
Accepted Manuscript

Effects of processing on microstructure evolution and fatigue crack growth
mechanisms in cold-spray 6061 aluminum alloy

Anastasios G. Gavras, Diana A. Lados, Victor K. Champagne, Robert J. Warren

PII: S0142-1123(18)30005-7
DOI: https://doi.org/10.1016/j.ijfatigue.2018.01.006
Reference: JIJF 4535

To appear in: International Journal of Fatigue

Received Date: 20 October 2017
Revised Date: 3 January 2018
Accepted Date: 6 January 2018

Please cite this article as: Gavras, A.G., Lados, D.A., Champagne, V.K., Warren, R.J., Effects of processing on
microstructure evolution and fatigue crack growth mechanisms in cold-spray 6061 aluminum alloy, International
Journal of Fatigue (2018), doi: https://doi.org/10.1016/j.ijfatigue.2018.01.006

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.ijfatigue.2018.01.006
https://doi.org/10.1016/j.ijfatigue.2018.01.006


  

1 

 

Effects of processing on microstructure evolution and fatigue crack growth 

mechanisms in cold-spray 6061 aluminum alloy 

Anastasios G. Gavras 
a,*

, Diana A. Lados 
a
, Victor K. Champagne 

b
, and Robert J. Warren 

a
 

a Worcester Polytechnic Institute, Integrative Materials Design Center, Worcester, MA 01609, USA 
b U.S. Army Research Laboratory, Aberdeen Proving Ground, MD 21005, USA 

Research highlights 

 

 The FCG behaviour of cold-spray processed 6061 aluminum is examined 

 Prior powder particle boundaries are critical in the FCG response at high ΔK values 

 Design maps relating loading conditions to microstructural-scale damage are shown 

 A microstructure-based model is developed to predict FCG rates in upper FCG regions 

 Discussion on fatigue-critical applications of cold-spray materials is provided 

 

Abstract 

Owing to their fine microstructures, cold-spray processed alloys possess appealing static 

mechanical properties, similar to their wrought counterparts, making them potential candidates for 

structural applications. In spite of their great potential, the lack of knowledge of their cyclic behavior, 

especially the fatigue crack growth response, limits their use in high-integrity applications. Thus, further 

advanced characterization of cold-spray processed materials is needed. In this study, fatigue crack growth 

microstructural mechanisms were established for bulk cold-spray processed 6061 aluminum alloy tested 

in laboratory air at room temperature. The effects of the material’s characteristic microstructure, stress 

ratio (R=0.1, 0.5, and 0.7), and post-fabrication heat treatment (annealing and T6) on the fatigue crack 

growth behavior were systematically investigated. It was found that the initial powder particle 

characteristics play an important role in the crack’s propagation through the cold-spray 6061 

microstructures, and particle boundaries are critical in the materials’ response, especially at high driving 

force. To aid the material-process design, two crack tip driving force parameter maps that relate loading 
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