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This paper presents a fast and robust piston ring pack lubrication model. On the one hand, a steady state 
analytical 1D model of a smooth starved iso-viscous-rigid contact is implemented. On the other hand, the 
asperity contact problem uses load-separation curves, computed with high-performance numerical tools. By 
means of a Newton-Raphson solver, both models are combined allowing for a continuous transition through the 
boundary, mixed and hydrodynamic lubrication regimes. The goal is to predict the energy loss and oil 
consumption and allow for a fast and robust optimisation of the piston ring pack. 
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1. Introduction 

Considering global warming, the automotive industry 
aims to reduce Internal Combustion Engines (ICE) 
pollution. Piston-ring/cylinder-liner is a major friction 
origin in an ICE. Because of the wide variation of 
operating conditions, the lubrication physics of the 
piston-ring/cylinder-liner contact is complex and include 
all lubrication regimes. The main challenge is to predict 
the boundary and mixed lubrication friction. Most of 
existing ring pack friction prediction models rely on 
stochastic contact theories, such as Greenwood-
Williamson or Persson theory [1]. 
This study presents a new asperity contact approach 
relying on high-performance numerical tools allowing a 
robust prediction of piston ring pack friction. 
 

2. Methods 

2.1. Hydrodynamic contact model 
Equation (1) and (2), developed by Biboulet et al. [2], 
enables one to calculate the load carrying capacity of 
smooth starved iso-viscous-rigid contacts. 
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2.2. Asperity contact model 
Figure 1 shows a load-separation curve computed with 
Sainsot and Lubrecht [3] high-performance tools, used as 
input for the piston ring pack friction prediction. 

 
Figure 1: Load-separation curve corresponding to a 44 
nm rms surface (filled circles: load, hollow circles: area). 

2.3. Results  
Figure 2 shows typical outputs of the friction prediction 
model, highlighting boundary and viscous friction. 

 
Figure 2. Compression ring friction (solid line) and 
minimum film thickness (dashed line) for a complete ICE 
cycle. 
 

3. Discussion 

As a function of ring geometry and tension, liner micro-
geometry, oil viscosity and engine operating conditions, 
the model computes the complete ring pack friction. 
Results shows continuous transition through all 
lubrication regimes allowing piston ring pack 
optimisation. 
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