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Abstract 

Focusing in the application of the 3D Digital Image Correlation technique, this work proposes a material flow analysis in an 

indentation process. The study establishes the methodology for the calibration and implementation of the 3D image sensing 

technology for deformation measurements. The purpose is to continue with the validation of the DIC application to the 

indentation processes, where a deep penetration is achieved and extensive material flow is produced. With the 3D DIC technique 

is possible to perform accurate deformation measurements in not planar specimens and study the material emerging towards the 

exterior of the tested specimen, which is not possible with the 2D DIC technique. Although previous 2D studies were efficient 

detecting the flow field and von Mises strains on the specimens tested, the bulge emerging under the punch on the front surface 

(dead zone) could not be studied due to its predominantly 3D character. Therefore, present work implements a 3D methodology 

that carries out a complete study of the deformation, including the material flow that occurs on the Z axis, towards the exterior of 

the tested specimen, optimizing previous analyses. 

© 2019 The Authors. Published by Elsevier B.V. 
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1. Introduction

Leading to understand the materials behavior, different techniques have been developed in order to have efficient

tools to study elastic and plastic deformation. Within high deformation ranges, there are several efficient analysis 

tools that can be taken into consideration for strain measurements. The Digital Image Correlation technique (DIC) is 

a procedure that is currently attracting attention in the field of material deformation measurements. It has certain 

advantages to consider, among which can be highlight that it is a non-contact optical method that reduces the 

specimens interaction and provides wide measurement ranges with high resolution [1]. DIC technique offers the 
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after the indentation teste, presenting an average displacement of 3.07 mm, being the error with the correlation 

displacement results of 2.67% on average.  

 

Fig. 10. Vic 2D and 3D analysis comparison. 

4. Conclusions 

The main purpose of present work is to implement the 3D DIC technique, improving the material flow analysis in 

an indentation process. Present analysis validates the 3D image sensing technology application in order to achieve 

adequate results in large plastic deformations processes.  

The non-contact 3D technique is presented as an efficient method for the identification of the flow field and von 

Mises strains. The 3D von Mises results show a good correlation with the 2D results obtained in previous studies, 

3.58221 versus 3.5 respectively.  

Also, the bulge emerging under the punch on the front surface (dead zone) can be analyses due to the 3D 

technology, presenting an average displacement in the Z axis of 2.99 mm versus the average of 3.07 mm measured 

in the tested specimens. Individually, the error is usually contained below a 10%, expect in one of the samples 

(sample 4), which rises up to 17%. This rise may be due to errors in the speckle conferred to the specimen. 

This analysis confirms that the 3D DIC application can provide full strain fields and can be used to examine 

manufacturing processes. Also, after the necessary image treatment, DIC offers the possibility to obtain different 

types of information such as damage, stress distribution, or the stress-strain curve. 

Future work 
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