Author's Accepted Manuscript

Int I Journal of

MECHANICAL
SC HERCGE

TR
s ] J
Mechanics of solids and fluids
i iy For
X.YU

Stru mechanics

A probabilistic approach for optimising hy-
droformed structures using local surrogate
models to control failures

A. Ben Abdessalem, A. El-Hami

2% ScienceDirect
www.sciencedirect.oom

www.elsevier.com/locate/ijmecsci

PII: S0020-7403(15)00137-X
DOI: http://dx.doi.org/10.1016/j.ijjmecsci.2015.04.002
Reference: MS2964

To appear in:  International Journal of Mechanical Sciences

Received date: 23 November 2014
Revised date: 19 March 2015
Accepted date: 2 April 2015

Cite this article as: A. Ben Abdessalem, A. EI-Hami, A probabilistic approach for
optimising hydroformed structures using local surrogate models to control
failures, International Journal of Mechanical Sciences, http://dx.doi.org/10.1016/j.
jjmecsci.2015.04.002

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal
pertain.


http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002
http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002
http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002
http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002
http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002
http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002
http://dx.doi.org/10.1016/j.ijmecsci.2015.04.002

A probabilistic approach for optimising hydroformed structures using local
surrogate models to control failures

A. Ben Abdessalem™*, A. El-Hami®

*Université de Bordeaux, I2M CNRS UMR 5295, 851 Cours de la libération, 33405 Talence Cedex, France
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Abstract

A probabilistic approach is proposed to optimise hydroformed structures by taking into account the
potential variabilities. An efficient implementation requires an appropriate strategy for uncertainty
representation and propagation. Moreover, the probability of failure associated to each failure mode
must be accurately estimated. To this end, the failure modes are controlled locally only at the highly
strained regions which reduces the problem complexity and increases the precision of the generated
surrogate models. In this study, finite element simulations with material formability diagrams are used
to predict the critical zones in which failure modes may initiate. The predicted zones agree well with the
experimental and numerical simulations. By this simplification, the optimisation problem is formulated
differently while retaining the relevant physical features of the process. To illustrate this strategy, tee-
shaped tube hydroforming process is proposed due to its complexity to demonstrate the benefits of the
probabilistic approach. The optimisation problem is formulated within deterministic and probabilistic
frameworks to determine the optimal loading paths. It will be shown that probabilistic optimum allows
better process mechanics and improved thickness distribution in the hydroformed tube. This approach
can be extended to other metal forming processes and easily implemented for industrial products within
reasonable computational time.
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1. Introduction

During the last decade, hydroforming process has become one of the most important advanced
manufacturing technology used for producing a large variety of components and structures. The process
finds various applications in the aerospace industry, such as panels, fuselage parts and in the appliance
industry, such as fitting, joints, knobs and handles. The process offers significantly improved component
stifnesses in addition to lower cost compared to traditional techniques such as stamping, forging or
welding. Since the application of the hydroforming process is relatively new (compared to other metal
forming processes such as stamping and forging), a know-how with many trial efforts and numerical
simulations such as optimisation strategies coupled with finite element analyses (FEA) is requested to
achieve a good performance of the process. More precisely, it appears that monitoring and controlling
the process is necessary in order to obtain parts that satisfied the desired specifications. Indeed, final
shapes obtained by hydroforming process are highly dependent on the applied loads, material properties,
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