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presented here is a comprehensive work on the general principles that apply to every type
of modern rotating machinery this handbook addresses both the theoretical and practical
issues pertaining to the design analysis development production and maintenance of high
speed rotating machinery it is the only work available that provides engineers with the
information  they  need  to  anticipate  locate  and  eliminate  destructive  vibration  this
outstanding handbook contains chapters written by recognized experts in their respective
fields  providing  practical  information  on  vibration  considerations  in  the  design  of  rotating
machinery analytic prediction of rotordynamic response balancing of flexible and rigid rotors
and performance verification diagnostics  parameter  identification and vibration monitoring
in rotating machinery covering the general principles that apply to every type of modern
rotating  machinery  the  handbook  is  packed  with  specific  examples  about  a  wide  array  of
equipment  including  steam turbines  electrical  motors  generators  aircraft  gas  turbines
reciprocating engines and centrifuges fredric f ehrich a registered professional engineer and
a member of the national academy of engineering received his b s m e and sc d degrees in
mechanical engineering from m i t he spent the majority of his career in the design and
development of aircraft gas turbines at general electric aircraft engines and earlier in the
aircraft gas turbine division of the westinghouse co since his retirement he has been active
in research and teaching as a senior lecturer at m i t and in consulting dr ehrich is the
author of over 50 published technical papers on rotordynamics and related topics and he
holds nine issued patents on aircraft gas turbine apparatus

a wide ranging treatment of fundamental rotordynamics in order to serve engineers with the



Abaqus Tutorial Rotordynamic

2 Abaqus Tutorial Rotordynamic

necessary knowledge to eliminate various vibration problems new to this edition are three
chapters  on  highly  significant  topics  vibration  suppression  the  chapter  presents  various
methods and is a helpful guidance for professional engineers magnetic bearings the chapter
provides  fundamental  knowledge  and  enables  the  reader  to  realize  simple  magnetic
bearings  in  the  laboratory  some  practical  rotor  systems  the  chapter  explains  various
vibration characteristics of steam turbines and wind turbines the contents of other chapters
on balancing vibrations due to mechanical elements and cracked rotors are added to and
revised  extensively  the  authors  provide  a  classification  of  rotating  shaft  systems  and
general  coverage  of  key  ideas  common  to  all  branches  of  rotordynamics  they  offers  a
unique  analysis  of  dynamical  problems  such  as  nonlinear  rotordynamics  self  excited
vibration  nonstationary  vibration  and  flow  induced  oscillations  nonlinear  resonances  are
discussed in detail as well as methods for shaft stability and various theoretical derivations
and computational methods for analyzing rotors to determine and correct vibrations this
edition also includes case studies and problems

imparts the theory and analysis regarding the dynamics of rotating machinery in order to
design such rotating devices as turbines jet engines pumps and power transmission shafts
takes  into  account  the  forces  acting  upon  machine  structures  bearings  and  related
components provides numerical techniques for analyzing and understanding rotor systems
with examples of actual designs features an excellent treatment of numerical  methods
available to obtain computer solutions for authentic design problems

the third revised and enlarged edition of the book presents an in depth study of the dynamic
behaviour of rotating and reciprocating machinery it evolved out of lectures delivered at
different  universities  over  the last  two decades the book deals  with  torsional  and bending
vibrations  of  rotors  stability  aspects  balancing  and  condition  monitoring  closed  form
solutions are given wherever possible and parametric studies presented to give a clear
understanding of the subject transfer matrix methods is extensively used for general class
of rotors for both bending and torsional vibrations special attentions are given to transient
analysis of the rotors which is becoming an essential part of the design of high speed
machinery  systems  with  fluid  film  bearings  cracked  rotors  and  two  spool  rotors  are  also
presented a first course on theory of vibration is a prerequisite to this study analysis used is
fairly  simple  but  sufficiently  advanced  to  the  requisite  level  of  predicting  practical
observations as far as possible practical examples are illustrated so that the book is also
useful  to  practising engineers  a  special  feature  of  this  book is  diagnostics  of  rotating
machinery  using  vibration  signature  analysis  and  application  of  expert  systems  to  a  field
engineer in trouble shooting work

rotor dynamics is both a classical and a modern branch of engineering science the rotation
of rigid bodies mainly those with regular shapes such as cylinders and shafts has been well
understood  for  more  than  a  century  however  analyzing  the  rotational  behavior  of  flexible
bodies  especially  those with  irregular  shapes like  propellers  and blades requires  more
modern  tools  such  as  finite  elements  hence  the  title  and  focus  of  this  book  in  the  dozen
years since the original publication this book was used in teaching engineering students at
universities and in consulting in the industry during those activities several topics were
deemed  to  require  further  explanations  students  requested  a  deeper  finite  element
technology foundation in certain places to make the book self contained in that regard also
some desired more details about the computational and numerical solutions these requests
are answered in new sections of  this edition practicing engineers asked for a detailed
industrial application case study and such was added in a new chapter dealing with wind
turbines this book is composed of two parts the first focusing on the theoretical foundation
of  rotor  dynamics  and  the  second  focusing  on  the  engineering  analysis  of  industrial
structures  the  theoretical  foundation  is  built  on  physics  calculus  and  finite  element
technology chapters computational and numerical techniques provide free vibration and
response  analyses  solutions  the  industrial  engineering  analysis  part  contains  chapters
analyzing jet engine turbine wheels aircraft propellers and wind turbine blades this book
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concludes  with  a  new  industrial  case  study  based  on  a  recent  modern  wind  turbine
development project

the design and construction of rotating machinery operating at supercritical speeds was in
the 1920s an event of revolutionary importance for the then new branch of dynamics known
as rotor dynamics in the 1960s another revolution occurred in less than a decade imposed
by operational and economic needs an increase in the power of turbomachinery by one
order of magnitude took place dynamic analysis of complex rotor forms became a necessity
while the importance of approximate methods for dynamic analysis was stressed finally the
emergence of fracture mechanics as a new branch of applied mechanics provided analytical
tools to investigate crack influence on the dynamic behavior of rotors the scope of this book
is based on all these developments no topics related to the well known classical problems
are included rather the book deals exclusively with modern high power turbomachinery

in this updated and revised second edition the authors present a systematic and practical
approach  to  the  analytical  and  numerical  aspects  of  the  prediction  of  rotordynamics
behaviour  the  influence  of  bending  is  a  main  theme  of  the  book  although  the  effects  of
torsion are also considered the use of  finite element techniques and the characteristics  of
rotor elements are introduced the book goes on to consider simple models showing basic
phenomena which are then linked to industrial applications such as turbocompressors high
pressure centrifugal  compressors  and steam and air  turbines  key features  include the
inclusion of a computer program available free of charge on the internet the development of
a  simple  model  of  co  axial  multirotors  new  industrial  applications  and  1995  api
specifications  this  book  will  be  of  great  interest  and  value  to  students  and  engineers
concerned  with  predictions  in  rotordynamics  and  mechanical  engineering

as the most  important  parts  of  rotating machinery  rotors  are  also  the most  prone to
mechanical vibrations which may lead to machine failure correction is only possible when
proper and accurate diagnosis is obtained through understanding of rotor operation and all
of the potential malfunctions that may occur mathematical modeling in particular

rotor dynamics is both a classical and a modern branch of engineering science the rotation
of rigid bodies mainly those with regular shapes such as cylinders and shafts has been well
understood  for  more  than  a  century  however  analyzing  the  rotational  behavior  of  flexible
bodies  especially  those with  irregular  shapes like  propellers  and blades requires  more
modern  tools  such  as  finite  elements  hence  the  title  and  focus  of  the  book  in  the  dozen
years since the original publication the book was used in teaching engineering students at
universities and in consulting in the industry during those activities several topics were
deemed  to  require  further  explanations  students  requested  a  deeper  finite  element
technology foundation in certain places to make the book self contained in that regard also
some desired more details about the computational and numerical solutions these requests
are answered in new sections of  this edition practicing engineers asked for a detailed
industrial application case study and such was added in a new chapter dealing with wind
turbines the book is composed of two parts the first focusing on the theoretical foundation
of rotor dynamics and the second on the engineering analysis of industrial structures the
theoretical  foundation  is  built  on  physics  calculus  and  finite  element  technology  chapters
computational  and  numerical  techniques  provide  free  vibration  and  response  analyses
solutions the industrial engineering analysis part contains chapters analyzing jet engine
turbine wheels aircraft propellers and wind turbine blades the book concludes with a new
industrial case study based on a recent modern wind turbine development project

rotordynamics  are  of  great  importance  in  the  design  manufacture  and  assembly  of
turbomachines as well as in ensuring their safe operation also important are the dynamics
of the foundation and its interaction with the dynamics of the rotor this book is divided into
four parts following a presentation of the basic theory the dynamics of rotors supported on
several bearings the third part describes the dynamics of foundations of turbine line outs
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and the calculations for a turbomachine coupled with its foundation the last part includes a
section on estimation procedures a comprehensive presentation of the theoryand practice of
rotors  having  a  transverse  crack  a  section  on  the  mathematical  fundamentals  and  a
description of the computer program used for the examples in the book the book addresses
both  the  practical  engineer  and  the  theoretician  and  should  provide  manufacturers
operators university and polytechnic lecturers and students with an understanding of the
vibrations of turbomachines the results are described in such a way that they can be easily
understood and applied

this book is written as an introduction to rotor bearing dynamics for practicing engineers
and students who are involved in rotordynamics and bearing design the goal of this book is
to provide a step by step approach to the understanding of fundamentals of rotor bearing
dynamics by using dyrobes c therefore the emphasis of this book is on the basic principals
phenomena modeling and interpretation of the results numerous examples from a single
degree  of  freedom system to  complicated  industrial  rotating  machinery  are  employed
throughout this book to illustrate these fundamental dynamic behaviors the concepts in the
text  are  reinforced  by  parametric  studies  and  numerous  illustrative  examples  and  figures
the book begins with a brief discussion of the mathematical modeling of physical dynamic
systems and an overview of  the basic  vibration concepts  in  chapter  1  the coordinate
systems and the kinematics of the rotor motion are presented in chapter 2 a simple two
degrees  of  freedom  rotor  system  the  laval  jeffcott  rotor  model  is  utilized  in  chapter  3  to
demonstrate many important phenomena in rotordynamics this simple 2dof model provides
many valuable physical insights into more practical and complicated systems chapter 4
discusses  the  rotating  disk  equations  and  rigid  rotor  dynamics  chapter  5  covers  the  finite
element formulation for a rotating shaft element chapter 6 deals with various types of
bearings dampers seals and other interconnection components all the reaction forces from
these components are non linear in nature the concept of linearization around the static
equilibrium is  discussed chapter  7  summarizes the lateral  vibration study with several
practical  examples  various  solution  techniques  and  interpretation  of  the  results  are
discussed chapter 8 is devoted to the important subject of torsional vibration finally a brief
description of the balancing method influence coefficient method is presented in chapter 9

this text is intended for use as an advanced course in either rotordynamics or vibration at
the graduate level this text has mostly grown out of the research work in my laboratory and
the lectures given to graduate students in the mechanical engineering department kaist the
text contains a variety of topics not normally found in rotordynamics or vibration textbooks
the  text  emphasizes  the  analytical  aspects  and  is  thus  quite  different  from  conventional
rotordynamics  texts  potential  readers  are  expected  to  have  a  firm  background  in
elementary rotordynamics and vibration in most previously published rotordynamics texts
the behavior of simple rotors has been of a primary concern while more realistic multi
degree f freedom or continuous systems are seldom treated in a rigorous way mostly due to
the difficulty of a mathematical treatment of such complicated systems when one wanted to
gain a deep insight into dynamic phenomena of complicated rotor systems one has in the
past either had to rely on computational  techniques such as the transfer matrix and finite
element methods or cautiously to extend ideas learned from simple rotors whose analytical
solutions are readily available the former methods are limited in the interpretation of results
since the calculations relate only to the simulated case not to more general system behavior
ideas learned from simple rotors can fortunately often be extended to many practical rotor
systems but there is of course no guarantee of their validity

abaqus for catia afc the software tool uses the powerful pre and post processing capability
of catia v5 to set up problems for solution using the versatile fea solver abaqus currently afc
is capable of solving problems involving linear and non linear static as well as thermal
analyses this tutorial book uses a step by step approach to uncover the different capabilities
of afc for the user the chapters cover a wide variety of topics and are arranged in a way
such that the user of this text can start with simpler linear analyses and slowly get into more
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complex  problems  such  as  those  involving  non  linear  analyses  multi  step  analyses
temperature dependent behavior composite materials contact problems hybrid elements etc
the authors expect the user of this book to have some prior knowledge of catia and after
going through these tutorials someone who starts as a first time user of afc can become an
expert user of all the features of this tool

provides an up to date review of rotor dynamics dealing with basic topics as well as a
number of specialized topics usually available only in journal articles unlike other books on
rotordynamics  this  treats  the  entire  machine  as  a  system with  the  rotor  as  just  one
component

this tutorial book provides unified and detailed tutorials of abaqus fe analysis for engineers
and university students to solve primarily in mechanical and civil engineering with the main
focus on structural mechanics and heat transfer the aim of this book is to provide the
practical  skills  of  the  fe  analysis  for  readers  to  be  able  to  use  abaqus  fem package
comfortably to solve practical problems total 15 workshop tutorials dealing with various
engineering  fields  are  presented  access  code  for  the  workshop  models  was  included  this
book will help you learn abaqus fe analysis by examples in a professional manner without
instructors
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