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Introduction
The prediction of wear in metal-on-metal hip replacements has been a subject of intense study in recent years. Such a predictive capability has proved difficult to achieve because of the competing and complex physics at play in the artificial joint. The lubrication regime in such joints adds complexity to the problem, as the joint operates in both the full fluid film regime, specifically the ElastoHydrodynamics Lubrication (EHL) regime and the mixed or even boundary lubrication regimes, where contact between the artificial femoral head and the acetabula cup leads to wearing of the opposing surfaces.
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	[bookmark: _Ref389737829]Figure 1: Representation of typical physical simulator wear results


The wear results obtained from physical artificial hip simulators typically show an initial “running in period” for approximately 1 to 2 million cycles, before a lower wear rate is reached, such a wear result is shown in Figure 1. This “classical” wear trend [1] is followed for the majority of cases and has been observed in both metal-on-metal joints [2] as well as joints where one or both surfaces are ceramic or plastic. This is despite the significantly different wear rates observed for the different bearing surface materials (due to the differing surface characteristics).

A significant amount of research has been undertaken on the EHL of metal-on-metal artificial hip joints [3-7]. In these models the interaction of the fluid film pressure and the elastically deformable head and cup are considered to predict both the film thickness and the lubricating fluid pressure. Such studies have shown that the fluid filled lubricating gap is of the order of 10-100nm. Other work undertaken to consider the wear of the artificial hip joint includes using a finite element approach to calculate the local dry contact pressure, which is then used as the basis for the wear calculations. When the Archard wear law[8] has been applied to this problem a linear wear volume per cycle is obtained as the total force applied to the joint is the same resulting in the integration of the wear volume per cycle being constant. As such the predicted wear rate does not replicate the trends observed experimentally in simulator tests [9].

Model Development
In this work the introduction of wear into a transient EHL model of hip lubrication is demonstrated. The transient EHL problem is solved using the equivalent spherical discrete convolution technique [10], and the multi-level multi-grid integration was used to obtain the surface elastic deformations. The wear model is based on the work of Sharif et al. [11] who introduced a wear factor as a function of the load and gap between the lubricated surfaces. This gap between the lubricated surfaces is made non-dimensional by the surface roughness, a characteristic of the surface which is widely considered to dictate the onset of surface contact. This wear is described by  and is used to increment the level of wear and corresponding film thickness on both the head and cup of the artificial joint. The wear rate was updated every 0.1 million cycles and the resulting wear was found to be independent of the wear update rate. The wear coefficient of  was used. The power term a in the wear equation describes the abruptness of the onset of wear as the film thickness reduced below the surface roughness, a value of 2.24 was found to reasonably capture surface wear by Sharif et al. [11], although the different geometry and surface characteristics may result in a different value being more appropriate, requiring further investigation.


Results and Discussion
Typical wear results are shown in Figure 2 which shows the wear of both the head and the cup geometry when loaded with the Leeds ProSim gait cycle [2]. It is interesting to note that the “classic” wear shape is qualitatively captured by the model, despite the simplicity of the wear model and constant wear rate assumed in the wear component of the model. This is attributable to the change in the surface profile as a result of the surface wear, effectively making the head and cup geometries of a more similar radius and increasing the fluid filled gap.
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	[bookmark: _Ref396677146]Figure 2: Total cup and head wear for 28mm diameter (with 40 µm diametrical clearance) and 36mm diameter (with 50 µm diametrical clearance) metal-on-metal hip joints 




Conclusion
The resulting model is able to capture how experimentally obtained wear rates vary with time using a linear wear model (with load) and an EHL simulation of the lubrication in the joint. Work is ongoing in refining the means by which wear is included in the model, as well as how the joint profile can be designed to eliminate the initially higher wear rates seen at the beginning of the cycles.
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