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ABSTRACT

The prerequisite for a modern approach to innovative procedures of the develop-
ment of current or even newly created equipment for the transport of particulate ma-
terials is the utilization of simulation methods, such as the Discrete Element Method
(DEM). This article focuses on the basic, or initial, validation of movement of mate-
rial through the sample divider. The mechanical-physical properties of brown coal
were measured. Based on these parameters the preliminary input values for EDEM
Academic were selected, and a simulation of the dividing process was run. The key
monitored parameters included density and friction coefficient. Experiments on a
realistic model of the equipment were performed and assessed. The total weights
of brown coal at the exit from the divider were determined for a specific speed of
the divider. The aim of this task was to simulate the realistically determined weight
division of the brown coal sample. The result from the DEM was compared with the

results of measurement on a realistic model.
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INTRODUCTION

In coal mines and incineration plants it is
necessary to have an overview and records of
coal quality [1, 2, 3]. The aim is to maintain
and check high quality of coal at stable favour-
able prices even with respect to the environment
[4]. Samples are usually taken directly from the
transport route [5] even several times per shift.
Theses samples are further checked in accredited
laboratories. The sampling equipment and sys-
tems play an important role here. Innovation in
the field of sampling equipment involves auto-
mation of the sampling operation. To implement
this automation, it is necessary to know all the
possible operating modes of the sampling equip-
ment. In the field of studying processes and inves-
tigating operating modes of transport equipment,
which work with particulate materials, the use of
the Discrete Element Method (DEM) [6, 7, 8, 9]
presents itself. The input parameters for the DEM
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are mechanical-physical properties, which best
describe a specific particulate material. Typically,
these include grain size, material density, friction
between particles and contact geometry [10, 11].

The DEM can be used for the analysis and
study of processes occurring inside the equip-
ment, where one cannot see with, for example,
an optical device to record video and collect data
[12]. This can be used to find critical passive ar-
eas of material flow, or other undesirable and in-
efficient modes of the equipment [13].

However, to vindicate the quality or correct-
ness of the simulation it is still necessary to per-
form measurements. Important aspects include
transport outputs of equipment, weight emptying
of equipment in time, possible dynamic or me-
chanical loading and material properties [14, 15,
16, 17, 18, 19, 20, 21, 22]. The use of the DEM
alone does not necessarily have the correct pred-
icative value without previous knowledge from
measurements on investigated equipment. Cali-
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bration and validation of the equipment’s DEM
model is important and this is not objective with-
out measurement on realistic equipment [23, 24].

In this article, validation of DEM simulation
is performed using measurement of the weight
increase in time on realistic equipment. Mate-
rial exits the equipment through two outlets. One
outlet is the sampling outlet and is used for the
collection of material for laboratory analyses. The
second outlet is the waste outlet, which returns
residue material from the sample divider back to
the transport route. Experimentally determined
weight parameters at equipment outlets in time
were compared with DEM simulation.

METHODS AND EXPERIMENTS

Experiments were performed on a realistic
sample divider model. The overall outside diam-
eter of the equipment is 0.86 m and the height is
0.75 m. There are three main functional parts. The
first and top part is the inlet part. Here, material
enters onto the blade wheel, which evenly distrib-
utes the input material. From this space with the
blade wheel with one opening, which is static in
relation to the blade wheel, the material travels to
the centre (second) section. Here there is a rota-
tional disc, which is connected by a shaft to the
blade wheel at the entry into the equipment. This
rotating disc has symmetrically located holes,
which rotate together with the disc. The material
falls through the rotating holes in the disc either
into the outlet for sampling or into the third bot-

tom section. This part also contains a blade wheel
which ensures regular output of material from the
equipment back to the transport route. This blade
wheel is also connected by a shaft with the blade
wheel at the equipment inlet. The outlet from the
equipment for sampling is located directly under
the static opening of the first part. A disc with
openings rotates between the static opening and
the outlet for sampling. At the moment when the
opening of the rotating disc between the equip-
ment outlet for sampling and the static opening
of the first part coincide, material falls from the
first part into the sampling outlet, and a sample is
taken. The experimental equipment is shown in
Figure 1 and the 3D model in Figure 2.

During experiments the speed of the sampling
equipment was set to 29 rpm. A total of 10 kg of
brown coal was fed into the equipment continual-
ly. The filling process took 40 s. This corresponds
to a fed quantity of 0.25 kg-s-1. Filling of the
sampling equipment was provided by a controlled
belt conveyor. At both outlets from the sampling
equipment the quantity of material in kg was de-
tected, which changed in time. Detection of the
weight was performed using strain gauge scales,
which were connected to a laptop via a DS-NET
measuring card.

The 3D model of the sampling equipment was
created according to the dimensions of the realis-
tic experimental equipment using CAD software.
This model was imported into the EDEM Aca-
demic simulation program in *.STL format. The
parameters used for material geometry and parti-
cles are shown in Table 1 and Table 2. Simulation

Fig. 1.. Experimental sampling equipment
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Fig. 2. 3D model of sampling equipment

experiments were performed using a 3 mm parti-
cle diameter. The particle density was determined
experimentally using EDEM Academic. This was
based on the realistic experiment, where a cylin-
der (0.1185 m diameter and 0.197 m height) was
filled with a sample of coal and weighed. This
experiment was repeated several times and an
average sample weight of 1.712 + 0.013 kg was
determined for a volume of 0.0022 m3. The same
cylinder was filled in the DEM and the material
particle density was changed so as to achieve the
required level height in the measuring cylinder,
while maintaining a total sample weight of 1.712
kg. The shear modulus of particles was selected
at a minimum value with respect to the calcula-
tion time of the simulation. The coefficient of
static friction for the particles was selected based
on measurement of the effective angle of internal
friction of a coal sample using the RST-01 shear

Table 1. Material properties

Input parameter Geometry Particle
Poisson‘s Ratio (-) 0.3 0.25
Shear Modulus (Pa) 8.077e+10 1e+06
Density (kg-m) 7800 1650
Table 2. Contacts parameters

Input parameter Geometry- | Particle-

Particle Particle

Coefficient of Restitution (-) 0.5 0.4
Coefficient of Static Friction (-) |0.32 1
Coefficient of Rolling Friction (-) | 0.1 0.01
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machine. The coefficient of static friction between
particles and the geometry were selected based on
measurements made on the Jenike shear machine.

The profile of weight curves in time from both
sampling equipment outlets in the DEM simula-
tion was obtained using the Selections-Geometry
Bin function (Figure 3). These selections detect
the increase in particle weight in time. These
values were exported to tables and graphs were
plotted. The outputs from the realistic experiment
were processed using DEWESoft 7.0 software.
Weight values in 5 s time intervals were select-
ed to consolidate and compare outputs from the
DEM and DEWESoft.

RESULTS AND DISCUSSION

Firstly, experiments were performed on the
realistic equipment. Ten experiments of filling
and emptying were performed on the sampling
equipment. Figure 4 shows a record of ten mea-
surements together with the average value at the
waste outlet from the sampling equipment. Figure
5 shows a record of ten measurements at the sam-
pling outlet together with the average value.

The average weight value from the realistic
experiment at the waste outlet was 8.68 + 0.05 kg
and 1.18 £ 0.02 kg at the sampling outlet. During
one experiment an average of 9.86 kg coal passed
through the equipment. The difference from the
ten kilograms at the inlet is 0.14 kg on average.
This value can partially be considered an error of
the strain gauge scales. Furthermore, each time
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Fig. 3.. DEM model of sampling equipment with Selections-Geometry Bin
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Fig. 4. Result from ten experimental measurements of weight at the waste outlet from the equipment

a different quantity of material remained in the
equipment, part of the fine fraction dusted off, or
settled on the equipment’s internal parts.

Figure 6 shows a comparison of the realistic
experiment and DEM simulation. The weight of
the material at the waste outlet of the dividing
equipment in the DEM simulation was 8.13 kg.
The weight of material at the sampling outlet in
the simulation was 1.58 kg. It is evident that the
measured values differ between the simulation
and realistic experiment. More measurements
were performed in the realistic experiments. Be-

sides the set of ten measurements in Figures 4 and
5, a starting measurement was also performed.
The conduct of this measurement is more similar
to the DEM simulation. Prior to measurement the
sampling equipment was emptied and cleaned.
There was no residual material in the equipment
from previous measurements. A weight of 7.89 kg
was measured at the waste outlet and 1.02 kg at
the sampling outlet of the sampling equipment.
Theoretically, 1.09 kg remained in equipment.
These values differ more compared to the simu-
lation than in the case of average values from
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Fig. 5. Result from ten experimental measurements of weight at the sampling outlet from the equipment

ten measurements. The differences in compar-
ing results from simulations and realistic experi-
ments may be the result of the differences in the
realistic experiment model and ideal 3D model.
The 3D model does not contain all the geomet-
ric differences such as, for example, clearances or
asymmetric arrangement of individual parts. The
achieved results for these first validation experi-
ments on the sampling equipment can be consid-
ered positive. Based on these results we can con-
tinue to optimize the 3D model and calibration of
DEM simulation.
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CONCLUSIONS

This task focused on the first testing valida-
tion of flow of material through the sample di-
vider. Experimentally determined input param-
eters were used for the EDEM Academic applica-
tion, such as density and friction parameters. The
achieved results will be used primarily for further
detailing of the simulation and calibration. Cali-
bration will also be necessary for other modes be-
sides just setting the 29 rpm speed. Validation can
be improved by modification of material density,

—o—DEM Sample, kg ~ —#-DEM Waste, kg
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Fig. 6. Comparison of realistic experiment and DEM simulation
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particle moisture, change in speed, and others.
Furthermore, attention must be paid to the possi-
ble differences between the realistic and 3D model
of the sampling equipment. This task will be part
of further research and study of impacts on the
resultant validation of the sampling equipment.
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