SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Transport Performance Simulation of Separating
System for Self-propelled Peanut Harvester
using EDEM Software

Lim, Je

Department of Bio-Industrial Machinery Engineering, Chonbuk National University

Kim, Myoung-Ho
Department of Bio-Industrial Machinery Engineering, Chonbuk National University / Institute
for Agricultural Machinery & ICT Convergence, Chonbuk National University

Kim, Seong-Min
Department of Bio-Industrial Machinery Engineering, Chonbuk National University / Institute
for Agricultural Machinery & ICT Convergence, Chonbuk National University

Choe, Jung-Seob

Department of Precision Mechanical Engineering, Kyungpook National University

ftt

https://doi.org/10.5109/1686490

HIRIER : W KEXRZREFAERLE. 61 (2), pp.361-365, 2016-09-01. Faculty of
Agriculture, Kyushu University
N— 30

HEFIBAMR




J. Fac. Agr., Kyushu Univ,, 61 (2), 361-365 (2016)

Transport Performance Simulation of Separating System for
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This study evaluated a DEM (Discrete Element Method) model through test results and analysis results
for the simulation of the conveying performance of the separating system in a peanut harvester. With the
validated DEM model, analysis under three conditions of slope angle of separating system compare with
horizon (-7°, 0°, and 7°) was also conducted to examine the conveying performance. From the comparison
between the test results and simulation results, the conveying performances of 0° and 7° were observed to
be the same at the initial period and completion period; however, the gradient of 0° and 7° from the simula-
tion were higher than the ones from the test by 8.9% (0°) and 9.2% (7°). The higher gradient means that
the transport performance is better. The gradient of —7° from the simulation was higher than the one from
the test by 3.6%), and the amount of the peanuts from the simulation was larger than the test by 500 g at the
initial period of 5 seconds. The higher gradient of the simulation was due to the losses at the collecting part as
3.4% (0°), 3.1% (7°), and 2.0% (=7°). The error in the amount of the peanuts (500 g) at the initial period
of 5 seconds with —7° was due to the initial input difference between the test and simulation.
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INTRODUCTION

Agricultural mechanization for upland farming has
been implemented in Korea and other countries; as a
result, research and development of peanut harvesters,
one of the machines for upland farming, have been con-
ducted actively. Studies on peanut harvesters in Korea
were started with research by Jun et al. (1998) and were
continued to develop a tractor—mounted peanut harvester
(Kim, 2008) and to evaluate the performance of the sep-
arating system in a peanut harvester (Kim, 2013).

Research on peanut harvesters in Korea has pro-
gressed under various tests but still has some problems
adjusting to environments in Korea. Main problem is
caused by the field located in sloping terrain. 79.6% of
fields are located in the area having inclinations of 2 ~
15%, and 12.2% is in the area having inclinations of 15 ~
30%. 8.2% of field is in the flat area (Jo, 1999)

This study was conducted to develop peanut har-
vesters that were suitable for the sloping terrain. A pre-
vious study to examine the influence of inclination on the
processing capacity found that higher inclination failed
to convey the peanuts to the collecting part (Kim, 2013).
Conveying performance of the separating system should
be improved to solve this problem. However, manufac-
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turing machines and evaluating the performance for the
improvement need lots of time and costs. Therefore,
simulation—-based prediction could be used to reduce
these difficulties.

This study used particle behavior analysis software
called EDEM based on DEM (Discrete Element Method)
to examine the conveying performance. Material prop-
erties of the peanut were modeled by DE particles. The
simulation results of the conveying performance were
compared with the test data to evaluate the analysis
model.

MATERIALS AND METHODS

Self-propelled peanut harvester

A self-propelled peanut harvester that has a rated
engine speed of 2,600 rpm and a rated power of 44.13 kW
was used for this study. The experiments were conducted
in a stationary state, and the configuration (Figure 1)
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Fig. 1. Configuration of the self-propelled peanut harvester.
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Table 1. Specifications of the peanut harvester

Overall height 4,600 mm
Dimensions Overall width 1,835 mm
Drive system Weight 19,600 N
Standard working speed 0~0.77m/s
Power 44.13 kW
Digging system Digging method / Depth Fixed type /200 mm
Number of Planting rows / Width 2 /600 mm
Threshing system Threshing method Hitting type
Separating system Separating method Pitching + Winnowing
Collecting system Collection method Burlap bag type

and specifications (Table 1) of the harvester are shown
as follows.

Separating system

Mixtures of peanut pods with other foreign materials
were conveyed to the shaking screen where dirt fell
through, and the peanuts were conveyed to the collect-
ing part. Mesh size of the shaking screen was 14 X
120 mm®*. The width of the whole screen was 610 mm,
and the length was 1,315 mm. The shaking screen gen-
erated a swing by reciprocating motion of the eccentric
cam shaft with 4-bar linkage. Figure 2 shows the shape
of the shaking screen.

Fig. 2. 3D shape of shaking screen.

In order to evaluate the conveying performance of the
separating system, the peanuts that passing through the
collecting part should be collected directly every five sec-
onds. To do this, collection boxes were installed on the
conveyor belt after disconnecting power of the conveyor
belt as shown in figure 3, and the box was replaced every
five seconds to collect the peanuts. Figure 4 represents
the collecting plate in the peanut harvester.
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Collecting Plate E N
Conveying Box
Collection Box

Fig. 3. Installation position of the collecting plate and col-
lection box.

Collecting plate |

Fig. 4. Installation of the collecting plate in peanut
harvester.

Sample

Kim (2013)’s experiment about the processing capac-
ity determined the amount of the input peanut to the
separating part as 5kg at the working area of 5 X 1m?
and working speed of 0.3m/s. This study adjusted Kim
(2013)’s conditions as 10 kg after considering the target
working speed of the peanut harvester (0.45m/s) and
severe working condition such as oversupply. The simu-
lation for the conveying performance was created with
10 kg peanuts for 20 seconds; therefore, same conditions
(input of 10 kg peanuts for 20 seconds) were determined
for the test. Cultivar of the peanut used in this study was
Palpal, and the moisture content of the peanut was 6.41%,
which was measured after drying at 130°C for six hours
following oven—dry method (ASAE STANDARDS, 2001).

EDEM

EDEM (EDEM Ver 2.7, DEM solutions, United
Kingdom) was a simulation tool for arbitrary setting of the
contact model between particle—particle and particle—
geometry using DEM. This software could reduce costs
and time for product development relating particle behav-
ior, process design, and optimization by adjusting parti-
cle flow rate or generating particle at the precise position.

In this study, the process of EDEM analysis consists
of three steps. First step is the modeling of the separat-
ing system and peanuts that were created by particles in
EDEM software. Second step is setting of the contact
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model between peanut-peanut and peanut-steel. In this
step, various material properties are necessary. Last step
is the simulation and consideration of the result.

Material property

Accurate input of the material property is important
because simulation results can be different depending
on the material properties of the sample. Material prop-
erties needed for the particle behavior analysis were
Poisson’s Ratio, Shear Modulus, and density. Interrelation
material properties between particle-particle and parti-
cle-geometry should also be input. Interrelation material
properties includes the coefficient of restitution, the
coefficient of static friction, and the coefficient of rolling
friction. Table 2 presents the material properties used in
EDEM.

In this study, the peanuts were created by particles.
To create the particles of the peanuts, samples of the pea-
nut were measured (length: 39mm and thickness:
15mm). A peanut was created with five particles in
EDEM. Figure 5 presents the shape and size of the par-
ticles used in EDEM.

Table 2. Material property input in EDEM

Material property Interrelation material property

Poisson’s Ratio Coefficient of restitution

Shear modulus Coefficient of static friction

Density Coefficient of rolling friction

(19,565, 7.49742, 7,50604)

Fig. 5. Shape and size of particles.

Method

Experiments at a rotational speed (370 rpm) of the
shaking screen were conducted to examine the convey-
ing performance depending on three levels of slope angle
of separating system compare with horizon (-7°, 0°, and
7°). All the experiments were repeated twice to enhance
the reliability. 10 kg peanuts were transferred evenly for
20 seconds to the peanut harvester with three levels of
slope (=7°, 0°, and 7°), and each collection box was
replaced every five seconds and measured the weight.
The peanuts were input into the front of separating
screen uniformly and collected in the collection box by
step.

Analysis of the experiment
With the test results, the accumulated weight of the

peanuts that were collected at the collection part every
five seconds was created in a graph. Then, linear regres-
sion analysis was conducted in the actual period that
performed conveying, and the conveying performance
was examined depending on the slope angle.

Simulation results were also created in a graph, and
the actual conveying period was examined with linear
regression analysis.

RESULTS AND DISCUSSION

Comparison between performance test and simu-
lation

Figure 6 presents the time-lapse images of the EDEM
results under 0° and 7° slope angles. The remained pea-
nuts are seen at the separating screen of 7° slope angle
after 30 seconds, due to the slow transport performance
compare with 0° slope angle. Figure 7 presents the com-
parison between test result and simulation result of the
entire processing of 0°, and figure 8 shows the linear
regression model of two results. The gradient of the
simulation (0.4823) was larger than the one of the test
(0.4392) by 8.9%, and beginning and end showed a simi-
lar tendency as presented in figure 8. The higher gradient
means that the transport performance is better.
Difference between the gradient of the test and simula-
tion was caused by the peanut loss (3.4%) during the
processes of input and collecting.

Figure 9 presents the comparison between test result
and simulation result of the entire processing of 7°, and
figure 10 shows the linear regression model of two results.
The gradient of the simulation (0.4308) was larger than
the one of the test (0.3911) by 9.2%, and beginning and
end showed a similar tendency in figure 9 as in the
results of 0°. Larger gradient of the simulation than the
test was caused by the peanut loss (3.1%) during the
processes of input and collecting.

Figure 11 presents the comparison between test
results and simulation of the entire processing of -7°,
and figure 12 shows the linear regression model of two
results. The gradient of the simulation (0.4619) was
larger than the one of the test (0.4452) by 3.6%, how-
ever, this gradient was not high as in the results of 0°
(8.9%) and 7° (9.2%). Difference between the gradient
of test and simulation was caused by the peanut loss
during the processes of input and collecting. The simu-
lation showed higher value (500 g) than the test result
during five seconds from the beginning, and this was due
to the error of the simulation and test for the initial input.

SUMMARY AND CONCLUSIONS

This study evaluated a DEM model through test
results and analysis results for the simulation of the con-
veying performance of the separating system in a peanut
harvester. With the validated DEM model, analysis under
various slope angle of separating system compare with
horizon (-7°, 0°, and 7°) was also conducted to estimate
the conveying performance of the separating system.
Results of this study are as follows:
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Fig. 11. Comparison between simulation and test results of the
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Fig. 12. Linear regression model of the steady—state from the test
and simulation results (-7 degree).

(1) From the comparison between the test results
and simulation, the conveying performances of 0° and 7°
were observed to be the same at the initial period and
completion period; however, the gradient from the simu-
lation were higher than the ones from the test by 8.9%
(0°) and 9.2% (7°). The higher gradient means that the
transport performance is better. The gradient from the

simulation of —7° was higher than the one from the test
by 3.6%), and the amount of the peanuts from the simula-
tion was larger than the test by 500 g at the initial period
of five seconds.

The higher gradient of the simulation was due to the
losses at the collecting part by 3.4% (0°), 3.1% (7°), and
2.0% (=7°). The error in the amount of the peanuts
(500 g) at the initial period of five seconds with —7° was
due to the initial input difference between the test and
simulation.

(2) In order to improve the conveying performance,
the slope angle of the separating part should be control-
led automatically from the driver’s seat or should be
adjusted automatically depending on the inclination.
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