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In this study, the effects of ultrasonic nanocrystal surface modification (UNSM) on fretting wear of Inconel 718 
alloy manufactured by additive manufacturing (AM) process were experimentally and numerically evaluated. 
The aim of this study is to compare the fretting wear results obtained from experimental and numerical 
approaches and to find out the possibilities of being replaced with forged Inconel 718 alloy for aerospace and 
nuclear applications. Finite element model for fretting wear was built and it considered the difference in friction 
coefficient of Inconel 718 alloy before and after UNSM treatment.  
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1. Introduction 

There is a need to improve the fretting wear in order to 
prevent consequences of fretting failure in the aerospace 
industry [1]. It has been a great challenge to employ a 
simple surface modification, which may be used to 
improve the fretting wear of materials. Development of a 
numerical model that takes into the difference in friction 
coefficient, elastic modulus and yield strength of Inconel 
718 alloy before and after UNSM treatment would be of 
great help to correctly define the optimal parameters and 
reduce the number of needed experiments. 

2. Methods 

UNSM was applied to Inconel 718 alloy manufactured 
by direct energy deposition (DED) under the parameters 
listed in Table 1. The fretting wear was investigated using 
a cylinder-on-flat wear tester (SRV-IV, Germany) at a 
frequency, amplitude and applied load of 10 Hz, 100 µm 
and 20 N, respectively.     
 

Table 1: UNSM parameters.  
 

Frequency [kHz] 20 

Amplitude [µm] 30 

Static load [N] 50 

Ball diameter [mm] 2.38 

Ball material WC 

2.1. Numerical Scheme 

Basic fretting model, which that takes into the difference 
in friction coefficient of the untreated and UNSM-treated 
Inconel 718 alloy, was developed. Table 2 shows the 
simulation parameters.  

 

Table 2: Simulation parameters.  
 

Model Applied 
load [N] 

Friction 
coefficient 

Wear 
coefficient 

[MPa-1] 
Untreated 

50 

0.88 

1.15×10-9 UNSM-
treated 

0.72 

 

2.2. Results  
The depth of fretting wear scar for different coefficient of 
friction of the untreated and UNSM-treated Inconel 718 
alloy is shown in Figure 1.  
 

 
 Figure 1: Evolution of the fretting wear scar for different 
coefficient of friction. 

3. Discussion 

A reduction in friction coefficient by UNSM had a 
beneficial effect on the enhancement of fretting wear of 
Inconel 718 alloy as shown in Figure 1. The main 
influencing factors in the fretting wear process will be 
combined to analyze the effects of UNSM on the fretting 
wear. 
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