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Mechanized agriculture is the foundation of large-scale agriculture. However, in current mechanized corn
cultivation, the cleaning efficiency during the cleaning phase is poor due to design defects, which in turn reduces
its yield. Therefore, this study proposed an optimization of the corn screening device based on high-precision
aerodynamic models. 3D modeling was used to explore the parameter optimization of the corn cleaning devices
from an aerodynamic point of view, and certain improvements were made to the fish scale sieve structure. The
results indicated that the cleaning efficiency was related to airflow velocity, vibration frequency, and the opening
of the fish scale sieve. The optimal wind speed was 16 m/s, and the separation efficiency currently was 94.27%.
The optimal vibration frequency was 8 Hz, and the separation efficiency currently was 97.24%. The optimal
opening of the fish scale sieve was 26 mm, at which point the screening efficiency reached 100%. The optimized
fish scale sieve reduced blockage by 63.7% compared to the traditional fish scale sieve, and ultimately achieved
an impurity content of 1.4% with an improvement of 81.3%. In summary, the optimization plan proposed by this
research can effectively improve the cleaning efficiency of corn and promote agricultural production and
efficiency.
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Introduction entire mechanization of corn planting can
significantly improve production efficiency,
Agriculture, as a pillar industry of China, plays an reduce labor costs, and improve the production
important role in ensuring people's livelihoods environment for farmers [5]. During harvesting,
and national stability [1]. Corn, as a widely high-tech mechanization mainly refers to the use
cultivated food crop, is of crucial importance for of corn harvesters. The mechanized equipment
the food security of the country [2]. As the quality can automatically complete tasks such as corn
of life improves, people's demand for corn cutting, threshing, and cleaning, greatly
continues to increase, which also promotes the improving harvesting efficiency and reducing
expansion of the planting scale of corn [3]. To losses [6]. For traditional corn mechanized
meet the growing demand, the planting and cleaning operations, the high loss rate and low
harvesting methods of corn also require the screening rate have become significant
support of high-tech mechanization [4]. The challenges.
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Mechanized agriculture is a mode of agricultural
production that utilizes mechanical equipment
and technology to replace human labor. It plays
an important role in the agricultural sector and is

important for the efficiency, quality, and
sustainable  development of agricultural
production. It can improve agricultural

production efficiency, the working conditions of
farmers, and enhance product quality and
market competitiveness. Rakhra et al. analyzed
the use of machinery in modern mechanized
agriculture and proposed the three basic energy
sources of agricultural mechanization including
mechanical power, animal power, and
manpower. They proposed suggestions for the
reform of agricultural mechanization by
analyzing the advantages and disadvantages of
the three major energy sources in mechanized
agriculture, which provided a theoretical basis for
the further development and improvement of
agriculture [7]. Adhikari et al. conducted a study
on the spatial variability of soil in modern corn
cultivation. The years of yield monitoring data
and geological statistical techniques were used to
investigate the spatiotemporal stability and
variability of corn. The study identified areas in
each farmland that were not suitable for
planting, and the stable yield areas and non-
profit areas were designated. This study had a
positive impact on improving the economic
benefits of farmers and could provide data and
theoretical support for the economic benefits of
environmental protection [8]. Yao et al. proposed
an automatic detection system for rice light
induced pests targeting agricultural diseases and
pests. An automatic processing of pests and
diseases in farmland had been achieved by
combining machine learning methods. These
experiments confirmed the effectiveness of the
method for pests and diseases [9]. Shubha et al.
proposed a controlled transport agriculture
method to optimize mechanized farming of crops
by reducing the area in response to the soil
compaction in mechanized farming. The results
demonstrated the effectiveness of this method,
resulting in a significant increase in crop yield
[10]. Nassani et al. explored clean energy in
mechanized agriculture and examined the
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carbon emission pollution data. The study
emphasized the importance of sustainable
mechanized agriculture and provided theoretical
support for achieving sustainable environmental
development [11].

Cleaning refers to the process of screening,
sorting, and removing impurities from
agricultural products. The purpose of cleaning is
to improve the quality of produce and reduce the
amount of impurities. Advanced cleaning is an
evaluation indicator for agricultural and
industrial modernization. Cleaning is crucial for
the quality control of agricultural products. It not
only provides consumers with a better product
experience, but also has a positive impact on
farmers' income and market competitiveness.
Owen et al. addressed the problem of weeds in
crop seeds starting from the pre-planting stage
and adopted a cleaning method to determine the
contamination of crop seeds by weeds. The
results demonstrated the effectiveness of crop
seed cleaning in improving yield [12]. Frischie et
al. conducted an in-depth study of the specific
methods and effects of crop seed cleaning,
exploring the impact of cleaning on the lifespan
and quality of seeds. Suggestions were proposed
for seed-cleaning, emphasizing the necessity of
conducting seed cleaning work before planting
operations, which provided reference values for
the selection of crop seeds and could effectively
promote the improvement of crop yield [13].
Aradwad et al. proposed a solar powered multi-
crop screen cleaner to improve crop cleaning
efficiency. The results confirmed the
effectiveness of this method for soybeans, lentils,
and chickpeas, which could effectively achieve
the cleaning of legume crops and had high
separation efficiency and extremely low impurity
content. This method had a positive effect on the
clean energy utilization of mechanized
agriculture [14]. Esteso et al. proposed a crop
planning approach that considered crop cleaning
steps to address the supply chain inequality in
traditional agriculture. These experiments
confirmed the effective help of this method in
promoting supply chain fairness, providing
theoretical support for promoting agriculture
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[15]. Suardi et al. designed a combined grain
cleaning system with a harvester to address the
recovering husks from cereal crops. The recovery
of husks was achieved by combining a turbine to
collect husks discharged from the cleaning
system. This device could effectively recover and
package the husks. The results confirmed that
this method had a positive promoting effect on
improving the utilization rate of agricultural by-
products and increasing agricultural income [16].
The cleaning of corn is the final step before it can
enter the grain depots, and the cleaning
operation is also an important link in the
mechanized corn harvesting process that incurs
losses. The efficiency of the cleaning operations
has an extremely importantimpact on the overall
efficiency of harvesting. The screening
mechanism of corn mainly receives mixed corn
materials after threshing [17]. Mixed materials
often exhibit significant mass unevenness, and
different mass distributions can affect the
cleaning efficiency in different regions of the
cleaning screen, thereby affecting the efficiency
of the entire cleaning process. Conventional corn
cleaning mechanisms typically rely mainly on
airflow, which separates the mixed corn
materials and to some extent drives some of the
materials to migrate backwards, in conjunction
with equipment to achieve corn cleaning
operations.

Traditional cleaning operations in current
mechanized agriculture still suffer from serious
efficiency issues. There is significant optimization
space for the impurity content and loss rate of
the cleaning. Therefore, this study proposed to
optimize the corn screening device based on
high-precision aerodynamic models. By studying
the cleaning mechanism using aerodynamics, the
specific mechanism of cleaning and the reasons
for blockage were explored, and targeted
improvements were made to overcome the high
impurity and loss rates in cleaning corn. By
improving the device, the cleaning efficiency of
corn could be effectively improved, ensuring its
high yield and efficiency. This research could
directly improve the efficiency of corn harvesting
and the quality of cleaning, which was crucial to

290

ensuring the country's food security. Further, it
could reduce resource waste and improve the
sustainability of overall food production by
reducing the loss rate of corn cleaning selection.

Materials and Methods

Modeling and analysis of corn screening device

Based on corn cleaning system, high-precision
aerodynamic modeling was conducted to analyze
the cleaning mechanism of contents and the
factors that affected its efficiency, which could be
effectively improved. By the force of airflow, corn
grains could be separated from impurities. As an
important component factor in the cleaning
process, exploring the cleaning mechanism of
airflow was of great significance [18]. The
SolidWorks software (Dassault Systemes, Vélizy-
Villacoublay, France) was first used to model the
corn cleaning device to establish the three-
dimensional model of the corn cleaning
mechanism (Figure 1). The model was then
imported into Workbench ICEM for grid
partitioning to achieve higher accuracy, and
important cleaning components such as the fish
scale sieve and tail sieve that were locally grid
dense. The air inlet was set as the pressure inlet
of the model, and the outlet of the tail screen was
set as the pressure outlet. The airflow model
specifically adopted the standard K-—¢
turbulence model [19]. When the airflow passed

through the mixed material, the resistance
coefficient was as follows.

(P = P ML= €4 )T
Cm — m a 5 m m (1)

2p,V

where pwas the density of corn particles. p,

was the air density. &,, was the stacking porosity
of the mixture layer. T, was the stacking
thickness of the material layer. g¢ was the

acceleration of gravity. v was the airflow
velocity in the fan. Under the action of airflow,
material particles would undergo jumping
motion relative to the surface of the fish scale



Journal of Biotech Research [ISSN: 1944-3285]

2024; 16:288-298

\l/

. Air inlet
. Air distributor

1

Figure 1. Three-dimensional model of corn cleaning mechanism.

sieve. The direction parallel to the fish scale sieve
was set as X axis, and the direction
perpendicular to the fish scale sieve was setas y
axis to analyze the jumping motion state of
material particles more intuitively. A two-
dimensional coordinate system was established
to analyze its motion state. When the material
particles underwent jumping motion, their
relative acceleration along X and Yy axes could
be determined as follows.

a,, = kpSv? cos(a — &)+ mAw? sin(wt)cos(6 - 5)—gsin &
a,, =kpSv’sin(a — &)+ mAa’ sin(at)cos(0 — 5)— g cos & )

where o was the angle between the airflow of
the fan and the horizontal direction. 0 was the
inclination angle of the teeth of the fish scale
sieve. & was the direction angle of inertia force
during vibration. If the initial phase of the crank
rotation during the first jump of the material
particle was @, , the initial phase could be
represented as the starting angle of the material
particle's jump motion, which could be calculated
by formula (3).

Ccoso
sin(a - &)

, sin(6-06)
> sin(a - &)

@, = arcsin A (3)

g
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3. Lower fish scale sieve
4. Clean the exterior shell
5. Tail sieve

6. Air outlet

7. Top fish scale sieve

8. Vibrating board

If the crank rotation stop phase of the material
particles at the end of the first jumping motion

was @,, the jumping time of the particles could
be calculated by formula (4).

At=2=P _ ot~ @,
@

(4)
@

The relative motion displacement of the material
particles in both directions after the jump could
be obtained by integrating the jump time with
relative acceleration. Formula (5) represented
the relative motion displacement in the
horizontal direction.

__1 . _ 2 _ 24 2_
S, = 2g(sm§ koSv? cos(ax 5)(0) j )

ACOS(Q - 5)[Sin @ —sin g, —Cos g, ((Pl ~® )]

Meanwhile, the relative motion displacement in
the vertical direction was determined by formula
(6).
1 -0

S, =—=glcosd —kpSv® cos(ar — )] =—2 | —

==y aleoso-kpsvicosla-a) A | -
Asin (0 - & )[sin ¢ —sin g, —cos g, (@, — @, )]
After a jump of the material particles from the

fish scale sieve surface, the horizontal
displacement from the beginning to the end was
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determined by formula (7), while the vertical
displacement was determined by formula (8).

S, =S,-c0so (7)

Sy =S,-sind (8)
When the material particles completed the
jumping motion and fell onto the fish scale sieve
surface, the horizontal motion speed relative to
the sieve surface and the relative velocity of
vertical motion could be expressed as formulas
(9) and (10), respectively.

v, =—g(sin & —kpSv? cos(ar —5){%_%) " )

w
Acos(6 -5 )cos g, —cosg,)

v, =—g(cos & —kpSv? cos(a — 5)(%_%) + (10)

(0]
Asin(6 -5 )cos g, —cos g, )

When the material particles jumped from thefish
scale sieve surface under external forces, their
overall trajectory mainly presented a parabola
through the analysis of formulas (2) - (10). The
horizontal and vertical displacements were
mainly related to the vibration frequency,
vibration amplitude, wind force, and the
inclination angle of the sieve teeth. Therefore,
during the cleaning operation, the vibrational
frequency, wind force magnitude, and vibrational
amplitude could be adjusted to interfere with the
jumping motion of particles and optimize the
cleaning efficiency.

Optimization of corn screening mechanism

In practical cleaning operations, the most ideal
condition is that all the corn particles pass
through the screen, while all other impurities are
eliminated. However, the blockage of the core
shaft of corn is very serious in reality, which
reduces the effective area of the sieve surface
and the efficiency of screening, causing some
grains to be unable to be screened normally. On
the other hand, the blockage hinders the
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transmission of airflow and reduces the flow and
uniformity of airflow in the sieve surface, thus
affecting the screening and leading to a decrease
in screening efficiency and an increase in
impurity content. After the core shaft falls into
the sieve hole, it is continuously compressed and
deformed due to compression. Finally, the core
shaft slides downwards along the direction of the
fish scale sieve, ultimately blocking the sieve
hole. The upper and lower screens in the fish
scale sieve generated squeezing forces F_and

F.on them, respectively. After being squeezed,

the core shaft underwent deformation, and
ultimately its radius was less than r . At this
point, the friction force of the core shaft could be
expressed by formula (11).

L L
HF = piF, = B AL = piE-—(L=1) (11)

where L was the mesh size of the fish scale
sieve. E was the surface elastic modulus of the
core shaft. I was the size of the core shaft. i

was the coefficient of friction. r' was the size of
the core shaft after extrusion. Formula (12) was
the equilibrium equation of the core shaft along
the direction of the fish scale sieve teeth, while
formula (13) was the balance equation in the
vertical direction.

F, =mgcosd + mAw’ sin(at)sin B—koSv’sin s (12)
Fy:mgsin§—mszsin(wt)cosﬂ72yE-%»(Lfr)fkpsvzcosé (13)

where M was the mass of the core spindle.

was the vibration angle of the screen surface. 0
was the inclination angle of the sieve teeth of the
fish scale. g was the acceleration of gravity. A

was the amplitude of the sieve surface. K was
the floating coefficient of the material. S was
the windward force area. p was the air density.
V was the airflow velocity. Under the action of
gravity, the core shaft continuously moved
downwards at the sieve opening, and the
squeezing force that it received continuously
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Figure 2. Schematic diagram of the actual situation of fish scale sieve. L: the length of the sieve teeth of the fish scale sieve. Ls: the length of the
bottom base of the fish scale sieve. I: the length of the curved mesh of the fish scale sieve. B: the spacing of sieve holes between adjacent fish
scales. r: the minimum radius of the sieve opening. S:: the uppermost distance of the curved sieve opening. S:: the lowest distance of the curved

sieve opening.

increased. When the pressure reached a certain
threshold, the core shaft was no longer able to be
eliminated by vibration and fan airflow, resulting
in complete blockage at the fish-scale sieve hole.
To address this issue, the structural parameters
of the fish-scale sieve were re-optimized. When
redesigning the fish scale sieve, it was necessary
to reconfirm the distance S1 from the upper end
of its sieve hole, which should be greater than the
maximum size of the grain (Figure 2). The
required screening distance was maximized
when the corn seed particles were tilted into the
upper part of the sieve. At this point, the
minimum distance of S; must be greater than

the diagonal length of the corn seed particle as
formula (14).

S, > W2 +H2+T?

where W was the maximum top and bottom
width of the corn seed particle. H, was the

(14)

maximum height of the corn seed particle. T
was the maximum thickness of the corn seed
particle. Based on the maximum size data of the
corn seed particle obtained through statistics,

the minimum S, could be obtained by

substituting it. When determining the minimum

293

distance to the bottom, it was necessary to
ensure that the core shaft did not penetrate the

sieve at the bottom of the sieve hole, so S2

should meet the minimum size larger than the
core shaft. When the core shaft passed through
the sieve hole along the shortest radius direction,

its distance was the shortest and was
represented by formula (15).
S, >min(R., L) (15)

where R. was the radius of the mandrel. L.

was the length of the spindle. By calculating the
size of the mandrel and substituting it into the
formula, the optimal S, design size could be
obtained. The structure of the fish scale sieve was
optimized to further improve the cleaning
efficiency. A schematic diagram of the shape of
the teeth of the traditional fish scale sieve and
the optimized fish scale sieve was demonstrated
in Figure 3. In traditional fish scale screens, the
teeth on the fish scale screens form a certain
bending angle with their tail substrate. As the
airflow passes through the fish scale sieve at a
certain angle, the curved shape in the structure
will cause the airflow to form multiple vortex
regions, thereby increasing the resistance to the
airflow. This is a significant consumption caused
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Traditional fish
scale sieve teeth

Improved fish
scale sieve teeth

Figure 3. Diagram of improving the structure of fish scale screen teeth.

by the thrust of the airflow, which in turn affects
the cleaning [20]. Therefore, the mesh structure
of the fish scale sieve was optimized and
transformed in response to this issue. The study
redesigned the curved part of the tooth structure
of the traditional fish scale sieve, replacing the
bending structure in the traditional fish scale
sieve with a smoother transition. The modified
fish scale sieve teeth structure could provide
good guidance for airflow below. The formation
of eddy currents was effectively avoided by
increasing the angle between the sieve teeth and
the substrate, thereby reducing the blocking
effect of the fish scale sieve on the airflow, which
reduced the resistance of the airflow, improved
the airflow flow rate, effectively increased the
airflow utilization rate in the cleaning operation,
and improved the cleaning efficiency.

To further validate the optimization scheme
of the corn screening device, SolidWorks was
used to model the corn screening device and
further construct simulated corn seed particles,
mandrels, and stem models. The input amount of
corn was set to 8 kg/s, and the input amount of
corn cleaning mixed materials was 5.6 kg/s. The
proportion of each component in the mixed
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materials were determined, and the number of
corn seed particles, mandrels, and stems could
be simulated. For both screenings, tests were
carried out throughout the harvest season in
Changiji, Xinjiang, China to ensure the reliability of
the results. Both screens were installed on the
same type of harvesters to ensure consistent test
conditions. During harvesting, the sieve was
regularly checked and recorded for the content
of clogging substances and impurities. The
difference between the two sieves was then
compared.

Results and discussion

The effect of airflow velocity on material
dispersion

The airflow velocities of 8, 10, 12, 14, and 16 m/s
were selected to test the dispersion of corn
grains at different cleaning times. The results
showed that overall dispersion of the material
appeared to be the best when the velocity of the
flow was 16 m/s. As the cleaning time increased,
the degree of dispersion increased first and
achieved the highest degree of material
dispersion as 94.27% when the cleaning time
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Figure 4. Comparison of the influence of different airflow velocity on dispersion.

reached 1.25 s, which was 11.19 - 67.38% higher
than that of other velocities of the flow.
However, when the cleaning time was further
increased, the dispersion was decreased (Figure
4),

The efficiency of the vibrating screen at
different airflow velocities

At an airflow speed of 16 m/s, the screening
efficiency of the vibrating screen reached a
maximum of 97.24% at a cleaning time of 2.50 s,
which was 17.24 - 49.98% higher than the
screening efficiencies under other parameter
settings (Figure 5). The vibrational frequencies
were then investigated at 4, 5, 6, 7, and 8 Hz. The
dispersion of materials under different vibration
frequencies was  tested. The  results
demonstrated that, when the vibration
frequency was 8 Hz, the overall material
dispersion performance was optimal. The
dispersion of the material increased with the
increase of cleaning time until 1.25 s, at which the
dispersion degree of the material performed the
best, reaching 95.27%, which was 17.21 - 49.68%
higher than that of other parameter settings
(Figure 6). The effect of different vibration
frequencies on the screening efficiency of the
vibrating screen was investigated. The results
showed that, at a screening time of 2.50 s, the
screening efficiency at 4 Hz achieved the best
performance at 98.27%, which was 2.24 - 4.57%
higher than that of other parameters. However,
at a screening time of 1.25 s, the screening
efficiency at 7 Hz reached the best performance
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at 68.25%, which was 9.28 - 21.32% higher than
that of the other parameters. Overall, the
screening efficiency at 4 Hz, 2.50 s was the best
option with the screening efficiency reaching
98.27% (Figure 7).

= 8m/s = 10m/s = 12m/s = 14m/s = 16m/s

2.50-
2.25-
2.00-
1.75-

n
=
(<5}

2150
i 4

1.25
1.00
075"

0.50[

0 0.2 0.4 0.6 0.8 1
Screening efficiency of vibrating screen/%

Figure 5. Comparison of screening efficiency of vibrating screen at
different airflow speeds.

The effect of the fish scale sieve angles on the
screening efficiency

The opening and closing angles of the fish scale
sieve were set to 18, 20, 22, 24, and 26 mm.
When the opening of the fish scale sieve was set
at 26 mm, its overall screening efficiency reached
the best result of 100%, which was 3.27 - 7.38%
higher than that of the other parameters. The
screening efficiency increased with the increase
of screening time (Figure 8).
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Figure 6. Comparison of the influence of different vibration frequencies on dispersion.
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The blocking quantity and impurity content of
the modified fish scale sieve

The improved fish scale sieve structure
effectively solved the blockage problem with the
blockage amount reduced by 63.7% compared to
traditional fish scale sieves (Table 1). The
impurity content had also been greatly improved,
reaching a final impurity content of 1.4%, which
was 81.3% improvement compared to that of
traditional fish scale screens (Table 2).

In conventional mechanized corn harvesting, the
separation efficiency of corn cleaning is low due
to design defects in the equipment, and its
separation degree is insufficient, resulting in high
impurity content. Therefore, based on commonly
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Table 1. Comparison of blockage of different fish scales.

sl:i:\'/‘es::;ee Expcle\lr:’rt'nent e:;;l:;::Li:;t:;;o(;) Fish scale sieve middle (g) Fish scale end of sieve (g)

1 12.7 21.5 54.9 77.2 69.7 112.8

Traditional 2 11.8 22.1 56.1 76.7 66.7 111.9

fish scale 3 12.4 23.7 57.9 78.1 67.2 113.1

sieve Average 12.3 22.4 56.3 77.3 67.9 112.6
Total 1046.5

1 6.1 11.4 17.2 41.6 25.6 28.4

Improved 2 2.4 12.7 15.3 42.8 22.7 29.7

fish scale 3 2.7 11.1 17.5 40.5 23.9 29.2

screen Average 3.7 11.7 16.7 41.6 24.1 29.1
Total 380.3

Table 2. Comparison of impurity rate of different fish scales.

Fish scale sieve Grain weight through sieving Weight of sifted debris | Impurity content
Area o
type (g) (8) (%)
L . Forepart 6852.9 567.5
Trig;tlf;ae'vf:h Midpiece 14568.7 1010.8 7.5
End piece 4127.8 330.2
| d fish Forepart 8927.6 165.4
mprovec fis Midpiece 16792.9 297.6 1.4
scale screen -
End piece 5862.5 134.8

used corn cleaning devices, an optimization of
corn screening devices based on high-precision
aerodynamic models was proposed from an
aerodynamic perspective. The results of this
study demonstrated that, when the wind speed
was set at 16 m/s, the separation efficiency of
corn was the highest, reaching 94.27%, and the
screening efficiency also reached the highest,
reaching 97.24%. When the vibration frequency
of the device was set to 8 Hz, the separation
performance of corn was the best, reaching a
maximum of 97.24%. The optimal screening
efficiency of 98.27% was achieved when the
frequency was set to 4 Hz. When the opening of
the fish scale sieve was set to 26 mm, the
screening  efficiency reached the best
performance at 100%. The improved fish scale
sieve performed well, and its material blockage
had been greatly reduced by 63.7% compared to
that of traditional fish scale sieves. The impurity
content had also been greatly optimized with a
final impurity content of 1.4%, which was 81.3%
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higher than that of a conventional fish-scale
sieve. The results of this study confirmed that
wind speed, vibration frequency, and the
opening of the fish scale sieve all influenced the
cleaning efficiency. The proposed corn screening
device optimization based on high-precision
aerodynamic model effectively solved material
blockage in the cleaning device, greatly reduced
the impurity content, and could provide positive
assistance for the growth of corn production.
However, the study did not consider the impact
of different types of corn on the device, which
should be investigated in further studies.
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