Accepted Manuscript

e 8

materials

DESIGN

Estimating mechanical properties from spherical indentation
using Bayesian approaches

Patxi Fernandez-Zelaia, V. Roshan Joseph, Surya R. Kalidindi,
Shreyes N. Melkote

PII: S0264-1275(18)30216-8

DOI: doi:10.1016/j.matdes.2018.03.037
Reference: JMADE 3779

To appear in: Materials & Design

Received date: 17 January 2018

Revised date: 26 February 2018

Accepted date: 14 March 2018

Please cite this article as: Patxi Fernandez-Zelaia, V. Roshan Joseph, Surya R. Kalidindi,
Shreyes N. Melkote , Estimating mechanical properties from spherical indentation using
Bayesian approaches. The address for the corresponding author was captured as affiliation
for all authors. Please check if appropriate. Jmade(2017), doi:10.1016/
j.matdes.2018.03.037

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 proof before
it is published in its final 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.


https://doi.org/10.1016/j.matdes.2018.03.037
https://doi.org/10.1016/j.matdes.2018.03.037
https://doi.org/10.1016/j.matdes.2018.03.037

Estimating Mechanical Properties from Spherical Indentation Using Bayesian Approaches

Patxi Fernandez-Zelaia®”, V. Roshan Joseph®, Surya R. Kalidindi® Shreyes N. Melkote®

 George W. Woodruff School of Mechanical Engineering, Georgia Institute of Technology,
Atlanta, GA, United States

P H. Milton Stewart School of Industrial and Systems Engineering, Georgia Institute of
Technology, Atlanta GA, United States

“Corresponding author at: George W. Woodruff School of Mechanical Engineering, Georgia
Institute of Technology, Atlanta, GA, United States. Tel.: +1 404 894 0368; fax: +1 404 984
9342. E-mail address: pfz3@gatech.edu (P. Fernandez-Zelaia).

Abstract

Instrumented indentation enables rapid characterization of mechanical behavior in small
material volumes. The heterogeneous deformation fields beneath the indenter however make it
difficult to infer the intrinsic constitutive properties (e.g., Young’s modulus, yield strength). This
inverse problem is addressed in the literature using optimization techniques that are generally
unable to yield robust values for the properties of interest and cannot quantify property
uncertainty. Furthermore, current approaches tend to exhibit very high sensitivity to the error
definitions and the optimization techniques employed. In order to overcome these difficulties, we
propose an alternate approach that involves two main steps: (i) Development of a Gaussian
Process (or kriging) surrogate model using finite element models of spherical indentation, and
(ii) inverse solution using a Bayesian framework and Markov Chain Monte Carlo sampling.
These approaches are demonstrated using selected case studies.
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