ES204 - Mechanical Systems

2003-2005 Catalog Data: (2 2/3 R-1L-3C) Conservation and accounting equations applied to mechanical systems.  Kinematics and kinetics of particles in space and of rigid bodies in plane motion.

Textbook:
Cornwell, P.J., Mechanical Systems, Course notes sold in the bookstore.
Reference: 
Beer, F. P., and E.R. Johnston  (1997). Dynamics. 6th Edition. McGraw-Hill: New York.
Bedford, A.M., and W.L. Fowler (1995).  Dynamics - Engineering Mechanics  1st Edition. Addison Wesley:  New York.

Professor:
P.J. Cornwell 
Goals:

To introduce:
· Conservation and Accounting Principles for Planar Rigid Body Motions

· Problem solving technique appropriate to solid bodies in motion

Objectives:
To provide the background and basic skills for:

· Analysis and synthesis of mechanisms

· Analysis and design of rotating machinery

· Solution of complex problems in dynamics

Prerequisites

By Topic:
ES201 – Conservation and Accounting Principles

· Properties and Units

· Concept of a System

· Concept of Free Body Diagram

· System boundaries, and closed systems

· Energy Conservation in Finite Interval form for closed system 

· Linear Momentum Conservation - Finite Interval Form

· Linear Momentum Conservation - Rate Form

· Angular Momentum Conservation - Finite Interval Form

· Angular Momentum Conservation - Rate Form

· Problem solving skills involving system identification

· Skills in working in groups

Course Topics:

· Kinematics of Relative Motion

· Kinematics of Dependent Motion

· Normal and Tangential Coordinates for Acceleration

· Radial and Transverse Coordinates for Acceleration

· Translation

· Fixed Axis Rotation

· Instant Center of Rotation

· Simple Impact

· Rigid Body Impact

· General Planar Motion

· Rotating Axis

· Application of Conservation of Energy, Linear Momentum and Angular Momentum Principles in the above Situations

Computer Use:

The students are allowed to use Maple in class exercises, homework and examinations.  A very small set of Maple commands are taught and reviewed.  

Laboratory Projects:

There are three laboratory sessions.  In the first, the students create a Working Model simulation of a meter stick sliding between a vertical wall and a horizontal floor.  In the second, the students predict the behavior of a pendulum, with a bob having variable mass and position.  They compare their predictions with the performance of an actual apparatus.  In the third, the students return to the meter stick, and compare their Working Model simulations with the theoretical predictions made using analysis.  Actual meter sticks are used to confirm some of the results.

Class/Laboratory Schedule:

Class/Lecture:
3 – 50 minute periods per week for 10 weeks


Laboratory:
3 – 2 hour 50 minute periods per quarter

Professional Component:


Engineering Science:
3 credits or 100%


Engineering Design:
none

Please check ( √  ) the Learning Outcomes that this course covers. 

Ethics – A recognition of ethical and professional responsibilities

When given the opportunity, students will:

_____  1. Demonstrate knowledge of professional codes of ethics.

_____  2. Evaluate the ethical dimensions of professional engineering, mathematical, and scientific practices.
Contemporary Issues - An understanding of how contemporary issues shape and are shaped by mathematics, science, & engineering

When applying the principles of mathematics, science, and/or engineering to a technical problem, students will:

_____  1. Demonstrate an awareness of how the problem is affected by social concerns and trends.

_____  2. Demonstrate an awareness of how the proposed solution(s) will affect culture and the environment.
Global - An ability to recognize the impact of global societies on citizens and professionals

When given the opportunity, students will:

_____  1. Demonstrate an awareness of the development of cultures and societies.

_____  2. Show an awareness of the relationships of nations and the interdependence of peoples around the globe.
Culture - An ability to understand diverse cultural and humanistic traditions

When given the opportunity, students will:

_____  1. Perform, interpret, analyze or otherwise engage in artistic, literary, and/or other forms of culture.

_____  2. Recognize the importance of contributions of peoples from other cultures to the students’ professions and personal lives.

_____  3. Evaluate an issue or problem from other cultural perspectives.
Teams - An ability to work effectively in teams

When assigned to teams, students will:

_____  1. Share responsibilities and duties, and take on different roles when applicable.

_____  2. Analyze ideas objectively to discern feasible solutions by building consensus.

_____  3. Develop a strategy for action.
_____  4. Listen openly, actively and critically.

Communication - An ability to communicate effectively in oral, written, graphical, and visual forms

When performing communication tasks, students will:

_____  1. Identify the readers/audience, assess their previous knowledge and information needs, and organize/design information to meet those needs.

_____  2. Provide content that is factually correct, supported with evidence, explained with sufficient detail, and properly documented.

_____  3. Test readers/audience response to determine how well ideas have been relayed.

_____  4. Submit work with a minimum of errors in spelling, punctuation, grammar, and usage.
_____  5. Present information visually using drawings, graphs and sketches.
_____  6.  Deliver oral presentations with clarity and professionalism.
Problem Solving - An ability to apply the skills and knowledge necessary for mathematical, scientific, and engineering practices

___√ __  1.  Inspect and define the problem.

__√ ___  2.  Identify the basic principles and concepts that apply to the situation.

___√ __  3.  Use appropriate resources to locate pertinent information.
____√ _  4.  Build appropriate model(s).

___√ __  5.  Solve the problem by choosing appropriate tools. (analytical, experimental, and numerical)

___√ __  6.  Check a solution using appropriate criteria.

Interpreting Data - An ability to interpret graphical, numerical, and textual data

_____  1. Collect and present data in an accurate and orderly way.

_____  2. Use appropriate statistical procedures to analyze and evaluate the information contained in a data set.

_____  3. Analyze the data and draw supportable conclusions from the result.
Experiments - An ability to design and conduct experiments

_____  1. Identify the problem and develop a hypothesis.
_____  2. Select measurement techniques to collect appropriate data and justify that selection.
_____  3. Estimate experimental uncertainties.

Design - An ability to design a product or process to satisfy a client's needs subject to constraints
_____  1.  Understand the problem.
_____  2.  Develop a design specification that addresses customer/client needs and constraints.
_____  3.  Carry out a conceptual design by generating multiple solutions that address the issues above, evaluating the feasibility of the solutions, and choosing the appropriate solution.
_____  4.  Carry out a detail-level design using appropriate design tools and methodologies.
_____  5.  Test and refine the implementation until the product or process design specifications are met or exceeded.
_____  6.  Document the finished product or process as appropriate for the discipline according to standard practice.
_____  7.  Present and transfer the product or process and documentation to the client.


Continue to Learn and Educate One's Self                            

_____  1.  Learn new information independently.
Evaluation of the course:
Instructional Items are in italics.  These are for information only, and you do not have to fill anything in this part of the form.

We Change Our Courses by information learned by grading, adding new subject matter, Feedback from Industry & Alumni, Student Evaluations, departmental discussions, and other ways.  Based on these inputs, you may decide to make some changes in the course.  This is a type of continuous improvement and should be documented.  Please indicate modifications you plan to make and the reasons why.  (i.e. I plan to give more/less homework because the students indicated that they wanted more on the comments in the course evaluations.)

Academic Year:   1999-2000:  Fall Quarter,  Instructor: North
Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.

Evaluation of the course:

End of Academic Year 1999-2000






Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.

What was good? 

Daily and or frequent quizzes were well received. Some faculty members feel that the students end up being better at applying the concepts in a general, out of context way.  Students are doing well at defining systems carefully.  We believe the second lab, on pendulums, was an improvement.

Many students liked having a course web page.

What wasn't so good? 

There is no textbook which adequately supports the notation and pedagogy of this course.  There were some student complaints that the text was irrelevant.  There were other comments which claimed that skipping around in the text was confusing to them.  I (JMF) believe that the lack of a textbook is a factor which makes teaching and learning in this course quite difficult, compared to the predecessor course, Dynamics. 

There is a question about the amount of homework assigned.

We continue to face the problem that EE and CO students fail to see the relevance of the course material.

Next Time I/We Plan to Modify the Course by Changing/Trying


We have no plans to change things at this time.  We continue to talk about the creation of a set of problems, broader in their scope than those found in current texts.  We would like to develop a text at some time in the future.

Academic Year:   2000-2001

Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.
How Did the Modifications Work?

No text modifications were made this year.

Evaluation of the course:

What was good? 
What wasn't so good? 

Next Time I/We Plan to Modify the Course by Changing/Trying---- (five to ten sentences)

Academic Year:   2001-2002

Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.
How Did the Modifications Work?

There were some slight modifications (tweeking numbers) to the homework problems but no major problem modification from the previous term was initiated.

Evaluation of the course:

What was good? 
The textbook notes were very slightly modified by adding a cover page and table of contents to help students find various sections within the notes. 

Rotating reference frames were added to the course subject matter. Students did not comment as to plus or minus of this addition.

Some of the subject matter (COR) was moved around within the course from the previous year.

What wasn't so good? 

Some students felt that the lack of a complete set of notes (some sections within the distributed notes were not finished) made the notes unworthy of use.

Some students, outside of the ME curriculum, e.g. in EE or CPE, used the lack of having Statics (EM 120) as a detriment to their performance in ES 204. Instructors note that sufficient EM 120 information  is taught in ES 201, a prerequisite to ES 204.

Next Time I/We Plan to Modify the Course by Changing/Trying---- (five to ten sentences)

The AY 2002-03 will have the incomplete sections completed for the class notes in ES 204. PJC has finished them while on sabbatical and has made them available for the coming term.

To reduce student scheduling conflicts with other elective classes the course times will be changed from a MWF sequence to MTR order. Labs will be scheduled on W and F. 

Academic Year:   2002-2003

Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.
How Did the Modifications Work?

Quite well.  I think a day on vector method for relative velocity was well spent.

Evaluation of the course:

What was good? 
Additional time spent on vector method for velocities.  'Rolling olympics' day.  RAFA day (rotation about a fixed axis).  Emphasis on Momentum rate form with connected

rigid bodies.

What wasn't so good? 

1. Rotating frames--still goes over most heads. 

2.  I think we need to be more consistent between sections about teaching relative

acceleration using a common point between rigid bodies.  For instance, if we want

kinematic constraints for a system that consists of crank AB, connecting rod BC and

slider C, I would write: 
a_B = a_A + a_B/A = a_C + a_B/C 

then forget about the far left (actually finding a_B).  The result is two equations that can

be solved for unknown angular or linear accels.

Next Time I/We Plan to Modify the Course by Changing/Trying---- (five to ten sentences).

1. Richard and I have adopted the 'skew symmetric matrix' method of writing cross products.  I works marvelously, especially for symbolic cross-products.  I'd like to see it used across the dept.  Also serves as a spring board for deriving the rotating frames equation. 

2.  I'd like to see everyone at least present the solution methodology mentioned above. 

3.  We should keep trying to think up new labs.  The old ones are OK, but have some serious limitations.  I know Jerry worked out the yardstick one with friction in Matlab--I know this is somewhat of an issue with having EEs, but I would prefer to have the students see the differential equations (not just the animation in WM) as a way of connecting this course with DEs. 

4.  It's time to revise the homework.  I think we should custom publish Phil's notes with the problems out of B&J for more problem flexibility.  Also, let's find more problems that involve a range of motion--say using ode45 to integrate the non-linear odes of a mechanical system. 

BTB

Academic Year:   2003-2004

Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.
How Did the Modifications Work?

The only real change was we used the Dynamics Concept Inventory test (DCI) for the first time.  We gave this exam of conceptual material as a pretest in the first laboratory and as part of the final.  We have not compared our results to those from other school also using the exam. 

Evaluation of the course:

What was good? 
What wasn't so good? 

Next Time I/We Plan to Modify the Course by Changing/Trying---- (five to ten sentences)

Next year ES203 (Electrical Systems) will be moving to the fall so the we will only be sharing the laboratory time with ES202 (Thermo-Fluid Systems).  The lab time will be changed from Three 3-hour labs to five 2-hour labs.  We will probably change the labs as a result of this, but we have not really discussed it yet.  

PJC
Academic Year:   2004-2005

Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.
How Did the Modifications Work?

We modified the Working Model project to be a design competition.  We also had one homework problem related to the project.  Working Model frustrated many of the students and as a result they were frustrated with the project.  Others, although they enjoyed the project, they did not feel they learned much about dynamics from it.  One of the reasons we modified the lab is that it was changed from three 3-hour labs to about five 2-hour labs.  We also gave a pre- and post- Dynamics Concept Inventory (DCI) test to assess students’ conceptual understanding of the material.  We have not really looked at the results of this exam or compared our results to those from other school around the country.   Brad also used a Tablet PC and Powerpoint.  He seemed pleased with the combination.
Evaluation of the course:

What was good? 
In general the course notes are continuing to be well received.  We modified a few problems, which was good.  We need to incorporate these into the course notes.  

What wasn't so good? 

I am still not confident that we are making the best use of our lab time in the class.  
Next Time I/We Plan to Modify the Course by Changing/Trying---- (five to ten sentences)

We need to modify the lab and continue to modify homework problems.  
PJC
