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ABSTRACT – Meso-scale frictional dynamics of 

elastic-plastic bodies were studied using Smoothed 

Particle Hydrodynamics (SPH) method. Our coarse-

grained model can consider the plasticity, wear and 

heating based on the continuum dynamics and molecular 

approach. The former mainly expresses the elastic-plastic 

properties and the latter plays the interaction between 

friction surfaces. In the system that two bodies with 

rough surfaces were set face to face, a series of the 

friction, wear were qualitatively reproduced. This model 

will be in future effective to clear the tribological 

mechanism, such as friction reduction and low seizure, 

with varying the conditions. 

 

1. INTRODUCTION 

In the industrial fields, the reduction of frictional 

damage of the materials is very demanded issue and the 

frictional simulations have been studied by many 

researchers. If the root cause of the friction exists in 

molecular scale’s phenomena such as phonon dissipation 

to the bulk [1], chemical boding and breakage, structure 

change of molecular ensemble as previous study [2], all 

atomistic simulation is needed to reproduce the frictional 

phenomena. In fact, however, many continuum 

simulations are used to reproduce the frictional properties. 

Although many researchers regard the meso-scale 

properties, for instance, surface roughness, distribution 

of stress and temperature, local heat generation and 

conduction, are much important elements of the frictional 

dynamics, it is very difficult that such elements are 

involved in the continuum dynamics with based on the 

molecular physics or chemistry.  From the molecular 

level, on the other hand, these properties are very difficult 

to be incorporated in the simulation since the size of the 

simulation box is restricted in nano-scale. Between the 

different space and time scales, there clearly exists the 

each and every physical discontinuity (damping) of the 

various physical properties which are non-linearly 

connected. The mechanism of such complex system has 

still been remained not to be cleared.  

We now try to study the frictional mechanism of the 

meso (micron-order) scale with both continuum approach 

and molecular approach. It is just meso-scale that is 

situated in between the nano scale to demand particle 

approach and the macro scale to demand continuum 

approach. Its physical discontinuity is not yet resolved 

but by using both approaches while doing try and error 

and then reproducing valid frictional phenomena, the 

mechanism of its discontinuity may be resolved.    

Concretely, we purpose a coarse-grained meso 

model using SPH (Smoothed Particle Hydrodynamics) 

method. SPH is one of the particle methods to resolve 

continuum equation with mesh free and a certain region 

of fluid or continuum body is expressed as a particle with 

set of field variables and the particle is moving in a 

Lagrangian manner. In SPH, the field variables (physical 

quantities) of the particle are reconstructed by the adding 

the field variables of the surrounding particles by an 

appropriate weighting whose function is called kernel. 

Moreover, we add the interaction forces directly between 

the particles on the friction surfaces, which is mimicking 

the molecular approach. 

We set two systems in which two elastic-plastic 

bodies within about 10~100 micro meter order is faced, 

and one body is sliding under the vertical load to cause 

shear friction. We confirm to reproduce a series of the 

friction, wear and heating and analyse its frictional 

properties in detail. 

  

2. SIMULATION METHOD 

We set the system that the elastic-plastic bodies are 

rubbing each other. The elastic bodies are expressed by 

the SPH particles and the vacant spaces between bodies 

are now as bulk in which the particles are not filled. The 

governing transport equations are (1) for momentum, (2) 

for inner energy (3), for heat (4), respectively [5,6]. 

Equation (5) is needed for calculation of stress tensor, 

which is calculated according to Hooke’s law by 

increment method and D is defined as 6 6 elastic or 

plastic modulus tensor assuming symmetries of stress 

and strain tensor. (i,j is particle indices, !, " is coordinate 

indices) #$%&#' = 1(%
  )*%&+

)-%+
. /%&0% 

~ 2 03 4*%&+
(%5 . *3&+

(35 6
3

)
)-%+

7%3 . /%&0%    819 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

#:%#' = 1(%
) ;*%&+$%&<

)-%& . #>%#'   !
~ 2 03 4*%&+

(%5 6 ?$%& @ $3&A )
)-%+3

7%3 . #>%#'    8B9 

#>%#' = @ 1(%
))-%& C@D ))-%& E%F . 1(% G%H%&$%&  !

 ~ BD(% 2 03(3
E% @ E3

IJ% @ J3I53
?-%& @ -3&A! ))-%& 7%3 !

  . 1(% 2 03(3 G3
3

H3&$3&7%3   8K9    !
!#E%#' = 1LM

#>%#'    8N9 



Sugimura et al., 2018 

236 

 

#O = P#Q   8R9 
 

H%& = 0% #$%&
#'    8S9 

 

Where: !T velocity, : inner energy, E tempU,!' time, - position, 7 weighting,! ( density, 0 mass, O stress tensor,! Q strain tensor, > heating function,!D, G, LM coefU of heating,!/ friction force and so on!
 

For the purpose to efficiently realize the calculation 

of the great number of particles with parallel code, we use 

the FDPS open platform [4] to create our simulation code. 

 

3. RESULTS AND DISCUSSIONS 

At first, in order to confirm the model, we simulate 

sliding friction between two solid planes shown in left of 

Figure 1. In this model, the mean diameter of the particle 

is about 3 μm and the system size is x, y, z as 170 μm, 40 

μm, 40 μm, respectively. The number of particles is 9492. 

The interfaces of two blocks have regular roughness each 

other. We set the rubbing force, with included in the 

second term !of eq. (1), as Lennard-Jones (LJ) potential. 

The particle mass, Young modulus and Poisson’s ratio are 

defined to refer to the material values of Al while the 

other coefficients are arbitrary in regard. The rubbing is 

caused by one-direction sliding and the initial sliding 

speed is set to 150 m/sec. Time development of friction 

coefficient (left of Figure 2) shows that stick-slip motion 

is reproduced by our simulator. Heat generation and 

dissipation to the bulk is calculated correctly (right of 

Figure 2). 

 

 

 
Figure 1 Simulation models. Left is to confirm sliding 

friction between two solid planes with regular 

roughness. Right is zoomed up to investigate wear and 

adsorption in detail.   

 

 

 

 

 

 

 

 

 

Figure 2 Time development of friction coefficient (left) 

and temperature profile (right). 

 

Then we set more zoomed up model to investigate 

the wear and adsorption in detail as right of Fig. 1. In this 

simulation, the mean diameter of the particle is set to 0.3 

μm and the system size is x×y×z = 9μm×9μm×9μm. The 

number of particle N is 11532.  

Two surface interactions are introduced by 

changing LJ parameters, in order to investigate the 

thermo elastic plastic properties between the surfaces. 

Figure 3 shows the temperature distribution due to the 

sliding in these two cases. In the weak interaction system, 

temperature rises slightly due to the friction. In the strong 

interaction system, on other hand, high temperature rise 

and breakage of the asperities are found. Friction 

coefficient (CoF) in Figure 4 for the two systems also 

show the difference.  CoF smoothly oscillates under weak 

interaction whereas the discrete changes are found in 

strong interaction system. In the realistic system, surface 

interaction is governed by chemical modification of the 

surfaces, namely, oxidization, adsorption of the additives 

and contamination. Modifications of the model to 

incorporate these aspects are respected in the future work. 

 

 

 
Figure 3 Snapshots of the simulation under weak (up) 

and strong (bottom) surface interactions. 

 

 
Figure 4 Time development of friction coefficient. 

 

4. CONCLUSION 

SPH model to describe solid friction and wear, 

including elastic-plastic deformation, heat generation and 

conduction in micron level were successfully simulated. 
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