Introduction to Modeling and Simulation of Mechatronic Systems
course Text:

            [1] Mechatronic Systems Design: Methods, Models, Concepts. Janschek, K., Hardcover, 
                   ISBN 978-3-642-17530-5, Springer Berlin Heidelberg, 2012.
[2] 机电系统设计方法、模型及概念. Chinese translation of Mechatronic Systems Design:
     Methods, Models, Concepts, Janschek, K., Tsinghua University Press Ltd., China, (2 volumes),

     2017.
course Material:
Lecture notes and exercises are provided as PDFs.
Simulation implementation examples are provided as Matlab/Simulink and OpenModelica scripts. 

Prerequisite:

Foundations in calculus, mechanics, electric circuits. 
Course goals:

This course aims for getting understanding of advanced methods for unified multi-domain modeling of mechatronics systems employing energy-based modeling using the LAGRANGE formalism in a generalized formulation and a generalized network based approach (a power-flow-based method) resulting in multi-port models, with the latter models forming the basis for modern object-oriented physical modeling tools. The resulting mathematical models are generally systems of differential-algebraic equations (DAE systems), the non-trivial handling of which is introduced as well. Fundamentals for the implementation of mathematical models for simulation experiments are further introduced covering numerical integration approaches for ordinary differential equations (ODE) as well as for DAE models.
Basic implementations have to be developed by the students using self-written numerical integration algorithms using Matlab, resulting in deeper understanding of strengths and weaknesses of built-in ODE/DAE solvers in commercial simulation tools.

course contents：
Introduction to mechatronic systems design; Energy based modeling (Euler-Lagrange); Numerical integration of ODE-systems (algorithms, stability, stiff, low-damped systems); Multi-port modeling – Kirchhoff networks; Differential algebraic equation (DAE) systems; Numerical integration of DAE-systems; Signal based network modeling;  Object-oriented physical modeling.
Homework Policy:
Homework is to be handed in before the beginning of class on the day it is due.  No late homework will be accepted.   Since assigned homeworks are an integral part of transferring course content to students, they are to be an individual effort.  Each new homework problem must begin on a new page.  The homework format must follow the example attached to the syllabus. Homework re-grades must be requested in writing within one class period after its original return.  Students must receive a passing homework grade to pass the course.  The lowest homework assignment grade will be dropped from the final homework average.
Examinations:

There will be a written exam at the end of the course. Date and venue are to be announced. This exam will be closed books and closed notes, except 1 page with handwritten notes. 
Course Outline
	Unit
90 min
	Topic
	Reading Assignment
	HW Out 

	Module-1: Introduction and system modeling, 1 unit

	1
	Introduction to mechatronic systems design
	 MS_L1
	

	Module-2: Energy based ODE models, 7 units

	2
	Energy based modeling (Euler-Lagrange), part-1
	MS_L2
	

	3
	Energy based modeling (Euler-Lagrange), part-2
	MS_L2 (cont’d)  
	#1:MS_Ex1

	4
	Exercise-1: Energy based modeling
	MS_Ex1
	

	5
	Numerical integration of ODE-systems, part-1
	MS_L3
	

	6
	Numerical integration of ODE-systems, part-2
	MS_L3 (cont’d)
	#2:MS_Ex2, #3:MS_P1

	7
	Exercise-2: Numerical integration of ODE systems
	MS_Ex2
	

	8
	Project-1: Basic ODE Solver (Matlab)
	MS_P1 
	

	Module-3: Multi-port based DAE models, 5 units

	9
	Multi-port modeling – Kirchhoff networks
	MS_L4
	

	10
	Differential algebraic (DAE) systems
	MS_L5
	#4:MS_Ex3

	11
	Numerical integration of DAE-systems
	MS_L6
	#5:MS_P2

	12
	Exercise-3: DAE systems
	MS_Ex3
	

	13
	Project-2: Basic DAE Solver (Matlab)
	MS_P2
	

	Module-4: Modular models, 3 units

	14
	Signal based network modeling
	MS_L7
	

	15
	Object-oriented physical modeling
	MS_L8
	

	16
	Exercise-4: ModSim case study
	MS_Ex4
	

	
	written exam
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