
Accepted Manuscript

Title: Depth-sensing time-dependent response of additively
manufactured Ti-6Al-4V alloy

Authors: Muztahid Muhammad, Mohammad Masoomi, Brian
Torries, Nima Shamsaei, Meysam Haghshenas

PII: S2214-8604(18)30439-1
DOI: https://doi.org/10.1016/j.addma.2018.09.008
Reference: ADDMA 497

To appear in:

Received date: 29-6-2018
Revised date: 5-9-2018
Accepted date: 7-9-2018

Please cite this article as: Muhammad M, Masoomi M, Torries B,
Shamsaei N, Haghshenas M, Depth-sensing time-dependent response of
additively manufactured Ti-6Al-4V alloy, Additive Manufacturing (2018),
https://doi.org/10.1016/j.addma.2018.09.008

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.addma.2018.09.008
https://doi.org/10.1016/j.addma.2018.09.008


1 

Depth-sensing time-dependent response of additively manufactured Ti-

6Al-4V alloy 

Muztahid Muhammad1, Mohammad Masoomi2,3, Brian Torries2,3, Nima Shamsaei2,3, 

Meysam Haghshenas1,* 

1 Department of Mechanical Engineering, University of North Dakota, ND 58202, USA 

2 Department of Mechanical Engineering, Auburn University, Auburn, AL 36849, USA 

3 National Center for Additive Manufacturing Excellence (NCAME), Auburn University, Auburn, AL 

36849, USA 

*Corresponding author 

Email: meysam.haghshenas@engr.und.edu 

 

 

Abstract 

Depth-sensing (instrumented) indentation testing technique is a robust, reliable, 

convenient and non-destructive characterization method to study small-scale mechanical 

properties and rate-dependent plastic deformation in metals and alloys at ambient and 

elevated temperatures. In the present paper, depth-sensing indentation creep behavior of 

an additively manufactured, via laser powder bed fusion (L-PBF) method, Ti-6Al-4V 

alloy is studied at ambient temperature. Indentation creep tests were performed through 

a dual-stage scheme (loading followed by a constant load-holding and unloading) at 

different peak loads of 250 mN, 350 mN, and 450 mN with holding time of 400 s. Creep 

parameters including creep rate, creep stress exponent, and indentation size effect were 

analyzed, according to the Oliver and Pharr method, at different additive manufacturing 

scan directions and scan sizes. To assess processing parameter/ microstructure/ creep 

property correlations in the additively manufacture Ti-6Al-4V alloy, microstructural 

quantitative analyses (i.e. optical microscopy and scanning electron microscopy) were 

performed as well. The findings of this study, according to stress exponent values, 

showed that the controlling mechanism of the creep at ambient temperature for the 

examined L-PBF Ti-6Al-4V is mainly glide-controlled dislocation creep. These findings 

were compared against traditionally processed Ti-6Al-4V as well. 
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