ME505 Modeling and Simulation of Dynamic Systems
2005-2006 Catalog Data: 4R-0L-4C Modeling and simulation of engineering components and systems. Emphasis on a unified work-energy approach to modeling physical systems, model formulation using a differential-algebraic form of Lagrange’s equation, and the numerical solution of the resulting initial-value problem. Applications are explored using modeling and simulation projects.
Textbook:
R. Layton, Principles of Analytical System Dynamics, Springer-Verlag, 1998.
Reference: 
None

Professor:
 R. Layton
Goals:
To introduce students to Lagrangian system dynamics and the formulation and numerical solution of models in differential-algebraic form.  
Objectives:
At the conclusion of this course, students should be able to:

· write expressions to model the energy functions, virtual work, and constraints of multidisciplinary engineering system or components.

· using these expressions, apply a differential-algebraic equation (DAE) form of Lagrange’s equation to obtain a DAE model in one of several standard forms.

· numerically solve the resulting DAE initial-value problem using the Dymola software package.

· assess the reliability of the numerical solution.

Prerequisites

· ES 205, MA 222

Course Topics:  This course presents a unified, energy-based approach for the modeling and simulation of engineering components and systems. Systematic modeling is based on Lagrange’s equation for mechanical, electrical, fluid, and thermal systems; simulation is based on the numerical solution of initial-value problems in nonlinear differential-algebraic equations. Applications are explored using modeling and simulation projects.
· Lagrangian system dynamics
· Lagrangian ODEs
· Numerical solution of ODEs

· Constraints

· Virtual work

· Lagrange multipliers

· Lagrangian DAEs

· Numerical solution of DAEs

· Issues and lessons-learned in modeling applications
Computer Use:  MAPLE is used for symbolic manipulation of energy, work, and constraint functions to obtain the basic elements of Lagrangian differential-algebraic equations (DAEs). DYMOLA, using the MODELICA language, is used for numerical integration of ODE and DAE models.  MATLAB and SIMULINK are used to manipulate the input and output of the numerical simulations and facilitate the creation of publication-quality graphs.



Laboratory Projects:


Modeling and simulation projects (12 of the lecture periods are allotted as “lab” periods for these modeling and simulation projects.)
Class/Laboratory Schedule:


Class/Lecture: 4 hr/wk

Laboratory:
0 hr/wk
Professional Component:


Engineering Science:
100%

Engineering Design:
0%
