
 

DEVELOPMENT OF A 2D DISCRETE ELEMENT SOFTWARE WITH 

LABVIEW FOR CONTACT MODEL IMPROVEMENT AND 

EDUCATIONAL PURPOSES 

László Pásthy 

Department of Machine and Product 

Design, Faculty of Mechanical 

Engineering, Budapest University of 

Technology and Economics, 

Műegyetem rkp. 3.,  

H-1111 Budapest, Hungary

E-mail: pasthy.laszlo@edu.bme.hu

József Gräff 

Department of Mechatronics, Optics and 

Mechanical Engineering Informatics,  

Faculty of Mechanical Engineering, 

Budapest University of Technology and 

Economics, 

Műegyetem rkp. 3., H-1111 Budapest, 

Hungary 

E-mail: graff@mogi.bme.hu

Kornél Tamás 

Department of Machine and 

Product Design, Faculty of 

Mechanical Engineering, Budapest 

University of Technology and 

Economics, Műegyetem rkp. 3.,  

H-1111 Budapest, Hungary

E-mail: tamas.kornel@gt3.bme.hu

ABSTRACT 

In this study a two-dimensional discrete element software 

has been developed in LabVIEW (National Instruments) 

environment. It has an easy-to-use, graphical user 

interface, and the graphical programming interface 

makes it easy to understand and modify program code. 

The software can be used for educational purposes, as the 

basics and practical application of the discrete element 

method can be easily illustrated, and it can also be used 

for research purposes, as new geometric and contact 

models can be implemented and tested in a relatively 

short time. The functionality of the program was 

illustrated by simulating a gravitational deposition of 300 

randomly generated particles. 

INTRODUCTION 

The discrete element method (DEM) has been developed 

for modeling granular materials (Cundall and Strack 

1979). The method has many applications, which include 

soil (Tamás et al. 2013), agricultural grain crops (Horváth 

et al. 2019), chemical, food and pharmaceutical 

materials, railway crushed stone (González 2018), and 

stone construction (Bagi 2007) modeling. More 

advanced models are also able to calculate heat 

conduction between particles (Li et al. 2019), 

electrostatic charge states (Hogue et al. 2008), and wear 

of geometries effected by contacted particles (Schramm 

et al. 2020). 

The main steps of the calculation are the determination 

of the dimension (two or three-dimensional) of the 

problem, the definition of particle geometry 

(circle/sphere, particles built up from multiple 

circles/spheres, polyhedral particles), the definition of the 

geometry of the rigid bodies, the definition of the 

properties of the particles according to the selected 

contact model (density, normal and shear stiffness, 

slidinig and rolling friction coefficient, damping factor, 

normal and shear strength, thermal conductivity, etc.), 

determination of the utilized time step, creation of the 

assembly of particles (with the use of gravitational 

deposition, isotropic compaction, growth in range, etc.) 

and running the simulation and finally evaluating the 

results (retrieve the speed, volume flow, force, voltage, 

temperature, cohesion, porosity, etc. data and 

representation of data in diagrams). The main objective 

of the simulation is to model the movement of the 

particles in the assembly under the influence of different 

forces. 

Basically, discrete element software can be divided into 

two groups: There are software for research use and 

software for industrial use. In general, the source code for 

software used by researchers for example PFC 2D, PFC 

3D (Eychenne 2007), UDEC, 3DEC (Israelsson 1996), 

Yade (Šmilauer et al. 2010), LIGGGHTS (Berger et al. 

2015), and ESyS-Particle (Weatherley 2009) are free to 

develop, but are less easy to use, because knowledge of 

several programming languages is required at the same 

time. In contrast, in industrial software (e.g. EDEM (Dun 

et al. 2016), and Rocky DEM (Fonte 2015)) the 

possibilities are more limited, however they are easier 

and faster to use thanks to their simplified, user-friendly 

programming languages, or more complex user 

interfaces. 

However, there is currently no example of discrete 

element software which has a user-friendly interface, and 

at the same time its source code is open and easy to 

understand and modify thanks to the graphical 

programming interface of LabVIEW. 

The aim of this study was to develop a two-dimensional 

discrete element software in LabVIEW environment 

which can be used both for educational purposes and for 

rapid, preliminary testing of new contact models. 

Accordingly, in addition to the basic steps of discrete 

element method are implemented in the software, our 

objective was to have an easy-to-use user interface and 

easy-to-understand and modify source code. 

In the couse of development of the discrete element 

software, the following simplifications have been 

implemented: The particles were modeled with a unit-

height cylinder shape in the same size. A two-

dimensional simulation was performed in which the 

cylindrical particles appeared as circles. The material 

parameters of the particles and the boundary wall were 

the same. The Hertz-Mindlin contact model (Yang et al. 

2020) was used to calculate the contact forces. 
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In addition, the furher aim was to demonstrate the 

operation of the software by simulating a gravitational 

deposition of an assembly of 300 randomly generated 

particles. 

 

THEORETICAL BACKGROUND 

One of the most common contact models is Hertz-

Mindlin (Yang et al. 2020), which can be used to model 

non-cohesive, flexible materials (for example dry 

polymer granules). This model has been implemented in 

the software. 

The relationship between two ball shaped particles in 

contact is shown on Figure 1. 

 
Figure 1: Hertz-Mindlin contact model, ρ1, ρ2 [kg/m3] – 

density of particles, R1, R2 [m] – radius of sphere or circle 

particles, E* [Pa] – equivalent Young’s modulus, G* [Pa] – 

equivalent shear modulus, μ, μ0 [-] –sliding and rolling friction 

coefficient, e [-] – coefficient of restitution, β [-] – damping 

factor, δn [m] – normal overlap of particles, δt [m] – tangential 

overlap of particles, Sn [N/m] – equivalent normal stiffness, 

St [N/m] – equivalent shear stiffness 

The equivalent Young’s modulus of two particles in 

contact (𝐸∗ [MPa]): 

1

𝐸∗
=

1 − ν1
2

𝐸1

+
1 − ν2

2

𝐸2

 (1) 

Where 𝐸1 [MPa] is the Young’s modulus of particle 1, 𝐸2 

[MPa] is the Young’s modulus of particle 2, ν1 [-] is the 

Poisson’s ratio of particle 1 and ν2 [-] is the Poisson’s 

ratio of particle 2. 

The shear modulus (𝐺 [MPa]): 

𝐺 =
𝐸

2 ∙ (1 + ν)
 (2) 

Where 𝐸 [MPa] is the Young’s modulus and ν [-] is the 

Poisson’s ratio of a particle. 

The equivalent radius of two particles in contact (𝑅∗ [m]): 

1

𝑅∗
=

1

𝑅1

+
1

𝑅2

 (3) 

Where 𝑅1 [m] is the radius of particle 1 and 𝑅2 [m] is the 

radius of particle 2. 

The mass of a particle, assuming cylindrical particles of 

unit height (𝑚 [kg]): 

𝑚 = 𝜌 ∙ 𝑅2 ∙ 𝜋 (4) 

Where 𝜌 [kg/m3] is the density and 𝑅 [m] is the radius 

of a particle. 

The equivalent mass of two particles in contact (𝑚∗ [kg]): 

𝑚∗ = (
1

𝑚1

+
1

𝑚2

)
−1

 (5) 

Where 𝑚1 [kg] is the mass of particle 1 and 𝑚2 [kg] is 

the mass of particle 2. 

The contact forces can be calculated with the following 

equations. 

The normal elastic force (𝐹𝑛𝑒 [N]): 

𝐹𝑛𝑒 =
4

3
∙ 𝐸∗ ∙ √𝑅∗ ∙ 𝛿𝑛

3
2 (6) 

Where 𝐸∗ [Pa] is the equivalent Young’s modulus, 

𝑅∗ [m] is the equivalent radius and 𝛿𝑛 [m] is the normal 

overlap of particles. 

The normal damping force (𝐹𝑛𝑑 [N]): 

𝐹𝑛𝑑 = −2 ∙ √
5

6
∙ 𝛽 ∙ √𝑆𝑛 ∙ 𝑚∗ ∙ 𝑣𝑛𝑟𝑒𝑙  (7) 

Where 𝛽 [-] is the damping factor, 𝑆𝑛 [N/m] is the 

equivalent normal stiffness, 𝑚∗ [kg] is the equivalent 

mass and 𝑣𝑛𝑟𝑒𝑙  [m/s] is the relative normal velocity of 

particles. 

The equivalent normal stiffness (𝑆𝑛 [N/m]): 

𝑆𝑛 = 2 ∙ 𝐸∗ ∙ √𝑅∗ ∙ 𝛿𝑛  (8) 

Where 𝐸∗ [Pa] is the equivalent Young’s modulus, 

𝑅∗ [m] is the equivalent radius and 𝛿𝑛 [m] is the normal 

overlap of particles. 

The total normal force (𝐹𝑛 [N]): 

𝐹𝑛 = 𝐹𝑛𝑒 + 𝐹𝑛𝑑 (9) 

Where 𝐹𝑛𝑒 [N] is the normal elastic force and  𝐹𝑛𝑑 [N] is 

the normal damping force. 

The tangential elastic force (𝐹𝑡𝑒 [N]): 

𝐹𝑡𝑒 = −𝑆𝑡 ∙ 𝛿𝑡 (10) 

Where St [N/m] is the equivalent shear stiffness and 

𝛿𝑡  [m] is the tangential overlap of particles. 

The equivalent shear stiffness (𝑆𝑡 [N/m]) can be 

calculated similarly to the equivalent normal stiffness: 

𝑆𝑡 = 8 ∙ 𝐺∗ ∙ √𝑅∗ ∙ 𝛿𝑡   (11) 

Where 𝐺∗ [Pa] is the equivalent shear modulus, 𝑅∗ [m] is 

the equivalent radius and 𝛿𝑡 [m] is the tangential overlap 

of particles. 

The tangential damping force (𝐹𝑡𝑑 [N]): 

𝐹𝑡𝑑 = −2 ∙ √
5

6
∙ 𝛽 ∙ √𝑆𝑡 ∙ 𝑚∗ ∙ 𝑣𝑡𝑟𝑒𝑙  (12) 

Where 𝛽 [-] is the damping factor, 𝑆𝑡 [N/m] is the 

equivalent shear stiffness, 𝑚∗ [kg] is the equivalent mass 

and 𝑣𝑡𝑟𝑒𝑙  [m/s] is the relative tangential velocity of 

particles. 

Finally the total tangetial force (𝐹𝑡 [N]), which is limited 

by friction: 

𝐹𝑡 = {
𝐹𝑡𝑒 + 𝐹𝑡𝑑,             if |𝐹𝑡𝑒 + 𝐹𝑡𝑑| < 𝜇0

𝐹𝑛 ∙ 𝜇,                   if | 𝐹𝑡𝑒 + 𝐹𝑡𝑑| ≥ 𝜇0
  (13) 

Where 𝐹𝑡𝑒 [N] is the tangential elastic force, 𝐹𝑡𝑑 [N] is 

the tangential damping force, 𝐹𝑛 [N] is the total normal 



 

force, 𝜇 [-] is the sliding friction coefficient and 𝜇0 [-] is 

the rolling friction coefficient of particles. 

Since the forces act parallel (normal direction) and 

perpendicular (tangential direction) to the straight section 

connecting the centers of the two contacted particles, it is 

necessary to determine the relative velocities in this local 

coordinate system, which makes it possible to calculate 

the contact forces. Thus, the velocities of the particles 

have to be transformed into the local coordinate system, 

and then the contact forces acting on the particles has to 

be transformed back into the global, horizontal (x), and 

vertical (y) coordinate system for summation. These 

operations required the use of scalar multiplications, 

which are presented below. 

The relative velocity vector of i and j particles in contact 

in the normal-tangential coordinate system 

(𝒗𝒓𝒆𝒍,𝒊,𝒋(𝑛,𝑡) [m/s]): 

𝒗𝒓𝒆𝒍,𝒊,𝒋(𝑛,𝑡) = (
𝑣𝑟𝑒𝑙,𝑖,𝑗,𝑛

𝑣𝑟𝑒𝑙,𝑖,𝑗,𝑡

)
(𝑛,𝑡)

= (
(𝒗𝒊(𝒙,𝒚) − 𝒗𝒋(𝒙,𝒚))𝒓𝒊𝒋(𝒙,𝒚)

|(𝒗𝒊(𝒙,𝒚) − 𝒗𝒋(𝒙,𝒚)) − (𝒗𝒊(𝒙,𝒚) − 𝒗𝒋(𝒙,𝒚))𝒓𝒊𝒋(𝒙,𝒚)𝒓𝒊𝒋(𝒙,𝒚)|
)

(𝑛,𝑡)

 

(14) 

Where 𝑣𝑟𝑒𝑙,𝑖,𝑗,𝑛 [m/s] is the relative velocity in the normal 

direction, 𝑣𝑟𝑒𝑙,𝑖,𝑗,𝑡 [m/s] is the  relative velocity in the 

tangential direction, 𝒗𝒊(𝒙,𝒚) [m/s] is the velocity vector of 

particle i in the global (x-y) coordinate system, 

𝒗𝒋(𝒙,𝒚) [m/s] is the velocity vector of particle j in the 

global (x-y) coordinate system and 𝒓𝒊𝒋(𝒙,𝒚) [m] is a unit-

length vector pointing from the center of particle i to the 

center of particle j in the global (x-y) coordinate system. 

The contact force vector acting on particle i from the 

contact with particle j in the global (x-y) coordinate 

system (𝑭𝑖,𝑗(𝑥,𝑦) [N]): 

𝑭𝑖,𝑗(𝑥,𝑦) = (
𝐹𝑖,𝑗,𝑥

𝐹𝑖,𝑗,𝑦

)
(𝑥,𝑦)

= (
𝐹𝑖,𝑗,𝑛 ∙ 𝑟𝑖𝑗𝑥 + 𝐹𝑖,𝑗,𝑡 ∙ 𝑟𝑖𝑗𝑥

𝐹𝑖,𝑗,𝑛 ∙ 𝑟𝑖𝑗𝑦 + 𝐹𝑖,𝑗,𝑡 ∙ 𝑟𝑖𝑗𝑦

)
(𝑥,𝑦)

 (15) 

Where 𝐹𝑖,𝑗,𝑥 [N] is the x direction component of the 

contact force,  𝐹𝑖,𝑗,𝑦 [N] is the y direction component of 

the contact force, 𝐹𝑖,𝑗,𝑛 [N] is the normal direction 

component of the contact force and 𝐹𝑖,𝑗,𝑡 [N] is the 

tangential direction component of the contact force. 

The moment acting on particle i from the contact with 

particle j (𝑀𝑖,𝑗 [Nm]) were also taken into account 

according to the following equation: 

𝑀𝑖,𝑗 = 𝐹𝑖,𝑗,𝑡 ∙ 𝑅∗ (16) 

Where 𝐹𝑖,𝑗,𝑡 [N] is the tangential direction component of 

the contact force and 𝑅∗ [m] is the equivalent radius of 

the particles. 

The acceleration and angular acceleration of particles are 

calculated by Newton's laws, therefore the acceleration 

and angular acceleration of a particle are proportional to 

the force and torque acting on it. 

Acceleration vector (𝒂 [m/s2]) and angular acceleration 

(𝛼 [rad/s]) of a circular particle performing a planar 

motion: 

𝒂 =
∑ 𝑭

𝑚
 (17) 

𝛼 =
∑ 𝑀

Θ
=  

∑ 𝑀

𝑚 ∙  𝑅2

2

 (18) 

Where ∑ 𝑭 [N] is the vector sum of the forces, ∑ 𝑀 [Nm] 

is the sum of the moments, 𝑚 [kg] is the mass, Θ [kgm2] 
is the moment of inertia and 𝑅 [m] is the radius of 

particle. 

The velocity vector, position vector, angular velocity, 

and angular position of the particles can be calculated 

from the state of motion in the old time step and the state 

of acceleration and angular acceleration calculated in the 

current time step. To do this, a second-order system of 

ordinary differential equations needs to be solved, for 

which several numerical methods are available. Our aim 

was the accuracy and fast calculation. However, these 

two conditions are difficult to meet at the same time 

because accuracy is at the expense of the speed of 

calculation and vice versa. Multi-step formulas require 

less calculation, although they are generally less 

accurate. However, in the simulation behavior of textiles 

(Gräff, J. et al. 2004) the simultaneously applied second-

order predictor and corrector gave a surprisingly good 

result for the second-order system of nonlinear 

differential equations, so this method was used here as 

well. 

The first-order Adams-Bashforth integral formula 

(Bashforth and Adams 1883) was used in the first time 

step to determine the velocity vector (𝒗𝟏 [m/s]) and 

angular velocity (𝜔1 [rad/s]) of particles: 

𝒗𝟏=𝒗𝟎+ 𝒂𝟎 ∙ ∆𝑡 

𝜔1=𝜔0+ 𝛼0 ∙ ∆𝑡 

(19) 

(20) 

Where 𝒗𝟎 [m/s] is the initial velocity vector, 𝒂𝟎 [m/s2] is 

the initial acceleration vector, 𝜔0 [rad/s] is the initial 

angular velocity, 𝛼0 [rad/s2] is the initial angular 

acceleration and ∆𝑡 [s] is the length of a time step. 

After the first time step, for the determination of velocity 

vector (𝒗𝒊 [m/s]) and angular velocity (𝜔𝑖 [rad/s]) of 

particles in the timestep i, the second-order Adams-

Bashforth integral formula (Bashforth and Adams, 1883) 

was used: 

𝒗𝒊=𝒗𝒊−𝟏+
3 ∙ 𝒂𝒊−𝟏 − 𝒂𝒊−𝟐

2
∙ ∆𝑡 

𝜔𝑖=𝜔𝑖−1+
3 ∙𝛼𝑖−1−𝛼𝑖−2

2
∙ ∆𝑡 

(21) 

(22) 

Where 𝒗𝒊−𝟏 [m/s] is the velocity vector in time step i-1, 

𝒂𝒊−𝟏 [m/s2] is the acceleration vector in time step i-1, 

𝒂𝒊−𝟐 [m/s2] is the acceleration vector in time step i-2, 

𝜔𝑖−1 [rad/s] is the angular velocity in time step i-1, 

𝛼𝑖−1 [rad/s2] is the angular acceleration in time step i-1, 

𝛼𝑖−2 [rad/s2] is the  angular acceleration in time step i-2 

and ∆𝑡 [s] is the  length of a time step. 

The second-order Adams-Moulton integral formula 

(Moulton 1926) was used in all time steps to determine 

the position vectors (𝒓𝒊 [m]) and angular positions (𝜑
𝑖
 

[rad]) of particles, since the predictor already determined 

the velocities and angular velocities in the old time step. 

The position vectors (𝒓𝒊 [m]) and angular positions 

(𝜑
𝑖
 [rad]) of particles in time step i: 



 

𝒓𝒊=𝒓𝒊−𝟏+
𝒗𝒊−𝟏+𝒗𝒊

2
∙ ∆𝑡 (23) 

𝜑
𝑖
=𝜑

𝑖−1
+

𝜔𝑖−1+𝜔𝑖

2
∙ ∆𝑡 (24) 

Where 𝒓𝒊−𝟏 [m] is the position vector in time step i-1, 

𝒗𝒊 [m/s]: is the velocity vector in time step i, 𝒗𝒊−𝟏 [m/s] 

is the velocity vector in time step i-1, 𝜑
𝑖
 [rad] is the 

angular position in time step i, 𝜑
𝑖−1

 [rad] is the angular 

position in time step i-1, 𝜔𝑖 [rad/s] is the angular velocity 

in time step i, 𝜔𝑖−1 [rad/s] is the angular velocity in time 

step i-1 and ∆𝑡 [s] is the  length of a time step. 

Overall the contact forces are determined by the Hertz-

Mindlin model, followed by the accelerations and 

angular accelerations by Newton's laws, and finally the 

velocity, angular velocity, position, and angular position 

of the particles by the Adams-Bashforth and Adams- 

Moulton numerical integral formulas. 

 

RESULTS 

The structure of the program is shown on Figure 2. The 

main parts are the graphical display, the detection of the 

contacts, the calculation of the overlaps and contact 

vectors, the calculation of the forces and torques, the 

calculation of the accelerations and the determination of 

the motion state.The program is able to plot the changes 

in potential, kinetic and total energy and the so-called 

unbalanced force ratio, which is the ratio of mean 

summary force on particles and mean force magnitude in 

contacts (Šmilauer et al., 2010), in real time, and it is also 

possible to save the data of the energy and unbalanced 

force ratio. 

During initialization, the input data is determined for the 

calculation cycle. It is possible to place the particles 

randomly in the simulation space. An algorithm then 

generates the specified number of particles in random 

locations so that it does not come into contact with the 

particles placed so far. And it is also possible for the user 

to determine the position of the particles. Another 

important task of initialization is the conversion of units 

into the SI system (for example conversion of particle 

radius from mm to m). 

The input parameters of the calculation cycle are the 

material parameters (density, Young’s modulus, shear 

modulus, rolling friction coefficient, sliding friction 

coefficient and damping factor), the geometrical 

parameter (particle radius), parameters of initial motion 

(initial position, velocity, acceleration, angular position, 

angular acceleration), the gravity field, the length of the 

time step, and the calculation time. Instead of specifying 

the time step, it is also possible to set the simulation to 

run until the STOP button is pressed. 

During the graphical display, each particle is drawn in its 

position. In the case of contacts detection the program 

examines the contact for each pair of particles using the 

Pythagorean theorem, it calculates the distance between 

the particles and compares this value to twice the radius 

of the particles. If the distance between the particles is 

less than twice the radius, the two particles are in contact. 

Also, the contact of the particles with the wall is detected 

if the coordinates of the particles are less than or greater 

than a certain value, the particles are in contact with the 

wall. 

The overlaps between the particle pairs in contact and the 

particle-wall pairs in contact are then determined: the 

difference between twice the particle radius and the 

distance of particles gives the overlap in the normal 

direction of the particles. On a similar principle, the 

overlap of the particles in contact with a wall is 

calculated. 

In addition, in the case of particle-to-particle 

connections, so-called contact vectors are defined, which 

point from the center of the particle in contact to the 

center of the other particle in contact, and are of unit 

length. This is necessary, because the contact forces 

between the particles are calculated in the direction of the 

contact vectors (the normal direction), and in the 

direction perpendicular to the contact vectors (tangential 

direction). Because of this, the velocity data also has to 

be transformed into the local coordinate system (with 

normal and tangential directions) of the particles in 

contact. After calculating the contact forces, the forces 

are transformed back into the global coordinate system 

(with directions x and y) using scalar multiplications. 

The moments from the contacts are obtained as the 

product of the tangential forces and the radius of the 

particles. 

The particle-to-particle and particle-to-wall contact 

forces and moments are calculated in a separate function 

and then the forces and torques acting on a single particle 

are summed in the global coordinate system.

 
Figure 2: Structure of the developed discrete element program in LabVIEW



 

 
Figure 3: User interface of the developed “BMEDEM2D” discrete element software 

In addition to the particle-to-particle and particle-wall 

contact forces and moments, the user-specified 

gravitational force acting uniformly on all particles is 

taken into account too when calculating the acceleration 

state. 

The velocity and displacement state of the current time 

step are determined using the integral formulas described 

in equations (19) - (24). 

Once the motion state has been determined, the 

simulation cycle starts again or the simulation ends if one 

of the stop conditions are met. 

While running the program, the changes in the kinetic, 

potential and total energy, as well as the so-called 

unbalanced force ratio is automatically plotted. Its 

significance is in the case of gravitional deposition 

simulations, where the simulation is usually stopped 

when the unbalanced force ratio falls below a certain 

level. 

After the simulation, it is possible to save the data 

displayed on the charts. When the “Save Data” option is 

turned on, the data is saved in a text file with headers and 

a user-specified file name. It is then possible to read and 

evaluate the data in spreadsheet software. 

When designing the user interface (Figure 3), we aimed 

for a simple, easy-to-understand design as well as a 

structure similar to commercial software. In the upper left 

corner, it is possible to enter the simulation time, the 

length of time step, particle radius, and number of 

particles. Geometric parameters, gravity field, and 

material parameters can be entered in the tabs on the left. 

During the simulation, the movement of the particles can 

be observed on the animation tab on the right. Another 

tab shows the kinetic, potential and total energies, a third 

shows the unbalanced force ratio, and a fourth shows 

other internal variables (for example the current position 

of particles). The simulation can be stopped at any time 

by pressing the STOP button in the upper left corner. 

The operation of the software is illustrated by a 

simulation of a gravitational deposition, during which the 

particles left alone in the specified gravitational field 

gradually settle on top of each other. 

Table 1 shows the parameters used in the simulation. 

Table 1: Parameters of the gravitational deposition simulation 

Name Notation Quantity Unit 

Density ρ 1000 kg/m3 

Young’s modulus E 20000 Pa 

Shear modulus G 20000 Pa 

Daping factor β 10 - 

Sliding friction coefficient μ 0.5 - 

Rolling friction coefficient μ0 0.5 - 

Particle radius R 0.01 m 

Number of particles N 300 - 

Garvitational field (in vertical 
direction) 

g −9.81 m/s2 

Length of time step Δt 1 ∙ 10−4 s 

Figure 4 shows the deposition the assembly of 300 

particles with a random initial position in a vertical 

gravitational field. Figure 5 shows the energy-time 

diagrams and Figure 6 shows the unbalanced force ratio-

time diagram of the assembly. 

 
Figure 4: Deposition of 300 particles depends on the actual 

time step, a) 0 s, b) 0.23 s, c) 0.45 s, d) 3 s 



 

The particles fall down relatively quickly (Figure 4 b), 

but then the elastic energy stored in the overlaps is so 

large that the upper particles bounce back from the top of 

the assembly, but no longer reach their original height 

(Figure 4 c) as their total energy is reduced due to 

damping. This process is repeated until the particles have 

enough energy to separate again after the collisions. 

 
Figure 5: The resulted energy-time diagrams 

At the beginning there is an increase in the kinetic energy 

and total energy of the assembly. Then the energies begin 

to decrease due to damped collisions with the wall. After 

a certain time (approximately after 1 s), the energies no 

longer change significantly. At this point, however, the 

assembly is not yet considered to be completely settled, 

as some displacements are still made by a few particles, 

as a result of which they may find themselves in a more 

energetically stable position. 

 
Figre 6: Unbalanced force ratio-time diagram 

The unbalanced force ratio cannot be interpreted at the 

beginning of the simulation, which is due to the fact that 

neither particle is in contact with another, so the 

denominator of the quotient required for calculation of 

the ratio is zero. However, after this initial stage, the 

particles begin to collide with each other and the value of 

the unbalanced force ratio becomes interpretable 

(maximum value is 2.4). In the rest of the simulation, due 

to the damped collisions, the particles settle on top of 

each other, and in parallel, the unbalanced force ratio 

shows a decreasing trend. At the end of the simulation, 

i.e. at 3 s, its value is 0.013. Local maximum values of 

the unbalanced force ratio can also be observed when the 

particles are in a less energetically stable position. 

However, by overcoming these potential barriers, the 

unbalanced force ratio becomes always lower than 

before, so the particles get into an energetically more 

stable position. 

In the future, it may also be worthwhile to reduce the time 

required for the gravitational depsition by changing the 

damping. 

CONCLUSION 

In this study, a user-friendly discrete element software 

capable of simulating granular materials has been 

developed in LabVIEW environment, which is able to 

calculate changes in the state of motion due to particle-

to-particle and particle-wall contacts. The theoretical 

background of the computational method was described, 

as well as the operation of the software, then the 

operation of the software was demonstrated by 

simulating the gravitational settling of an assembly of 

300 randomly placed particles. Realistic results were 

obtained during the presented simulation. Due to the 

damping in the contact model, the total energy of the 

particles continuously decreased and then fluctuated 

slightly around a minimum value. The unbalanced force 

ratio also showed a declining trend, i.e., the particles 

became more and more balanced over time. 

Thanks to its easy-to-use interface, the software makes it 

easy to prepare and evaluate simulations, and due to the 

graphical programming interface it is also simple to 

modify parts of the program, allowing new contact 

models to be improved and tested quickly. The operation 

of the simulation was demonstrated through a pratical 

example. 

In the future, we plan to expand the software with other 

features. These include the presence of rigid, moving 

bodies arbitrarily located in the simulation space, as well 

as particles of different sizes within a simulation. In 

addition to the discrete element method, it is also planned 

to integrate the finite element method into the software, 

which would make it possible to model the deformation 

of solids. 
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