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Abstract: Due to the design of peanut harvesters and cleaners, peanut pods are often mixed with soil,
gravel, peanut straw, and other impurities. To solve this problem, this study focused on designing a
peanut pod cleaning device by integrating a negative pressure centrifugal fan, a hydrometric cleaning
sieve, and a reversible long-mesh cleaning sieve. The relative motion of the peanut pod on the sieve
was discussed, its stress analyzed, the design parameters of the sieve and fan determined, and the
operation of the device was monitored by using sensors, which accurately recorded and adjusted the
working parameters. Finally, the key parameters were tested, and the results showed that the design
requirements were met at a vibration frequency of 5.5 Hz, a hydrometric cleaning sieve inclination of
15°, a reciprocating long mesh cleaning sieve inclination of 5°, and a fan speed of 1500 rev/min; the
mean loss is 2.26%, and the mean impurity is 3.18%. The findings can be used to provide technical
support and reference for the development of peanut pod cleaning devices.
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1. Introduction

Peanut is an important oil crop and protein resource [1-3] widely planted in many
countries and regions [4,5]. In China, the planting area of peanuts is large. In most
areas, peanut harvesting requires a lot of manpower and material resources, which is
inefficient and costly. Foreign peanut harvesters are technologically advanced and mature
but unsuitable for China due to high prices and different planting modes [6,7]. China
used to have small machines for peanut harvesting, which has a lower mechanization
level than other countries. However, technological advances in large- and medium-sized
peanut harvesters have been made. Peanut combine harvesters of four, six, and eight rows
have been used in a few areas, including Xinjiang and northeast China, promoting the
development of peanut harvesting technology to a certain extent [8,9].

Peanut pod cleaning is an important link in the process of flower vitality harvest-
ing [10-12], where impurities are separated at the site to facilitate the transportation and
preservation of peanut pods [13,14]. The materials transported to the cleaning device
contain peanut pods, broken stems, residual stems and leaves, soil, and gravel, which
must be sieved and cleaned [15]. As the working environment in the field is complex and
changeable, the composition, length, and moisture content of the materials vary, which
often causes problems, for example, poor separation of peanut pod impurities [16-18]. In
previous studies on peanut and other seed cleaning devices, many types of cleaning devices
with different construction designs were used [19-22]. Previous research on the screening
characteristics of materials and the modeling of screening devices [23,24] provides a theo-
retical basis for the screening and cleaning of materials [25]. However, In China, it is not
enough to only look at the impact of cleaning rate, vibration noise, and instability on the
cleaning effect [26-29]. Peanut pod cleaning devices should be easily transported with high
efficiency. Small size and great cleaning effect are the key factors to be considered in the
design. Therefore, it is critical to develop peanut pod cleaning devices that promise rapid
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transfer, convenient operation, optimal structure and parameters, and reduced impurity
and losses.

This research focused on designing a peanut pod cleaning device capable of flexible
operation in the field based on theoretical analysis and a field test. The test determined
the device’s key structure and working parameters, and the results can serve as a research
basis for the development of peanut pod cleaning devices.

2. Design and Working Principle
2.1. Design of the Peanut Pod Cleaning Device

Based on the material characteristics and composition, a peanut pod cleaning device
was designed, as shown in Figure 1, on the principles of easy transfer, low cost, and
ease of operation. It is composed of a collecting bin, a reciprocating long mesh cleaning
sieve, a front rotary elevator, a walking chassis, a hydrometric cleaning sieve, a rear rotary
elevator, a cleaning bin, a negative pressure cleaning fan, and an electronic information
acquisition system, etc., which can facilitate structure parameter optimization and working
parameter acquisition.

1

7 6

Figure 1. Diagram of the peanut pod cleaning device. 1. The collecting bin. 2. The front rotary
elevator. 3. The negative pressure cleaning fan. 4. The clean material bin. 5. The rear rotary elevator.
6. The hydrometric cleaning sieve. 7. The reciprocating long mesh cleaning sieve.

When the peanut pod cleaning device is in operation, the peanut pods containing
impurities are first collected in the collecting bin, and the outlet in the lower part of the bin
causes the peanut pods to fall into the reciprocating long-mesh cleaning sieve, as shown in
Figure 1. The inclined long meshes at the bottom of the reciprocating long-mesh cleaning
sieve sift out soil and gravel with a diameter of less than 5 mm during the vibration
and sliding of the peanut pods. Once sieved, the peanut pods are transported upward
by a circular rotary elevator and an inclined hopper, where they naturally fall into the
hydrometric cleaning sieve, whose high-frequency vibration shakes large stones and soil
out of the sieve. The air inlet of the negative pressure fan is located above the hydrometric
cleaning sieve. High negative pressure is created in the sieve cavity by the action of the
high-speed centrifugal fan. The airflow draws light impurities from the bottom of the
hydrometric cleaning sieve into the upper air inlet. Meanwhile, the meshes at the bottom of
the hydrometric cleaning sieve have the same effect as those of the reciprocating long-mesh
cleaning sieve, which sieves out small-size impurities and completes the second cleaning
of the peanut pods. The peanut pods slide onto the lower rear exit of the constantly
shaking inclined sieve, then into the secondary rotary elevator, and eventually into the
clean material bin. The cleaned peanut pods are brought into the granary by the secondary
rotary elevator and can be bagged or loaded through the feed outlet below. The process is
shown in Figure 2.
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Figure 2. The process diagram of the peanut pod cleaning device (a,b).

2.2. Design of the Electronic Information Acquisition System

The electronic information acquisition system primarily consists of the OMRON E6B2-
CWZ6C encoder and the CHENGKE CT1010L vibration sensor. The former is installed on
the fan shaft and the drive cleaning sieve shaft, and the latter on the vibration sieve. The
system accurately records the frequency of the measurements and provides feedback on
the speed of the closed-loop control motor.

3. Components Design and Parameters Determination
3.1. Design of the Crank-Rocker Cleaning Sieve

As shown in Figure 3, the cleaning sieve consists of a reciprocating long-mesh cleaning
sieve HKR and a hydrometric cleaning sieve BCED; the two sieves are connected by a link,
RC, at both ends. OA is the eccentric bearing of the driving link, which rotates around point
O of the transmission shaft axis and drives the reciprocating vibration of BCED through
link AB. Similarly, BCED drives the reciprocating vibration of HKR through link RC.
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Figure 3. The motion of the cleaning mechanism and the material force analysis. Note: OA: crank
of the driving link; O: transmission shaft axis; HKR: reciprocating long mesh cleaning sieve; BCED:
hydrometric cleaning sieve; O1—Oy: hinge point of the frame; H, K, R, A-E: hinge points; M, My:
peanut pod at the sieve bottom centroid; G: gravity of the peanut pod, (N); Py, P»: D’ Alembert inertial
force of the peanut pod, (N); Fy, F,: friction force of the sieve bottom against the peanut pod, (N);
Q: acting force of the negative pressure fan along the suction airflow direction against the peanut
pod, (N); N1, Np: normal force of the sieve bottom against the peanut pod, (N); «, : sieve inclination,
(°); 8, v: angle between the point D along the velocity direction and the sieve bottom, (°); u: angle
between the negative pressure fan along the suction airflow direction and the ground, (°).

The freedom degree of this mechanism was calculated as follows: the number of the
moving links was 9 (n =9), i.e,, O4H, HKR, O3K, RC, OA, AB, BCED, DOy, and EO,; the
number of kinematic pairs was 13, (P, = 13), including O3, O4, H, K, R, C, B, E, D, A, O, Oy,
and Oy, all of which were the revolute pairs; and there was no higher pair, so Py = 0.

The equation for the freedom degree is:

FI3Tl72PL7PH (1)

When the number of the freedom degree was 1 (F = 1), and the number of the driving
links was also 1, the design requirements were met for specific motion.

In order to speed up the screen surface and reduce the power losses of the mechanism
in operation, the bottom surface of the screening screen should incline with linear vibration.
Therefore, the components of this mechanism should meet requirements such as: O4H
parallel and equal to O3K, O,E parallel and equal to O; D, and OA << AB. When designing
this mechanism, OA = 8.5 mm, AB = 328.5 mm, BD = 645 mm, O;D = 291 mm, BC = 65 mm,
RC =1150 mm, CE = 612 mm, ED = 1312 mm, RH = 1353 mm, RK = 168 mm, HK = 1270 mm,
and O3K =291 mm.

3.2. Determination of the Inclination and Vibration Frequency Parameters of the Hydrometric
Cleaning Sieve

Size cleaning is used in the reciprocating long-mesh cleaning sieve. The long meshes
of 5 mm X 50 mm at the bottom remove soil and gravel with diameters less than 5 mm
and other impurities. The hydrometric cleaning sieve also removes small-size impurities
through the meshes at the bottom: light impurities through the upper fan and heavy
impurities through a set frequency of vibration. Hence, the material motion and structure
parameters of the hydrometric cleaning sieve. The relative motion of the peanut pod on the
sieve M at the centroid of the hydrometric cleaning sieve bottom was analyzed by using
the dynamic method, and the hydrometric cleaning sieve was approximated as straight line
motion. The peanut pod slides downward, upward, or jumps on the sieve. Figure 3 shows
that the stress of M; sliding downward is relative to the sieve bottom. Based on extensive
test verification [30,31], « was 15°. As the hydrometric cleaning sieve was approximated as
straight line motion in a direction perpendicular to link O; D, it was measured in the design
drawing that « was about 18° and p was approximately 75°.
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When M; slides downward relative to the sieve bottom, it meets:
Pycosd+ Gycos(90 —a) > F )
If M; does not jump from the sieve bottom, then:
N1 + Q1 = G;sin(90 — &) + Py sind 3)
The friction force of the sieve bottom against M; is:
Fy = Njtang 4
The gravity of M; is:
Gy =mg ©)

where F; is the friction force of the sieve bottom against Mj, N; P; is the D’Alembert
inertial force of M1, N; G is the gravity of My, N; Q; is the acting force of the negative
pressure fan along the direction of the suction airflow against My, N; N is the normal force
of the sieve bottom against Mj, N; J is the angle between the point D along the velocity
direction and the sieve bottom, (°); « is the sieve inclination, (°); y is the angle between the
negative pressure fan along the direction of the suction airflow and the ground, (°); m is the
quality of My, kg; g is the acceleration of gravity, m/s?; ¢ is the angle between the sieve
bottom and the static friction force of M;, which was usually 35°in tests. By combining
Equations (2)-(5), the following equation is obtained:

Pj(cosé —sindtan ¢) > mg(cosa tan ¢ — sina) — Q; tan ¢ 6)
The D’ Alembert inertial force of M is:

P = |mAw?sinwt (7)

The acting force [32] of the negative pressure fan along the direction of the suction
airflow against M; is:
Qi = mkpv? ®)

where w is the angular frequency of the sieve bottom, rad/s; A is the vibration amplitude of
the sieve bottom, m;  is the motion time, s; v is the speed of the negative pressure air, whose
value is less than the minimum suspension speed of My, that is, 8 m/s [33]; kp is the floating
coefficient of My, which is 0.085 m~! by reference. Substituting Equations (7) and (8) into
Equation (6), the condition of M; sliding down relative to the sieve bottom is obtained
when the sinwt takes the maximum value, namely 1:

Aw

, _ g(cosatan ¢ —sina) — kpov? tan ¢
> - = Kx
cosd —sindtan @

)

Likewise, the condition of M sliding upward relative to the sieve bottom is obtained:

t ina) — kpo?t
2>g(coso¢ an ¢ + sina) — kpv ango:KS

A
“ cosé +sind tan ¢

(10)

If M; jumps vertically from the sieve bottom, then Ny <0, as shown in Figure 3. After
all the parameters were substituted into the above equation, P; sind + mgcosa > Q1 and
Nj > 0 were obtained. At this time, M; will not jump from the sieve bottom. When F; and
P; were opposite of those in Figure 3, the following equation was obtained:

N; =mgcosa — Pysind — Q1 <0 (11)

Substituting Equations (7) and (8) into Equation (11), when the sinwt takes the maxi-
mum value, namely 1, the condition of M; jumping from the sieve bottom was obtained:
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2
» _ geosa —kpv

Aw? > = Kr (12)

sin ¢
To achieve the best sieving effect, My should slide upward and downward relative to
the sieve bottom, and the distance sliding downward should be greater than that upward
(Kx > Kg). In addition, the jump of M; from the sieve bottom should be conducive to
dispersion and uniformity, sieving out impurities to the greatest extent. Thus, the Aw?
in the above equation shall meet the condition when M; is sliding downward, upward,
and jumping from the sieve bottom, namely: Aw? > Kx > Kg and Aw? > Kt. Therefore, the
vibration acceleration of the sieve bottom at M is obtained when ay; = Aw? > 14.21 m/s2.
The sieving efficiency is proportional to the vibration acceleration, and too large a vibration
acceleration will lead to too fast a motion of the peanut pod on the sieve bottom. As a result,
the peanut pod will escape from the sieve, weakening the sieving capacity. Therefore, the
vibration acceleration a, is better within 2.5 times the gravity acceleration and meets the
following condition:
14.21 <ap < 245 (13)

As the sieve was approximated as straight line motion, the vibration amplitude at
any part of the sieve is the same, including point D. According to this design draw-
ing, the vibration amplitude of the sieve bottom is 16 mm, A ~ 16 mm. By substi-
tuting A into Equation (13), the angular frequency range of the sieve bottom, namely
29.8 rad/s < w < 39.13 rad /s, was obtained, as the vibration of the sieve is driven by the
crank OB, and the angular frequency w of the sieve bottom is the same as the angular
speed wop of the crank OB. Therefore, the speed limit range nop of the crank OA was
284.7 rev/min < npg < 373.85 rev/min.

475 < f <623 (14)

4. Field Test
4.1. Test Situation

The prototype was tested in a field in Huatugula Town, Tongliao City, Inner Mongolia
Autonomous Region, in October 2021. The peanut variety tested was “Huayu 23”7, planted
in single ridge and double-row, at a distance of 850 mm, with 150,000-165,000 peanuts per
ha. The average yield of peanut pod and peanut kernel was 4222.5 kg and 3175.5 kg per ha,
respectively. The cleaning device is shown in Figure 4. After the peanut harvester dumped
the material into the collecting bin of the prototype, the control board at the bottom of the
collecting bin adjusted the feeding speed to 3 tons per hour.

SR W e, S ‘ i

Figure 4. The physical photograph of cleaning device.
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In the theoretical analysis and preliminary tests, the test parameters used include
the vibration frequency A, the sieve inclination &, and the fan speed n of the hydrometric
cleaning sieve. The structure parameters of the test fan are shown in Table 1.

Table 1. Structure parameters of the test fan.

Structural Form Impeller Diameter D/mm Impeller Width B/mm

Negative pressure centrifugal fan 770 230

The three-factor and the three-level orthogonal test was conducted with two technical
indicators, i.e., the losses R1 and impurities Ry, and the results are shown in Table 2.
The value ranges of the vibration frequency and the main fan speed were determined
by previous analysis values. During the test, the vibration frequency was changed by
adjusting the output speed of the tractor engine, the sieve inclination by adjusting the
height of the support seat of the working chassis, and the fan speed by replacing the fan
pulley of different diameters.

Table 2. Test factors and levels.

Level Vibration Frequency Sieve Surface Fan Speed
A/Hz Inclination B/° C/r X min~—!
-1 4.75 12 1100
0 5.5 15 1300
1 6.23 18 1500

4.2. Test Methods and Indicators

In line with the Standard for Machinery Industry of the PRC JB/T13076-2017, each
of the three-factor and the three-level orthogonal combinations [34,35] was repeated five
times to test the losses and impurities, and the values were averaged. The collecting bin,
the material bin, the sieve surface, and the rotary elevator must be cleaned for each test, as
well as a clean canvas tarpaulin placed below the machine for collecting ground materials.
Meanwhile, a breathable bag was required at the outlet of the fan air. Testing once for each
unloading of 200 kg of materials in the collecting bin, the losses mass was the sum of the
peanut pods in the canvas tarpaulin and the outlet of the fan air. The impurity mass was
calculated by the sampling of 50 £ 5 kg in the clean canvas tarpaulin, where the peanut
pods were separated from impurities and weighed manually. Losses include damages to
pods and loss of peanuts from pods. The losses and the impurities were calculated based
on Equations (15) and (16).

Mg
P = x 100 15
57 Ms+ Mgz + My (15)

My
P,=——Z %1 1
2= My + g 0 (16)

where Pg is the total loss, %; Mg is the total loss mass of the peanut pods, g; Pz is the
impurity, %; Mz is the mass of the peanut pods in the clean material bin, g; My is the mass
of impurities in the clean material bin, g.

The orthogonal test results are shown in Table 3. By referencing the Design-Expert
software, the mathematical model of the losses and impurities were obtained respectively:

Ry = 2.06 + 0.85A + 0.14B + 0.21C + 0.34AB — 0.28 AC — 0.26BC — 0.072A% + 0.15B% + 0.24C2 (17)
Ry, = 5.31 — 0.43A — 0.67B — 0.58C + 0.68 AB — 0.70AC — 0.59BC + 0.69A% + 0.40B? + 0.56C> (18)

where A is Vibration frequency, Hz; B is Sieve inclination angle; C is Fan speed, rev/min 1.
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Table 3. Orthogonal test results.
Vibration Frequency Sieve Inclination Fan Speed Losses Impurities

A/Hz B/° C/r X min~! R1/% R2/%

-1 -1 -1 0.98 8.02

-1 0 0 1.14 6.43

-1 1 1 1.56 5.57

0 -1 0 2.06 6.38

0 0 1 2.51 529

0 -1 2.64 6.77

1 -1 1 2.93 5.83

1 0 -1 3.14 741

1 1 0 3.46 5.98

0 0 0 2.04 528

0 0 0 2.04 5.34

0 0 0 2.09 5.32

Losses

0.0
B:Sieve inclination —0.5

=10 =10

—0.5A: Vibration frequency C: Fan speed

4.3. Analysis of the Losses

The fitness and analysis of the mathematical model R; showed that P was 0.0012,
less than 0.05, indicating significance in the losses. Except for the quadratic term of the
vibration frequency, other factors had a significant but varied effect on the losses: vibration
frequency > fan speed > sieve inclination. The response surface curves for the effects of the
interaction terms against the losses are shown in Figure 5.

Losses
=3
P
Losses
(=3

1.0 1.0 Sy . 1.0 1.0
0.0 0.0 0.0

- 0.5A: Vibration frequency C:Fanspeed —0.5 -0.5 B:Sieve inclination
=10 —10 -1.0 -1.0

(b) (c)

Figure 5. Response surface curves for the effects of the interaction terms against the losses. (a) Sieve
inclination and vibration frequency response surface curve. (b) Fan and vibration frequency response
surface curve. (c) Fan and sieve inclination response surface curve.

There were similar interaction term effects of the losses between the vibration fre-
quency and the sieve inclination and the vibration frequency and the fan speed. As shown
in Figure 5a, when the sieve inclination was constant, the losses increased with the increase
of the vibration frequency at a fan speed of 1300 rev/min. The losses decreased with the
increase of the sieve inclination when the vibration frequency was low and increased with
the increase of the sieve inclination when the vibration frequency was high. In Figure 5b,
when the fan speed was constant, the losses increased with the increase of the vibration
frequency at the sieve inclination of 15°. The losses increased with the increase of the fan
speed when the vibration frequency was low, and they first decreased and then increased
with the increase of the fan speed when the vibration frequency was high. In Figure 5c,
when test factors were at a low level, the losses were increased at a vibration frequency
of 5.5 Hz, and they first decreased and then increased when the test factors were at a
high level.
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Impurities

4.4. Analysis of the Impurities Test Results

The fitness and analysis of the mathematical model R; showed that P was 0.0009,
less than 0.05, indicating significance in the losses. All factors’ interaction terms and
quadratic terms had a significant but varied effect on the impurities: sieve inclination > fan
speed > vibration frequency. The response surface curves for the effects of the interaction
terms against the impurities are shown in Figure 6.

Impurities
Impurities
i
(=3

0.0

0.5 A: Vibration frequency C: Fan speed 0.5
1.0 1.0 {0 10

(b) (c)

Figure 6. Response surface curves for the effects of the interaction terms against the impurities.

0.5 B:Sieve inclination

(a) Sieve inclination and vibration frequency response surface curve. (b) Fan and vibration frequency
response surface curve. (c) Fan and sieve inclination response surface curve.

As can be seen in Figure 6a, when the vibration frequency was low, the impurities
decreased with the increase of the sieve inclination at a fan speed of 1300 rev/min; when the
vibration frequency was high, the impurities first decreased and then rebounded with the
increase of the sieve inclination. In Figure 6b, when the vibration frequency was constant,
the impurities decreased with the increase of the fan speed at a sieve inclination of 15°.
Moreover, impurities increased with the increase of the vibration frequency when the
fan speed was low and decreased with the increase of the vibration frequency when the
fan speed was high. In Figure 6¢c, when the sieve inclination was constant, the impurities
decreased with the increase of the fan speed at a vibration frequency of 5.5 Hz and decreased
with the increase of the sieve inclination.

4.5. Parameter Optimization and Test Verification

The working parameters of the peanut pod cleaning device were optimized by ref-
erencing the Design-Expert software, and the mathematical model of the optimization
process is as follows:

minR;
minRk,
475 <A <623 (19)
ste 12<B <18
1100 < C < 1500

As shown above, the optimum working parameters are obtained at a vibration fre-
quency of 5.5 Hz, sieve inclination of 15°, and fan speed of 1500 rev/min, with losses of
2.51% and impurities of 5.29%. The damage and loss of peanuts from pods were relatively
low, reflected in the squeezing of pods and the damage of single-side pods, which may
be caused by the collision between pods and rocks when the vibration frequency was
relatively high. The field test using the peanut pod cleaning device was repeated five times
to verify the results, and the design requirements were well met at a vibration frequency of
5.5 Hz, sieve inclination of 15°, and fan speed of 1500 rev/min, with mean losses of 2.26%
and mean impurities of 3.18%.The validation test results are shown in Table 4.
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Table 4. Validation test results.

No. Losses Rate R1/% Impurities Rate R2/%

1 2.54 3.68

2 2.23 3.12

3 1.96 2.69

4 2.43 3.45

5 212 298

Mean 2.26 3.18
Standard deviation 0.21 0.35

5. Discussion

In this paper, a double-screen cleaning device was designed to separate peanut pods
from impurities in the field, and a great cleaning effect was achieved. At the same time, a
rotary elevator was used to lift peanut pods, which reduced the overall size of the cleaning
device and facilitated field transportation by the tractor. The above two points meet the
design requirements of the cleaning device. On the basis of the theoretical analysis of key
components, three factors, namely vibration frequency, fan speed, and sieve inclination
with a great impact on the cleaning performance, were selected for the orthogonal test.
Although the double-screen cleaning device can effectively avoid hanging seedlings by
wrapping film and blocking the screen surface, there are still some problems. Due to
technical limitations, the influence of peanut varieties and peanut moisture content on
the cleaning and damage has not been investigated in this test. During the test, it was
found that the lateral inclination of the cleaning device caused by terrain fluctuation led
to an increased collection of materials on one side of the screen surface, thus reducing the
cleaning quality. The cleaning device is in need of a leveling mechanism because each
plot might not have a relatively flat site. The next step is to adjust the three parameters of
vibration frequency, screen surface inclination, and fan speed under different water content
and soil conditions to achieve a better cleaning effect.

6. Conclusions

(1) The peanut pod cleaning device designed in the research is composed of a collecting
bin, a reciprocating long mesh cleaning sieve, a front rotary elevator, a walking chassis,
a hydrometric cleaning sieve, a rear rotary elevator, a clean material bin, and a negative
pressure cleaning fan, etc. Through calculation, the optimized structural parameters
of the cleaning device were obtained, which can effectively solve the problems of
poor separation of impurities, high losses, film wrapping, seedling hanging, and
screen surface blockage, etc., under the working conditions of a high feed rate and
efficient harvest.

(2) By investigating the impact of the vibration frequency, the sieve inclination, and
the fan speed on the losses and impurities, the optimum working parameters were
obtained in the orthogonal test. The test results showed that the design requirements
were met at a vibration frequency of 5.5 Hz, hydrometric cleaning sieve inclination
of 15°, reciprocating long mesh cleaning sieve inclination of 5°, and fan speed of
1500 rev/min, with mean losses of 2.26%, and mean impurity of 3.18%.

(3) The test results also showed that the double-screen structure was feasible with a good
cleaning effect. The rotary elevator makes the device more compact and suitable
for peanut pod field cleaning. In order to achieve better cleaning effects, the three
parameters of the machine, i.e., vibration frequency, screen surface inclination, and
fan speed, have to be automatically regulated under different water content and
soil conditions.
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