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ABSTRACT – The study investigates sliding friction 
and heat transfer of the coarse-grained iron micron-scale 
system by smoothed particle hydrodynamics simulation. 
The body-centered-cubic iron system of 2187×1012 
atoms is coarse-grained into the simple-cubic crystal of 
40500 particles. Heat transfer of particles is monitored 
in the sliding time. Stick-slip motion is observed during 
the sliding. The detected results also demonstrate that a 
combination of the coarse-grained model and the spring 
friction force reasonably presents these quantities of the 
iron systems.   
 

1. INTRODUCTION 

Coarse-graining (CG) has become one of the most 
noted choices in simulations of micron-scale systems. 
The number of degrees of freedom decreases many 
times in a CG system compared to a corresponding 
atomistic system, therefore, one has to solve only a few 
equations of motion for a CG system. Furthermore, 
since mass of a CG particle is much larger than that of 
an atom, a time step of simulation can be chosen longer, 
meaning that a CG system can be simulated in a long 
time. Thus, to investigate large simulation systems a 
coarse-grained model needs to be used, and to observe 
stick-slip motion during the sliding between two objects 
one should utilize spring force to characterize friction 
force. This work combines a new coarse-grained model 
and spring interaction force to survey sliding friction of 
the iron micron-scale system.   
 

2. MODEL AND SIMULATION 

Coarse-graining is proceeded in two steps: firstly, 
one unit cell of the initially body-centered-cubic (bcc) 
atomic ỉon system is coarse-grained into one particle 
that has mass of 2m ( 55.845m =  g/mol) and is 
positioned at the center of the unit cell (Figure 1(a)). 
This coarse-graining exchanges the atomic system to a 
simple-cubic (sc) particle one that has a lattice constant 

of 2.85
BCC
a = Å (Figure 1(b)); finally, the obtained sc 

particle system is continuously coarse-grained into a 

larger sc particle one by grouping a cubic region of 3

l
N  

unit cells (
l
N  in each direction x, y or z) into one 

particle. The final sc particle system (Figure 1(c)) has 
the following characters: particle mass of 

3
2

CG l
M N m= , a lattice constant of 

CG l BCC
a N a=  and 

the particle number of 
3/ (2 )

CG atom lN N N= . By using 

this coarse-graining, the 864×1012 atoms system 
consisting of two objects, the slider of 
25.650×25.650×12.825 (µm3) and the substrate of 
51.300×25.650×12.825 (µm3), is modeled into the 
40500 particles system (Fig. 1d) having particle mass of 
5.006×10-6 μg and lattice constant of 0.855 μm. 
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Figure 1 The CG process of the atomic system into the 
simulated particle one. (a) Atoms (blue) of bcc unit cells 

are coarse-grained into particles (red), which are 
positioned at the center of the unit cells. (b) A sc unit 

cell of the particle system is taken from the first coarse-

graining. (c) A sc unit cell of the particle system is taken 
from the final coarse-graining. (d) The simulated system 

of 40500 particles. 
 

        Governing equations of the density, velocity and 
internal energy are well-known in smoothed particle 
hydrodynamics method as follows:     
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Where 
friction
u  is contribution of the spring friction force 

(see below). Smoothed particle hydrodynamics 
simulations are run with the time step of 285 ps and the 
sliding velocity of 100 m/s. The particles of the lowest 
layer of the slider is considered causing friction. 
Interaction between the slider and the substrate is 
represented by interaction between particles of the 
lowest layer of the slider and particles of the highest 
layer of the substrate. Two particles, one of each layer, 
interact with each other via the following spring force 
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Where 
, ,x y z

k
a º

 is the spring constant, h  is the smoothed 

length, 
i j

r r r= -r r r   and r r=r r  here 
k
rr  is position vector 

of !th particle. Initial temperature of the substrate is 301 
K and that of the sliding is 300 K. 
 

3. RESULTS AND DISCUSSION 

Figure 2 shows the sliding-time dependence of 
friction force and coefficient. Stick-slip motion of the 
system is observed during the sliding by monitoring the 
shape of friction force and friction coefficient (Fig. 2a 
and 2b). The distance between the nearest peaks of each 
curve is exactly equal to the lattice constant of the 

system ( 0.855
GC
a = Å), as observed experimentally for 

various materials [1,2]. The simulation friction 
coefficient of 0.27 is in accordance with the 
experimental values, 0.15-0.40 [3] and 0.18-0.65 [4]. 

 

   

 
Figure 2 Sliding-time dependence of friction force and 

coefficient. 
 

   

 
Figure 3 Sliding-time dependence of mean temperature 

of particles. Color of the lines in Figure 3(a) is 
corresponding to color of particles in Figure 1(d), for 
example the yellow line presents mean temperature of 

the yellow particles. 
 

Mean temperature of each region shows an abrupt 
growth in the initial stage of the sliding (⁓20 ps) (Figure 

3(a)). It then becomes stable or increases very light in 

sliding time. The particle layer causing friction, the 

lowest layer of the slider, exhibits the strongest growth 

and has the highest temperature compared to the other 

regions. Particles close to interface of the objects have 

higher temperature than particles far from the interface. 

Figure 3b shows the sliding-time dependence of 

temperature of each segment of the highest particle 

layer of the substrate, which is divided in three 

segments of equal length in X-sliding direction, 

0 10
CG

X a= - , 11 20
GC
a-  and 21 30

CG
a- . 

Temperature of the first segment increases in the initial 

stage and then decreases as the sliding object leaves it. 

Other segment shows a growth of temperature since the 

sliding object is being on it or going to it. Temperature 

of the second segment becomes lager than that of the 

first segment when sliding time reaches around 85 ps at 

which the slider leaves out the first segment and is lying 

on the second segment. The present work does not 

consider energy dissipation in the substrate. This can 

lead a slight decrease of temperature in the very 

beginning of the sliding. Energy dissipation term will be 

mentioned in our future works.   

 

4. CONCLUSION 

          In the study, we have detected sliding friction and 

heat transfer of the coarse-grained iron micron system 

by smoothed particle hydrodynamics simulation. We 

find that a combination of the coarse-grained model and 

the spring friction force reasonably presents the friction 

quantities of the iron systems.    
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