


-o



Published by

INEGI-Instituto de Ciência e Inovação em Engenharia Mecânica e Gestão Industrial
Rua Dr Roberto Frias, 4200-465 Porto - Portugal

Telefone: +351 22 9578710; Email: inegi@inegi.up.pt
http://www.inegi.up.pt/

June, 2017

ISBN: 978-989-98832-6-0
N. DL: 423739/17

Printed by:

Lusolmpress S.A.
Rua Venceslau Ramos, 28 - 4430-929 Avintes, Portugal

Tel: +351 22 787 73 20; Fax: +351 22 787 73 29
www.lusoimpress.com

AU rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted in
any form or by any means, electronic, mechanical, optical, recording, or otherwise,

without the prior written permission ofthe Editors



EDITORS' PREFACE

M2D2017 is the seventh intemational gathering of a prestigious series of conferences
coordinated by the Intemational Scientifíc Committee of Mechanics and Materiais in Design.
This series of conferences is wholy devoted to advances in mechanics, materiais, structural
integrity and design. M2D2017 is sponsored by the University of Porto, the University of
Toronto and the University of Algarve. The conference attracted over 230 participants with
360 accepted submissions fi-om 40 countries out of 416 submissions. These papers were
presented in June 11-15, 2017 in the magnificent city of Albufeira/Algarve, Portugal. The
conference themes which address novel and advanced topics in Mechanics and Materiais in
Design focused on computational mechanics, experimental mechanics, fatigue and fracture
mechanics, composite and advanced materiais, nanotechnologies and nanomaterials, tribology
and surface engineering, mechanical design and prototyping, biomechanical applications, civil
engineering applications, impact ant crashworthiness, energy and thermo-fluid systems, and
industrial engineering and management.

The conference also included an Open Foram on The Challenges Facing Engineering
Education, where an expert panei with over 100 years ofcollective and active researchers and
educators addressed the roles of professors that they meei, the obligations of their
stakeholders aad current challenges facing engineering education.

We believe that the meeting offered our delegates a fórum for the dissemination of their
recent work in mechanics and materiais and their applications in engineering design, fostered
research that integrates mechanics and materiais in the design process, and promoted
exchange of ideas and intemational co-operation among scientists and engineers m this
important field ofengineering.

We are particularly indebted to the authors and special guests for their presentations. Each of
the more than 360 contributions offered opportunities for thorough discussions with the
authors. Particulariy, we acknowledge the excellent contributions of the participants, their
innovative ideas and research directions, the novel modeling and simulation techniques, and
the invaluable criticai discussions. We are also indebted to the outstanding keynote speakers
who highlighted the conference themes with their contributions. We also take this opportunity
to thank the members ofthe Intemational Scientific Committee, the members ofthe Advisory
Committee and the reviewers for their time, effort and helpfül suggestions.

We offer our sincere gratitude to the symposia organisers for their efforts and valuable
contributions to the success of the event, and the local organising committee for attending to
the conference demands and delegates needs.

Ali in ali, M2D2017 was a great success and the credit must go to ali the participants for their
significant contributions and lively discussions, the keynote speakers for bridging the gap
between the different disciplines and the orgaaizing committee for an absolutely superb
organization ofthe meeting in this magnifícent city. To ali ofyou, we offer our gratitude.

Given the rapidity with which science is advancing in ali áreas of mechanics and materiais,
the next conference in this series (Integrity, Reliability and Failure - IRF2018) will take place
in Lisbon, the capital city of Portugal, in July 2018. Undoubtedly, we expect IRF2018 to be as
stimulating and interesting as M2D2017, as evidenced by the excellent contributions offered
in this current event. We look forward to seeing ali ofyou in Lisbon in 2018.

ShakerA. Meguid and J. F. Silva Gomes
Albufeira /Portugal, June 20 J 7
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ABSTRACT

The aim ofthis work is conduct numerical simulations to verify the deep drawing process and
the shape of the final stamping component of a simple profíle of a sheet metal geometry. To
evaluate the design of sheet metal forming, ANSYS program was used. A nonlinear dynamic
explicit numerical model was developed using two different models: a 3D quarter aad a 2D
axisymmetric fínite element model, due the geometry and loading conditions symmetry to
reduce the computational time processing. The numerical simulations showed the shape
deformation occurring after start the process and provided detailed quantitative information
about expected weakness ofthe resulting piece.

Keywords: explicit dynamic, sheet metal, stamping.

INTRODUCTION

There are many industrial enterprises that use forming processes like deep drawing and
stamping in order to produce sheet metal components with high productivity in large scale. In
metal fonniag, a piece of material is plastically deformed to obtain the desired product with
applications in different industrial áreas (automobiles, trucks, airplanes, railway cars,
locomotives, constmction equipment, offíce fumiture, office equipment... ). Metal forming is
one ofthe most important steps in manufacturing (Swadesh et al, 2014). In arder to plastically
deform a metal a force must be applied that will exceed the yield strength of the material.
There are two different main classes of metal forming: the bulk and the sheet metal forming.
Bulk deformation process is characteristic in that the work formed hás a low surface área to
volume ratio. The four basic bulk defonnation processes are: rolling, forging, extmsion, wire
and bar drawing. In sheet metal working, the metal being processed will have a high surface
área to volume ratio. In this process cutting and forming operations are performed on
relatively thin sheets of metal (0. 4mm to 6mm). The three major categories are cutting,
bending and drawing. The main advantages of the sheet metal parts are: high strength, good
dimensional accuracy, good surface finish, relatively low cost for large quantities.

Until few years ago design of sheet metal forming was based on knowledge through work
expenence and expensive trial and error process. Nowadays the use of numerical simulations
in different phases of the sheet metal forming process is performed using fmite element
analysis (Ranganath et al, 2012). Different codes are available for finite element analysis in
metal forming such as Abaqus, Dynaform, Nike 2D, Ansys, etc. Also axisymmetric

of sheet metal blanks is used to represent a cylindrical piece made of flat metal
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sheets, in pieces with axial symmetry. Different works demonstrated the relevance ofthis type
of studies to prevent the occurrence of geometrical defects such as springback, wrinkling and
surface appearance problems and to optimize various process variables, (Swadesh et al,
2014),

In this work, m arder to assess the stamping performance ofthe cylindrical sheet metal piece,
different numerical simulations were performed in the finite element code, starting from a
Benchmark problem. In ali simulations the complete die-face design composed of the punch,
binder and the die geometry is assumed to be rigid components with a friction coefficient of
0. 1. The blank material is the high strength steel ofthickness Imm. To increase the accuracy
in the numerical simulations 3 different types of analysis were produced using: 3D quarter
model with Solid 164 and Shell 163 elements; 3D quarter model only with Solid 164 elements
and 2D axisymmetric model with Plane 162 element.

Figure l shows ali meshes used for each model and the obtained final piece.

3D quarter: Solidl64/Shel)163 3D quarter: Solidl64 2D Axisymmiitric: Planel62

Fig. l - Different numerical simulations

Final stamping piece.

RESULTS AND CONCLUSIONS

The results from the numerical simulations produced comparisons between ali types of fmite
element models.

This study shows the finite element procedures for the sheet metal fonning process and
presents the performance of the use of axisymmetric conditions in the balance of the
computational requirements against the desired accuracy ofthe results.
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