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Abrasive wear can be quantified by the wear coefficient (K) using the Archard equation. The main objective of 
this work is to obtain, experimentally and numerically, K values when a heterogeneous microstructure is 
submitted to multiple scratches. Experimental tests were carried out in a tribometer using a Rockwell C tip. The 
applied loads were 3, 5 and 10 N, considering from 1 to 40 reciprocating superimposed cycles in linear 
movement. The geometry and the loads of the numerical model were based on the experimental tests and 
developed employing the Finite Element Method (FEM). The numerical results were compared with 
experimental data and showed stability of K with an increase in the number of cycles.  
 

Keywords: Abrasion, wear coefficient, heterogeneous microstructure, scratch test, numerical simulation 
 

1. Introduction 

The study of abrasive phenomena remains as an 
important task in tribology. Scratch tests are frequently 
used to reproduce these phenomena in laboratory, in a 
simplified and controlled way [1]. Abrasive wear is 
frequently quantified using the Archard equation (1). 𝑄 = 𝐾 ∗ 𝑊𝐻    (1) 
In which: Q is the removed volume, W is the applied 
load, H is the hardness of the material and K is the 
dimensionless wear coefficient. 
Heterogeneous materials, such as those with a two-phase 
microstructure [1], provide additional challenges in the 
analysis of abrasive wear, for example, due to the 
necessity of combining the abrasive behavior of a matrix 
and of a hard carbide. Additionally, in the analysis of 
niobium carbides, Machado et al. [2] reported that the 
wear coefficient is influenced by the number of cycles 
and underlined numerical simulation as an additional tool 
during the study of scratch tests. 

2. Methods 
2.1. Experimental Procedure 

Reciprocating scratch tests were conducted in a UMT-2 
tribometer from Bruker Inc., using a Rockwell C tip. 
Three different loads were applied: 3, 5 and 10 N and 
scratches were 4 mm long. The reciprocating linear 
movement was divided into six groups, with 1, 5, 10, 20, 
30 and 40 cycles.  

2.2. Numerical simulation 

The numerical models were developed in the software 
Abaqus in explicit model 3D. The geometry and loads 
were the same as those of the experimental tests, but with 
800 µm in scratch length. The microstructure developed 
in the numerical model was based on a heterogeneous 
material with martensitic matrix and second hard phase, 
as indicated in Figure 1.  

 
Figure 1: Numerical model of the scratch test. 

2.3. Scratch characterization 

The wear tracks were analyzed using a scanning electron 
microscope (SEM). The removed volume was calculated 
based on the depth of the wear track and was obtained 
with coherence correlation interferometry (CCI).  

3. Results and Discussion 

Figure 2a shows the depth profile along the wear track 
obtained during the numerical analysis. Figure 2b 
presents the variation in the K as a function of the number 
of cycles, both for numerical and experimental analyses. 

 

 
Figure 2: Experimental and numerical results for: a-) 
normal displacement in the condition of 10 N and 10 
cycles, b-) wear coefficient by the number of cycles. 
 

As predicted, results have indicated that the presence of 
hard carbides influences the normal displacement and 
affects the removed volume. A good correlation between 
experimental and numerical results was obtained, except 
for the initial cycles of the analyses with 3 and 5 N. The 
increase in the number of cycles provided significant 
changes in the K value only during the initial cycles.  
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