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Short Course Description:

Introduction to multidomain systems. Mechanical, thermal, fluid, electrical, electronic, electromechanical system dynamics, emphasis on modeling and simulation of hybrid systems using modern computer-aided tools.

Course Objectives: 
The primary objective of the course is to give the students the skills and knowledge required for the mathematical modeling and simulation of engineering systems, including mechanical, electrical, thermal, fluid and mixed systems. The emphasis is on the processes of energy storage and dissipation that are common for the different kinds of engineering systems and determine the inherent dynamic characteristic of the systems. While modern techniques for mathematical modeling and computer simulation of engineering systems are presented, the importance of understanding the physical processes taking place in dynamic systems is stressed throughout the course material. Approximately one half of the course is devoted to the basic methods for analysis and design of engineering systems. The main content will be restricted to linear-time-invariant (LTI) systems through their state-space representation; however, linearization around nominal operating points, and other analytical tools related to typical nonlinearities will be taught as a method to study nonlinear systems.

Upon completion of the course, students should be able to:

1. Represent engineering systems and their components analytically and graphically.
2. Derive the state-space models for dynamic systems.

3. Analyze the dynamic behavior of engineering systems using analytical techniques, based on state-space models, or simulation techniques

4. Obtain the linearized models of non-linear systems.

5. Evaluate system performance

Course Contents:








      Weeks
1. Introduction to dynamic systems design
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2. Modeling dynamic systems
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3. System response
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4. Representation of dynamic models using state space methods
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5. Performance evaluation
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6. Nonlinear systems
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7. Simulation
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Learning Outcomes

1. Knowledge and understanding

· Approaches for analytical modeling of linear and non-linear engineering systems

· Techniques for state-space representation of engineering systems

2. Intellectual skills

· Derivation of mathematical models of dynamic systems

· Manipulation of dynamic models of engineering systems

· Linearization of engineering systems

· Evaluation of system performance

3. Subject specific skills
· Deriving dynamic models for simple and mixed mechatronics engineering systems
· Analyzing dynamic behavior of linear and non-linear mechatronics engineering systems

4. Transferable skills

· Modeling real physical engineering systems

· Using analytical and simulation techniques for engineering system analysis

Teaching Methods

· Lectures: By using data-show to explain and illustrate schematics and drawings

· Demonstration: Examples of physical engineering systems

· Case study: Cranes, as an example of translational-rotational mechanical systems, AC and DC motors as an example of electromechanical systems, Servo hydraulic motors as an example of fluid systems, Heaters as an example of electro-thermal systems

· Assignments, reports and Projects: Each student is given a set of problems as a homework and assignment as a case study related to modeling and simulation of a typical mechatronics system.

Grading Policy: 

1. Quizzes
 




15%

2. Modeling and simulation assignment

10%

3. Midterm Examination



25%

4. Final Examination



50%

Textbook and supporting materials:

Textbooks
1. Modeling, Identification and Simulation of Dynamical systems, by P.P.J. Van Den Bosch, A.C. Van Der Klauw, ISBN: 0849391814

2. Robert L. Woods, Kent L. Lawrence, Modeling and Simulation of Dynamic Systems, 1st Edition, 1997, Prentice Hall

References
1. Lecture Handouts (Notes) prepared by the Instructor.

2. Dynamic Modeling and Control of Engineering Systems by J. L. Shearer, B. T., Kulakowski, and J. F. Gardner, Sec. Ed., Prentice Hall 1997
3. Katsuhiko Ogata, System Dynamics, 4th Edition, 2004, Pearson Prentice Hall.

Special Attention:

1. Modeling and simulation assignment is due May 15, 2009.

2. Attendances are mandatory.

3. Office hours: 14-15 Monday and Wednesday
Submitted by:

Dr. Hussein Sarhan

Mechatronics Engineering Department

February 10, 2009
Modeling and Simulation of Dynamic Systems Assignment

Consider any mixed engineering dynamic system and:

1. Represent the system graphically using two different methods.

2. Describe the function of the system.

3. Derive the mathematical model of the system in terms of governing differential equations.

4. Check the linearity of the derived model.

5. Obtain the linearized model of the system if the system is nonlinear.

6. Derive the state-space model of the system.

7. Derive the transfer matrix of the system.

8. Analyze the dynamic performance of the system using analytical methods.

9. Analyze the dynamic performance of the system using simulation techniques.

Note: The chosen system must be approved by Instructor before March 15, 2009.
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