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Abstract: During combined peanut harvesting operations, the separating device plays a crucial role in determining peanuts’
damage rate and impurity content. In order to enhance the quality and efficiency of peanut harvesting, this study investigates
the separating device of a two-ridge and four-row half-feeder combine harvester. Firstly, the operating principle of the separating
device was analyzed, and a combined air-and-screen separating device was selected. Secondly, based on the movement state of
peanut pod impurities in different sections of the separating device surface, the theoretical analysis of peanut pod impurity
movement was carried out, and the peanut pod impurity dynamics model was constructed. At the same time, CFD software was
used to analyze the airflow field inside the separating device. Moreover, the test factors affecting the separating effect were
explored: fan wind speed, separating device surface inclination, and vibration frequency. The optimal working parameters of the
device were determined as follows: a fan wind speed of 8.9 m/s, a separating device surface inclination angle of 8.3° concern-
ing the horizontal, and a separating device vibration frequency of 7.2 Hz. The impurity content rate of the peanut pods was 1.48%,
and the damage rate of the separating device was 1.61%. Finally, the impurity content of peanuts in the validation experiment
was 1.53%, and the peanut damage rate was 1.68%. The effectiveness of the separating device operation was verified through
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field tests. The potential for further research on peanut harvesters is highlighted based on the findings of this study.

Keywords: combine harvester, air-and-screen separating device, peanut, impurity content ratio, damage rate

DOI: 10.25165/j.ijabe.20251801.8711

Citation: Li D J, Hou J, Wang D W, Gao Z H, Chang Z C. Design and analysis of the separating device for peanut half-feed
combined harvesting. Int J Agric & Biol Eng, 2025; 18(1): 92-100.

1 Introduction

In China, the planting area and yield of peanuts have been
steadily increasing, according to data from the 2023 China
Statistical Yearbook. Within the last five years, peanut yield per
unit area has increased yearly, for a total increase of about 200
kg/hm? during this time period. The increasing peanut unit yield
further increases the need for mechanization and
modernization in the peanut industry.

urgent

According to the analysis of peanut planting characteristics in
China, peanut harvesting methods can be divided into two-stage
harvesting and combined harvesting. At present, most areas use two-
stage peanut harvesting!"!. Because the existing combine harvester is
poorly adapted to the peanut planting mode in different regions, this
study aims to research the characteristics of China’s peanut planting
mode in relation to peanut combined harvesting machinery™*.
However, in the peanut combine harvesting machinery equipment,
the separating device has a greater impact on the working effect of
the whole machine. There are problems such as high impurity rate
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and high damage rate of peanut pods in the machine harvesting
process®®. So, peanut-separating device design and testing have
been carried out.

The preliminary research found that there are few research
methods at home or abroad for scavenging and separation
technology that are exclusively geared toward peanut-separating
devices. This paragraph summarizes some of the domestic and
foreign seed-crop separating methods. The separating methods can
be divided into three categories: air-separating, screen-separating,
and air-and-screen separating. Xu et al.1."”' studied the flax threshing
and separating device, specifically exploring the airflow separation
mechanism for jute materials. They used CFD-DEM coupled
simulation technology to determine the separation law of hulled
material in the separating system and designed and optimized the
flax threshing and separating device. On the other hand, Zhang et
al.1.® focused on investigating the mechanism of sieve body
movement and airflow on the particle group of discharged material
during the separating process. The article used the Boltzmann
method to analyze the distribution law of the airflow field inside the
separating device. Kluge” studied the relationship between the
motion of material particles and the relative motion of moving
sieves. They solved the ejection intensity factor that induces motion
Zhang!""!
mechanism of a fish scale sieve separating device and analyzed the

between material particles. examined the working
distribution law of the airflow field inside the separating device. A
kinetic model of corn material particles on the fish scale sieve was
constructed. The design and optimization of a new type of corn-
separating fish scale sieve were described based on the mechanisms
of grain penetration and corn shaft clogging of the fish scale sieve.
Dai et al.'"" investigated the separation of small-seeded crops,
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carrying out device design and simulation tests and analyses.
Meanwhile, some scholars have conducted impurity separation
characteristic analysis based on the characteristics of different
crops. Simultaneously, EDEM simulation software was used for
numerical simulation analysis, achieving low-loss harvesting and
efficient separating effectsts!"'*. In addition, referring to the harvest
patterns of different crops, researchers have analyzed the
components and working principles of the whole machine, explored
the experimental factors that affect the overall operation of the
machine, optimized the coordination relationship between various
parameters, and verified the reliability of the machine and device
through field experimentsts!"**.

Through the analyses, the separating principle of the above
seed crops has a similar motion principle to peanut separating. Both

324 However, the motion

use air-and-screen separating devices!
model is lacking when the material collides with the device.
Therefore, this paper used a two-row, four-row, half-fed peanut
combine harvester as the research object. The focus was on
exploring the collision motion between materials and devices. The
interaction models between pods, impurities, and devices were
obtained. In addition, the conditions of pods and impurity motion
during air-and-screen separating were further elaborated. The
distribution law of the airflow field inside the separating screen was
investigated. The design of the separating device was also carried
out. The separating device was created, and its operating parameters
were optimized. This study provides a reference for optimizing the
theory and technology system of the half-feed peanut combine
harvesting separating systems in China.

2 Methods and materials

2.1 Structure and working process of the harvester

Figure 1 depicts a peanut combine harvester with two ridges
and four rows. The machine mainly comprises a walking device, air-
and-screen separating device, L-shaped conveyor, clamping and
conveying device, peanut collection device, peanut-picking device,
driver’s cab, clamping homing device, excavation device, and
seedling support device. The machine’s workflow mainly employs
excavation to unearth peanut pods from the soil. The clamping
homing device conveys the peanut plants to the pod-picking device,
facilitating the collection of peanut pods. The air-and-screen
separating device separates the peanut pods from any impurities in
the picking material. After separation, the separated peanut pods
undergo another screening process via the L-shaped conveyor chain.
At the same time, the peanut pods are guided by the conveyor chain
into the peanut collection device, completing the peanut harvesting
process.

1.Walking device 2. Air-and-screen separating device 3. L-shaped conveyor

4. Clamping and conveying device 5. Peanut collection device 6. Peanut-picking
device 7. Driver’s cab 8. Clamping homing device 9. Excavation device
10. Seedling support device

Figure 1 ~ Structure of the peanut combine harvester

Figure 2 shows the working process of the air-and-screen
separating device. This device separates the sieve frame, surface,
eccentric wheel drive mechanism, blower, and seedling discharge
device components. The working principle is as follows: the
material falls onto the separating sieve surface from top to bottom,
and the motor transmits power to the separating sieve surface
through the eccentric wheel, resulting in a simple harmonic
reciprocating motion of the separating device. Additionally, the
device is equipped with a fan that utilizes the difference in the
floating characteristics of the material for air-blowing separating.
The material can be directed toward the seedling discharge device
by adjusting the fan wind speed, screen surface inclination, and
vibration frequency appropriately. The peanut pods fall through the
gap of the seedling discharge device into the next working section.
Impurities such as broken leaves, short stalks, soil, and fruit stalks
fall through the gaps on the sieve surface. Long stalks, residual
plastic film, and other impurities are blown out of the sieve surface
along with the peanut pods as they move toward the seedling
discharge device, effectively completing the separating process.

Central part of the

separation device .
P After separation

Before the separation device [ ‘ device

1. Separating sieve frame 2. Separating sieve surface 3. Eccentric wheel drive
mechanism 4. Blower 5. Seedling discharge device
Figure 2 Schematic diagram of air-and-screen separating device

2.2 Material screening motion analysis

The working principle of the separating device mainly involves
using the motor to drive the eccentric wheel, which provides power
for the separating sieve surface. The eccentric wheel pushes the
connecting rod CD, causing the separating sieve surface to move
along the Y direction. In conjunction with the AB rod, it propels the
separating sieve surface forward with impact, effectively separating
the peanut and impurity mixture on the sieve surface. Figure 3
illustrates the movement of the screening process, characterized by
reciprocating simple harmonic motion.

The motion expression of the separating device is as follows:

Displacement:
y=—-Rcoswt (1)
Velocity:
V, = Rwsinwt 2)
Acceleration:
a, = Rw’ cos wt 3)

where, y is the vibrating screen surface displacement, mm; R is the
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radius of the eccentric wheel, mm; w is the angular velocity of the
eccentric wheel, rad/s; ¢ is the vibration time of the separating
screen, S.

tin: device
of the separ® TS
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Figure 3  Schematic diagram of the screening motion

By analyzing the principle of motion of the separating device, it
can be observed that when the separating sieve surface tends to
move or moves to the right, the acceleration of the separating sieve
surface is positive. Therefore, the time range is:

03] [55 @

The acceleration of the separating sieve surface is negative

a. Force analysis diagram

when the separating sieve surface tends to move to the left. The
time range for this occurrence is:

n 3r
- = 5
[2(1) Zw} )
2.3 Material screening motion analysis

T 3r
When the time interval is 0> 5— [*,2”} , the acceleration
2w 2w

direction of the separation device is positive, and the inertial force

direction is along the positive Y-axis. When the time interval is
[ m 3m

20" 2w
negative, and the inertial force direction is negative along the Y-
axis. When the material contacts the separating sieve surface, its

}, the acceleration direction of the separating device is

movement speed along the Y direction surpasses the surface’s. The
direction of the green arrow in the picture is the direction of
material movement. YOZ plane is the vertical plane of the separator
surface. XOY plane is the parallel plane of the separator surface,
i.e., the inclined side of the separator surface. Consequently, the
material moves towards the right along the separating sieve surface.
Due to the ladder shape of the sieve surface, the peanut force state is
divided into two cases. The first is when the peanut is on the
vertical side of the stepped separating sieve surface, as shown in
Figure (D below. The second case is when the peanut is on the
inclined side of the ladder separating the sieve surface, as shown in
Figure @ below. The forces at different positions are shown in
Figure 4.

Material movement path

Power device
Separating device surface

Transmission device

b. Schematic diagram of movement patterns

Figure 4 Schematic diagram of material moving to the right

As shown in Figure 4, the inertial force F exerted by the
material on the sieve surface is:

F = —w’mAsinwt (6)
The friction force Fjis:
F;=uFy, = Fy tangp @)
The expression for wind power Fs of the wind turbine is:
F, = kpSv* 3

where, m is the mass of the material, g; 4 is the amplitude of the
separation sieve surface, mm; £ is the floating coefficient; Fy; is the
support force, N; ¢ is the friction angle, (°); p is the density of air,
1.29 kg/m?; S is the area of the material facing the wind, m’; v is the
airflow velocity of the fan, m/s.

When the material slides upwards, the direction of friction is
opposite to that of the material’s sliding direction. Wind, inertia,
and friction contribute to the upward acceleration of the material.
When the direction of acceleration of the separating sieve surface is
positive, the motion model of the material is:

mgcosf, + F, < Fscosf,+Fcosp,+Fy, )

where, F), is the collision force between the vertical side of the step
and the peanut. When the peanut moves in the positive Y-axis
direction, Fy,>0. The simplification of Equation (9) yields:

Fy, < kpsv*cost, — mAw’sinwtcosB; —mgcosh, + Fy, (10)

Similarly, when the direction of acceleration of the separating
sieve surface is negative, the motion model of the material sliding
upwards is:

Fy < kpsv*cost, + mAw*sinwtcosfB, —mgcosh, + Fy, (11)

Through the analysis of the material’s upward sliding model,
several critical conditions can be observed. When the acceleration is
positive, there is a positive correlation between the upward sliding
movement of the material and the wind power of the fan, vibration
frequency, and vibration amplitude. Conversely, when the
acceleration is negative, the upward sliding motion of the material is
negatively correlated with the wind power of the fan but positively
correlated with the vibration frequency and vibration amplitude.

When the material slides down to the left along the separating
sieve surface, the separating sieve material force model is shown in
Figure 5. When the direction of acceleration of the separating sieve
is positive, the motion model of the material particles is:
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a. Force analysis diagram

Separating device surface
Power device
Material movement path
Transmission device

b. Schematic diagram of movement patterns

Figure 5 Schematic diagram of material moving to the left

mgcosd, > F; + Fycosb,+FcosB, (12)
The simplification of Equation (12) yields:

Fy < mgcosh, — kpsv*cosf, + mAw*sinwtcosB, (13)

Similarly, when the direction of acceleration of the separating
sieve is negative, the motion model of the material sliding down is:

Fy, < mgcosh, —mAw’sinwtcosf, — kpsv*cosd, (14)

From the material sliding motion model, critical conditions can
be determined. When the direction of acceleration on the separating
sieve surface is positive, there is a positive correlation between
material sliding motion and both vibration frequency and amplitude.
On the other hand, material sliding motion and wind force have a
negative correlation. When the direction of acceleration on the

a. Force analysis diagram

separating sieve surface is negative, there is a negative correlation
between material sliding motion and vibration frequency,
amplitude, and wind force.

As shown in Figure 6, when the material is thrown off the
separating sieve surface, the support force and friction become zero.
The acceleration along the horizontal and vertical directions of the
separating sieve surface are:

{ay = kpSV* cosf + mAw’ sin(wt) cos B — gsiny (15)

a, = kpSv* cos 8+ mAw’ sin(wt) cosB— gsiny

where, 6 is the angle between the direction of the wind force and the
separating sieve surface, (°); y is the angle of inclination of the
separating sieve surface, (°); f is the angle of the direction of the
inertia force of the separating sieve surface, (°).

Separating device surface
Power device
Material movement path
Transmission device

b. Schematic diagram of movement patterns

Figure 6 Schematic diagram of the material “thrown up and bounced”

When the material is thrown up and bouncing, the separation
screen’s movement is analyzed by analyzing the relationship
between the movement of the separating screen and factors such as
vibration frequency, vibration amplitude, fan wind speed, and
screen surface inclination.

2.4 Test equipment and materials

The middle and back sections of the separating screen are
mainly air-separating. An anemometer (model Huashengchang DT-
8880, wind speed range 0.2-20 m/s, measurement accuracy +5%)
was used to measure the airflow velocity inside the peanut harvester
separating device. Refer to GB/T 1236-2000 Test Methods for
Aerodynamic Performance of Ventilators for testing standards. The
air velocity was measured at multiple points above and below the
separating sieve to determine the working parameter range of the
fan speed. Fluent software was used to simulate the airflow field.
The effect of fan speed on airflow velocity was analyzed in order to
provide the basis for carrying out field tests at a later stage.

In order to evaluate the actual operational effect of the device, a
field experiment was conducted on October 2, 2022, at the peanut

plantation in Pingdu City, Shandong Province, China (119°97'E,
36°77'N), as shown in Figure 7. The experimental setup included a
two-row, four-ridge combined peanut harvester, a speed controller,
a vernier caliper, an electronic scale, and other auxiliary tools such
as a measuring tape, stainless steel ruler, and sample bags. The
selected peanut variety for the experiment was “Yuhua No.14” at its
mature stage°l.

The test was carried out during the machine’s operation.
Random samples were taken three times at the pod outlet of the
separating device. The sample taken each time was 3 kg at
maximum. The sample from the pod outlet was mixed well, and a
small sample of 500 g was taken. Complete peanut pods (without
removing the stalks on the peanut pods), broken peanut pods, and
impurities were sorted out, and the impurity content and brokenness
indices of the prototype machine were calculated.

In addition, the original damage rate of peanuts must be
investigated before the test. A tarpaulin was spread above the
separating sieve. Three random samples were taken at the tarpaulin,
each with a peanut pod mass of not less than 200 g. Broken and
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intact peanut pods were sorted, their total mass was weighed
separately, and the average value was calculated.

{ Peanut picking device

Air-and-screen
cleaning device

Figure 7 Field experiment

Original damage rate:
W,
zZ,= WjXIOO% (16)
where, Z,, is the original damage rate, %; W), is the mass of broken
pods, g; W. is the total pods mass, g.
Impurity content ratio:

7= Ve 100% (17)

xh
where, Zz is the impurity content, %; W, is the mass of impurities
in the selected small sample, g; W, is the mass of the selected
sample, g.
Damage rate:
w

Zp: WFVVPXIOO%—ZW (18)

where, Z, is the damage rate, %; W, is the mass of damaged peanut
pods in the small sample, g; Z,, is the original damage rate, %.

3 Results and discussion

3.1 Analyses of the airflow field of the material sorting

Firstly, the structure and parameters of the separating sieve of
the half-feed peanut harvester were based on those of the harvester
itself. Secondly, a three-dimensional model of the machine was
constructed to simplify the simulation process. The simplified
model of the separating device only included the sieve body,
eccentric mechanism, and fan part, which were then imported into
Workbench ICEM for meshing®”. The meshed model was imported
into the software and a simulation of the airflow field was
conducted. The fan’s wind speed at the initial inlet was set at 10
m/s, and the simulation was run for 1400 iterations. The residual
values of the variables in the simulation process were less than
1x107, demonstrating convergence. The results of the calculations
tended to stabilize with the iteration, which was in line with the
convergence conditions.

As shown in the airflow field distribution cloud in Figure 8, the
fan outlet’s red area indicates the airflow concentration. The
sequential stratification of the color represents the gradual
dispersion of the airflow. Moreover, the airflow intensity gradually
weakened. As shown in the vector diagram of airflow field
distribution in Figure 9, the airflow generated by the fan is
concentrated in the middle and back end of the separating device.
The stratification of the color spread reflects the airflow intensity

from a strong to a weak process. At the same time, due to the
obstruction of the sieve body, part of the airflow forms a gyratory
state. The gyratory airflow’s intensity is gradually weakening, and it
does not cause the impurities to fall back.

o Contours of velocity magnitude/m-s™

Final section of
sieve surface

I i

Contour-2 Front section of sieve surface

Velocity magnitude/m-s™! ; . .
1.29¢4+01 Middle section of sieve surface

1.29¢+00
0.00e+00

Figure 8 Cloud map of airflow velocity distribution

Velocity vectors colored by velocity magnitude/m-s™!

Vector-1
Velocity magnitude/m-s™

1.33e+01
1.20e+01
1.07e+01
' 9.35e+00
8.02e+00
6.68e+00
15.35e+00
4.02e+00
2.69¢+00
1.36e+00
2.50e-02

Figure 9 Vector diagram of airflow field distribution

According to the analysis of material components and floating
speed, 4%-7% of impurities from short stalks and pod stalks mainly
pass through the front section of the sieve during screening, 10%-
30% of soil impurities are mainly screened through the front and
middle sections of the sieve, and 7%-10% of seedling membranes
and long stalks are mainly blown out from the end section of the
sieve at the seedling discharge device by using wind power. Since
the floating speed of long stalks is 7.1-9.6 m/s, the wind speed at the
back section of the sieve is more than 7 m/s and less than 10 m/s.
The floating speed of short stalks is 3.1-6.8 m/s, the floating speed
of pod stalks is 2.8-6.7 m/s, and the floating speed of branches and
leaves of peanut vines is 1.1-3.8 m/s. This impurity is mainly
screened by vibration. Considering the floating speed of peanut
pods ranging from 11.4-15.5 m/s, it is essential to control the wind
speed at any point of the separating sieve surface to be lower than
11 m/s. It is necessary to prevent the airflow speed from being too
fast, which will cause the loss of peanut pods. The airflow in the
seedling discharge device section is gathered, facilitating the
discharge of impurities.

The wind speed on the sieve surface significantly influences the
separating efficiency. A higher fan speed leads to increased wind
speed on the sieve surface, resulting in improved separating
efficiency and a higher loss rate of peanut pods. To examine the
effect of fan speed on the airflow on the sieve surface, this study
conducted simulations and analyses using fan speeds of 1200 r/min,
1300 r/min, and 1400 r/min, as shown in Figures 10 and 11.

By exploring the distribution law of the airflow field inside the
separation sieve, the airflow velocity distribution in the upper and
lower part of the separation sieve surface was analyzed. The
influence law of different fan speeds on the airflow velocity was
obtained, as shown in Figure 12.
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Figure 10  Contours of velocity magnitude below the sieve surface
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Figure 11  Contours of velocity magnitude above the sieve surface
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Figure 12  Distribution relationship between fan and
internal airflow

When the fan speed is the same, the airflow velocity underneath
the separating screen is significantly higher than above. The airflow
velocity increases with the increase in fan speed. When the fan
speeds are 1200 r/min, 1300 r/min, and 1400 r/min, respectively, the
airflow velocity beneath the separating screen concentrates in the
range of 8-11 m/s, while the airflow velocity above the separating
screen concentrates in the range of 7 m/s to 10 m/s.

3.2 Field regression experimental design

The results of analyzing the material dynamics model and the

airflow field of the separating sieve surface show that the operating

quality of the separating sieve surface is affected by the wind speed
of the centrifugal fan, the inclination angle of the screen surface
installation, and vibration frequency. To further obtain the optimal
parameters for the separating device, three-factor and three-level
Box-Behnken center combination tests were conducted on the fan
wind speed, screen surface inclination, and vibration frequency
using Design Expert software™. The test factors and levels are
presented in Table 1, while the test program and results are listed in
Table 2.

Table 1 Levels of test factors

Experimental factors

Code Fan wind speed Screen surface Vibration frequency

X/Am-s") inclination X,/(°) X3/(Hz)
-1 8 5 6
0 9 7 7
10 9 8

Table 2 Test protocol and response values

Experimental factors

Serial number Z,/% Zpl/%
X X X
1 10 7 8 248 1.79
2 10 7 6 1.88 2.23
3 9 5 8 2.63 1.96
4 9 7 7 1.62 1.65
5 9 7 7 1.52 1.74
6 8 7 6 2.74 1.45
7 9 9 6 2.02 1.82
8 8 5 7 2.38 1.83
9 8 7 8 2.41 1.69
10 9 5 6 242 2.01
11 9 7 7 1.61 1.73
12 9 9 8 1.96 1.58
13 10 9 7 1.48 1.75
14 10 5 7 1.77 2.46
15 7 7 1.52 1.63
16 7 7 1.53 1.62
17 9 7 1.82 1.76

Multiple regression fitting analyses were carried out on the data
in Table 2 using Design-Expert software. The ANOVA is listed in
Table 3.

Table 3 Detailed Analysis of Variance

Impurity content ratio Z,/%

Source
Sum of squares ~ Degree of freedom F P
Model 2.99 9 10.45 <0.0001
X 0.38 1 124.67  <0.0001
Xy 0.46 1 151.79  <0.0001
X3 0.022 1 7.26 0.0309
X1, 0.018 1 6.00 0.0441
X1X3 0.22 1 71.23 <0.0001
XpX3 0.018 1 6.00 0.0441
x% 0.19 1 61.90 0.0001
2 0.035 1 1155 0.0115
* 1.55 1 509.78  <0.0001
Residual 0.021 7
Lack of fit 0.011 3
1.44 0.3550
Pure error 0.010 4
All items 3.01 16

Note: p<0.01 (**highly significant) ; p<0.05 (*significant)
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According to Tables 3 and 4, the overall model is highly
significant (p<0.01). The lack-of-fit term is not significant (p>0.05).
The analysis of variance requirements is satisfied. The fan speed
(A4), screen inclination angle (B), the interaction between fan speed
and frequency (4C), the quadratic term of fan speed (4%), and the
quadratic term of frequency (C°) have a highly significant impact on
impurity rate (Z,) (p<0.01). Frequency (C), the interaction between
fan speed and screen inclination angle (4B), the interaction between
screen inclination angle and frequency (BC), and the quadratic term
of screen inclination angle (B?) have a significant impact on
impurity rate (Z,) (p<0.05). Fan speed (4), screen inclination angle
(B), the interaction between fan speed and screen inclination angle
(4B), the interaction between fan speed and frequency (AC), the
quadratic term of fan speed (4%), and the quadratic term of screen
inclination angle (B%) have a highly significant impact on fruit
damage rate (Zp) (p<0.01). Frequency (C) has a significant impact
on damage rate (Zp) (p<0.05). Other experimental factors do not
have a significant impact on the damage rate.

Table 4 Detailed Analysis of Variance

Damage ratio Z»/%

Source Sum of squares Degree of freedom F P
Model 0.94 9 2628  0.0001
X 0.28 1 70.58 <0.0001
X, 0.23 1 57.17 0.0001
X3 0.030 1 7.53 0.0287
XXy 0.10 1 25.70 0.0014
X1X3 0.12 1 29.01 0.0010
XpX3 9.025E-003 1 2.26 0.1761
x 0.053 1 13.19  0.0084
x% 0.11 1 28.50 0.0011
x% 7.605E-005 1 0.019 0.8940
Residual 0.028 7
Lack of fit 0.015 3
1.61 0.3334
Pure error 0.013 4
All items 0.97 16

Note: p<0.01 (**highly significant); p<0.05 (*significant)

As shown in Figure 13, because the points in the normal
residual plot for the impurity rate converge to a straight line, the
results of the orthogonal experiment for the peanut harvest field trial
are reliable.
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Figure 13 Impurity content ratio residuals normality plot

Because the points in the normal residual plot for the impurity
rate converge to a straight line, the results of the orthogonal
experiment for the peanut harvest field trial are reliable. The

assumption of normality of errors is reasonable. By comparing the F'
values, the order of the impact of each factor on pod damage rate is:
C>B>A>AC>A>B>C>4AB=BC. The regression equation for the
impurity rate of the peanut-separating device is obtained:

Z;=1.56-0.22A-0.24B+0.052C +0.067AB + 0.23AC—-
0.067BC +0.21A> +0.091B% +0.61C* (19)

From Equation (19), it can be seen that the impurity rate is
linearly negatively correlated with fan speed (4) and screen
inclination angle (B) and linearly positively correlated with
frequency (C). At the same time, it has a quadratic relationship with
fan speed (4), screen inclination angle (B), and frequency (C). This
indicates that an optimal combination of the three factors exists to
minimize the impurity rate of pods.

As shown in Figure 14, because the points in the normal
residual plot for damage rate converge to a straight line, the results
of the orthogonal experiment for the peanut harvest field trial are
reliable. The assumption of normality of errors is reasonable. By
ignoring non-significant factors and comparing the F values, the
order of the impact of each factor on pod damage rate is
A>B>AC>B>AB>A>>C. The regression equation for the damage
rate of the peanut-separating device is obtained:

Zp,=1.67+0.194-0.17B-0.061C —0.16AB—
0.17AC+0.11A* + 0.16 B (20)

From Equation (20), it can be seen that the damage rate is
linearly positively correlated with fan speed (4) and screen
inclination angle (B) and linearly positively correlated with
frequency (C). At the same time, it has a quadratic relationship with
fan speed (4) and screen inclination angle (B). This indicates that an
optimal combination of the three factors exists to minimize the
damage rate of pods.
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Figure 14 Damage ratio residuals normality plot

In terms of impurity rate analysis, as the wind speed of the fan
increases, the impurity rate shows a decreasing trend. With the
increase of the separating screen slope, the impurity rate shows a
slow decreasing trend. With the increase in vibration frequency, the
impurity rate shows a trend of initially decreasing and then
increasing. Therefore, equipping the separating screen with a
reasonable slope range and increasing the wind speed of the fan and
vibration frequency can reduce the impurity rate of peanut pods,
which promotes the performance of the separating screen.

In terms of damage rate analysis, as the wind speed of the fan
increases, the damage rate shows an increasing trend. With the
increase of the separating screen slope, the damage rate shows a
slow decreasing trend. With the increase of vibration frequency, the
damage rate shows a slow increasing trend. Therefore, equipping
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the separating screen with a reasonable slope range and reducing
wind speed and vibration frequency can reduce the damage rate of
peanuts, which promotes the performance of the device.
3.3 Parameter optimization

From the variance analysis, it can be concluded that the factors
affecting the peanut-separating operation are fan wind speed, screen
tilt angle, and vibration frequency, and their significance may vary.
Further optimization of parameters is required. Based on the
operational requirements of the peanut-separating device, within a
reasonable range of experimental factor levels, the optimization
constraints are:

minZ,
minZ,

8<X, <10 (21)
st.¢5<X,<9

6<X;<8

Based on the optimization module of Design Expert, the
optimal parameter combination for the peanut- separating device
operation is a fan wind speed of 8.9 m/s, screen tilt angle of 8.3°,
and screen vibration frequency of 7.2 Hz. The corresponding
impurity rate of the pods is 1.48%, and the damage rate is 1.61%.
Continuation of validation tests is based on optimization results.

3.4 Validation test results

During field experiments, the separating device can operate
continuously and normally. The impurity content and pod damage
of the separating device are shown in Figures 15 and 16. The
average impurity content of peanut pods in the separating device is
1.53%, with an error of 4% compared to the optimized results of the
Box-Behnken central composite experiment. The average pod
damage rate of peanut pods is 1.68%, with an error of 4.35%
compared to the optimized results of the Box-Behnken central
composite experiment. In the field verification test, the impurity
content and damage rate of the peanut-separating device remain
within a 5% error range compared to the optimized results of the
experiment. It also meets and exceeds the technical index
requirements for the design of the whole peanut combine harvester.
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Figure 15 Field test results of peanut impurity content

In addition, it is important to verify further whether the optimal
parameters of the device are reasonable in a number of comparative
tests to take the average value. The test results are listed in Table 5.

During the forward movement of the machine, there was no
material congestion. Moreover, the separation device was optimized
for the separation effect at the best operating parameters. However,
due to gaps in the sieve surface and side baffles, it is prone to

situations where vines get stuck. In the later stage, the installation
position of the baffles can be adjusted to further improve the
screening quality. In conclusion, this separating device has excellent
screening performance and can effectively solve major challenges
in the peanut harvesting process, such as high impurity rates and
severe damage.
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Figure 16 Field test results of peanut damage rate

Table 5 Comparison of test results

Fanwind  Screen surface ~ Vibration  Impurity

Test TR Damage
number speed inclination frequency  content ratio/%:
u X/(m-s") Xy/(°) Xy/Hz ratio/% 10770
1 8 5 6 2.39% 1.96%

2 9 7 7 1.69% 1.81%

3 10 9 8 1.56% 1.78%

4 8.9 8.3 7.2 1.53% 1.68%

4 Conclusions

1) The separating device is a key piece of equipment for
achieving high-quality peanut harvesting. By analyzing the working
process of the peanut combine harvester, the motion coordination
relationship of the separating device was determined.

2) A dynamic model of material sorting was constructed, and a
wind selection simulation was conducted. The factors that affect the
separating effect were determined as follows: wind speed of the fan,
inclination angle of the screen, and frequency. Parameters were
optimized through Box-Behnken central composite experiments,
and the corresponding optimal values were obtained: fan wind
speed of 8.9 m/s, inclination angle of the separating sieve surface
with respect to horizontal at 8.3°, and vibration frequency of the
separating sieve surface at 7.2 Hz. The corresponding impurity
content of pods was 1.48%, and the separating damage rate was
1.61%.

3) The separating effect of the peanut harvester was verified
through field experiments. The average impurity content of peanut
pods after separating was 1.53%, the average impurity content error
was 4%, the average damage rate of peanut pods was 1.68%, and
the average damage rate error was 4.35%. These results meet the
technical requirements for the overall design of the peanut combine
harvester.
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