
  System Dynamics for 
Engineering Students





System Dynamics for 
Engineering Students

Concepts and Applications

Nicolae Lobontiu
University of Alaska Anchorage

AMSTERDAM • BOSTON • HEIDELBERG • LONDON

NEW YORK • OXFORD • PARIS • SAN DIEGO

SAN FRANCISCO • SINGAPORE • SYDNEY • TOKYO   

  Academic Press is an imprint of Elsevier  



  Academic Press is an imprint of Elsevier

30 Corporate Drive, Suite 400, Burlington, MA 01803, USA  

  The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, UK    

  © 2010 Elsevier Inc. All rights reserved.  

 No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, 

including photocopying, recording, or any information storage and retrieval system, without permission in writing from 

the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies and our 

arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be 

found at our Web site:  www.elsevier.com/permissions  

 This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be 

noted herein). 

  Notices  

 Knowledge and best practice in this fi eld are constantly changing. As new research and experience broaden our understanding, 

changes in research methods, professional practices, or medical treatment may become necessary. 

 Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, 

methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their 

own safety and the safety of others, including parties for whom they have a professional responsibility. 

 To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury 

and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of 

any methods, products, instructions, or ideas contained in the material herein. 

 MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See  www.mathworks.com/trademarks  for a list 

of additional trademarks. The MathWorks Publisher Logo identifi es books that contain MATLAB® and Simulink® content. 

Used with permission. The MathWorks does not warrant the accuracy of the text or exercises in this book. This book’s use 

or discussion of MATLAB® and Simulink® software or related products does not constitute endorsement or sponsorship by 

The MathWorks of a particular use of the MATLAB® and Simulink® software or related products. 

 For MATLAB® and Simulink® product information, or information on other related products, please contact: The MathWorks, 

Inc., 3 Apple Hill Drive, Natick, MA, 01760-2098 USA; Tel: 508-647-7000; Fax: 508-647-7001; E-mail:  info@mathworks.com ; 

Web:  www.mathworks.com  (A full listing of editorial standards,  The MathWorks Book Program Book Development, Production, 
and Promotion Guidelines,  is available from The Book Program Team at  bookprogram@mathworks.com .) 

  Library of Congress Cataloging-in-Publication Data  

 A catalog record for this book is available from the Library of Congress. 

  British Library Cataloguing-in-Publication Data  

 A catalogue record for this book is available from the British Library. 

 ISBN: 978-0-240-81128-4 (Case bound) 

 ISBN: 978-0-12-381990-1 (Case bound with on-line testing)  

 Printed in the United States of America 

 10  11  12  13  14  15    9  8  7  6  5  4  3  2  1 

 Typeset by: diacriTech, Chennai, India       

For information on all Academic Press publications, visit our 

Web site:  www.elsevierdirect.com 



    To all readers coming across this book,
with friendly consideration.         





      “Pro captu lectoris habent sua fata libelli.” (It is on the reader’s 
understanding that the fate of books depends). 

 Terentianus Maurus, Latin writer 

  De litteris, De syllabis, De metris  





ix

  Foreword ..................................................................................................................xv

Preface ....................................................................................................................xvii  

Resources That Accompany This Book ................................................................xxiii

  CHAPTER 1     Introduction ............................................................................ 1  
   1.1 Engineering System Dynamics .......................................................1  

   1.2 Modeling Engineering System Dynamics .......................................2  

   1.2.1 Modeling Variants .................................................................3  

   1.2.2  Dynamical Systems Lumped-Parameter Modeling 

and Solution ..........................................................................6  

   1.3 Components, System, Input, and Output ........................................7  

   1.4 Compliant Mechanisms and Microelectromechanical Systems ......9  

   1.5 System Order .................................................................................13  

   1.5.1 Zero-Order Systems ............................................................13  

   1.5.2 First-Order Systems ............................................................14  

   1.5.3 Second- and Higher-Order Systems ....................................16  

   1.6 Coupled-Field (Multiple-Field) Systems ......................................19  

   1.7 Linear and Nonlinear Dynamic Systems.......................................21  

  CHAPTER 2 Mechanical Systems I ........................................................... 25  
   Objectives ......................................................................................25  

   Introduction ...................................................................................25  

   2.1  Basic Mechanical Elements: Inertia, Stiffness, Damping, 

and Forcing ....................................................................................26  

   2.1.1 Inertia Elements ..................................................................26  

   2.1.2 Spring Elements ..................................................................29  

   2.1.3 Damping Elements ..............................................................32  

   2.1.4 Actuation (Forcing) .............................................................35  

   2.2 Basic Mechanical Systems ............................................................36  

   2.2.1  Newton’s Second Law of Motion Applied to Mechanical 

Systems Modeling ...............................................................36  

   2.2.2 Free Response .....................................................................37  

   2.2.3 Forced Response with Simulink ®  ........................................51  

   Summary .......................................................................................58  

   Problems ........................................................................................58  

   Suggested Reading ........................................................................64  

  CHAPTER 3 Mechanical Systems II .......................................................... 65  
   Objectives ......................................................................................65  

  Contents   



x  Contents

   Introduction ...................................................................................65  

   3.1 Lumped Inertia and Stiffness of Compliant Elements ..................66  

   3.1.1 Inertia Elements ..................................................................67  

   3.1.2 Spring Elements ..................................................................71  

   3.2 Natural Response of Compliant Single Degree-of-Freedom

  Mechanical Systems ......................................................................73  

   3.3 Multiple Degree-of-Freedom Mechanical Systems ......................78  

   3.3.1 Confi guration, Degrees of Freedom ....................................78  

   3.3.2 Conservative Mechanical Systems ......................................80   

   3.3.3 Forced Response with Simulink ®  ........................................89  

   Summary .......................................................................................95  

   Problems ........................................................................................95  

   Suggested Reading ......................................................................102  

  CHAPTER 4 Electrical Systems .............................................................. 103  
   Objectives ....................................................................................103  

   Introduction .................................................................................103  

   4.1  Electrical Elements: Voltage and Current Sources, Resistor, 

Capacitor, Inductor, Operational Amplifi er.................................104  

   4.1.1 Voltage and Current Source Elements ...............................104  

   4.1.2 Resistor Elements ..............................................................104  

   4.1.3 Capacitor Elements ...........................................................108  

   4.1.4 Inductor Elements .............................................................115  

   4.1.5 Operational Amplifi ers ......................................................116  

   4.2 Electrical Circuits and Networks ................................................117  

   4.2.1 Kirchhoff’s Laws ...............................................................117  

   4.2.2 Confi guration, Degrees of Freedom ..................................120  

   4.2.3 Methods for Electrical Systems Modeling ........................122  

   4.2.4 Free Response ...................................................................125  

   4.2.5 Operational Amplifi er Circuits ..........................................133  

   4.2.6 Forced Response with Simulink ®  ......................................137  

   Summary .....................................................................................142  

   Problems ......................................................................................142  

   Suggested Reading ......................................................................149  

  CHAPTER 5 Fluid and Thermal Systems .................................................. 151  
   Objectives ....................................................................................151  

   Introduction .................................................................................151  

   5.1 Liquid Systems Modeling ...........................................................152  

   5.1.1 Bernoulli’s Law and the Law of Mass Conservation ........152  

   5.1.2 Liquid Elements ................................................................155  



  Contents xi

   5.1.3 Liquid Systems ..................................................................169  

   5.2 Pneumatic Systems Modeling .....................................................178  

   5.2.1 Gas Laws ...........................................................................178  

   5.2.2 Pneumatic Elements ..........................................................179  

   5.2.3 Pneumatic Systems............................................................181  

   5.3 Thermal Systems Modeling ........................................................183  

   5.3.1 Thermal Elements .............................................................183  

   5.3.2 Thermal Systems ...............................................................189  

   5.4 Forced Response with Simulink ®  ................................................191  

   Summary .....................................................................................195  

   Problems ......................................................................................195  

   Suggested Reading ......................................................................202  

  CHAPTER 6 The Laplace Transform ........................................................ 205  
   Objectives ....................................................................................205  

   Introduction .................................................................................205  

   6.1 Direct Laplace and Inverse Laplace Transformations .................206  

   6.1.1  Direct Laplace Transform and Laplace Transform 

Pairs ...................................................................................207  

   6.1.2 Properties of the Laplace Transform .................................212  

   6.2  Solving Differential Equations by the Direct and Inverse 

Laplace Transforms .....................................................................226  

   6.2.1  Analytical and MATLAB ®  Partial-Fraction 

Expansion ..........................................................................227  

   6.2.2  Linear Differential Equations with Constant 

Coeffi cients .......................................................................232  

   6.2.3  Use of MATLAB ®  to Calculate Direct and Inverse 

Laplace Transforms ...........................................................234  

   6.2.4  Linear Differential Equation Systems with Constant 

Coeffi cients .......................................................................235  

   6.2.5  Laplace Transformation of Vector-Matrix Differential 

Equations ...........................................................................237  

   6.2.6  Solving Integral and Integral-Differential Equations by 

the Convolution     Theorem ..................................................240  

   6.2.7  Linear Differential Equations with Time-Dependent 

Coeffi cients .......................................................................242  

   6.3  Time-Domain System Identifi cation from Laplace-Domain 

Information ..................................................................................244  

   Summary .....................................................................................246  

   Problems ......................................................................................246  

   Suggested Reading ......................................................................251  



xii  Contents

  CHAPTER 7 Transfer Function Approach ................................................. 253  
   Objectives ....................................................................................253  

   Introduction .................................................................................253  

   7.1 The Transfer Function Concept ...................................................254  

   7.2 Transfer Function Model Formulation ........................................257  

   7.2.1 Analytical Approach .........................................................257  

   7.2.2 MATLAB ®  Approach ........................................................273  

   7.3 Transfer Function and the Time Response ..................................274  

   7.3.1 SISO Systems ....................................................................274  

   7.3.2 MIMO Systems .................................................................287  

   7.4 Using Simulink ®  to Transfer Function Modeling .......................295  

   Summary .....................................................................................298  

   Problems ......................................................................................299  

   Suggested Reading ......................................................................307  

  CHAPTER 8 State Space Approach ......................................................... 309  
   Objectives ....................................................................................309  

   Introduction .................................................................................309  

   8.1 The Concept and Model of the State Space Approach ...............310  

   8.2 State Space Model Formulation ..................................................317  

   8.2.1 Analytical Approach .........................................................317  

   8.2.2 MATLAB ®  Approach ........................................................331  

   8.3 State Space and the Time-Domain Response ..............................336  

   8.3.1  Analytical Approach: The State-Transition Matrix 

Method...............................................................................336  

   8.3.2 MATLAB ®  Approach ........................................................341  

   8.4 Using Simulink ®  for State Space Modeling ................................347  

   Summary .....................................................................................352  

   Problems ......................................................................................353  

   Suggested Reading ......................................................................360  

  CHAPTER 9 Frequency-Domain Approach ............................................... 361  
   Objectives ....................................................................................361  

   Introduction .................................................................................361  

   9.1  The Concept of Complex Transfer Function in Steady-State 

Response and Frequency-Domain Analysis ................................362  

   9.2  Calculation of Natural Frequencies for Conservative Dynamic 

Systems .......................................................................................365  

   9.2.1 Analytical Approach .........................................................365  

   9.2.2 MATLAB ®  Approach ........................................................369  



  Contents xiii

   9.3  Steady-State Response of Dynamic Systems to Harmonic 

Input ............................................................................................370  

   9.3.1 Analytical Approach .........................................................370  

   9.3.2 Using MATLAB ®  for Frequency Response Analysis .......383  

   9.4 Frequency-Domain Applications ................................................389  

   9.4.1 Transmissibility in Mechanical Systems ...........................390  

   9.4.2 Cascading Nonloading Systems ........................................400  

   9.4.3 Filters.................................................................................402  

   Summary .....................................................................................407  

   Problems ......................................................................................407  

   Suggested Reading ......................................................................415  

  CHAPTER 10 Coupled-Field Systems ........................................................ 417  
   Objectives ....................................................................................417  

   Introduction .................................................................................417  

   10.1 Concept of System Coupling ......................................................418  

   10.2 System Analogies ........................................................................422  

   10.2.1 First-Order Systems ........................................................422  

   10.2.2 Second-Order Systems ....................................................424  

   10.3 Electromechanical Coupling .......................................................427  

   10.3.1 Mechanical Strain, Electrical Voltage Coupling .............427  

   10.3.2 Electromagnetomechanical Coupling .............................433  

   10.3.3  Electromagnetomechanical Coupling with Optical 

Detection in MEMS ........................................................437  

   10.3.4 Piezoelectric Coupling ....................................................440  

   10.4 Thermomechanical Coupling: The Bimetallic Strip ...................454  

   10.5 Nonlinear Electrothermomechanical Coupled-Field 

  Systems .......................................................................................457  

   10.6 Simulink ®  Modeling of Nonlinear Coupled-Field Systems ........459  

   Summary .....................................................................................463  

   Problems ......................................................................................463  

   Suggested Reading ......................................................................472  

  CHAPTER 11  Introduction to Modeling and Design of  Feedback Control 
 Systems . . . www.booksite.academicpress.com/lobontiu  

  APPENDIX A      Solution to Linear Ordinary Homogeneous Differential Equations 
with Constant Coeffi cients ................................................... 473  

  APPENDIX B      Review of Matrix Algebra .................................................... 477  



xiv  Contents

  APPENDIX C      Essentials of MATLAB ®  and System Dynamics-Related 
Toolboxes ........................................................................... 481  

  APPENDIX D      Deformations, Strains, and Stresses of Flexible Mechanical 
Components ........................................................................ 493  

  INDEX ......................................................................................................... 499    



xv

This text is a modern treatment of system dynamics and its relation to traditional 

mechanical engineering problems as well as modern microscale devices and machines. 

It provides an excellent course of study for students who want to grasp the fundamen-

tals of dynamic systems and it covers a signifi cant amount of material also taught in 

engineering modeling, systems dynamics, and vibrations, all combined in a dense 

form. The book is designed as a text for juniors and seniors in aerospace, mechanical, 

electrical, biomedical, and civil engineering. It is useful for  understanding the design 

and development of micro- and macroscale structures, electric and fl uidic systems 

with an introduction to transduction, and numerous simulations using MATLAB and 

SIMULINK.

The creation of machines is essentially what much of engineering is all about. 

Critical to almost all machines imaginable is a transient response, which is funda-

mental to their functionality and needs to be our primary concern in their design. 

This might be in the form of changing voltage levels in a sensor, the defl ection of a 

spring supported mass, or the fl ow of fl uid through a device. The phenomena which 

govern dynamics are not simply its mechanical components but often involve the 

dynamics of transducers as well, which are often electro-mechanical or fl uidic based. 

This text discusses traditional electro-magnetic type actuators, but also ventures into 

electrostatics which are the dominant form of actuators in microelectromechanical 

systems (MEMs).

This book presents an opportunity for introducing dynamic systems to  scientists 

and engineers who are concerned with the engineering of machines both at the micro- 

and macroscopic scale. Mechanism and movement are considered from the types of 

springs and joints that are critical to micro-machined, lithographic based devices to 

traditional models of macroscale electrical, fl uidic, and electromechanical systems. 

The examples discussed and the problems at the end of each chapter have applicabil-

ity at both scales. In essence this is a more modern treatment of dynamical systems, 

presenting views of modeling and substructures more consistent with the variety of 

problems that many engineers will face in the future. Any university with a substan-

tive interest in microscale engineering would do well to consider a course that cov-

ers the material herein. Finally, this text lays the foundation and framework for the 

development of controllers applied to these dynamical systems.

Professor Ephrahim Garcia

Sibley School of Mechanical and Aerospace Engineering 

Cornell University 

Ithaca, New York

Foreword
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   Engineering system dynamics is a discipline that focuses on deriving  mathematical 

models based on simplifi ed physical representations of actual systems, such as 

mechanical, electrical, fl uid, or thermal, and on solving the mathematical  models 

(most often consisting of differential equations). The resulting solution (which 

refl ects the system response or behavior) is utilized in design or analysis before 

 producing and testing the actual system. Because dynamic systems are character-

ized by similar mathematical models, a unitary approach can be used to characterize 

 individual systems pertaining to different fi elds as well as to consider the interaction 

of systems from multiple fi elds as in coupled-fi eld problems. 

 This book was designed to be utilized as a one-semester system dynamics text 

for upper-level undergraduate students with emphasis on mechanical, aerospace, 

or electrical engineering. Comprising important components from these areas, the 

material should also serve cross-listed courses  (mechanical-electrical) at a similar 

study level. In addition to the printed chapters, the book contains an equal number of 

chapter extensions that have been assembled into a companion website section; this 

makes it useful as an introductory text for more advanced courses, such as vibrations, 

controls, instrumentation, or mechatronics. The book can also be useful in graduate 

coursework or in individual study as reference material. The material contained in 

this book most probably exceeds the time allotted for a one-semester course lecture, 

and therefore topical selection becomes necessary, based on particular instruction 

emphasis and teaching preferences. 

 While the book maintains its focus on the classical approach to system dynamics, 

a new feature of this text is the introduction of examples from compliant mechanisms 

and micro- and nano-electromechanical systems (MEMS/NEMS), which are recog-

nized as increasingly important application areas. As demonstrated in the book, and 

for the relatively simple examples that have been selected here, this inclusion can 

really be treated within the regular system dynamics lumped-parameter (pointlike) 

modeling; therefore, the students not so familiar with these topics should face no 

major comprehension diffi culties. Another central point of this book is proposing a 

chapter on coupled-fi eld (or multiple-fi eld) systems, whereby interactions between 

the mechanical, electrical, fl uid, and thermal fi elds occur and generate means for 

actuation or sensing applications, such as in piezoelectric, electromagnetomechani-

cal, or electrothermomechanical applications. 

 Another key objective was to assemble a text that is structured, balanced, 

 cohesive, and providing a fl uent and logical sequence of topics along the following 

lines: 

  1.   It starts from simple objects (the components), proceeds to the objects’ assembly 

(the individual system), and arrives at the system interaction level (coupled-fi eld 

systems).  

Preface
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  2.   It uses modeling and solution techniques that are familiar from other disciplines, 

such as physics or ordinary differential equations, and subsequently introduces 

new modeling and solution procedures.  

  3.   It provides a rather even coverage (space) to each book chapter.  

  4.   While various chapter structures are possible in a system dynamics text, this 

book proposes a sequence that was intended to be systematic and consistent with 

the logical structure and progression of the presented material.    

 As such, the book begins with an introductory  Chapter 1 , which offers an over-

view of the main aspects of a system dynamics course for engineering students. The 

next four chapters— Chapters 2 ,  3 ,  4 , and  5 —are dedicated, in order, to mechanical 

( Chapters 2  and  3 ), electrical ( Chapter 4 ), and fl uid and thermal ( Chapter 5 ) system 

modeling. They contain basic information on components, systems, and the principal 

physical and mathematical tools that make it possible to model a dynamic system and 

determine its solution. 

 Once the main engineering dynamic systems have been studied,  Chapter 6  

presents the Laplace transform technique, a mathematical tool that allows simpli-

fying the differential equation solution process for any of the individual systems. 

This chapter is directly connected to the next segment of the book, containing 

 Chapters 7 ,  8 , and  9 .  Chapter 7  introduces the transfer function approach, which 

facilitates fi nding the time-domain response (solution) of a dynamic system after 

the corresponding unknowns have been determined in the Laplace domain. The 

complex impedance, which is actually a transfer function connecting the Laplace-

transformed input and output of a specifi c system element, is also introduced 

and thoroughly treated in this chapter. Chapter 8 studies the state space mod-

eling and solution approach, which is also related to the Laplace transform of 

 Chapter 6  and the transfer function of  Chapter 7 .  Chapter 9  discusses modeling 

system dynamics in the frequency domain by means of the sinusoidal (harmonic) 

transfer function. 

  Chapter 10  analyzes coupled-fi eld (or multiple-fi eld) dynamic systems, which 

are combinations of mechanical, electrical, magnetic, piezoelectric, fl uid, or thermal 

systems. In this chapter, dynamic models are formulated and solved by means of 

the procedures studied in previous chapters. Because of the partial and natural over-

lap between system dynamics and controls, the majority of textbooks on either of 

these two areas contain coverage of material from the adjoining domain. Consistent 

with this approach, the companion website contains one chapter,  Chapter 11 , on 

introductory controls, where basic time-domain and frequency-domain topics are 

addressed. 

 The book also includes four appendices:  Appendix A  presents the solutions to 

linear differential equations with constant coeffi cients,  Appendix B  is a review of 

matrix algebra,  Appendix C  contains basic MATLAB ®  commands that have been 

used throughout this text, and  Appendix D  gives a summary of equations for calculat-

ing deformations, strains, and stresses of deformable mechanical components. 
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 The book introduces several topics that are new to engineering system dynamics, 

as highlighted here: 

   Chapter 3 , Mechanical Systems II 

  •   Lumped-parameter inertia properties of basic compliant (fl exible) members.  

  •   Lumped-parameter dynamic modeling of simple compliant mechanical 

microsystems.  

  •   Mass detection in MEMS by the resonance shift method.     

   Chapter 4 , Electrical Systems 

  •   Capacitive sensing and actuation in MEMS.     

   Chapter 5 , Fluid and Thermal Systems 

  •   Comprehensive coverage of liquid, pneumatic, and thermal systems.  

  •   Natural response of fl uid systems.     

   Chapters 3 ,  4 , and  5  

  •   Notion of degrees of freedom (DOFs) for defi ning the system confi guration 

of dynamic systems.  

  •   Application of the energy method to calculate the natural frequencies of 

single- and  multiple-DOF conservative systems.  

  •   Utilization of the vector-matrix method to calculate the eigenvalues either 

 analytically or using MATLAB ® .     

   Chapter 6 , Laplace Transform 

  •   Linear ordinary differential equations with time-varying coeffi cients.  

  •   Laplace transformation of vector-matrix differential equations.  

  •   Use of the convolution theorem to solve integral and integral-differential 

equations.  

  •   Time-domain system identifi cation.     

   Chapter 7 , Transfer Function Approach 

  •   Extension of the single-input, single-output (SISO) transfer function 

 approach to  multiple-input, multiple-output (MIMO) systems by means of 

the transfer function matrix.  

  •   Application of the transfer function approach to solve the forced and the 

free responses with nonzero initial conditions.  

  •   Systematic introduction and comprehensive application of the complex 

impedance approach to electrical, mechanical, and fl uid and thermal 

systems.  

  •   MATLAB ®  conversion between zero-pole-gain (zpk) and transfer function 

(tf) models.     
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   Chapter 8 , State Space Approach 

  •   Treatment of the descriptor state equation.  

  •   Application of the state space approach to solve the forced and free responses 

with nonzero initial conditions.  

  •   MATLAB ®  conversion between state space (ss) models and zpk or tf 

models.     

   Chapter 9 , Frequency-Domain Approach 

  •   State space approach and the frequency domain.  

  •   MATLAB ®  conversion from zpk, tf, or ss models to frequency response data 

(frd) models.  

  •   Steady-state response of cascading unloading systems.  

  •   Mechanical and electrical fi lters.     

   Chapter 10 , Coupled-Field Systems 

  •   Formulation of the coupled-fi eld (multiple-fi eld) problem.  

  •   Principles and applications of sensing and actuation.  

  •   Strain gauge and Wheatstone bridge circuits for measuring mechanical 

deformation.  

  •   Applications of electromagnetomechanical system dynamics.  

  •   Principles and applications of piezoelectric coupling with mechanical 

deformable systems.  

  •   Nonlinear electrothermomechanical coupling.       

 Within this printed book’s space limitations, attention has been directed at gen-

erating a balanced coverage of minimally necessary theory presentation, solved 

examples, and end-of-chapter proposed problems. Whenever possible, examples are 

solved analytically, using hand calculation, so that any mathematical software can 

be used in conjunction with any model developed here. The book is not constructed 

on MATLAB ® , but it uses this software to determine numerical solutions and to 

solve symbolically mathematical models too involved to be obtained by hand. It 

would be diffi cult to overlook the built-in capabilities of MATLAB ® ’s tool boxes 

(really programs within the main program, such as the ones designed for symbolic 

calculation or controls), which many times use one-line codes to solve complex 

system dynamics problems and which have been used in this text. Equally appeal-

ing solutions to system dynamics problems are the ones provided by Simulink ® , 

a graphical user interface program built atop MATLAB ® , and applications are 

included in almost all the chapters of solved and proposed exercises that can be 

approached by Simulink ® . 

 Through a companion website, the book comprises more ancillary support 

material, including companion book chapters with extensions to the printed book 

(with more advanced topics, details of the printed book material, and additional 

solved examples, this section could be of interest and assistance to both the instruc-

tor and the student). The sign  is used in the printed book to signal associated 
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material on the companion website. The companion website chapters address the 

following topics: 

   Chapter 3 , Mechanical Systems II 

  •   Details on lumped-parameter stiffness and inertia properties of basic compliant 

(fl exible) members.  

  •   Additional springs for macro and micro system applications.  

  •   Pulley systems.     

   Chapter 4 , Electrical Systems 

  •   Equivalent resistance method.  

  •   Transformer elements and electrical circuits.  

  •   Operational amplifi er circuits as analog computers.     

   Chapter 5 , Fluid and Thermal Systems 

  •   Capacitance of compressible pipes.     

   Chapter 6 , Laplace Transform 

  •   Thorough presentation of the partial-fraction expansion.  

  •   Application of the Laplace transform method to calculating natural 

frequencies.  

  •   Method of integrating factor and the Laplace transform.     

   Chapter 7 , Transfer Function Approach 

  •   System identifi cation from time response.  

  •   Cascading loading systems.  

  •   Mutual inductance impedance.  

  •   Impedance node analysis.     

   Chapter 8 , State Space Approach 

  •   State space modeling of MIMO systems with input time derivative.  

  •   Calculation of natural frequencies and determination of modes.  

  •   Matrix exponential method.     

   Chapter 10 , Coupled-Field Systems 

  •   Three-dimensional piezoelectricity.  

  •   Energy coupling in piezoelectric elements.  

  •   Time stepping algorithms for the solution of coupled-fi eld nonlinear differen-

tial equations.       

 Whenever possible, alternative solution methods have been provided in the text to 

enable using the algorithm that best suits various individual approaches to the same 

problem. Examples include Newton’s second law and the energy method for the 

free response of systems, which have been used in  Chapters   3 ,  4 , and  5 , or the mesh 

analysis and the node analysis methods for electrical systems in  Chapter 4 . 
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 The ancillary material also comprises an instructor’s manual, an image bank of 

fi gures from the book, MATLAB ®  code for the book’s solved examples, PowerPoint 

lecture slides, and a longer project whereby the material introduced in the chap-

ter sequence is applied progressively. After publication and as a result of specifi c 

requirements or suggestions expressed by instructors who adopted the text and 

 feedback from students, additional problems resulting from this interaction will be 

provided on the website, as well as corrections of the unwanted but possible errors. 

 To make distinction between variables, small-cap symbols are generally used 

for the time domain (such as  f  for force,  m  for moment, or  v  for voltage), whereas 

capital symbols denote Laplace transforms (such as  F  for force,  M  for moment, or 

 V  for voltage). With regard to matrix notation, the probably old-fashioned symbols 

{ } for vectors and [ ] for matrices are used here, which can be replicated easily on 

the board. 

 Several solved examples and end-of-chapter problems in this book resulted from 

exercises that I have used and tested in class over the last years while teaching 

courses such as system dynamics, controls, or instrumentation, and I am grateful to 

the students who contributed to enhancing the scope and quality of the original vari-

ants. I am indebted to the anonymous academic reviewers who critically checked 

this project at its initial (proposal) phase, as well as at two intermediate stages. 

They have made valid suggestions for improvement of this text, which were well 

taken and applied to this current version. I appreciate the valuable suggestions by 

Mr. Tzuliang Loh from the MathWorks Inc. on improving the presentation of the 

MATLAB ®  material in this book. I am very thankful to Steven Merken, Associate 

Acquisition Editor at Elsevier Science & Technology Books, whose quality and 

timely assistance have been instrumental in converting this project from its embry-

onic to its current stage. 

 In closing, I would like again to acknowledge and thank the unwavering support 

of my wife, Simona, and my daughters, Diana and Ioana—they defi nitely made this 

project possible. As always, my thoughts and profound gratitude for everything they 

gave me go to my parents. 



xxiii

  Resources That Accompany 

This Book 

 System dynamics instructors and students will fi nd additional resources at the book’s 

Web site:  www.booksite.academicpress.com/lobontiu   

 Available to All 
 Bonus Online Chapter For courses that include lectures on controls, Chapter 11, 

Introduction to Modeling and Design of Feedback Control Systems, is an online 

chapter available free to instructors and students. 

 Additional Online Content Linked to specifi c sections of the book by an identifi able 

Web icon, extra content includes advanced topics, additional worked examples, and 

more. 

 Downloadable MATLAB ® Code For the book’s solved examples.   

 For Instructors Only 
 Instructor’s Manual The book itself contains a comprehensive set of exercises. 

Worked-out solutions to the exercises are available online to instructors who adopt 

this book. 

 Image Bank The Image Bank provides adopting instructors with various electronic 

versions of the fi gures from the book that may be used in lecture slides and class 

presentations. 

 PowerPoint Lecture Slides Use the available set of lecture slides in your own course 

as provided, or edit and reorganize them to meet your individual course needs. 

 Instructors should contact their Elsevier textbook sales representative at 

  textbooks@elsevier.com  to obtain a password to access the instructor-only resources.   

 Also Available for Use with This Book 
 Web-based testing and assessment feature that allows instructors to create online 

tests and assignments which automatically assess student responses and perfor-

mance, providing them with immediate feedback. Elsevier’s online testing includes 

a selection of algorithmic questions, giving instructors the ability to create virtually 

unlimited variations of the same problem. Contact your local sales representative for 

additional information, or visit  www.booksite.academicpress.com/lobontiu  to view 

a demo chapter.  
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