
Accepted Manuscript

Discrete element method simulations of mechanical plating of
composite coatings on aluminum substrates

Renata Khasenova, Sergey Komarov, Shingo Ishihara, Junya
Kano, V.Yu. Zadorozhnyy

PII: S0257-8972(18)30432-8
DOI: doi:10.1016/j.surfcoat.2018.04.056
Reference: SCT 23340

To appear in: Surface & Coatings Technology

Received date: 23 November 2017
Revised date: 13 March 2018
Accepted date: 18 April 2018

Please cite this article as: Renata Khasenova, Sergey Komarov, Shingo Ishihara, Junya
Kano, V.Yu. Zadorozhnyy , Discrete element method simulations of mechanical plating of
composite coatings on aluminum substrates. The address for the corresponding author was
captured as affiliation for all authors. Please check if appropriate. Sct(2017), doi:10.1016/
j.surfcoat.2018.04.056

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.surfcoat.2018.04.056
https://doi.org/10.1016/j.surfcoat.2018.04.056
https://doi.org/10.1016/j.surfcoat.2018.04.056


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

Discrete element method simulations of mechanical plating of composite coatings on 

aluminum substrates  

 

Renata Khasenova
1,*

, Sergey Komarov
1
, Shingo Ishihara

2
, Junya Kano

2
, V.Yu. 

Zadorozhnyy
3 

1
Graduate School of Environmental Studies, Tohoku University, 6-6-02 Aza-Aoba, 

Aramaki, Aoba-ku, Sendai, Japan, 980-8579 

2
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 2-1-

1, Katahira, Aoba-ku, Sendai, Japan 980-8577, 

3
National University of Science and Technology “MISIS”, Moscow 119049, Russia 

 

*
Corresponding author 

E-mail address khasenova.renata.sagidullaevna.t3@dc.tohoku.ac.jp (R.S. Khasenova) 

 

Abstract 

 

Mechanical plating deposits coatings by cold welding fine particles to a workpiece 

through ball or shot impact treatment, for example in ball mills. This process offers flexibility in 

selecting material systems because the formation of coatings occurs in the solid state at near 

room temperature and ambient pressure. However, parametric optimization of the process 

remains a challenge since many parameters affect the process efficiency. The goal of this study 

was to numerically investigate the behavior of the balls and a substrate sample in a planetary ball 

mill and thus to elucidate the mechanisms involved in this mechanical plating treatment. An 

aluminum substrate with aluminum-carbon nanotube coating system that was previously 

investigated experimentally was simulated. A discrete element method model was proposed to 

perform numerical simulations to predict the energy, frequency, and angle of ball-to-substrate 

collisions. Measurements were also conducted to determine the friction coefficient necessary for 

the simulation. The results revealed that small balls caused more frequent and mild collisions 

with the substrate predominantly in the tangential direction. These collisions are assumed to be 

the primary contributor to the coating formation. Collisions between large balls and the substrate 
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