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This book presents the topology optimization theory for laminar flows with low and moderate Reynolds numbers, based on the
density method and level-set method, respectively. The density-method-based theory offers efficient convergence, while the
level-set-method-based theory can provide anaccurate mathematical expression of the structural boundary. Unsteady, bodyforce-driven and two-phase properties are basic characteristics of the laminar flows. The book discusses these properties,
which are typical of microfluidics and one of the research hotspots in the area of Micro-Electro-Mechanical Systems (MEMS),
providing an efficient inverse design approach for microfluidic structures. To demonstrate the applications of this topology
optimization theory in the context of microfluidics, it also investigates inverse design for the micromixer, microvalve and
micropump, which are key elements in lab-on-chip devices.
This volume offers edited papers presented at the IUTAM-Symposium Topological design optimization of structures, machines
and materials - status and perspectives, October 2005. The papers cover the application of topological design optimization to
fluid-solid interaction problems, acoustics problems, and to problems in biomechanics, as well as to other multiphysics
problems. Also in focus are new basic modelling paradigms, covering new geometry modelling such as level-set methods and
topological derivatives.
The Second International Conference on Structural Engineering Mechanics and Computation was held in Cape Town, South
Africa in 2004. Its mission was 'To review and share the latest developments, and address the challenges that the present and
the future pose'.This book contains its key findings with contributions from academics, researchers and pra
This book pursues optimal design from the perspective of mechanical properties and resistance to failure caused by cracks and
fatigue. The book abandons the scale separation hypothesis and takes up phase-field modeling, which is at the cutting edge of
research and is of high industrial and practical relevance. Part 1 starts by testing the limits of the homogenization-based
approach when the size of the representative volume element is non-negligible compared to the structure. The book then
introduces a non-local homogenization scheme to take into account the strain gradient effects. Using a phase field method, Part
2 offers three significant contributions concerning optimal placement of the inclusion phases. Respectively, these contributions
take into account fractures in quasi-brittle materials, interface cracks and periodic composites. The topology optimization
proposed has significantly increased the fracture resistance of the composites studied.
Gamma-convergence for Beginners
Theory, Approximation, and Computation
Advances in Applied Mechanical Engineering
The Variational Approach to Fracture
Multi-material Phase Field Approach to Structural Topology Optimization
Constrained Optimization and Optimal Control for Partial Differential Equations

This volume provides a broad and uniform introduction of PDE-constrained optimization as well as
to document a number of interesting and challenging applications. Many science and engineering
applications necessitate the solution of optimization problems constrained by physical laws that
are described by systems of partial differential equations (PDEs). As a result, PDE-constrained
optimization problems arise in a variety of disciplines including geophysics, earth and climate
science, material science, chemical and mechanical engineering, medical imaging and physics.
This volume is divided into two parts. The first part provides a comprehensive treatment of PDEconstrained optimization including discussions of problems constrained by PDEs with uncertain
inputs and problems constrained by variational inequalities. Special emphasis is placed on
algorithm development and numerical computation. In addition, a comprehensive treatment of
inverse problems arising in the oil and gas industry is provided. The second part of this volume
focuses on the application of PDE-constrained optimization, including problems in optimal
control, optimal design, and inverse problems, among other topics.
Presenting contributions from renowned experts in the field, this book covers research and
development in fundamental areas of heat exchangers, which include: design and theoretical
development, experiments, numerical modeling and simulations. This book is intended to be a
useful reference source and guide to researchers, postgraduate students, and engineers in the
fields of heat exchangers, cooling, and thermal management.
Evolutionary Topology Optimization of Continuum Structures treads new ground with a
comprehensive study on the techniques and applications of evolutionary structural optimization
(ESO) and its later version bi-directional ESO (BESO) methods. Since the ESO method was first
introduced by Xie and Steven in 1992 and the publication of their well-known book Evolutionary
Structural Optimization in 1997, there have been significant improvements in the techniques as
well as important practical applications. The authors present these developments, illustrated by
numerous interesting and detailed examples. They clearly demonstrate that the evolutionary
structural optimization method is an effective approach capable of solving a wide range of
topology optimization problems, including structures with geometrical and material
nonlinearities, energy absorbing devices, periodical structures, bridges and buildings. Presents
latest developments and applications in this increasingly popular & maturing optimization
approach for engineers and architects; Authored by leading researchers in the field who have
been working in the area of ESO and BESO developments since their conception; Includes a number
of test problems for students as well as a chapter of case studies that includes several recent
practical projects in which the authors have been involved; Accompanied by a website housing
ESO/BESO computer programs at http://www.wiley.com/go/huang and test examples, as well as a
chapter within the book giving a description and step-by-step instruction on how to use the
software package BESO2D. Evolutionary Topology Optimization of Continuum Structures will appeal
to researchers and graduate students working in structural design and optimization, and will
also be of interest to civil and structural engineers, architects and mechanical engineers
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involved in creating innovative and efficient structures.
This book provides an introduction to the theory and numerical developments of the
homogenization method. It's main features are: a comprehensive presentation of homogenization
theory; an introduction to the theory of two-phase composite materials; a detailed treatment of
structural optimization by using homogenization; a complete discussion of the resulting
numerical algorithms with many documented test problems. It will be of interest to researchers,
engineers, and advanced graduate students in applied mathematics, mechanical engineering, and
structural optimization.
Topology Optimization for Composites with Phase Field Modeling and Isogeometric Analysis
Shape Optimization by the Homogenization Method
Structural Multiscale Topology Optimization with Stress Constraint for Additive Manufacturing
Topology Optimization Design of Heterogeneous Materials and Structures
Finite Strain Topology Optimization of Multi-material Structures Using a Phase-field Approach

This is a handbook of Gamma-convergence, which is a theoretical tool used to study problems in Applied
Mathematics where varying parameters are present, with many applications that range from Mechanics to
Computer Vision. The book is directed to Applied Mathematicians in all fields and to Engineers with a theoretical
background.
This book covers various topics regarding the design of compliant mechanisms using topology optimization
that have attracted a great deal of attention in recent decades. After comprehensively describing state-of-the-art
methods for designing compliant mechanisms, it provides a new topology optimization method for finding new
flexure hinges. It then presents several attempts to obtain distributed compliant mechanisms using the topology
optimization method. Further, it discusses a Jacobian-based topology optimization method for compliant
parallel mechanisms, and introduces readers to the topology optimization of compliant mechanisms, taking into
account geometrical nonlinearity and reliability. Providing a systematic method for topology optimization of
flexure hinges, which are essential for designing compliant mechanisms, the book offers a valuable resource for
all readers who are interested in designing compliant mechanism-based positioning stages. In addition, the
methods for solving the de facto hinges in topology optimized compliant mechanisms will benefit all engineers
seeking to design micro-electro-mechanical system (MEMS) structures.
The topology optimization method solves the basic enginee- ring problem of distributing a limited amount of
material in a design space. The first edition of this book has become the standard text on optimal design which
is concerned with the optimization of structural topology, shape and material. This edition, has been
substantially revised and updated to reflect progress made in modelling and computational procedures. It also
encompasses a comprehensive and unified description of the state-of-the-art of the so-called material
distribution method, based on the use of mathematical programming and finite elements. Applications treated
include not only structures but also materials and MEMS.
Advanced Aerospace Materials is intended for engineers and students of aerospace, materials, and mechanical
engineering. It covers the transition from aluminum to composite materials for aerospace structures and will
include essential and advanced analyses used in today’s aerospace industries. Various aspects of design,
failure and monitoring of structural components will be derived and presented accompanied by relevant
formulas and analyses.
Isogeometric Topology Optimization
Archimats
Select Proceedings of ICAMER 2019
Multiphysics Phase-Field Fracture
Topology Optimization Theory for Laminar Flow
Advances and Trends in Optimization with Engineering Applications

This book deals with a group of architectured materials. These are hybrid materials in which the constituents (even strongly
dissimilar ones) are combined in a given topology and geometry to provide otherwise conflicting properties. The hybridization
presented in the book occurs at various levels - from the molecular to the macroscopic (say, sub-centimeter) ones. This
monograph represents a collection of programmatic chapters, defining archimats and summarizing the results obtained by
using the geometry-inspired materials design. The area of architectured or geometry-inspired materials has reached a certain
level of maturity and visibility for a comprehensive presentation in book form. It is written by a group of authors who are
active researchers working on various aspects of architectured materials. Through its 14 chapters, the book provides
definitions and descriptions of the archetypes of architectured materials and addresses the various techniques in which they
can be designed, optimized, and manufactured. It covers a broad realm of archimats, from the ones occurring in nature to
those that have been engineered, and discusses a range of their possible applications. The book provides inspiring and
scientifically profound, yet entertaining, reading for the materials science community and beyond.
Treats sizing and shape optimization in a comprehensive way, covering everything from mathematical theory through
computational aspects to industrial applications.
Flow-based optimization of products and devices is an immature field compared to the corresponding topology optimization
based on solid mechanics. However, it is an essential part of component development with both internal and/or external flow.
The aim of this book is two-fold: (i) to provide state-of-the-art examples of flow-based optimization and (ii) to present a review
of topology optimization for fluid-based problems.
In the present work we introduce a novel graded-material design for additive manufacturing based on phase-field and
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topology optimization. The main novelty of this work comes from the introduction of an additional phase-field variable in the
classical single-material phase-field topology optimization algorithm. This new variable is used to grade the material
properties in a continuous fashion. Two different numerical examples are discussed, in both of them we perform sensitivity
studies to asses the effects of different model parameters onto the resulting structure. From the presented results we can
observe that the proposed algorithm adds additional freedom in the design, exploiting the higher flexibility coming from
additive manufacturing technology.
Status and Perspectives
Topology Optimization
Cutting-Edge Techniques
50+ Years of AIMETA
Optimization of Structural and Mechanical Systems
IUTAM Symposium on Topological Design Optimization of Structures, Machines and Materials

This monograph is centered on mathematical modeling, innovative numerical algorithms and adaptive
concepts to deal with fracture phenomena in multiphysics. State-of-the-art phase-field fracture models
are complemented with prototype explanations and rigorous numerical analysis. These developments are
embedded into a carefully designed balance between scientific computing aspects and numerical
modeling of nonstationary coupled variational inequality systems. Therein, a focus is on nonlinear
solvers, goal-oriented error estimation, predictor-corrector adaptivity, and interface conditions.
Engineering applications show the potential for tackling practical problems within the fields of solid
mechanics, porous media, and fluidstructure interaction.
Optimization problems subject to constraints governed by partial differential equations (PDEs) are
among the most challenging problems in the context of industrial, economical and medical applications.
Almost the entire range of problems in this field of research was studied and further explored as part of
the Deutsche Forschungsgemeinschaft (DFG) priority program 1253 on “Optimization with Partial
Differential Equations” from 2006 to 2013. The investigations were motivated by the fascinating
potential applications and challenging mathematical problems that arise in the field of PDE constrained
optimization. New analytic and algorithmic paradigms have been developed, implemented and validated
in the context of real-world applications. In this special volume, contributions from more than fifteen
German universities combine the results of this interdisciplinary program with a focus on applied
mathematics. The book is divided into five sections on “Constrained Optimization, Identification and
Control”, “Shape and Topology Optimization”, “Adaptivity and Model Reduction”, “Discretization:
Concepts and Analysis” and “Applications”. Peer-reviewed research articles present the most recent
results in the field of PDE constrained optimization and control problems. Informative survey articles
give an overview of topics that set sustainable trends for future research. This makes this special volume
interesting not only for mathematicians, but also for engineers and for natural and medical scientists
working on processes that can be modeled by PDEs.
Shape and Topology Optimization in Fluids Using a Phase Field Approach and an Application in
Structural OptimizationTopology Optimization for Composites with Phase Field Modeling and
Isogeometric AnalysisMulti-material Phase Field Approach to Structural Topology OptimizationFinite
Strain Topology Optimization of Multi-material Structures Using a Phase-field ApproachRelating phase
field and sharp interface approaches to structural topology optimizationTopology Optimization Design of
Heterogeneous Materials and StructuresJohn Wiley & Sons
This volume reflects “New Trends in Shape Optimization” and is based on a workshop of the same name
organized at the Friedrich-Alexander University Erlangen-Nürnberg in September 2013. During the
workshop senior mathematicians and young scientists alike presented their latest findings. The format of
the meeting allowed fruitful discussions on challenging open problems, and triggered a number of new
and spontaneous collaborations. As such, the idea was born to produce this book, each chapter of which
was written by a workshop participant, often with a collaborator. The content of the individual chapters
ranges from survey papers to original articles; some focus on the topics discussed at the Workshop,
while others involve arguments outside its scope but which are no less relevant for the field today. As
such, the book offers readers a balanced introduction to the emerging field of shape optimization.
Shape and Topology Optimization in Fluids Using a Phase Field Approach and an Application in
Structural Optimization
Theory, Methods, and Applications
Heat Exchangers
Flow-Based Optimization of Products or Devices
Design, Experiment and Simulation
Relating phase field and sharp interface approaches to structural topology optimization
In this paper a phase-field approach for structural topology optimization for a 3D-printing process which includes stress
constraint and potentially multiple materials or multiscales is analyzed. First order necessary optimality conditions are
rigorously derived and a numerical algorithm which implements the method is presented. A sensitivity study with respect
to some parameters is conducted for a two-dimensional cantilever beam problem. Finally, a possible workflow to obtain a
3D-printed object from the numerical solutions is described and the final structure is printed using a fused deposition
modeling (FDM) 3D printer.
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Optimization is of critical importance in engineering. Engineers constantly strive for the best possible solutions, the most
economical use of limited resources, and the greatest efficiency. As system complexity increases, these goals mandate
the use of state-of-the-art optimization techniques. In recent years, the theory and methodology of optimization have
seen revolutionary improvements. Moreover, the exponential growth in computational power, along with the availability of
multicore computing with virtually unlimited memory and storage capacity, has fundamentally changed what engineers
can do to optimize their designs. This is a two-way process: engineers benefit from developments in optimization
methodology, and challenging new classes of optimization problems arise from novel engineering applications. Advances
and Trends in Optimization with Engineering Applications reviews 10 major areas of optimization and related engineering
applications, providing a broad summary of state-of-the-art optimization techniques most important to engineering
practice. Each part provides a clear overview of a specific area and discusses a range of real-world problems. The book
provides a solid foundation for engineers and mathematical optimizers alike who want to understand the importance of
optimization methods to engineering and the capabilities of these methods.
The volume includes papers from the WSCMO conference in Braunschweig 2017 presenting research of all aspects of
the optimal design of structures as well as multidisciplinary design optimization where the involved disciplines deal with
the analysis of solids, fluids or other field problems. Also presented are practical applications of optimization methods and
the corresponding software development in all branches of technology.
Besides their intrinsic mathematical interest, geometric partial differential equations (PDEs) are ubiquitous in many
scientific, engineering and industrial applications. They represent an intellectual challenge and have received a great deal
of attention recently. The purpose of this volume is to provide a missing reference consisting of self-contained and
comprehensive presentations. It includes basic ideas, analysis and applications of state-of-the-art fundamental
algorithms for the approximation of geometric PDEs together with their impacts in a variety of fields within mathematics,
science, and engineering. About every aspect of computational geometric PDEs is discussed in this and a companion
volume. Topics in this volume include stationary and time-dependent surface PDEs for geometric flows, large
deformations of nonlinearly geometric plates and rods, level set and phase field methods and applications, free boundary
problems, discrete Riemannian calculus and morphing, fully nonlinear PDEs including Monge-Ampere equations, and
PDE constrained optimization Each chapter is a complete essay at the research level but accessible to junior researchers
and students. The intent is to provide a comprehensive description of algorithms and their analysis for a specific
geometric PDE class, starting from basic concepts and concluding with interesting applications. Each chapter is thus
useful as an introduction to a research area as well as a teaching resource, and provides numerous pointers to the
literature for further reading The authors of each chapter are world leaders in their field of expertise and skillful writers.
This book is thus meant to provide an invaluable, readable and enjoyable account of computational geometric PDEs
Evolutionary Structural Optimization
Evolutionary Topology Optimization of Continuum Structures
Applications in Inverse Design of Microfluidics
Aluminum-Based and Composite Structures
Study of an Alternative Phase Field Model for Low Interfacial Energy in Elastic Solids
Mesh Generation and Adaptation

In 2005, the hybrid model was published by Prof. H.-D. Alber and Prof. P. Zhu as an alternative to the Allen-Cahn model for the description
of phase field transformations. With low interfacial energy, it is more efficient, since the resolution of the diffuse interface is numerically
broader for the same solution accuracy and allows coarser meshing. The solutions of both models are associated with energy minimisation
and in this work the error terms introduced in the earlier publications are discussed and documented using one and two dimensional
numerical simulations. In the last part of this book, phase field problems, initially not coupled with material equations, are combined with
linear elasticity and, after simple introductory examples, a growing martensitic inclusion is simulated and compared with literature data. In
addition to the confirmed numerical advantage, another phenomenon not previously described in the literature is found: with the hybrid
model, in contrast to the examples calculated with the Allen-Cahn model, an inclusion driven mainly by curvature energy does not disappear
completely. The opposite problem prevents inclusions from growing from very small initial configurations, but this fact can be remedied by a
very finely chosen diffuse interface width and by analysing and adjusting the terms that generate the modelling errors. The last example
shows that the hybrid model can be used with numerical advantages despite the above mentioned peculiarities.
This book presents select peer reviewed proceedings of the International Conference on Applied Mechanical Engineering Research (ICAMER
2019). The books examines various areas of mechanical engineering namely design, thermal, materials, manufacturing and industrial
engineering covering topics like FEA, optimization, vibrations, condition monitoring, tribology, CFD, IC engines, turbo-machines,
automobiles, manufacturing processes, machining, CAM, additive manufacturing, modelling and simulation of manufacturing processing,
optimization of manufacturing processing, supply chain management, and operations management. In addition, recent studies on composite
materials, materials characterization, fracture and fatigue, advanced materials, energy storage, green building, phase change materials and
structural change monitoring are also covered. Given the contents, this book will be useful for students, researchers and professionals
working in mechanical engineering and allied fields.
Evolutionary Structural Optimization (ESO) is a design method based on the simple concept of gradually removing inefficient material from
a structure as it is being designed. Through this method, the resulting structure will evolve towards its optimum shape. The latest techniques
and results of ESO are presented here, illustrated by numerous clear and detailed examples. Sections cover the fundamental aspects of the
method, the application to multiple load cases and multiple support environments, frequency optimization, stiffness and displacement
constraints, buckling, jointed frame structures, shape optimization, and stress reduction. This is followed by a section describing Evolve97, a
software package which will allow readers to try the ideas of ESO themselves and to solve their optimization problems. This software is
provided on a computer diskette which accompanies the book.
Presenting original results from both theoretical and numerical viewpoints, this text offers a detailed discussion of the variational approach
to brittle fracture. This approach views crack growth as the result of a competition between bulk and surface energy, treating crack evolution
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from its initiation all the way to the failure of a sample. The authors model crack initiation, crack path, and crack extension for arbitrary
geometries and loads.
Methods and Applications
Issues in Computation: 2013 Edition
Additive Manufacturing Graded-material Design Based on Phase-field and Topology Optimization
Advances in Structural and Multidisciplinary Optimization
Modeling, Adaptive Discretizations, and Solvers
Trends in PDE Constrained Optimization

Issues in Computation / 2013 Edition is a ScholarlyEditions™ book that delivers timely,
authoritative, and comprehensive information about Computing. The editors have built
Issues in Computation: 2013 Edition on the vast information databases of ScholarlyNews.™
You can expect the information about Computing in this book to be deeper than what you
can access anywhere else, as well as consistently reliable, authoritative, informed, and
relevant. The content of Issues in Computation / 2013 Edition has been produced by the
world’s leading scientists, engineers, analysts, research institutions, and companies.
All of the content is from peer-reviewed sources, and all of it is written, assembled,
and edited by the editors at ScholarlyEditions™ and available exclusively from us. You
now have a source you can cite with authority, confidence, and credibility. More
information is available at http://www.ScholarlyEditions.com/.
This special volume focuses on optimization and control of processes governed by partial
differential equations. The contributors are mostly participants of the DFG-priority
program 1253: Optimization with PDE-constraints which is active since 2006. The book is
organized in sections which cover almost the entire spectrum of modern research in this
emerging field. Indeed, even though the field of optimal control and optimization for PDEconstrained problems has undergone a dramatic increase of interest during the last four
decades, a full theory for nonlinear problems is still lacking. The contributions of this
volume, some of which have the character of survey articles, therefore, aim at creating
and developing further new ideas for optimization, control and corresponding numerical
simulations of systems of possibly coupled nonlinear partial differential equations. The
research conducted within this unique network of groups in more than fifteen German
universities focuses on novel methods of optimization, control and identification for
problems in infinite-dimensional spaces, shape and topology problems, model reduction and
adaptivity, discretization concepts and important applications. Besides the theoretical
interest, the most prominent question is about the effectiveness of model-based numerical
optimization methods for PDEs versus a black-box approach that uses existing codes, often
heuristic-based, for optimization.
The book focuses on the topology optimization method for nano-optics. Both principles and
implementing practice have been addressed, with more weight placed on applications. This
is achieved by providing an in-depth study on the major topic of topology optimization of
dielectric and metal structures for nano-optics with extension to the surface structures
for electromagnetics. The comprehensive and systematic treatment of practical issues in
topology optimization for nano-optics is one of the major features of the book, which is
particularly suited for readers who are interested to learn practical solutions in
topology optimization. The book can benefit researchers, engineers, and graduate students
in the fields of structural optimization, nano-optics, wave optics, electromagnetics,
etc.
Topology Optimization in Engineering Structure Design explores the recent advances and
applications of topology optimization in engineering structures design, with a particular
focus on aircraft and aerospace structural systems. To meet the increasingly complex
engineering challenges provided by rapid developments in these industries, structural
optimization techniques have developed in conjunction with them over the past two
decades. The latest methods and theories to improve mechanical performances and save
structural weight under static, dynamic and thermal loads are summarized and explained in
detail here, in addition to potential applications of topology optimization techniques
such as shape preserving design, smart structure design and additive manufacturing. These
new design strategies are illustrated by a host of worked examples, which are inspired by
real engineering situations, some of which have been applied to practical structure
design with significant effects. Written from a forward-looking applied engineering
perspective, the authors not only summarize the latest developments in this field of
structure design but also provide both theoretical knowledge and a practical guideline.
This book should appeal to graduate students, researchers and engineers, in detailing how
to use topology optimization methods to improve product design. Combines practical
applications and topology optimization methodologies Provides problems inspired by real
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engineering difficulties Designed to help researchers in universities acquire more
engineering requirements
Proceedings of the 12th World Congress of Structural and Multidisciplinary Optimization
(WCSMO12)
Introduction to Shape Optimization
New Trends in Shape Optimization
Geometric Partial Differential Equations - Part 2
Architectured Materials in Nature and Engineering
Methods, Applications and Implementations
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