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Metal Forming focuses on formability, finite element simulation, and tool design. Providing both a bridge 
to research and a gateway to industry, it outlines essential knowledge on formability and finite element 
simulation for readers who want to learn about more advanced research topics, while also detailing the first 
steps in advanced industrial tool design and dimensioning.

The book starts with a chapter on formability, covering fracture, plastic instability, and necking. This chapter 
also introduces the concepts of nucleation, growth, and coalescence of voids and the characterization of 
the different crack opening modes in terms of plastic flow, microstructural damage, and fractography. Both 
coupled and uncoupled ductile damage criteria are considered. 

The following three chapters are dedicated to finite element methods in metal forming, the first of which 
provides a user’s perspective on the accuracy, reliability, and validity of the modeling, and answers questions 
such as which formulations are available for solving metal-forming processes, what needs to be considered 
when selecting a specific formulation for solving a metal-forming process, and how accurate and reliable 
are the estimates provided by finite element simulations. A review of large deformation kinematics and 
solution techniques to solve nonlinear systems of equations is also provided to help bridge the gap between 
developers and users of finite element computer programs. The second chapter on finite element methods 
focuses on flow formulation and is designed for readers who want to acquire a deeper understanding of how 
the finite element governing equations, iterative solution methods, friction and contact between objects, and 
many other related topics can be integrated and merged in the development of an electro-thermomechanical 
finite element computer program for metal forming. The third chapter on finite element methods provides 
a brief introduction to the quasistatic solid formulation for elasto-viscoplasticity, based on an explicit time 
integration scheme to simplify the presentation and open the way for readers who want to progress to more 
sophisticated readings and implementations of the solid formulation.

The book concludes with a chapter on tool design, covering design guidelines and technical information 
related to tool materials and lubricants. A MATLAB source code is provided for determining the deflections 
and stress distributions in the die core and stress rings of metal-forming tools based on the use of prestressed 
containers.
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Preface

The present book is intended as an advanced textbook on metal forming,

which aims at bridging the gap between standard BSc and MSc teaching

and advanced research topics focusing on three main topics:

(i) formability, (ii) finite element modelling and (iii) tool design. The objec-

tives are as follows: firstly, to provide essential knowledge on formability and

finite element topics, which students and engineers use in their daily activ-

ities, sometimes without fully understanding the theoretical background;

secondly, to give readers, who have attended basic metal forming courses

to be able to understand some of the topics that are currently dealt with

in advanced research on metal forming; and finally, to provide young engi-

neers taking the first steps in advanced tool design and sizing, a gateway to

the industry.

The introductory chapter (Chapter 1) gives a broader description of the

scope of the book and ends with a classification of metal forming processes

based on their load/deformation pattern according to the German DIN

standard.

Chapter 2 is dedicated to the mechanisms of fracture and plastic instabil-

ity. The most commonly applied phenomenological models of ductile dam-

age and fracture based on continuum mechanics are presented. The second

part of Chapter 2 is dedicated to plastic instability presenting the classic the-

ory by Swift as well as Marciniak-Kuczynski theory for instability in sheet

forming. A final part describes typical material flow defects in bulk and sheet

metal forming.

Chapter 3 presents a user’s perspective on finite element modelling of

metal forming processes providing information about accuracy, reliability

and validity. A number of simple examples are given, which illustrates

the pros and cons of the different formulations (flow formulation, solid for-

mulation and dynamic formulation). The chapter is very useful to users of

commercial codes with little knowledge about finite element modelling.

Chapter 4 provides deeper knowledge on finite element analysis of metal

forming exemplified by the flow formulation, in which the two authors have

long-term expertise. Throughout the chapter, some very useful, simple

examples illustrate the numerical issues and their solutions.

Chapter 5 provides introductory knowledge on the finite element solid

formulation applied to metal forming by discretisation and implementation
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of the finite element equations for an elastic-viscoplastic material model. It

opens the way for readers, who want to progress to more sophisticated

implementations of the solid formulation.

Chapter 6 provides a comprehensive description of tool design. The

chapter gives examples on tools, design guidelines including dimensioning

as well as information on tool materials and lubricants.

There are several books covering the fundamentals on metal forming at

BSc and MSc levels and a significant number of books covering specific

research topics of metal forming. The present book aims at bridging the

gap between these two types of books.

Niels Bay

Emeritus Professor

Technical University of Denmark, Lyngby,

Denmark
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