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ABSTRACT
This paper presents the use of new modern methods for the research of movement of 
material on a belt conveyor. One of the innovative methods is Particle Image Velo-
cimetry (PIV), which was used to scan and assess the two-dimensional vector field of 
speed of particles on the belt conveyor. Outputs from PIV were compared to simu-
lations of the same transport process. These simulations were performed using the 
Discrete Element Method (DEM). Four transport speeds of material were assessed for 
a real and simulative belt conveyor model. Software tracking of particle movement 
was used to determine and compare the trajectories of paths of particles leaving the 
belt conveyor drum. Validation of the DEM simulation of material movement over a 
belt conveyor drum using PIV provided acceptable results in the area of particle speed 
fields. Comparison of the particle path trajectory corresponds to the preliminary hy-
pothesis which leads to calibration of the DEM simulation. The results and assessment 
of this paper were created based on validation.

Keywords: Discrete Element Method, belt conveyor, Particle Image Velocimetry, tra-
jectory of particles.

INTRODUCTION

The reliability and service life of belt con-
veyors is an increasingly important issue. The 
reason is the growing utilization of these convey-
ors in various industries. Dynamic stress leads to 
frequent damage of conveyor belts [1]. Various 
studies, simulations and tests of dynamic process-
es play an important role in this issue [2, 3, 4, 5, 
6, 7]. The aim is to increase their efficiency and 
reliability. The overflow of material over the end 
drum is a very frequently addressed issue. In this 
respect the transition point between two conveyor 
belts [8], setting of knock-down plates or preven-
tion of abrasive degradation of material particles 
upon landing [9, 10] is addressed. The movement 
of material leaving the belt conveyor at its end 
and continuing by flight in the air along a flight 
curve is a frequently addressed issue in relation to 
other equipment or technologies [11]. The mate-
rial movement trajectory is affected by numerous 

factors, such as, for example, belt conveyor speed 
and the properties of the transported material 
[12]. Due to these and other factors it is not easy 
to accurately determine the trajectory shape. This 
issue is resolved, for example, by Hastie [13].

The Discrete Element Method (“DEM”) 
provides a new method of utilizing a simulation 
environment to design a transport process or 
equipment [14, 15]. The opportunities of simu-
lation modelling contribute to substantial time 
savings not only during the development of new 
equipment, but also during optimization of ex-
isting equipment [16, 17]. The input parameters 
entered into the DEM are mechanical-physical 
parameters which describe the particular mate-
rial. These properties include, for example, grain 
size and shape, material density, shear modulus 
and the Poisson constant. These parameters af-
fect the weight of the grain, apparent density, 
apparent angle and other parameters. In  most 
applications the friction coefficient is the domi-
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nant parameter for interaction between the mate-
rials used. The determination of these and other 
parameters contributes to simulation accuracy 
[18]. This also includes verification of input data 
correctness for the DEM and calibration of these 
models [19, 20]. 

Particle Image Velocimetry (“PIV”) is often 
used for experimental measurement of the flow 
of particles and liquids. It is an optical method 
based on the visualization of the flow. It is used 
to measure the instantaneous speed of particles in 
various media such as water or air, but also in par-
ticulate materials. The monitored phenomenon is 
usually recorded by a high-speed CCD camera. 
Software calculation is used to assess the two-di-
mensional vector field of speed from the record-
ing of particle movement [21]. 

This paper utilizes PIV to determine the flow 
speed of material leaving the model of the hori-
zontal belt conveyor. The determined trajectories 
of the grains of transported material, recoded by 
the high-speed camera, were compared with the 
DEM simulations.

METHODS AND EXPERIMENTS 

The experiments were conducted on a realis-
tic horizontal belt conveyor model. The transport 
length of the equipment was 1 m and the belt width 
was 100 mm. The conveyor belt was treated with 
an external protective PVC layer. Side guides 
made from plastic glass were installed along the 
entire transport length. At the entry point the con-
veyor was equipped with a hopper with a shutoff 
gate. After opening the shutoff gate it was pos-
sible to let the transported material into the equip-
ment. At the end of the transport equipment mate-
rial was collected into a box, which was weighed 

during measurement and recorded by a digital 
camera. The process of emptying the equipment 
at the point of the drive drum was recorded by 
two high-speed CCD cameras. The main camera 
(LaVision Imager Pro HS) monitored the process 
in the axial direction of the drive drum and the 
auxiliary camera (Olympus I-Speed 2) monitored 
the radial direction. The measurement setup is il-
lustrated in Figure 1.

The data from the main camera was used to 
determine the shape of the curve of the trans-
ported material and speed field. The auxiliary 
camera was used as an additional device and its 
data was not the subject of this paper. The scan-
ning frequency of the camera was always set to 
400 frames per second. At a maximum definition 
of 2016 x 2016 pixels and frequency of 400 fps 
the main camera was able to save 3600 images 
per single recording sequence. The duration of 
the recording of up to 9 s corresponded to these 
parameters. This time period of one recording se-
quence was sufficient for all experiments with the 
conveyor emptying processes. The assessment of 
the recorded material speed field was performed 
using PIV software DaVis 8.0.8 from LaVision. 
The trajectory was assessed by tracing particle 
movement using I-Speed PC software. Individ-
ual tracings were performed by always selecting 
one particle from the middle layer of the mate-
rial on the conveyor. Movement was monitored 
in a plane perpendicular to the axis of rotation 
of the conveyor drive drum. By drafting the ob-
tained coordinates for two-dimensional space the 
curves of possible mean particle flight paths were 
determined.

The speed of the conveyor belt for the ex-
periments was set by the speed of the drive drum 
using a frequency converter and laser revolution 
sensor. The belt speeds vb were set to 0.5, 0.8, 

 
Fig. 1. Method of measurement on a realistic model: a) diagram, b) pre-measurement status
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1 and 1.25  m·s-1. The material transported was 
spherical glass particles with a diameter of 4 mm. 

The simulation model of the belt conveyor, 
whose dimensions were based on a realistic mod-
el, was created in a CAD program. It was then 
imported into the EDEM Academic application in 
STEP format. The input material parameters for 
the DEM simulation are shown in Table 1. Mate-
rials called Belt, Plastic and Metallic were used 
for the geometry of the belt conveyor model. The 
Glass material was used as the transported mate-
rial. The interactions between the respective ma-
terials are shown in Table 2. These values were 
determined experimentally.

The determination of curves of mean particle 
flight paths from simulations was performed in 
the EDEM Academic application. The method 
and principle was very similar to tracing per-
formed using I-Speed PC software. A particle in 
the middle layer was monitored exactly as in the 
realistic experiment.

RESULTS AND DISCUSSION

The resultant curves for possible mean par-
ticle flight paths from the realistic (HS) and 
simulation (DEM) experiment were compared 
in Figure 2 and Figure 3. A unified coordinate 
system was used. The differences in curve over-
lay can be best assessed from the maximum 
achieved distance of particles in the horizon-
tal direction. The smallest differences in curve 
shape in this respect were achieved for a belt 
speed vb = 0.5 m·s-1. The value of the maxi-
mum length coordinate in a horizontal direc-
tion from DEM was 6.6% less than the value 
from the high-speed camera. The achieved dis-
tances of particles in the horizontal direction 
changed with the increasing belt speed. How-
ever, the biggest difference in curve shape was 
not determined for the highest used belt speed 
vb = 1.25 m·s-1, but for vb = 1 m·s-1. The value 
from DEM was 16.2% lower than the value 
from the high-speed camera. For belt speed vb = 
0.8 m·s-1 the value from DEM was 13.4% lower 
than from the high-speed camera and for belt 
speed vb = 1.25 m·s-1 it was 13.2% lower.

Table 1. Material properties

Input parameter Belt Plastic Metallic Glass

Poisson's Ratio (-) 0.38 0.39 0.31 0.23

Shear Modulus (Pa) 1e+07 9e+08 7.4e+10 3e+08

Density (kg·m-3) 1300 1780 7800 2036

Table 2. Contacts parameters

Input 
parameter 

Glass-
Glass

Glass-
Belt

Glass-
Plastic

Glass-
Metallic

Coefficient of 
Restitution (-) 0.9 0.5 0.8 0.8

Coefficient of 
Static Friction (-) 0.3 0.7 0.32 0.2

Coefficient of 
Rolling Friction (-) 0.01 0.01 0.01 0.01

 
Fig. 2. Comparison of flight curve shape: a) vb = 0.5 m·s-1, b) vb = 0.8 m·s-1
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Figures 4 to 7 show speed comparison of 
transported material between DEM and PIV. 
During visual observation the difference in trans-
ported material speed between DEM and PIV was 
negligible. For vb = 0.5 m·s-1 (Fig. 4) and 0.8 m·s-1 
(Fig. 5) there was an evident difference in the dis-
persion of particles between PIV and DEM. DEM 
demonstrated a higher dispersion of particles at 
the conveyor exit. For vb = 1 and 1.25 m·s-1 a 
smaller dispersion of particles was seen in DEM 
compared to outputs from PIV. Further, there was 
an evident difference in graphic output between 
PIV and DEM in the green bordered area of mate-
rial flow. This area is displayed only for outputs 

from  PIV. This is  a  transition area between the 
current material speed and zero ambient speed. 
This transition area was computationally aver-
aged by the DaVis software.

From the comparison of PIV and DEM out-
puts it was concluded that although the resultant 
speed range between DEM and PIV concurred, 
the flow profile of the transported material was 
not identical. One of the possible causes of this 
non-conformity, which was determined by the 
method of particle tracing, could even be the opti-
cal distortion of the image. This deformation was 
caused by a combination of the small distance of 
the main camera from the recorded object and the 

 
Fig. 3. Comparison of flight curve shape: a) vb = 1 m·s-1, b) vb = 1.25 m·s-1

 
Fig. 4. Material speed for vb = 0.5 m·s-1: a) PIV output, b) DEM output
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Fig. 5. Material speed for vb = 0.8 m·s-1: a) PIV output, b) DEM output

 
Fig. 6. Material speed for vb = 1 m·s-1: a) PIV output, b) DEM output

 
Fig. 7. Material speed for vb = 1.25 m·s-1: a) PIV output, b) DEM output
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lens with a lower focal length value. The use of a 
greater distance of the camera from the recorded 
object, together with a higher focal length value 
of the lens, could partly eliminate these impacts.

CONCLUSIONS

This paper focused purely on the validation 
of movement of material over a belt conveyor 
drum. For further broader use and increase in 
accuracy of outputs it would be necessary to 
calibrate DEM simulations. From this paper it is 
clear that validation is an important process and 
finding in which direction the experiments will 
develop further. Use of the PIV method is very 
desirable for the issue in question and offers a 
new approach to analysis of movement of mate-
rial on a conveyor. This method can be used to 
determine and research substantial regularities, 
differences and effects impacting differently on 
realistic and simulated experiments. Parameters 
affecting simulation calibration and optimiza-
tion can be verified only based on outputs from 
validation. Based on the results obtained in this 
paper it is possible to obtain a picture about the 
possible accuracy of the DEM and the advantage 
of using PIV for the validation of overflow of 
transported material on a belt conveyor. Further, 
based on the validation of DEM simulations 
with the help of PIV, it is possible to optimize 
the experimental process in order to achieve bet-
ter results. These, and other researched aspects, 
are the subject of further work on this topic.
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