ME 406 CONTROL SYSTEMS
2003-2005 Catalog Data: 4R-0L-4C F Pre: ES 205 
Basic principles of feedback control theory.  Mathematical modeling and performance analysis of dynamical systems.  Includes stability analysis, root locus compensation and design, frequency response analysis.  Implementation of control system analysis and design is gained with several laboratory experiences.
Textbook:
Feedback Control of Dynamic Systems, by Gene F. Franklin, J. David Powell, and Abbas Emami-Naeini, Prentice Hall, 2002
Reference: 
None

Professor:
Dr. Brad Burchett
Goals:

See objectives
Objectives:
To provide the background and basic skills for:

a. Represent control systems in block diagram form 

b. Use control system tools for analysis and design 

c. Design and implement controllers for specified system performance 

Prerequisites

· ES 205

Course Topics:  (Varies by year and instructor)

· Laplace Transforms/Inverses 

· Solving ODE's using Laplace Transforms 

· Transfer Functions/Block Diagrams/Block Diagram Reduction 

· State Space Representation 

· Modeling Mechanical/Electrical/Liquid Level Systems 

· Linearization of nonlinear ODE's 

· Transient Response of 1st and 2nd order systems 

· Transient Response performance measures--settling time, peak time, percent overshoot 

· Transient Response analysis using MATLAB 

· Basic Control Actions, PID 

· Stability Analysis, Routh-Hurwitz criterion 

· Steady State Time Response using Transfer Function Approach 

· Steady State Error 

· Root Locus: Sketching/Using MATLAB/Analysis 

· Frequency Response Analysis, Bode Diagrams 

· Polar Plots 

· Nyquist: Plots/Stability Criterion/Analysis 

· Frequency Domain Performance Measures, Phase and Gain Margins 

· Transport or Pure Time Delays 

· Tuning Liquid Level System 

· Design and Implementation of a Proportional Controller 

· Design and Implementation of a Proportional+Integral Controller 

· Tuning a PID Controller 

Computer Use:

Matlab / Simulink used for system analysis and simulation.
Laboratory Projects:

This course includes 9 laboratories which complement standard lectures. Laboratory materials will be issued prior to the actual laboratory so the student will be sufficiently prepared to execute the laboratory. Report requirements are as follows:

a. Read the lab assignment carefully. 

b. Your report should have introduction, results/discussion, conclusion, and appropriate appendices. 

c. Insure you answer completely the questions asked in the assignment. 

d. Plots should be incorporated in the results/discussion section. 

e. Plots should have x, and y axis labels, and grid lines on. 

f. Your independent variable vector should be finely spaced so all curves appear smooth. 

g. Matlab code should be included in the appendix. 

Class/Laboratory Schedule:


Class/Lecture: MTR

Laboratory: W or F
Professional Component:


Engineering Science: 75%

Engineering Design: 25%
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:

What was good?  

     The lab sequence went over very well.  Labs 6 and 7 were planned for separate periods, but wound up being combined due to constraints in the course calendar.
What wasn't so good?  

     Some of the labs were, according to student opinion, too data-reduction intensive.  Because of the fall quarter schedule starting on a Thursday, the Friday lab group effectively had one day of instruction prior to each new lab while the Wednesday lab group had a full 3 days of instruction going into each new lab.  

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


     The course calendar will be adjusted to start the lab sequence on Wednesday (the last day) of week 1.  The lab sequence will be adjusted to provide extra sessions for data reduction of Lab 2.  Labs 6 and 7 will be combined into a single lab.  We will revisit the contemporary issues assignment, possibly enhancing the assignment to require an essay defending a particular solution from both a technical and societal standpoint.

