than a mid-term.  While appropriate for graduate school, it may not be appropriate here.
1.6.3.1 How Addressed: Two-day test maintained after first half (analysis emphasis) of course.  The first day was devoted to key concepts and short answer while the second day was devoted to more detailed analysis. This was considered a crucial gateway to second half (design and application emphasis) of the course. Since the recommendations came after the start of the course and the format had been published to the cadets, I gave them the option. The class unanimously voted to keep the 2 day format rather than adding a GR later.  My guess was that they were motivated by the “get it over with” philosophy.  

1.6.4 Recommendation: I would recommend not repeating the “Homework Notebook” idea.  Homework should be collected when it is due, graded, then returned.
1.6.4.1 How Addressed: Again the recommendation came after the policy was presented to the class.  Homework Notebook idea was continued but the two collection times were only indicated as “sometime” before prog and “sometime” before final.  My intent was that they still would leave the course with an organized notebook of worked out problems that illustrated key analysis concepts.  My hope was that the “nebulous” collection time would sufficiently encourage cadets to keep up to date with assigned problems. 

1.7 Course Resources

1.7.1 Supplies - The following supplies were used for the class:  resin & hardener (for wet lay-up); S-glass dry fiber cloth; S-glass dry fiber cloth; E-glass dry fiber cloth; Kevlar dry fiber cloth; graphite dry fiber cloth; Nomex® core material; carbon/epoxy prepreg; breather cloth, 60" width; vacuum bagging material, 24" width; vacuum bagging tape; non-porous Teflon; mixing sticks; mixing cups; plastic squeegees; disposable cutting blades; isopropyl alcohol; strain gages; disposable gloves; disposable masks.  The quantity consumed will depend on the number of labs, demos, and the projects attempted by the cadets.  The Course Director needs to order well ahead of time, based on the projects and labs he or she intends to pursue, taking number of sections and section size into account.  The Applied Mechanics Laboratory technicians were very helpful in both estimating needs and ordering supplies.  The course budget was sufficient for all course material requirements.

1.7.2 Equipment/Computers - The Applied Mechanics Laboratory was used for the experiments and projects, including the two “small” MTS fatigue load frames (1 lesson), the BriskHeat® vacuum/heat curing system (2 lessons), the autoclave (10 lessons), and the band saw (intermittently).  Lay-up work was done in the composites work area (10 lessons).  The 2-axis computer controlled filament winder was used for the demonstration (1 lesson).

1.7.3 Needs/Desires - For lay-up purposes a larger number of high quality cutting mats and other aids such as straight edges.  The supplies common to quilt making in this arena are the best choice.  A vacuum table for curing large parts has been submitted as an unfounded requirement.  No other composites-related hardware purchases are suggested at this time.

2. ASSESSMENT

2.1 Were the Course Objectives Achieved? 

2.1.1 Student and Instructor Assessment 

	Objective
	CD
	Student
	Average

	1.  …cite examples of applications of various composite materials to the aerospace and other industries, and to be able to describe methods of manufacture.
	2.5
	3.5
	3

	2. …define the important characteristics of, and the relationship between, typical fiber & matrix materials used in fiber-reinforced composites.
	3
	3.3
	3.2

	3. …analyze the characteristics of a laminated plate consisting of unidirectional fiber-reinforced plies using classical laminated plate theory (CLPT).
	2.5
	3.1
	2.8

	4. …predict first-ply failure in a laminated composite plate using current failure theories.
	2
	2.9
	2.5

	5. …design, analyze, and test a composite structure in a team environment.
	2
	3.1
	2.6

	6. …discuss, in qualitative terms, the effects of fatigue on a laminated composite plate, and to understand the statistical nature of fatigue analysis for fiber-reinforced composites.
	1.5
	2.8
	2.1

	7. …choose the appropriate joint design for various composite parts.
	2
	2.8
	2.4

	8. …discuss appropriate composite repair techniques given a damage scenario, as well as common failure modes of composite repairs.
	2
	3.2
	2.6


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

2.1.2 Assessment Based Upon Graded Events

	Assessment Events
	Primary Course Objective(s) Assessed
	PCT

	Tensile Pre-Lab (Computer Project)*
	2
	82.1

	Tensile Test Lab
	3-5
	89.7

	Homework Notebook 1
	1-3
	88.0

	Mid-Term Short Answer – 5 questions
	1
	88.9

	Mid-Term Short Answer – 21 questions
	2
	83.3

	Mid-Term Short Answer – 10 questions
	3
	61.7

	Mid-Term Short Answer – 5 questions
	4
	67.8

	Mid-Term Short Answer – 3 questions
	5
	79.6

	Computer Projects
	2-5
	87.2

	Homework Notebook 2
	4-7
	90.1

	Final Project Design Report
	3-5
	86.4

	Final Project Design Brief
	1-8
	84.9


2.1.3 Other Student Assessment (Standard Course Critique)
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	Instructor
	Fall 1999
	Fall 2000

	1.  Ability to stimulate interest
	4.9
	5.5

	2.  Quality and timeliness of feedback
	5.4
	5.4

	3.  Ability to provide clear, well-organized instructions
	5.4
	5.5

	4.  Ability to present alternative explanations
	5.3
	5.4

	5.  Use of examples and illustrations
	5.3
	5.5

	6.  Value of questions and problems raised
	5.1
	5.2

	7.  Knowledge of course material
	5.5
	5.8

	8.  Military role model
	5.6
	5.7

	9.  Encouragement given students to express themselves
	5.1
	5.4

	10.  Concern for student learning
	5.4
	5.4

	11.  Availability for extra help
	5.4
	5.5

	12.  Enthusiasm
	5.4
	5.5

	Course
	
	

	13.  Organization
	5.1
	5.4

	14.  Clarity of course objectives and requirements
	5.3
	5.5

	15.  Degree which course met stated objective
	5.1
	5.5

	16.  Intellectual challenge, encouragement of indep. thought
	5.3
	5.5

	17.  Reasonableness
	5.0
	5.5

	18.  Evaluative and grading techniques
	5.0
	5.2

	19.  Quality and usefulness of course text
	5.0
	4.2

	General Evaluation
	
	

	20.  Course as a whole
	4.5
	5.4

	21.  Relevance and usefulness 
	5.4
	5.5

	22.  Amount learned in course
	5.0
	5.5

	23.  Instructor’s effectiveness in facilitating learning
	5.3
	5.6


Small sample size (18) and I strongly suspect a “blue sky” response to the survey but here are the trends, such as they are…

 Instructor questions #1-12







High:  8 - Military Role Model






Low:  6 – Value of questions and problems raised by the instructor

Course Questions:  #13-19

Low: 19 – Quality and usefulness of the textbook


Lower than others: 18 – Evaluative and grading techniques

General Eval Questions:  #20-23


High:  22 – Instructor’s effectiveness in facilitating my learning

2.1.4  Other Student Assessment (Supplemental Critique)

2.1.4.1 Responses from the DF Survey Optional Written Comments Form

2.1.4.1.1 Additional Comments about your instructor.

· The lessons after the mid-term while we were building our bridge did not help much.  We were more concerned with designing our bridge and building it than messing with the lessons for those days.

· A great instructor, very knowledgeable.

2.1.4.1.2 Additional comments about the course.

· No Homework Notebook!!!!!!!

2.1.4.2 Additional Survey Questions

	Objective
	Student Assessment

	1.  The workload and expectations were appropriate to a 3-semester hour upper division engineering majors course.
	3.3

	2. The facilities and supplies supported the overall course goals.
	2.9

	3. The assignments supported the overall course goals.
	3.4

	4. The sequencing of topics supported the learning process.
	3.3


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

2.1.4.3 Supplemental open response questions posed at the time of the instructor survey.

2.1.4.3.1 If I were Course Director, I would….

· Give more project time, less emphasis on computer projects.

· Make the course less analytically intensive, the course is supposed to be 50/50 analysis/design, I felt it was 80/20.

· Do away with the Homework Notebook and focus on a major final design (something more than a bridge).

· Have a Harley.

· Make the bridge project more of a large part of the course. 
· More emphasis on manufacturing techniques. No time was spent doing a wet lay-up of filament winding.  Maybe even having a class project of building something real ( composite aircraft structure.
· Keep the bridge design.
· Make computer pre-lab exercise count for less in total course grade.

· Eliminate Homework Notebook, have a durability contest for the bridge, have a wet lay-up lab.

· Have more projects and less lecture.

· Show more about how wet lay-ups are done.

· Put more real examples in the course. I can describe how to derive a lot of things but not necessarily what they mean.

2.1.4.3.2 I rated ______ less than 2 because.

· CO 7 – I’m not sure what joint design is.  I don’t know if this was emphasized.

· CO 3,4,5 – After staring at matrices lesson after lesson my brain shuts down, not enough practical design stuff.

· Fac and Sup – Supplies, tools and material data were not easily available.
· Workload – I felt the project time in class were no (sic) utilized.  I think we could have used them if we planned better.

2.1.4.3.3 I still don’t understand.

· The last two computer projects.

· Manufacturing of wet lay-up and filament winding 

· Exactly how to design a composite part given an experimental load.

· Joint design.

· Edge loads and moments.

· A lot.

· The difference and application of wide vs. narrow beams.  Why would a wide beam be used?

2.1.4.3.4 I wish to further vent my spleen in the following manner.

· The final project analysis relied on the computer projects too much.

· The lab techs made fun of us.
· More building ( we are mechies.
· We should have kept time logs on team member contribution.
· Homework Notebook ( Bad!!!!
· I got more out of the second half.
· I didn’t like the fact that our computer exercises were cumulative.  Since we had a bad Comp Exercise 1 then we had to struggle even more to get a working Comp Exercise 2, then we had to struggle to get a decent prediction for a final project.  It almost seemed that if we didn’t get a good start on Comp Exercise 1 we were in a hole we couldn’t dig out of.
· We need a better bending matrix for the laminate bond for a core.
2.1.5 Other Course Director Assessment

2.1.5.1 Manufacturing Techniques – I concur with the comments in Section 2.1.4 that the emphasis on manufacturing techniques was weak.  The tensile lab procedures had cadets “produce laminates” from graphite/epoxy pre-preg and turn them over to the techs for curing.  This amounted to a rather simplistic exercise that gave no appreciation for composite component production.  The course time gained by this process was not worth the loss of experience gained.  I consider hands on wet lay-up to a vital element to appreciating the manufacture of composite components.  I am still not sure how the filament winder can be better integrated.  The system is still not quite user friendly enough for an introductory course.

2.1.5.2 Increased Project Time and More Hands-On vs. Lecture – I feel that if the cadets are doing wet lay-up of tensile test specimens then that would add hands-on time by default.  In-class project time lessons seemed to be adequate to the design at hand.  It definitely called for the cadets to plan their time to get done.  As it was I slipped the bridge completion date by a lesson to account for Autoclave support. 

2.1.5.3 Course Layout - Concept of beginning the course with building the analysis toolbox and then moving to application seemed to work but needs to be developed more.

2.1.5.4 Homework – Still spent a lot of time beating my head against the wall trying to motivate cadets to keep up with the homework.  Everyone agreed they supported the lessons, but that wasn’t enough motivation for all.

2.1.5.5 Textbook – The book used was somewhat dated in the field.  Many of the analysis techniques are geared to computation methods of a decade ago and therefore caused confusion among the students.  Publication quality and support materials from this publisher are also not quite up to the level that has become the standard in most of our courses.  Even though the text does cover ASTM test of tensile specimens, actual laminate fabrication techniques are only peripherally addressed.  Lastly, the organization and layout of some topics does not always make the most sense for the level of course offered here. 

2.2 Are the Course Goals/Objectives Appropriate? 

2.2.1 Goals were a good representation of an introductory composite course.  They directly support the Program Curriculum Outcomes of both DFEM programs and integrate well with the mission and philosophy of the Department.

2.2.2 Although the course objectives do support the published goals, they do not lend themselves to effective assessment.  Significant overlap exits between goals and efficient assessment instruments necessary for a course with a dual analysis/design emphasis such as this one.  Consequently, clear assessment of certain objectives is not forth coming from the list of graded events offered.  This could cause trends to be missed that could indicate shortcomings in the program. It is suggested that some can be combined and/or rewritten so as to track with the logical layout of the course while still fully serving the course goals and the PCOs.  

.

2.3 Grade History Data 
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2.4 Were Previous Recommendations Appropriate? 

Referring to Section 1.6, all previous recommendation had merit to improve this course.  As discussed in that section, however, the course review did not take place until after the start of the Fall 2000 semester.  Consequently all recommendation could not be directly instituted.  Regardless of the degree of employment, I did keep them in mind during the course of the semester. Some of my recommendations may therefore contain elements of those made by the previous course director. 

3. RECOMMENDED CHANGES 

3.1 Changes to Course Goals - none

3.2 Changes to Course Objectives – 

3.2.1 Recommendation: replace the current set with:

Upon completion of this course the cadet should be able to:

1. describe the unique aspects of using a fiber reinforced composite material for structural components which distinguish them from typical isotropic materials

2. analyze the mechanical behavior of laminated fiber reinforced composite.

3. develop and employ modern computational tools for the analysis of fiber reinforced composite material structures. 

4. design a composite component for a specific application.

5. understand and apply the skills necessary to manufacture a fiber reinforced composite component.

6. conduct appropriate mechanical testing of fiber reinforced composite materials.

· Supporting Data: Ref 2.2.2-Current objectives are detailed to the lesson objective level and limit flexibility for future Course Directors.  They are also difficult to tie to specific assessment instruments.  Ref 2.1.1- Low assessments on CO 4-8 were due at least in part to the nature of the objectives.  Many of these were objectives refer to one or two lessons that were difficult to assess without an overly high number of graded events.  Ref 2.1.2-Major assessment events that tie to PCOs such as the use of modern tools would be easier judged if tied to a specific objective.  Current set maps the computer exercises to COs 2-5.  Similarly, CO 2 is assessed by nearly every graded event.  Ref 2.1.4.3-Not only do the students seem to cry for increased instruction and experience with manufacturing; the published course description specifically cites it.  The current set does not emphasize this critical element.

· Desired Outcome: Course assessment that is tied to specific objectives without needless numbers of graded events.  The true goal would be to have each objective assessed by one significant representative graded event.

3.3 Changes to Course Content 

3.3.1 Recommendation: Emphasize manufacturing skills in the structured lessons.  Retain the tensile test lab but add time in the syllabus for teams to construct test specimens to be tested using wet lay-up techniques.  To increase appreciation for manufacturing, de-emphasize the use of pre-preg materials in student fabrication exercises.

· Supporting Data:  Ref 2.1.4.3-Many comments from cadets expressing concern with lack of coverage in one of the areas advertised (in the published course description).  Ref 2.1.5.1-This is one of the items called out in our AY 99-00 Program Review as a shortfall in both our programs.

· Desired Outcome: Better understanding of manufacturing processes as evidenced by the design portion of the course.  Appreciation of the process when preparing test specimens during the tensile test lab.  This would also support appreciating unique aspects FRC components (proposed CO 5)

3.4 Changes to Course Delivery 

3.4.1 Recommendation: Increased emphasis on cumulative nature of computer projects with the goals to produce an FRC analysis tool to be used in final design project.

· Supporting Data: Ref 2.1.4.3-The beneficial nature of the final computer product to make life easy in the design project is still a mystery to some cadets.  Important to the course as such tools are cornerstones to modern composite analysis and directly support PCO 3.

· Desired Outcome:  Cadets develop a useful tool that supports the final design project.

3.5 Changes to Course Administration (Graded Events)

3.5.1 Reevaluate recommendation from last year’s CRP to have two GRs with decreased scope in each versus the two-day mid-term format.

3.5.2 Reevaluate recommendation from last year’s CRP to eliminate homework notebooks.  Consider day-to-day turn ins or graded problem sets.  Recommend adopting a model similar to that used in EM 350.  Don’t collect homework but have regular short quizzes that closely approximate assigned homework.

· Supporting Data:  See EM 350 CRP

· Desired Outcome:  Lesson emphasis achieved by more students taking homework assignments seriously through positive motivation (passing the quiz).

3.6 Changes to Course Policies - none

3.7 Recommendations to Curriculum Assessment Committee – none

3.8 Course Review Results 

3.8.1 Attendees- Col Fisher (Dept Head), Lt Col Shoales (CD), Lt Col Greer (past CD), Maj Vaught (Materials Div Chief), Maj Hansen (Structures Div Chief), Dr Dennis (EM Program Coord)

3.8.2 Curriculum Assessment Committee Determinations

3.8.2.1 Changes approved as written

3.8.2.2 Do not eliminate pre-preg from course, careful going too far on manufacturing—don’t turn it into a technician course

3.8.2.3 Continue to explore book, reconsider Jones 2nd Ed
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EM200

		5		4.3		4.1		4.6

		5.2		4.6		4.3		4.7

		5.3		4.5		4.1		4.8

		5.2		4.5		4.2		4.7

		5.3		4.7		4.5		4.9

		5.1		4.5		4.4		4.7

		5.5		5.3		5.2		5.4

		5.4		5		4.7		5

		5.1		4.6		4.4		4.8

		5.2		4.6		4.3		4.9

		5.3		4.9		4.7		5.1

		5.4		4.9		4.6		5.2

		4.8		4		4.1		4.4

		4.7		3.8		4		4.3

		4.8		3.9		4.1		4.4

		4.8		4.2		4.3		4.5

		4.7		3.7		4		4.3

		4.7		3.6		3.9		4.3

		4.4		3.6		3.7		4.1

		4.7		3.7		3.9		4.3

		4.7		3.8		4.1		4.3

		4.9		4		4.1		4.4

		5.1		4.4		4.1		4.8



EM 200

EM 200 Spring 98

EM 120 Fall 98

EM 120 Spring 99

EM 120 Fall 99

Question



EM290

		4.9		4.5		4.7		5.2

		4.8		4.9		4.5		4.8

		4.8		4.5		4.7		5.1

		5		4.7		4.9		5

		5.1		5		5.1		5.3

		5		4.7		5		5.1

		5.3		5.5		5.4		5.2

		5.2		5.3		5.2		5.3

		5.1		5		5.1		5.2

		5.2		4.8		5.1		5.2

		5.4		5		5.3		5.4

		5.4		5.1		5.3		5.6

		4.4		4.1		4.5		4.7

		4.2		3.7		4.3		4.6

		4.5		4.2		4.5		4.8

		4.9		5		5		5.3

		3.7		3.9		4.4		4.2

		4.1		4.2		4.6		4.4

		3.1		2.9		3		3.8

		4.4		4.3		5		4.8

		4.9		4.5		4.9		5

		4.8		4.4		5.1		5

		5		4.8		5		5.1



EM 290 Spring 98

EM 290 Fall 98

EM 290 Spring 99

EM 290 Fall 99

Question

EM 290



EM320

		4.7		3.6		4.2		4.9

		4.9		3.9		4.6		5

		4.8		3.7		4.2		5.1

		4.8		3.7		4.1		5.1

		5.1		4		4.5		5.2

		4.8		3.8		4.5		5

		5.5		4.7		4.4		5.5

		5.3		4.3		5		5.5

		5		3.9		4.5		5.2

		5		3.8		4.5		5.3

		5.1		4.5		4.8		5.2

		5.1		4.4		4.9		5.3

		4.2		3.6		3.5		4.7

		3.9		3.6		3.4		4.7

		4.1		3.6		3.6		4.7

		4.6		3.9		4.3		4.9

		3.5		3		2.9		4.1

		3.8		3.1		3.3		4.5

		4		3.4		3.7		4.7

		4		3.1		3.4		4.6

		4.2		3.7		4.1		4.7

		4.3		3.8		4.1		4.9

		4.7		3.6		4.1		5.2



EM 320 Spring 98

EM 320 Fall 98

EM 320 Spring 99

EM 320 Fall 99

Question

EM 320



EM330

		3.8		4.2		4.6		4.6

		4.9		4.7		5.2		4.7

		4.2		4.4		5		4.7

		4.3		4.4		4.8		4.5

		4.4		4.6		5		4.8

		4.4		4.4		4.7		4.6

		5.2		5.1		5.4		5.4

		4.9		4.9		5.2		4.8

		4.3		4.6		4.8		4.6

		4.4		4.6		4.8		4.6

		4.8		4.7		5		4.9

		3.9		4.7		4.8		5.1

		4.1		4.3		4.5		4.5

		4.3		4.2		4.6		4.54

		4.4		4.3		4.6		0.4

		4.5		4.2		4.6		4.4

		4.6		4.4		4.6		3.9

		4.4		4.2		4.6		4.1

		4.3		4.4		4.2		4

		4		4.3		4.6		4

		4.6		4.5		4.8		4.4

		4.4		4.4		4.8		4.5

		4		4.3		4.8		4.6



EM 330 Spring 98

EM 330 Fall 98

EM 330 Spring 99

EM 330 Fall 99

Question

EM 330



EM331

		4.4		4.1		4.5		4.2

		4.9		5.1		5.2		5

		4.9		4.8		4.9		4.6

		4.7		4.6		4.6		4.3

		4.9		4.7		4.8		4.7

		4.7		4.5		4.7		4.4

		5.3		5.3		5.6		4.8

		4.9		4.8		5.1		4.9

		4.6		4.3		4.5		4.6

		4.5		4.3		4.8		4.6

		4.7		4.7		5.1		5

		4.8		4.7		4.8		4.7

		4.6		4.5		4.6		4.4

		4.5		4.2		4.6		4.3

		4.5		4.36		4.6		4.4

		4.5		4.3		4.7		4.4

		4.3		4.4		4.6		4.3

		4.4		4		4.2		4.3

		3.5		3.5		4.4		4.2

		4.4		4.2		4.3		4.2

		4.4		4.4		4.7		4.4

		4.4		4.3		4.7		4.5

		4.6		4.4		4.6		4.6



EM 331 Fall 95

EM 331 Spring 96

EM 331 Spring 97

EM 331 Fall 97

Question

EM 331



EM332

		3.7		4.9		5.1		4.7

		3		5.2		5		4.8

		3.9		5.2		5.2		5

		3.8		5.1		5.1		5

		4.1		5.1		5.2		5

		3.7		5.1		5.1		5.1

		4.2		5.6		5.6		5.4

		4.5		5.4		5.7		5.5

		4.1		5.1		5.1		5

		4.1		5.3		5.2		5.1

		4.2		5.4		5.3		5.4

		4.2		5.4		5.5		5.1

		3.7		4.7		4.7		4.3

		3.4		4.6		4.6		4.4

		3.5		4.7		4.7		4.4

		3.7		4.9		5		4.8

		3		4.4		4		3.3

		2.8		4.5		4.4		4.3

		3.8		3.8		3.5		2.8

		3.4		4.5		4.5		4.2

		3.7		4.8		4.8		4.5

		3.7		4.7		4.6		4.6

		3.6		4.9		5.1		5



EM 332 Spring 97

EM 332 Fall 97

EM 332 Spring 98

EM 332 Spring 99

Question

EM 332



EM335

		4.1		4.1		3.5		3

		5.3		5.5		5.7		5.1

		5.3		5		4.9		4.8

		4.9		4.9		4.9		4.4

		5.1		5		4.8		4.6

		4.7		4.8		4.7		4.3

		5.9		5.8		5.8		5.9

		5.5		5.1		5.4		5.1

		4.2		4		4.2		3.7

		4.8		4.9		5.3		4.3

		5.5		5.3		5.4		5

		4.5		4		4		3.4

		4.8		4.4		4.6		3.9

		4.5		4.2		4.3		3.3

		4.6		4.5		4.2		3.7

		4.9		4.8		4.3		4.3

		4.1		4.5		4.5		4.3

		4.5		4.7		4.9		3.9

		4.6		4.1		4.3		2.8

		4.2		4.4		4.4		3.2

		4.3		4.6		4.5		2.9

		4.5		4.6		4.3		3.2

		5		4.8		4.6		3.8



EM 335 Spring 95

EM 335 Spring 96

EM 335 Spring 97

EM 335 Spring 98

Question

EM 335



EM340

		4.9		4.6		4.3		5.3

		4.7		4.1		4.7		5.3

		5.1		4.7		4.8		5.5

		5		4.8		4.6		5.3

		5.1		4.9		4.9		5.5

		4.8		4.8		4.5		5

		5.2		5.1		5		5.6

		5.4		5		4.8		5.6

		5.2		5		4.7		5.3

		4.9		4.9		4.7		5.4

		5.2		5.1		4.8		5.4

		5.5		5.4		5.3		5.6

		4.7		4.4		4.6		4.9

		4.6		4.3		4.5		4.9

		4.6		4.3		4.7		4.9

		4.8		4.6		4.2		5

		4.5		4.6		4.5		4.8

		4.5		4.4		4.3		4.9

		4.5		4.5		4.3		4.7

		4.6		4.5		4.2		5

		5		4.6		4.3		5.2

		4.8		4.6		4.5		5.1

		5		4.7		4.4		5.4



EM 340 Spring 97

EM 340 Fall 97

EM 340 Spring 98

EM 340 Spring 99

Question

EM 340



EM350

		4.8		4.2		4.7		4.1

		4.4		2.6		4.6		4.5

		5		4.4		5.1		4.5

		4.9		4.1		5		4.5

		5.1		4.5		5.1		4.8

		5		4.3		5		4.6

		5.5		5		5.6		5.7

		5.2		4.7		5.3		5.2

		4.9		4.3		5		4.4

		5.1		4		5.1		4.6

		5.1		4.5		5.3		4.9

		5.5		4.8		5.4		4.7

		4.6		3.7		4.4		4.6

		4.3		3.8		4.3		4.5

		4.5		4		4.6		4.6

		4.9		4.2		4.7		4.6

		4.5		2.9		4		3.7

		4.3		3.2		4.1		4.3

		4.5		4		4.2		4.8

		4.6		3.6		4.4		4.2

		4.9		4.2		4.6		4.8

		5		4.2		4.5		4.8

		5.1		4.1		4.9		4.3



EM 350 Fall 97

EM 350 Spring 98

EM 350 Fall 98

EM 350 Fall 99

Question

EM 350



EM390

		5		5.1		5.3		5.2

		5.1		5		5.3		5.2

		5		5.2		5.3		5.1

		5		5.1		5.3		5.1

		5.2		5.3		5.5		5.3

		5		5.1		5.4		5.1

		5.2		5.4		5.7		5.1

		5.3		5.3		5.5		5.5

		5.1		5.1		5.3		5.4

		5		5		5.3		5.3

		5.2		5.2		5.4		5.4

		5.3		5.3		5.6		5.6

		4.9		4.8		5		4.7

		4.9		4.7		4.7		4.6

		5		4.7		4.7		4.8

		4.9		4.6		4.9		4.7

		4.9		4.5		4.7		4.5

		4.9		4.5		4.4		4.3

		5.1		4.9		5.1		4.6

		5.2		4.8		5.2		4.9

		5.4		5.1		5.5		5.4

		5.3		5		5.4		5.2

		5.1		5.1		5.3		5.1



EM 390 Spring 96

EM 390 Spring 97

EM 390 Spring 98

EM 390 Spring 99

Question

EM 390



EM421

		5.1		5.5		4		5.2

		4.8		5.3		4.4		5.3

		5.5		5.6		3.5		5.3

		5.5		5.4		3.7		5.3

		5.3		5.4		3.6		5

		5.2		5.2		3.6		5.2

		5.8		5.6		5.2		5.3

		5.6		5.5		4.2		5.8

		5.7		5.7		3.7		5.7

		5.3		5.6		4		6

		5.4		5.5		4.3		5.5

		5.6		5.8		4.5		5.5

		5		5.1		2.8		4.3

		4.9		5.4		3.1		4.5

		5		5.1		3.3		5

		5.3		5		4.1		5.7

		4.6		4.9		3.1		5

		4.8		4.9		3.5		4.7

		3.6		4.5		2.9		4.7

		4.9		4.6		3.3		4.7

		4.6		4.9		4.1		5

		4.6		4.9		3.1		5.3

		5.1		5.5		3.5		5.5



EM 421 Spring 95

EM 421 Spring 96

EM 421 Spring 97

EM 421 Spring 99

Question

EM 421



EM431

		4.6		3.3		4.5		5.3

		4.9		4		4.8		5.4

		5		2.9		4.1		5.4

		4.8		2.9		4.2		5.4

		4.9		3.5		4.3		5.2

		5		3.6		4.6		5.1

		5.7		5		5		5.6

		5.3		4		4.9		5.8

		4.9		3.8		5.2		5.3

		4.8		3.2		5		5.3

		5		3.8		5		5.2

		5.2		3.6		4.8		5.2

		4.8		3.7		4.3		5.1

		4.6		3.6		4.1		5.1

		4.7		3.7		4.3		5.1

		5.2		4.2		5		5.1

		4.5		3.3		4		4.6

		4.6		3.2		4.1		4.8

		4.7		3.5		4.3		4.9

		4.6		3.4		4.3		4.8

		4.9		3.9		4.8		5.1

		5		3.6		4.7		5.2

		5		3		4.3		5.3



EM 431 Fall 95

EM 431 Fall 97

EM 431 Fall 98

EM 431 Fall 99

Question

EM 431



EM432

		5.5		4.9		5.6		4.2

		5.5		5.5		5.4		5.3

		5.4		5.4		5.2		4.6

		5.5		5.3		5		4.2

		5.3		5.1		5.2		5

		5.3		5.1		5.4		4.6

		5.7		5.6		5.4		5.6

		5.6		5.5		5.4		4.4

		5.2		5.5		5.4		5

		5.2		5.3		5.2		5.2

		5.4		5.3		5.2		4.6

		5.7		5.4		5.4		5.2

		4.8		4.9		5.4		4.4

		5		4.8		5.2		4.4

		5.3		4.9		5.2		4.4

		5.7		5.5		5.2		4.8

		5.1		5		5.2		4.8

		5.4		4.9		5.6		4.8

		4.9		4.9		5.6		3.2

		5.5		4.8		5.4		4.2

		5.6		5		5.4		4.4

		5.5		4.8		5.2		4.8

		5.6		4.9		5.2		4.8



EM 432 Spring 95

EM 432 Spring 96

EM 432 Spring 97

EM 432 Spring 98

Question

EM 432



EM440

		3.8		4.1		4		3.8

		3.5		2.6		3.4		3.6

		4		3.8		4.6		4.1

		4.1		4.3		4.6		4.4

		4.3		4.4		4.9		4.3

		4.1		4.1		4.6		4.3

		5.1		4.9		5.2		5.8

		4.3		4.6		5.1		4.8

		4.1		4.3		4.6		4.5

		4.4		4.4		4.8		4.8

		4.7		4.6		4.8		4.8

		4.4		4.6		4.6		4.8

		4.3		3.9		4.1		4

		4.1		3.6		4		3.9

		4.1		4		4.1		4

		4.2		4		4.3		4.1

		3.6		2.9		3.6		3.2

		3.7		3.4		4		3.5

		4.2		2.3		3.2		2.8

		4.1		4		4.2		3.9

		4.3		4.4		4.4		4

		4.3		4.4		4.6		3.7

		3.9		3.9		4.6		4



EM 440 Fall 95

EM 440 Fall 97

EM 440 Spring 99

EM 440 Fall 99

Question

EM 440



EM445

		5.1		4.8		5.6		5.2

		4.9		4.7		4.1		4.3

		5.4		4.8		5.4		5.4

		5.1		4.9		5.5		5.7

		5.4		5		5.6		5.5

		5.3		5.2		5.4		5.5

		5.8		5.6		5.7		6

		4.8		5.2		5.5		5.3

		5.1		4.9		5.4		5.7

		4.8		5		5.6		5.3

		5		5		5.5		5.2

		5.3		5.4		5.7		5.4

		4.8		4.5		5		4.6

		4.8		4.4		4.9		4.5

		4.7		4.6		5		4.8

		5.3		5		5.5		5.7

		4		4.2		4.6		4.7

		4.2		4.3		4.7		4.8

		5.3		5.1		5		5.1

		5.2		4.8		5.4		4.9

		5.3		4.9		5.4		5.4

		5.3		5		5.6		5.2

		5.3		4.9		5.6		5.2



EM 445 Fall 94

EM 445 Fall 95

EM 445 Spring 97

EM 445 Spring 98

Question

EM 445



EM450

		2.3		5.2		4.9		4.9		5.5

		3		4.7		4.5		5.4		5.4

		3		5.2		5.4		5.4		5.5

		3		5.4		5.1		5.3		5.4

		3.2		5.5		5.3		5.3		5.5

		3.1		5.3		5		5.1		5.2

		3.1		5.8		5.5		5.5		5.8

		3.3		5.6		5.5		5.6		5.7

		2.6		5.3		5.1		5.1		5.4

		2.4		5.3		5		5.4		5.4

		3.9		5.3		5.4		5.4		5.5

		2.8		5.4		5.2		5.4		5.5

		2.3		4.8		4.2		5.1		5.4

		2.2		5.1		4		5.3		5.5

		2.6		5		4.4		5.1		5.5

		2.8		5.2		4.6		5.3		5.5

		1.5		5.2		4.2		5		5.5

		1.6		4.8		4.8		5		5.2

		3.1		4.8		3.9		5		4.2

		2		4.9		4.6		4.5		5.4

		2.9		5.1		5		5.4		5.5

		2.7		5.1		4.7		5		5.5

		2.2		5.3		5		5.3		5.6



EM 450 Spring 97

EM 450 Spring 98

EM 450 Spring 99

EM 450 Fall 99

EM 450 Fall 00

Question

EM 450



EM460

		4.2		4.9		3.7		4.3

		5		4.7		4.4		4.5

		4.4		4.9		4.1		4.3

		4.7		4.9		4.2		4.4

		4.6		4.9		4.4		4.5

		4.7		4.8		4.2		4.6

		5.3		5.7		4.8		5.1

		4.9		5.4		4.8		4.9

		4.5		4.9		4.1		4.7

		4.7		5.2		4.4		5

		5.2		5.3		4.8		5

		5.2		5.5		4.5		5

		4		4.5		3.5		3.9

		3.8		4.1		3.3		3.8

		3.9		4.4		3.5		4

		4.5		5		4.1		4.5

		4.2		4.3		3.4		3.8

		4.2		4.3		3.7		4.1

		4.2		2.7		3.4		2.8

		3.7		4.5		3.4		3.9

		4.3		4.9		3.9		4.3

		4.2		5.1		3.8		4.1

		4.3		5		4		4.3



EM 460 Fall 95

EM 460 Fall 97

EM 460 Fall 98

EM 460 Fall 99

Question

EM 460



EM470

		4.4		4.3		4.9		4.7

		4.9		4.5		5.2		4.8

		4.3		4		5.2		4.8

		4.3		4.2		5.2		4.8

		4.5		4.5		5.5		4.9

		4.5		4.2		5.2		4.8

		4.9		4.5		5.5		5.6

		5		5		5.6		5

		4.7		4.7		5.2		4.8

		4.7		5		5.3		4.7

		5.1		5.2		5.4		5.1

		4.7		4.9		5.4		4.9

		4.1		4		4.7		4.3

		4		3.9		4.7		4.2

		4.1		4		4.9		4.3

		4.5		4.3		5.4		4.4

		3.8		3.2		4.4		4

		3.9		3.4		4.6		4.1

		4.1		4		4.2		4.5

		4		4.1		4.8		4.2

		4.6		4.7		5.2		4.6

		4.3		4.6		5.2		4.5

		4.3		4		5.3		4.4



EM 470 Fall 95

EM 470 Fall 97

EM 470 Fall 98

EM 470 Fall 99

Question

EM 470



EM490

		5.7		3.9

		5.4		4.1

		5.7		3.9

		5.6		3.9

		5.9		4.2

		5.7		4.1

		5.9		4.6

		5.7		4.7

		5.7		4.6

		5.7		4.4

		5.7		4.6

		5.9		4.8

		5.1		3.6

		5.1		3.5

		5.6		3.8

		5.1		3.9

		5.6		3.8

		5.7		3.6

		5		4

		5.7		3.8

		5.9		4.5

		5.7		4.2

		5.7		3.8



ME 490 Fall 98

ME 490 Fall 99

Question

EM 490



EM492

		4.5		4.3		4.3		4.3

		4.8		4.7		4.4		4.6

		4.6		4.5		4.3		4.4

		4.7		4.3		4.5		4.3

		4.7		4.5		4.4		4.7

		4.8		4.6		4.3		4.7

		5		4.9		4.9		4.9

		5.2		4.8		5		4.8

		4.9		4.6		4.5		4.7

		4.8		4.5		4.5		4.6

		5		4.5		4.5		5

		4.9		4.7		4.7		4.8

		4.3		4.4		3.6		3.6

		4.4		4.4		3.6		3.6

		4.5		4.5		3.8		3.7

		5		4.7		4.5		4.6

		4.3		4.3		3.9		3.6

		4.1		4.2		3.9		4

		4.2		4.1		2.5		2.8

		4.4		4.2		3.8		3.9

		4.9		4.5		4.4		4.2

		4.5		4.5		4.1		3.9

		4.4		4.3		4.4		4.2



EM 492 Spring 96

EM 492 Spring 97

EM 492 Spring 98

EM 492 Spring 99

Question

EM 492



EM 495

		5.4		5.8

		5.7		5.5

		5.6		5.3

		5.4		5.7

		5.7		5.5

		5.7		5.5

		6		5.5

		5.4		5.8

		5.7		6

		5.7		5.8

		6		6

		5.9		6

		4.3		4.5

		4.4		5.2

		5		5.2

		5.3		5.7

		5.1		5.8

		4.9		5.7

		4.1		4.8

		4.8		5.7

		5.6		5.7

		5.2		5.8

		5.4		6



EM 495 Spring 97

EM 495 Spring 98

Question

EM 495



DFEM

		4.4		4.4		4.3		4.5

		4.7		4.7		4.4		4.7

		4.5		4.6		4.4		4.7

		4.5		4.6		4.5		4.6

		4.7		4.7		4.7		4.8

		4.6		4.6		4.5		4.6

		5.2		5.1		5.2		5.2

		4.9		4.9		4.9		4.9

		4.6		4.6		4.6		4.7

		4.7		4.6		4.7		4.7

		4.9		4.8		5		4.9

		4.9		4.8		4.8		4.9

		4.3		4.3		4.3		4.4

		4.2		4.2		4.1		4.3

		4.3		4.4		4.2		4.4

		4.6		4.5		4.6		4.5

		4		4.3		3.9		4.2

		4.1		4.2		4.1		4.1

		4.1		4.1		3.7		4.3

		4.2		4.3		4.2		4.2

		4.5		4.5		4.5		4.4

		4.4		4.5		4.5		4.5

		4.5		4.5		4.4		4.5



DFEM Fall 95

DFEM Spring 96

DFEM Fall 97

DFEM Spring 97

Question

DFEM
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		1		3.8		4.1		4.1		4.3		4.2				4.6		4.7		5		4.3		4.1		4.6		4.2		4.7		4.4		4.8		4.7		4.2		4.9				4.6		4.9		4.9		4.5		4.7		5.2		3.4		4.6		5.1		4.2		4				3.2		3.6		4.7		3.6		4.2		4.9		3.4		3.8		4.2		4.6		4.6		4.6		4.6		4.6		4.4		4.1				4.5		4.2		4.6		5.1		4.6		4.9		4.5				3.7		4.9		5.1		4.7		5.1		4.1		4.1				3.5		3		5.1		4.5		4.3		4.8		4.2				4.9		4.6		4.3		5.3		4.1		4		4.6		4.5				4.3		4.8		4.2		4.7		4.1		5.1		5.4		5				5.1		5.3		5.2		5.1		5.1		5.5				4		5.2		5		4.6				3.3		4.5		5.3		5.6		5.5		4.9				5.6		4.2		4		3.8				4.1		4		3.8		5.1		4.8				5.6		5.2		2.9		4.9		3.3				2.3		5.2		4.9		4.9		5.5		3.9		4.2				4.9		3.7		4.3		5.2		4.4				4.3		4.9		4.7		5.7		3.9		4.9		4.4		5.1		4.5				4.3		4.3		4.3		4.9		5.4		5.8		5.2		4.1		5.7		5.3		4.2		4.6		4.8		4.4		4.4				4.3		4.5

		2		4.3		4.7		4.6		4.7		4.6		I		4.8		5		5.2		4.6		4.3		4.7		4.5		5		4.7		5.1		4.9		4.3		4.7		I		4.8		4.9		4.8		4.9		4.5		4.8		3.4		4.5		4.9		4.5		4.4		I		4		3.7		4.9		3.9		4.6		5		5.2		4.9		4.7		5.2		4.7		5.1		5.2		4.9		4.9		5.1		I		5.2		5		4.7		4.5		4.9		4.8		4.7		I		3		5.2		5		4.8		5.2		5.3		5.5		I		5.7		5.1		5.2		4.7		4.4		5		4		I		4.7		4.1		4.7		5.3		4.6		5.1		4.9		4.9		I		3.7		4.4		2.6		4.6		4.5		5.1		5.2		5.1		I		5		5.3		5.2		5.1		4.8		5.3		I		4.4		5.3		5.4		4.9		I		4		4.8		5.4		5.5		5.5		5.5		I		5.4		5.3		4.6		3.5		I		2.6		3.4		3.6		4.9		4.7		I		4.1		4.3		3.6		4.1		3.8		I		3		4.7		4.5		5.4		5.4		4.5		5		I		4.7		4.4		4.5		5.3		4.9		I		4.5		5.2		4.8		5.4		4.1		5.1		4.3		5.2		4.8		I		4.7		4.4		4.6		5		5.7		5.5		5		4.6		5.4		5.4		4.5		4.8		4.8		4.7		4.7		I		4.4		4.7

		3		3.9		4.4		4.3		4.4		4.5		D		4.9		5		5.3		4.5		4.1		4.8		4.6		4.8		4.5		4.9		4.8		4.3		4.9		D		4.7		4.8		4.8		4.5		4.7		5.1		3.3		4.7		5.1		3.8		3.9		D		2.9		3.4		4.8		3.7		4.2		5.1		4.7		4.2		4.4		5		4.7		4.9		5.2		4.7		4.9		4.8		D		4.9		4.6		4.8		5.2		4.9		4.8		4.5		D		3.9		5.2		5.2		5		5.4		5.3		5		D		4.9		4.8		5.4		4.4		4.1		4.8		4.4		D		5.1		4.7		4.8		5.5		4.6		5		5		4.6		D		4.2		5		4.4		5.1		4.5		5.2		5.5		5		D		5.2		5.3		5.1		5.4		5.5		5.6		D		3.5		5.3		5.2		5		D		2.9		4.1		5.4		5.7		5.4		5.4		D		5.2		4.6		4.1		4		D		3.8		4.6		4.1		5.4		4.8		D		5.4		5.4		2.9		5.1		3.6		D		3		5.2		5.4		5.4		5.5		4.1		4.4		D		4.9		4.1		4.3		4.6		4.3		D		4		5.2		4.8		5.7		3.9		4.8		4		5		4.6		D		4.5		4.3		4.4		4.6		5.6		5.3		5.3		4.2		5.7		5.4		4.3		4.8		4.9		4.5		4.6		D		4.4		4.7

		4		4		4.3		4.4		4.4		4.4		E		4.8		5		5.2		4.5		4.2		4.7		4.4		4.9		4.4		4.9		4.8		4.1		4.9		E		4.6		4.9		5		4.7		4.9		5		3.3		4.5		5		4.1		4		E		3.1		3.6		4.8		3.7		4.1		5.1		4.6		4.3		4.4		4.8		4.5		4.7		5.2		4.6		4.7		4.6		E		4.6		4.3		4.9		5.2		4.6		5		4.6		E		3.8		5.1		5.1		5		5.2		4.9		4.9		E		4.9		4.4		5.2		4		4.1		4.9		4.6		E		5		4.8		4.6		5.3		4.4		5		4.9		4.9		E		4.4		4.9		4.1		5		4.5		5		5.5		5		E		5.1		5.3		5.1		5.4		5.5		5.4		E		3.7		5.3		4.9		4.8		E		2.9		4.2		5.4		5.6		5.5		5.3		E		5		4.2		4.2		4.1		E		4.3		4.6		4.4		5.1		4.9		E		5.5		5.7		3.1		4.8		3.6		E		3		5.4		5.1		5.3		5.4		4.1		4.7		E		4.9		4.2		4.4		4.9		4.3		E		4.2		5.2		4.8		5.6		3.9		4.8		4.4		4.8		4.7		E		4.3		4.5		4.3		5.1		5.4		5.7		5.7		4.5		5.6		5.4		4.3		4.8		4.8		4.5		4.6		E		4.5		4.6

		5		4.3		4.5		4.6		4.6		4.6		A		5		5.1		5.3		4.7		4.5		4.9		4.6		5		4.8		5		5		4.4		5.1		A		4.8		5.1		5.1		5		5.1		5.3		3.8		4.8		5.1		4.4		4.3		A		3.6		3.8		5.1		4		4.5		5.2		4.8		4.4		4.6		5		4.8		5		5.2		4.9		4.9		4.7		A		4.8		4.7		5		5.2		4.9		5		4.8		A		4.1		5.1		5.2		5		4.9		5.1		5		A		4.8		4.6		5.6		4.7		4.4		5.1		4.7		A		5.1		4.9		4.9		5.5		4.6		4.6		5		4.9		A		4.6		5.1		4.5		5.1		4.8		5.3		5.6		5.2		A		5.3		5.5		5.3		5.4		5.3		5.4		A		3.6		5		5.1		4.9		A		3.5		4.3		5.2		5.3		5.3		5.1		A		5.2		5		4.5		4.3		A		4.4		4.9		4.3		5.4		5		A		5.6		5.5		3.7		5.3		3.9		A		3.2		5.5		5.3		5.3		5.5		4.5		4.6		A		4.9		4.4		4.5		5.2		4.5		A		4.5		5.5		4.9		5.9		4.2		4.9		4.2		4.9		4.7		A		4.5		4.4		4.7		4.9		5.7		5.5		5.3		4.6		5.9		5.4		4.6		4.9		5		4.7		4.7		A		4.7		4.8

		6		4.2		4.4		4.4		4.5		4.4				4.7		4.9		5.1		4.5		4.4		4.7		4.5		4.8		4.5		5		4.6		4.3		4.9				4.7		4.9		5		4.7		5		5.1		3.7		4.7		5		4.3		4.4				3.5		3.7		4.8		3.8		4.5		5		4.5		4.4		4.4		4.7		4.6		4.7		5		4.6		4.7		4.5				4.7		4.4		4.8		5.1		4.7		4.9		4.7				3.7		5.1		5.1		5.1		5.1		4.7		4.8				4.7		4.3		5.2		4.3		4.2		4.9		4.5				4.8		4.8		4.5		5		4.3		4.4		4.9		4.8				4.6		5		4.3		5		4.6		5.1		5.3		5				5.1		5.4		5.1		5.4		5.2		5.2				3.6		5.2		5.1		5				3.6		4.6		5.1		5.4		5.3		5.1				5.4		4.6		4		4.1				4.1		4.6		4.3		5.3		5.2				5.4		5.5		3.2		5.1		3.7				3.1		5.3		5		5.1		5.2		4.3		4.7				4.8		4.2		4.6		4.9		4.5				4.2		5.2		4.8		5.7		4.1		4.9		4.4		4.9		4.8				4.6		4.3		4.7		5.1		5.7		5.5		5		4.6		5.7		5.4		4.4		4.8		4.9		4.6		4.6				4.5		4.6

		7		4.9		5.1		5.2		5.2		5.1		C		5.3		5.5		5.5		5.3		5.2		5.4		5.1		5.3		4.9		5.2		5.2		4.6		5.3		C		4.9		5.4		5.3		5.5		5.4		5.2		3.6		5.2		5.3		4.7		4.9		C		3.9		4.3		5.5		4.7		4.4		5.5		5.8		5.2		5.1		5.4		5.4		5.4		5.7		4.8		5.3		5.3		C		5.6		4.8		5.2		5.6		5.2		5.1		4.8		C		4.2		5.6		5.6		5.4		5.9		5.9		5.8		C		5.8		5.9		5.8		4.5		4.4		5.3		4.9		C		5.2		5.1		5		5.6		4.9		5.1		5.4		5.3		C		5.4		5.5		5		5.6		5.7		5.4		5.7		5.2		C		5.4		5.7		5.1		6		5.8		5.6		C		5.2		5.3		5.8		5.7		C		5		5		5.6		5.9		5.7		5.6		C		5.4		5.6		5.4		5.1		C		4.9		5.2		5.8		5.8		5.6		C		5.7		6		3.3		5.5		4.2		C		3.1		5.8		5.5		5.5		5.8		5.1		5.3		C		5.7		4.8		5.1		5.3		4.9		C		4.5		5.5		5.6		5.9		4.6		5.2		4.5		5.3		5		C		4.9		4.9		4.9		5.5		6		5.5		5.5		5.6		5.9		5.5		4.9		5.4		5.4		5.2		5.1		C		5.2		5.2

		8		4.5		4.5		5		4.8		4.8		R		5		5.2		5.4		5		4.7		5		4.8		5		4.9		5.1		5.1		4.8		5.3		R		5.1		5.3		5.2		5.3		5.2		5.3		3.8		4.9		5		4.7		4.5		R		3.7		4.2		5.3		4.3		5		5.5		4.8		4.9		4.9		5.2		4.8		5.2		5.4		5		4.9		4.8		R		5.1		4.9		4.8		5.4		5		5.2		4.8		R		4.5		5.4		5.7		5.5		5.4		5.5		5.1		R		5.4		5.1		5.5		4.9		4.6		5.3		4.8		R		5.4		5		4.8		5.6		4.8		3.8		5.3		5		R		4.7		5.2		4.7		5.3		5.2		5.3		5.5		5.3		R		5.3		5.5		5.5		5.4		5.6		5.5		R		4.2		5.8		5.6		5.3		R		4		4.9		5.8		5.5		5.6		5.5		R		5.4		4.4		4.4		4.3		R		4.6		5.1		4.8		4.8		5.2		R		5.5		5.3		3.4		5.1		3.8		R		3.3		5.6		5.5		5.6		5.7		4.1		4.9		R		5.4		4.8		4.9		5.4		5		R		5		5.6		5		5.7		4.7		5.4		4.5		5.4		5.2		R		4.8		5		4.8		5		5.4		5.8		5.5		4.7		5.7		5.9		4.7		4.9		5.2		4.9		4.9		R		4.9		4.9

		9		4.2		4.4		4.6		4.5		4.5		I		4.8		4.9		5.1		4.6		4.4		4.8		4.5		4.8		4.4		4.9		4.8		4.5		5.1		I		4.8		5.2		5.1		5		5.1		5.2		3.8		4.6		4.9		4.4		4.4		I		3.8		4		5		3.9		4.5		5.2		3.9		4.3		4.6		4.8		4.6		4.6		4.6		4.7		4.6		4.3		I		4.5		4.6		4.8		5.2		4.8		5.1		4.9		I		4.1		5.1		5.1		5		5.3		4.2		4		I		4.2		3.7		5.1		4.6		4.3		4.7		4.5		I		5.2		5		4.7		5.3		4.4		4.8		4.7		4.9		I		4.7		4.9		4.3		5		4.4		5		5.3		5.1		I		5.1		5.3		5.4		5.4		5.7		5.7		I		3.7		5.7		5.4		4.9		I		3.8		5.2		5.3		5.6		5.2		5.5		I		5.4		5		4.1		4.1		I		4.3		4.6		4.5		5.1		4.9		I		5.4		5.7		3.1		4.9		3.8		I		2.6		5.3		5.1		5.1		5.4		4.2		4.5		I		4.9		4.1		4.7		5		4.7		I		4.7		5.2		4.8		5.7		4.6		5.1		4.5		5.3		4.9		I		4.6		4.5		4.7		5.2		5.7		6		5.2		4.4		5.7		5.8		4.4		4.8		4.8		4.6		4.6		I		4.6		4.7

		10		4.2		4.4		4.5		4.5		4.5		T		4.8		5		5.2		4.6		4.3		4.9		4.5		4.9		4.4		4.9		4.4		4.4		5		T		4.6		5.2		5.2		4.8		5.1		5.2		3.5		4.6		5		4.6		4.3		T		3.6		4		5		3.8		4.5		5.3		4.7		4.4		4.6		4.8		4.6		4.5		5		4.8		4.5		4.3		T		4.8		4.6		4.8		5.2		4.8		5		4.7		T		4.1		5.3		5.2		5.1		5.3		4.8		4.9		T		5.3		4.3		5.3		4.8		4.4		4.7		4.5		T		4.9		4.9		4.7		5.4		4.6		4		4.9		5		T		4.7		5.1		4		5.1		4.6		5		5.3		5		T		5		5.3		5.3		5.1		5.3		5.6		T		4		6		5.3		4.8		T		3.2		5		5.3		5.5		5.2		5.3		T		5.2		5.2		4.5		4.4		T		4.4		4.8		4.8		4.8		5		T		5.6		5.3		2.8		4.8		3.5		T		2.4		5.3		5		5.4		5.4		4.1		4.7		T		5.2		4.4		5		4.9		4.7		T		5		5.3		4.7		5.7		4.4		5.3		4.4		5.4		4.8		T		4.5		4.5		4.6		4.8		5.7		5.8		5.5		4.5		5.7		5.8		4.4		4.8		4.8		4.7		4.6		T		4.7		4.7

		11		4.7		4.7		4.7		4.8		4.6		I		4.9		5.2		5.3		4.9		4.7		5.1		4.8		4.9		4.9		5.3		4.7		4.3		4.9		I		4.9		5.4		5.4		5		5.3		5.4		3.7		4.7		5.2		4.9		4.7		I		4.2		4.2		5.1		4.5		4.8		5.2		5.3		4.8		4.7		5		4.9		4.8		5.5		4.9		4.7		4.7		I		5.1		5		5.1		5.6		5		5.2		4.8		I		4.2		5.4		5.3		5.4		5.6		5.5		5.3		I		5.4		5		5.5		5		4.7		4.8		4.7		I		5.2		5.1		4.8		5.4		4.7		4.8		5.2		5.3		I		4.9		5.1		4.5		5.3		4.9		5.1		5.3		5.2		I		5.2		5.4		5.4		5.4		5.4		5.5		I		4.3		5.5		5.3		5		I		3.8		5		5.2		5.4		5.4		5.3		I		5.2		4.6		5		4.7		I		4.6		4.8		4.8		5		5		I		5.5		5.2		3.6		4.9		3.9		I		3.9		5.3		5.4		5.4		5.5		4.4		5.2		I		5.3		4.8		5		5.4		5.1		I		5.2		5.4		5.1		5.7		4.6		5.4		4.5		5.2		5		I		4.5		4.5		5		5.3		6		6		5.8		4.6		5.7		5.8		4.7		5.1		5.1		4.9		4.8		I		5		4.9

		12		4.6		4.7		4.7		4.8		4.7		Q		5.2		5.2		5.4		4.9		4.6		5.2		4.8		5.1		5		5.3		4.8		4.5		5.1		Q		4.9		5.4		5.4		5.1		5.3		5.6		4.2		5.3		5.4		4.9		4.5		Q		3.7		4		5.1		4.4		4.9		5.3		3.4		3.9		4.7		4.8		5.1		5.1		4.8		5.1		4.8		4.7		Q		4.8		4.7		5.1		5.7		5.1		5.4		5		Q		4.2		5.4		5.5		5.1		5.8		4.5		4		Q		4		3.4		5.8		5.3		4.7		5		5		Q		5.5		5.4		5.3		5.6		4.6		5.5		5.4		5.1		Q		4.9		5.5		4.8		5.4		4.7		5.4		5.6		5.3		Q		5.3		5.6		5.6		5.9		5.6		5.8		Q		4.5		5.5		5.4		5.2		Q		3.6		4.8		5.2		5.7		5.7		5.4		Q		5.4		5.2		4.7		4.4		Q		4.6		4.6		4.8		5.3		5.4		Q		5.7		5.4		3.8		5.3		4		Q		2.8		5.4		5.2		5.4		5.5		4.6		5.2		Q		5.5		4.5		5		5.5		4.7		Q		4.9		5.4		4.9		5.9		4.8		5.2		4.6		5.4		4.9		Q		4.7		4.7		4.8		5.2		5.9		6		5.5		4.6		5.9		5.7		4.8		5.2		5.2		4.9		4.8		Q		4.8		4.9

		13		4.1		4.2		4.1		4.1		4.2		U		4.5		4.3		4.8		4		4.1		4.4		4		3.9		3.9		4.4		4.2		3.6		4.2		U		4.2		4.4		4.4		4.1		4.5		4.7		3.3		4.3		4.7		4		4.2		U		3.7		3.6		4.2		3.6		3.5		4.7		4.7		4.1		4.3		4.5		4.5		4.5		4.7		4.5		4.6		4.5		U		4.6		4.4		4.5		4.8		4.6		4.8		4.6		U		3.7		4.7		4.7		4.3		4.7		4.8		4.4		U		4.6		3.9		4.9		4.3		4.1		4.7		4.3		U		4.7		4.4		4.6		4.9		4		4.4		4.4		4.2		U		4.1		4.6		3.7		4.4		4.6		5		5.2		4.9		U		4.8		5		4.7		5		5		5.1		U		2.8		4.3		5		4.8		U		3.7		4.3		5.1		5.3		4.8		4.9		U		5.4		4.4		4		4.3		U		3.9		4.1		4		4.8		4.5		U		5		4.6		1.9		4.5		3.3		U		2.3		4.8		4.2		5.1		5.4		3.5		4		U		4.5		3.5		3.9		4.7		4.1		U		4		4.7		4.3		5.1		3.6		4.6		4.3		4.8		4.3		U		4.4		3.6		3.6		4.7		4.3		4.5		5.2		3.9		5.1		5.3		4.2		4.2		4.6		4.3		4.3		U		4.3		4.4

		14		4.1		4.2		4		4.1		4.1		E		4.5		4.4		4.7		3.8		4		4.3		4.1		4		4		4.2		3.7		3.3		4		E		4		4.3		4.2		3.7		4.3		4.6		3.4		4.3		4.6		3.9		4.2		E		3.7		3.3		3.9		3.6		3.4		4.7		4.4		4.3		4.2		4.6		4.54		4.3		4.7		4.4		4.5		4.2		E		4.6		4.3		4.4		5		4.4		4.6		4.5		E		3.4		4.6		4.6		4.4		4.3		4.5		4.2		E		4.3		3.3		4.8		4.2		3.9		4.6		4.2		E		4.6		4.3		4.5		4.9		4		4.4		4.3		4		E		3.8		4.3		3.8		4.3		4.5		5		5.3		4.9		E		4.7		4.7		4.6		4.8		4.9		5.4		E		3.1		4.5		5.1		4.6		E		3.6		4.1		5.1		5.3		5		4.8		E		5.2		4.4		4.1		4.1		E		3.6		4		3.9		4.8		4.4		E		4.9		4.5		2		4.6		3.4		E		2.2		5.1		4		5.3		5.5		3.6		3.8		E		4.1		3.3		3.8		4.5		4		E		3.9		4.7		4.2		5.1		3.5		4.5		4.1		4.9		4.4		E		4.4		3.6		3.6		4.7		4.4		5.2		4.7		4.1		5.1		5.3		4.2		4.2		4.4		4.2		4.2		E		4.1		4.3

		15		4.2		4.3		4.1		4.2		4.2				4.5		4.5		4.8		3.9		4.1		4.4		4.1		4.1		4.2		4.7		3.9		3.4		4.3				4.2		4.2		4.5		4.2		4.5		4.8		3.4		4.2		4.7		4		4.2				3.7		3.4		4.1		3.6		3.6		4.7		4.5		4.4		4.3		4.6		0.4		4.3		4.7		4.7		4.5		4.36				4.6		4.4		4.5		4.9		4.3		4.8		4.7				3.5		4.7		4.7		4.4		4.5		4.6		4.5				4.2		3.7		4.8		4.4		4		4.6		4.3				4.6		4.3		4.7		4.9		4.1		4.4		4.3		4.1				4.1		4.5		4		4.6		4.6		5.1		5.3		5				4.7		4.7		4.8		5		5		5.1				3.3		5		5.2		4.7				3.7		4.3		5.1		5.4		5.3		4.9				5.2		4.4		4.2		4.1				4		4.1		4		4.7		4.6				5		4.8		2.3		4.6		3.5				2.6		5		4.4		5.1		5.5		3.8		3.9				4.4		3.5		4		4.5		4.1				4		4.9		4.3		5.6		3.8		4.6		4.3		5.1		4.5				4.5		3.8		3.7		5		5		5.2		5		4.5		5.6		5.6		4.2		4.3		4.6		4.3		4.4				4.2		4.4

		16		4.2		4.3		4.4		4.4		4.3				4.5		4.6		4.8		4.2		4.3		4.5		4.2		4.2		4.5		5		4.6		3.8		4.6				4.5		5.1		4.9		5		5		5.3		4		4.6		5		4.4		4.7				4.2		4		4.6		3.9		4.3		4.9		4.7		4.5		4.2		4.6		4.4		4.9		4.8		4.6		4.5		4.3				4.7		4.4		4.6		5.2		4.6		5		4.5				3.7		4.9		5		4.8		5.5		4.9		4.8				4.3		4.3		4.9		4.2		4.2		4.6		4.3				4.8		4.6		4.2		5		4.1		4.9		4.5		4.6				4.6		4.9		4.2		4.7		4.6		4.8		5.2		4.9				4.6		4.9		4.7		5.3		5.3		5				4.1		5.7		5.3		5.2				4.2		5		5.1		5.4		5.7		5.5				5.2		4.8		4.3		4.2				4		4.3		4.1		5.3		5				5.5		5.7		3.1		5		4				2.8		5.2		4.6		5.3		5.5		3.9		4.5				5		4.1		4.5		4.8		4.5				4.3		5.4		4.4		5.1		3.9		5.3		4.8		5.3		5				4.7		4.5		4.6		4.7		5.3		5.7		5.5		4.9		5.1		5.8		4.4		4.7		4.9		4.6		4.5				4.6		4.5
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