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An investigation towards the development of a friction model was performed based on relevant surface features 
and material properties of the contact of lubricated hot rolling. Thermo-viscoplastic material models for an 
aluminium alloy backed by experiments, topography measurements and surface representation considering 
coalescence of asperities and rheological properties of lubricants applied in the process were included in the 
model. The contribution of different friction sources is quantified in a load-sharing concept for the model. 
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1. Introduction 

In metalworking, operations such as hot rolling are 
highly affected by the friction and contact conditions 
between tool and workpiece [1]. Due to the complex 
physics and chemistry of such a tribosystem, which 
involves high temperatures, viscoplastic deformation, 
oil-in-water lubricants, unsteady relative sliding, and 
others, there is no established friction or contact model 
for such a scenario [2]. Accurate prediction and control 
of the friction forces in these processes are desirable since 
they ultimately contribute to an optimized process in 
terms of achieved material properties, energy 
consumption and cost optimization. 

2. Methods 

AA6061 is an aluminium alloy commonly manufactured 
by hot rolling and used as reference in this study. 
Constitutive models based on compression tests helped 
describing the creep behaviour of the bulk material, while 
hot hardness and hot scratch tests provided information 
on the surface-near material properties. Topography 
measurements of an actual roll were used to 
deterministically represent asperities whilst considering 
coalescence and formation of contact patches [3] as well 
as the probability of lubricant presence in the contact.  

 
Figure 1: Identifying and representing important aspects 
of the contact in the hot rolling process such as the 
thermo-viscoplastic behaviour, coalescence of asperities 
and lubricant pockets. 

Supported by Finite Element simulations and 
experiments, this study investigated the load-dependent 
ratio of lubricated and asperity contact for further 
understanding friction in the mixed lubrication regime of  

 

hot rolling operations. The essential assumption is that 
the friction force can be decomposed in two or more 
components, which in its simplest form can be written as: τtotal = ατa + (1 − α)τl (1) 

where 𝛼 is the ratio of the real contact area to the nominal 
contact area, τ is the shear stress in asperity-asperity 
contact (τa) and lubricant-asperity contact (τl). 
3. Discussion 

By making use of a load-sharing concept, the 
contribution of multiple features of the contact, i.e., the 
temperature-dependent viscoplastic material behaviour, 
topography of the roll and formation of contact patches, 
lubricant entrapment along with temperature- and 
pressure-dependent viscosity, and tribofilm formation 
were investigated. This study shows the quantitative 
influence of these aspects in the calculation of the degree 
of contact and consequently how important specific 
properties may be for the control of friction forces. Such 
model will help in the optimization of manufacturing 
processes. 
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