Year 2004-2005: from the Spring of 2004-2005
Syllabus: ES205 Analysis and Design of Engineering Systems

Description:
In ES202, ES203, and ES204, we applied conservation and accounting principles to model mechanical, electrical, fluid, and thermal systems.  In ES205, or “ADES”, we continue this study and extend it to include systems of more than one discipline.  Welcome to system dynamics!  The three main topics of the course are modeling, analysis, and design.  Modeling is the application of basic conservation and accounting principles to obtain the differential and algebraic equations that predict system behavior.  Analysis involves the characterization of that behavior in the time and frequency domains.  Design is the selection of system parameters to meet specified performance criteria.  Course learning objectives include the use of block diagrams, methods of solving equations of motion, experimental parameter identification and model validation, and further development of skills in teaming, oral presentations, writing, and computing.  Use of Matlab, Simulink, and Maple software is required.  (4R-3L-5C Spring, Fall)

Textbook:
None
Reference: 
These books are on reserve in the library. They are a valuable resource when you need a different perspective or more detail on course topics.

1. Palm, W., J., System Dynamics, McGraw Hill, 2005.

2. Ogata, K., System Dynamics, Prentice Hall, 1998.

3. Magrab, B.M, Azarm, S., Duncan, J.,  Herold, K., and Walsh, G.,  An Engineer's Guide to Matlab, . Prentice Hall, 200McGraw-Hill, 2001.

Professors:

	Section:
	01&02
	05 & 06
	08
	07

	Prof:
	Dr. Merkel
	Dr. Cornwell
	Dr. Moore
	Dr. Black

	Office:
	E102
	C217
	M246
	C208

	Phone:
	8225
	8232
	8110
	8437

	CM:
	154
	162
	4026
	107


Goals:  
To have students develop a competency in modeling and simulation techniques and tools in the areas of moving body systems, electrical systems, fluid systems, and thermal systems.  
Objectives:  To provide the background and basic skills for:

--Problem Definition

--Information Gathering

--Concept Generation using Function Matrix 

--Decision Making

--Detail Design

--Prototype Construction and Testing

--Planning for product improvement

--Demonstrating improvement

--Documenting design for production

Prerequisites:
ES 202 Fluid and Thermal Systems

ES 204 Mechanical Systems

ES 203 Electrical Systems



MA 222 Differential Equations and Matrix Algebra II

Course Topics:  
	1. Mechanical systems
	7. Block diagrams and simulation diagrams

	2. Electrical systems
	8. Methods of solving equations of motion

	3. Fluid systems
	9. Experimental identification and model validation

	4. Heat transfer systems
	10. Teaming, oral presentations, and writing

	5. Combination systems

6. Time and frequency responses
	11. Computing using Matlab, Simulink, and Maple.


Computer Use:

-- Use of Matlab, Simulink, and Maple as applied to solving differential equation and graphics for simulation. 

-- Use of computer data acquisition systems to take data
in lab settings.


Laboratory Projects:

The laboratory experiences support the course learning objectives in modeling, simulation, analysis, and design of engineering systems. Laboratory time is used also to support the course objectives in teaming, writing, oral presentations, and computing. Some lab periods are largely computational, others are experimental, and some involve demonstrations. The experiments (both “hands-on” and demonstration) produce data that students use in model validation and parameter identification, generally related to lecture topics being covered at the time.

Class/Laboratory Schedule:

   (from the Spring of 2004-2005)

Lessons:

	Wk/Le
	day
	date
	topics
	hw
	due

	1/1
	M
	7 Mar
	Introduction, modeling, springs
	Le01/HW1
	

	1/2
	T
	8 Mar
	Springs and dampers
	Le02/HW2
	

	1/3
	R
	12 Mar
	Gears, standard model forms
	Le03/HW2
	HW1

	2/4
	M
	14 Mar
	Mechanical systems problems
	Le04/HW2
	

	2/5
	T
	15 Mar
	Mechanical systems problems
	Le05/HW3
	

	2/6
	R
	17 Mar
	RLC circuits and Op-amps (review)
	Le06/HW3
	HW2

	3/7
	M
	21 Mar
	Electrical systems
	Le07/HW3
	

	3/8
	T
	22 Mar
	DC motors
	Le08/HW4
	

	3/9
	R
	24 Mar
	DC motors
	Le09/HW4
	HW3

	4/10
	M
	28 Mar
	Electromechanical systems problems
	Le10/HW4
	

	4/11
	T
	29 Mar
	Review problems
	
	HW4

	4/12
	R
	31 Mar
	Exam 1 (Le 1-11)
	
	

	
	
	02-10 Apr
	Spring Break
	
	

	5/13
	M
	11 Apr
	Time response of 1st- and 2nd-order systems
	Le13/HW5
	

	5/14
	T
	12 Apr
	Time response of 1st- and 2nd-order systems
	Le14/HW6
	

	5/15
	R
	14 Apr
	Performance specifications
	Le15/HW6
	HW5

	6/16
	M
	18 Apr
	Tank draining
	Le16/HW6
	

	6/17
	T
	19 Apr
	Hydraulics
	Le17/HW7
	

	6/18
	R
	21 Apr
	Combination problems
	Le18/HW7
	HW6

	7/19
	M
	25 Apr
	Convection, conduction, radiation
	Le19/HW7
	

	7/20
	T
	26 Apr
	Thermal capacitance and lumped parameters
	Le20/HW8
	

	7/21
	R
	28 Apr
	Heat transfer problems
	Le21/HW8
	HW7

	8/22
	M
	02 May
	Review problems
	
	HW8

	8/23
	T
	03 May
	Exam 2
	
	

	8/24
	R
	05 May
	Frequency response, 1st- and 2nd-order systems
	Le24/HW9
	

	9/25
	M
	9 May
	Frequency response, transfer-function approach
	Le25/HW9
	

	9/26
	T
	10 May
	Frequency response sketching
	Le26/HW10
	

	9/27
	R
	12 May
	Frequency response sketching
	Le27/HW10
	HW9

	10/28
	M
	16 May
	Frequency response sketching
	Le28/HW10
	

	10/29
	T
	17 May
	Combination problems
	
	

	10/30
	R
	19 May
	Combination problems
	
	HW10

	
	
	TBD
	Final Exam
	
	


Labs:
	Lab 1
	
	Week 1
	Block diagrams and simulation diagrams
Simulink tutorial
	
	Lab1 wksht

	Lab 2
	
	
	Module: Introduction to model characteristics
Module: Matlab tutorial
	
	Lab2 wksht

	Lab 3
	
	
	Lab: System identification (in controls lab)
	
	

	Lab 4
	
	
	Module: Guidelines for technical writing
Lab: Model and simulate a DC motor-generator set
	
	

	Lab 5
	
	
	Work on write-ups for lab 3 and 4
	
	

	Lab 6
	
	
	Lab: Tank-draining experiment
Team citizenship ratings
	
	Lab 3 and 4

	Lab 7
	
	
	Thermocouple parameter identification
	
	Lab7 wksht

	
Lab 8
	
	
	Module: Oral presentations
Lab: Frequency response using Matlab
	
	Lab6 report
Lab8 wksht

	Lab 9
	
	
	Mass-Spring system frequency response (in controls lab)
	
	Lab9 wksht

	Lab 10
	
	
	Oral presentations
Team citizenship ratings, course evaluations
	
	Oral
presentations


Professional Component:


Engineering Science: 100%

Engineering Design:      0%
2004-2005 Learning Objectives:
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.
What I Tried Spring 2004-2005:

Evaluation of the course:

What was good?  

This is the first time the course has been taught since 1 credit was reduced and given to the ES202 course.  As part of this credit reduction, the lecture was changed to three 50 minutes lectures a week instead of the previous three 67 minutes lectures  each week.   To fit the smaller contact time, the Fourier series and analysis lectures were removed from the course content.   There was a new mass-spring lab during week 3 or 4 of the quarter using the new mass spring damper lab equipment in the controls lab.  The motor-generator lab was reduced from two weeks to one week to make room for this.  Reducing the motor generator lab also resulted in the removal of the field controlled DC motor modeling topics from the course. 
What wasn't so good?  

Several instructors of the course are still not content with the absence of an appropriate text for this class and the unavailability of a varied homework problem set base.  An in-house text/notes set is in development, but is not ready for publication yet.   There were some order issues that arose with the adjustment of the topics with the removal of the credit.  Some topics should have been covered before the associated lab was done.  This will need to be addressed next time the course is taught.  This comment is particularly targeted to the frequency analysis and use of the Bode plots.
Next Time I/We Plan to Modify the Course by Changing/Trying: 

No specific recommendations.
Continue to use this format of recording what we currently do to improve our courses every time the course is taught

