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EXTENDED ABSTRACT 

Wear is a phenomenon that affects all types of joints present in machines, and therefore it must be taken into account in 

mechanism simulations. Although the topic of simulation of joints with clearance has been widely studied by the scientific 

community of Multibody Dynamics (MBD), their simulation considering wear is not as frequent. Some remarkable works can 

be found in [1-4]. 

Consideration of wear in the simulation often leads to a gradual increase of the contact forces at the joints caused by the evolution 

of the clearance size. This growth of the joint clearance together with the increase of the contact forces lead to a progressive 

degradation of the machines, as shown in [5]. 

A correct modelling of wear can be of great help for a more realistic simulation of the behaviour of the mechanisms, which may 

allow to estimate how the performance of the machines evolves over time. In most works of MBD, wear is modelled by means 

of Archard equation [6]. This equation represents a proportional relation between the wear volume and the product of normal 

force and relative slip, as gathered in Eq.1. 

 𝑉 = 𝐾𝑤 ∙ 𝐹𝑛 ∙ 𝑠  (1) 

 ℎ𝑛
𝑖 = ℎ𝑛

𝑖−1 + 𝐾𝑤 ∙ 𝑝𝑛 ∙ ∆𝑠  (2) 

Eq.2 corresponds to the Archard equation developed for obtaining a wear depth at point n at instant i. What is obtained by 

applying the Archard equation is an accumulated wear due to the numerical integration with respect to time and space of the 

wear produced at each time step. 

In a previous work [7], the importance of a good spatial and temporal discretisation for the correct modelling of wear was 

discussed. It was concluded that, for wear to be considered properly, there must be some overlapping between the pressure 

profiles at each time step. Pressure profiles determine the instantaneous wear profiles, which lead to wear increment along time. 

The overlapping between the instantaneous wear profiles is critical for a good wear estimation. It depends mainly on the relative 

tangential velocity and the time step used. However, these are not the only factors that must be taken into account. In some works 

[1, 3, 8, 9], it has been observed that, when computing wear, the Hertz contact pressure is not applied, but a uniform contact 

pressure is assumed instead for the sake of simplicity. This simplification can lead to large irregularities in the estimated worn 

geometry. 

Differences between the consideration of a Hertzian pressure distribution and a uniform pressure profile over the entire contact 

area are illustrated in Figure 1, where it can be seen that the application of a contact profile according to the Hertz theory generates 

a more uniform wear in the final geometry of the worn bushing. 

 

Figure 1. Differences in accumulated wear due to different pressure distributions: a) accumulated wear for each pressure 

distribution; b) Instant wear for uniform pressure profile; c) Instant wear for Hertzian pressure profile. 



The results in Figure 1 assume a cylinder-cylinder contact, in which sliding occurs at constant speed under a normal force. It can 

be seen that, in the case of application of the uniform pressure profile, the result in the accumulated wear follows a stepwise 

form, as constant values are added according to the overlapping of profiles of different time steps. Whereas, in the case of 

consideration of the Hertzian contact pressure profile, wear is calculated as a function of the distance to the contact point 

according to the elliptical Hertz distribution. It is observed that the accumulated wear resulting in this case is more homogeneous 

than in the previous case. 

In order to study the impact of this effect on the simulation of a mechanism, a slider-crank mechanism has been simulated. The 

mechanism has a clearance joint at the connecting rod-slider joint, the bushing belonging to the connecting rod. As can be seen 

in Figure 2, the use of a uniform pressure distribution leads to some irregularities in the worn profile of the bushing, which are 

greatly reduced when using the Hertzian pressure distribution. 

 

Figure 2. Slider-crank mechanism: a) joint with clearance; b) accumulated wear at the joint after one cycle. 

The presence of irregularities in the bushing contour introduces non-linearities in the system, which may hinder the simulation 

due to problems in the numerical integration and can lead to inaccurate wear predictions. From the obtained results, the 

application of the Hertz contact pressure profile instead of the uniform pressure profile is recommended for several reasons: (i) 

it is a more accurate distribution as it comes from an analytical formula obtained from the Hertz contact theory; (ii) it is simple 

to implement and does not involve great computational cost; (iii) it provides a more uniform and continuous wear prediction, 

which means that there are no abrupt jumps in contact penetration or force, which facilitates the simulation and provides better 

prediction of bushing wear. 
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