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Abstract. One of the objectives in the field of tribology is to solve the mechanical stress-displacement 
problem involved by rough contacts. In our approach, the surface chosen is a 256-256 µm² 3D sinusoidal 
shape (amplitude 4.5µm, wavelength 50µm) with an elastoplastic constitutive behaviour. The constitutive 
law combines isotropic and kinematic hardening and is experimentally identified from 316L steel sheets. 
The FEM deformable surface is crushed then uncrushed by a rigid flat surface: stresses, contact pressure 
and plastic cumulated strain are computed. We investigate the results sensitivity with respect to the level 
of in-plane refinement. At last, we conclude on some guidelines for 3D finite elements modelling of 
rough surfaces. 

1. Introduction 
Tribology analysis of surfaces is traditionally associated with stochastic and semi-analytical models. 
But the assumptions made are sometimes too restrictive because of 3D geometry of surfaces and non-
linear elastoplastic behavior of materials. Nevertheless, in order to model more precisely the response 
of a rough surface, many authors modeled the contact with Finite Elements Method (FEM). However, 
because of the large size of such numerical models, computations are still often restrained to 2D plane-
strains slices, from which the surface is supposed to be ‘extruded’, despite 3D approaches have been 
already tried by [1]. 3D models allow to estimate with more accuracy the stress field and to take into 
account the “geometric coupling” between asperities, but computation times dramatically increase 
with mesh density. However, by means of new shared memory computing blades and with adequate 
softwares (i.e. Ansys Academic ResearchTM), it becomes possible to analyse 3D elastoplastic contact 
of realistic discretized surfaces. Our objective is to develop a finite elements mechanical computation 
methodology of rough surfaces.  
 
2. Materials and the finite element model 
The studied surface is showed on Fig. 1: it is simple because of its geometry regularity and it is a 
reference case because of the sinus asperities shape [2]. Because of the “low” roughness of this 
surface, the finite elements mesh is obtained by perturbation of a pre-existing mapped mesh. 
Perturbation consists in the displacement of the surface nodes by spatial detection and comparison to 
an input file coming from a profilometer device. The low Rt parameter (compared to the wavelength of 
an asperity) allows the generation without “folded” elements. 
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Figure 1. Home-made double sinus surface 
 

2.1. Constitutive behavior 

The material is a 316L steel with an initial yield stress of 212.54MPa described by the Lemaître-
Chaboche hardening: isotropic Voce hardening (saturation Rinf=1000MPa and exponent b=1.6) plus 
one term Armstrong-Frederick kinematic hardening (parameters C1=4836.4MPa and G1=23.5). 
Young modulus is 200GPa and ν=0.3. The 1D material law in compression then tension is showed on 
Fig. 2. 

 

 

Figure 2. 316L constitutive behavior in the Von Misès (MPa) – 
accumulated plastic strain (%) plot 

 

2.2. Finite elements meshes and boundary conditions 

The input file is done with 1µm space increments in X and Y directions. As the surface is a 256µm 
square, maximum density corresponds to a mesh size of 256 x 256 elements on surface, like mesh 3, 
whereas meshes 2 and 1 are successively twice less dense (see Fig. 3). Mesh 101 corresponds to mesh 
1, but with parabolised H20 elements coming from the H8 mesh of 1. All these meshes have a 
thickness of 256/8.5µm=30.12µm. 
The modeled substrate comes from a sample (dimensions: 1cm²x1cm) that is free on its four sides and 
that lies on a plane on its underside. Because of symmetries, we also take free edges for the substrate, 
however, the substrate bottom is simply supported in the Z direction, leading in overestimated 
stiffness, and so are the stresses and plastic strains. The rigid surface crusher is displacement driven 
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along Z with all other degrees of freedom blocked. Surface goes down to Rt/4=1.13µm and goes back 
up to 0.904*Rt/4 to finely analyse the spring-back. Regarding the interface behavior, it is desirable to 
employ an exact contact algorithm since the problem is dominated by contact mechanics. This is why 
the Pure Lagrangian algorithm is chosen. There is no friction. 

 

 

 

Figure 3. Meshes 1 to 101 and 2 to 3, from top to bottom, from left to right 
 

2.3. Model parameters and numerical performance 

We summarize the different models on Tab. 1 and we emphasize the large numerical resources needed 
to run them. The supercomputer used was a BULL 6030 Supernode with 24 X7542 Xeon cores, 
256Gb RAM and 3.2To stripped 10kRPM HD. All models have 10 elements in the Z thickness 
direction. 

Table 1. Parameters and numerical performances 
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3.  Convergence analyses 

3.1. Convergence of macroscopic out of plane force and contact area 

Fig. 4 highlights a quick convergence of the FZ reaction force of the rigid surface and of the total contacted 
area: model 2 with 128x128 elements on surface is suitable whereas models 1 and 101 with 64x64 elements are 
too coarse. 

Despite it is not needed, model 3 is the best but at a large computing cost (see Tab. 1). 
 

 
 

Figure 4. Force-displacement curves of the rigid surface (left) and contacted area curves of the whole 
deformable surface (right) 

3.2. Convergence of the Von Mises stress at the end of the crush step 

On one hand, we show on Fig. 5 that only model 3 allows to obtain the fine distribution of in plane 
surface maximum values that are the crowns around the maximum contact areas (between 400MPa 
and 450MPa in orange range). On the other hand, the maximum Von Mises stress is found beneath the 
surface, below the top of asperities as expected by extending the classic elastic Hertz theory of contact 
to elastoplasticity. All meshes localize well this stress peak and lead to values between 470 and 
491MPa. 
Model 3 is the best and is needed for good in plane discretization. 
 

4. Conclusion 
We have demonstrated the feasibility of 3D finite elements computations in the case of the regular 
double sinus rough surface. We may conclude on guidelines to start to build a general methodology. 
Here are the 2 main conclusions: 
-quadratic elements are not recommended because they do not improve the discretized contact state, 
that must be finely described, while they dramatically increase computing time, 
-in order to finely discretize the in plane Von Mises stress field, fine meshes with in plane 256x256 
element densities are needed (element size = 1µm that is 50 elements / wavelength here). 
Thereafter, it will be necessary to analyze residual stresses at the end of the “uncrush” step. Moreover, 
to have a more realistic 3D approach, friction and sample stiffness must be taken into account with the 
aid of a spring. 
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Figure 5. Von Mises stress field for meshes 1 to 101 and 2 to 3, from top to bottom, from left to right 
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