Vol. 67, No. 2 / 2022 INMATEH - Agricultural Engineering

ANALYSIS AND EXPERIMENT ON THE WORKING PROCESS
OF SOIL-CULTIVATING DISC OF POTATO CULTIVATOR
/

LB LA T EL DTSR

Yifei L1245, Wenqi ZHOU'", Zhijiang SUN3), Tao CHEN?49%), Shengxue ZHAO? !
" College of Engineering, Northeast Agricultural University, Harbin 150030, China
2 College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163000, China
%) Hefei Hengli Equipment Co., Ltd., 230080, China
4 Engineering Research Center of Processing and Utilization of Grain By-products, Ministry of Education, China
% Heilongjiang Engineering Technology Research Center for Rice Ecological Seedlings Device
and Whole Process Mechanization, China
Tel: 15546081329, Email: zhouwenqi1989@ 163.com
DOI: https://doi.org/10.35633/inmateh-67-35

Keywords: Potato, cultivator, soil-cultivating disc, simulation analysis, test

ABSTRACT

Aiming at the problems of the existing potato cultivator in cultivation, such as poor effect and easy damage to
seedlings, the composition structure and tillage principle of the cultivator is analyzed. Furthermore, in order to
determine the volume of soil thrown by the soil-cultivating disc, that is, the main tilling indexes of JB/T7864-
1999"Test methods of cultivator-fertilizer", this study makes a theoretical analysis on the dynamics of tilling
device and the kinematics of tilling operation, to obtain the structural and motion parameters affecting soil
cultivation. The discrete element simulation software is used for single-factor simulation analysis, to obtain the
linear relationship between each factor and soil cultivation. Taking the tillage depth, cultivator forward speed
and disc diameter as the factors, and the soil cultivating height as the test index, a field three-factor and three-
level orthogonal test was carried out, and the optimal parameter combination was selected. The results showed
that with the increase of the disc diameter and tillage depth, the cultivating height increased, and with the
increase of the cultivator forward speed, the cultivating height increased first and then decreased. Through the
orthogonal test of factors and the analysis of range and variance, it is determined that when the tillage depth
is 105 mm, the operating speed is 5.5 km/h and the disc diameter is 475 mm, the effect of soil-cultivating disc
is optimal. The results are also verified by the field test, and it can lay a foundation for the optimal design of
potato cultivator.
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INTRODUCTION

Potato is an economic crop with strong adaptability, rich nutrition and high yield, which is widely used in
food processing and livestock feed industry. Potato has a high total output and a large planting area in China.
It has been the fourth largest food crop and has great development potential.
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Potato cultivation refers to the cultivating operations of soil loosening, weeding, crushing and cultivating
by cultivator in the potato seedling stage and the middle stage of growth. The purpose is to loosen soil, improve
soil structure, enhance soil fertility, improve soil permeability, protect moisture and drought, and remove weeds
(Lv et al., 2015; Ribeiro et al., 2020; Liu, 2011; Kroupin and Semenov, 2018). During the potato cultivation, the
early cultivation is particularly important and difficult. The reason is that the potato seedlings are immature
during the early cultivation, and slight touch or environmental discomfort will easily lead to damage and affect
the survival rate of the seedlings. If the soil height is too high, it is easy to cover the seedlings and cause
damage; on the contrary, the potato seedlings will be exposed to the soil surface and the root nutrient supply
will be insufficient. The factors that affect the soil-cultivating height include the tillage depth, forward speed,
and the disc diameter and inclination angle of the soil-cultivating disc. The tilling device that is in direct contact
with the soil is the soil-cultivating disc, whose dynamics and kinematics directly affect the quality of cultivation.

Researches on potato cultivators abroad are relatively early, and have high technical level and good
reliability (Hwang et al., 2021; Tang et al., 2021; Zheng et al., 2021; Qiu et al., 2020). The representative potato
cultivators are the GH potato cultivator, from GRIMME, in Germany and the ZF potato cultivator, from STRUIK,
in the Netherlands. They have good operation effect and are suitable for large plots in Europe and the United
States. Due to the difference from domestic soil conditions, these cultivators are expensive and difficult to
maintain, and not suitable for the national conditions. The domestic potato cultivator started late, but it has
developed rapidly. The 1ZL5 potato cultivator, developed by Lv, J. Q. et al., can complete soil loosening,
weeding and ridge building in one operation (Lv, 2017). The machine uses a hoe shovel cultivator with a large
amount of soil, which is not suitable for operations requiring a small amount of soil in the early stage of potato
emergence. The driven multi-function potato cultivator developed by Ly, J. Q. et al., integrates soil crushing,
fertilization, weeding and soil cultivation. It is suitable for potato fields with heavy soil conditions. The soil
cultivator collects the soil thrown by the crushing knife and then cultivates the soil. However, the power
consumption is excessive in the sandy loam plot. The 3ZF-3200/3 vertical rotary potato cultivator, developed
by Liu, E. H. et al., is mainly aimed at cultivating the heavy soil with hardened soil and excessive weeds. Due
to the fragile potato seedlings during the pre-emergence operation, this machine is not suitable for potato
cultivation in this period. According to the above research, it is found that the soil-cultivation components used
in the existing potato cultivator are too large to be used for the first potato cultivation. In the early stage, the
team designed a disc soil cultivation component suitable for the first cultivation of potatoes, and carried out
relevant experiments. The results showed that the designed soil cultivating disc had significantly less soil than
other soil cultivation components, whereas, the factors that affect the amount of soil cultivating have not yet
been clearly identified.

During the development of potato cultivator, there are few experimental studies using soil-cultivating
height, as the experimental index. Therefore, in order to optimize the cultivating performance of potato
cultivator in this regard, this paper makes kinematic and dynamic analysis and single-factor simulation test on
the working process of soil cultivating disc, to determine the level range of each factor. Furthermore, taking the
tillage depth, forward speed, and disc diameter as test factors, and the soil-cultivating height as indexes, a
three-factor and three-level orthogonal test was carried out at the Experimental Demonstration Base of
Northeast Agricultural University in Harbin, Heilongjiang Province. Through the orthogonal test, the optimal
level combination affecting the soil height was determined, and the verification test was carried out.

MATERIALS AND METHODS

The whole cultivator is mainly composed of a frame, a suspension mechanism, a single cultivator and a
hydraulic folding mechanism. The cultivation unit includes a connecting plate, a connecting rod, a depth-limiting
wheel, an S-shaped vibrating spring tooth, a small moldboard, a disc angle adjustment handle, a soil-cultivating
disc, a disc height adjustment part, and a depth adjustment part of depth-limiting wheel.

The whole machine includes 5 single cultivators, which can perform up to 4-ridge operation at the same
time. The single cultivator is clamped to the frame beam through U-shaped clips (Sun, 2021; Yi et al., 2020).
Each single cultivator is equipped with three S-shaped vibrating spring teeth, one in rows, and one on each
side of the ridge wall. According to different ridge spacing requirements, the adjustment range of the distance
between single cultivators is set to 700 — 900 mm to adapt to different ridge shapes and improve the universality
of machines and tools. Its structure is shown in Fig. 1. Currently, most potato planting modes in China is ridge
planting, which is divided into single-ridge and single-row, single-ridge and double-row. Most potato plantings
in Heilongjiang Province are single-ridge and double-row, whose ridge spacing is about 90 cm. This single
cultivator meets the requirements of potato cultivation in Heilongjiang Province.
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Fig. 1 - Schematic diagram of disc potato cultivator
1. Hydraulic folding mechanism; 2. Suspension mechanism; 3. Frame; 4. Single cultivator; 5. Connection board; 6. Connection bar;
7. Depth limiting wheel; 8. S-shaped vibrating spring tooth; 9. Small plow wall; 10. Disc angle adjustment handle; 11. Soil-cultivating
disc; 12. Adjusting component of disc height; 13. Adjusting component of depth-limiting wheel

During the operation, the soil-cultivating disc rotates, and the direction is the same as the forward
direction of the soil-cultivating disc (Ovchinnikov et al., 2019). The soil-cultivating disc performs linear motion
and circular motion during the movement. Let the angle of the disc relative to the horizontal plane be 8 and to
the vertical plane be a, and 3 and a are the inclination angle and declination angle of the soil-cultivating disc.
Respectively, the geometrical position of the soil-cultivating disc in space is shown in Fig. 2. V is the vertical
plane; H is the horizontal plane, and the positive direction of x is the forward direction of the cultivator. The
movement mode of the soil-cultivating disc is compound motion, including rotational motion and linear motion.

Z

Fig. 2 - Three-dimensional coordinate system diagram of the soil-cultivating disc

When a=0 and =0, the cultivating disc only has the function of rolling and cutting. The projection of
surface H is an approximate semi-arc, and that of surface V is a circle.
The origin of the coordinate axis is set as the center of the soil-cultivating disc, and the coordinates of
any point on the edge of the soil-cultivating disc as (x,y,z) on the XOZ projection plane.
y

Fig. 3 - Disc structure diagram
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From Fig.3, it is obtained that:

D=2R

|__R_
cosd

h=I-sing@

where D is the diameter of the soil-cultivating disc, mm
R- radius of the soil-cultivating disc, mm
h - height of the soil-cultivating disc, mm

INMATEH - Agricultural Engineering

(1)
()
@)

[ - the straight-line distance between the edge of the soil-cultivating disc and the installation center of

the disc, mm
The angle turned during time ¢ is:
o =ot
Its equation of motion can be expressed as:
X=V, t+Rcosg
y=Isin@g
Zz=R-Rsing
Where t is the time of the component rotating ¢, s

Vv, -forward speed of the cultivator, km.h"!

¢ - the angle the disc has turned, (")
@ - angular velocity of disk rotation, rad. s

(4)

When =0, ¢ (0, %) , the cultivating disc only has an inclination angle, but no deflection angle. At

this time, it can roll and cut the soil but cannot push the soil sideways.

Taking the origin of the coordinate axis as the center of the soil-cultivating disc and the YOZ plane as
the projection plane, the coordinates of any point on the edge of the soil-cultivating disc are set as (x, y, z), as

shown in Fig. 4.
Its equation of motion can be expressed as:

X=V t+Rcosg

T

a
z

- Vi) 8 >/

L

3

y=Isin(8+B) L 2Rsin fO0<p<7)

yzzﬂstin B —[2Rsin B—1sin(0+ B)|(7 < @ < 27)
T
z=Icos(6+ f)—Rsin pcos j

Fig. 4 - Motion diagram of the oblique disc

T
When o € (O,E),,B = 0 the soil-cultivating disc only has a declination angle but no inclination angle,

and it can roll and cut the soil and push the soil sideways.
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Taking the origin of the coordinate axis as the center of the soil-cultivating disc, and xoy plane as the
projection plane, the coordinates of any point on the edge of the soil-cultivating disc are set as (x, y, z), as
shown in Fig. 5.

A

Fig. 5 - Motion diagram of the deflection disc
Its equation of motion can be expressed as

X:|COS(a—l9)—£2RCOSa'(0<(o£7Z')
T
x=2£2Rc05a—[2Rcosa—lcos(a—@)](;r<¢£27r)
T

y=22Rsina-Isin(a—-0)(0<p<7)
T

(6)

y = 2Rsin a —Isin(a —0)— L 2Rsin a(z < p < 27)
T

z=R-Rsin g

The edge end point of the soil-cultivating disc can be obtained through the derivation of Eq. 4.

v, = ?j_)t( =V, — Rasinot

dz (7)
Vv, = — = —Rwcosat

dt

The absolute velocity of the edge end point is

V, = V2V = vm\/(s)2 —2esing +1 (8)

WhereV, - the absolute velocity of the edge end point, m.s*!

Let €= a)% , the speed of point on the cultivating disc is related to the speed of the implement and
m

the position of soil-cultivating disc. With the increase of the inclination angle, the volume of cultivated soil
increases and the speed of soil-cultivating disc decreases. With the increase of the inclination angle, the
turning effect of the soil-cultivation disc increases.

Soil cultivation is to transfer the soil at the base of the ridge to the base of the potato plant, which plays
the role of loosening the soil and thickening the soil layer, forming a dark environment suitable for the growth
of underground crops, and creating conditions for multiple tubers. At the same time, after the soil cultivation,
the formed potato pieces can be prevented from being exposed to the sun and be green to improve the quality
of potatoes. Under the background of potato cultivation mode with large ridges, when the soil-cultivating discs
operate between the ridges, the parameters of the soil-cultivating discs are provided for reference according
to the effect of the soil-cultivating discs in agronomic terms.
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The working state of soil-cultivating disc in ridge field is shown in Fig.6. Point O is the center of the soil-
cultivating disc, and point C is the tangent point of the soil-cultivating disc at this moment and the tillage depth.
During the movement of the cultivating disc from point C to point A, although some sail is thrown out, none of
them could reach the highest point. AOC is at an angle of 90 degrees, and the height of the soil thrown can
reach the highest level at this time.

Fig. 6 - Working state of the disc

The throwing speed is as follows:
V =V _COoSx 9)
Where v - the throwing speed, m.s™'

The maximum height that continues to rise after throwing is:
2

V.
h, = (10)
29
Where v, =V CO0S
Where v;- the throwing speed, m.s""
h>- the maximum height to rise after throwing, mm
g- the gravitational acceleration, m.s-2
The distance between the soil throwing point and the tillage depth is:
h, =Rcos S (11)
The height of cultivation comprehensively obtained from E Hl = h1 + h2 —a—Hqg9toEq.11is:
H,=h+h,—-a-H (12)
Where a - the tillage depth, m
H- the ridge height, mm
H, -the height of cultivation, m
The final solution is as follows:
Dcos v_cosa)® D
H, = ’B+(m ) -——H (13)

2 29

Where D=k-a
k - the coefficient between the tillage depth and disc diameter
According to the agronomic requirements for soil cultivation:

5cm < H, <10cm (14)

From Eq. 13 and Eq. 14, the main factors affecting the cultivating height are the tillage depth, cultivator
speed, and the inclination and declination angles of the soil-cultivating disc. The tillage depth of the disc potato
cultivator is within 0.06-0.15 m. As the forward speed of the cultivator increases, the distance at which the soil-
cultivating disc throws the soil increases sharply, therefore the forward speed should not exceed 7 km/h. The
angle y is adjusted through the disc angle adjustment component, and the adjustment range is within 20°-60°
range. During the operation, the soil is brought to the ridge through the spiral motion of soil-cultivating disc.
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The greater the energy carried by the soil, the more likely it is to damage the seedlings. The energy carried by
the soil is mainly related to the tillage depth, the cultivator speed and the working angle of the cultivating disc.
The greater the cultivator speed, the greater the speed of the soil thrown by the soil-cultivation disc, and the
greater the energy it carries. The greater the tillage depth, the more soil the soil-cultivating disc throws out per
unit time. The working angle of the soil-cultivating disc affects the height of the soil thrown by the soil-cultivating
disc. The higher the height, the more energy the soil carries. At the same time, the inclined soil-cultivating disc
has the effect of scraping and weeding the potato ridge during the motion. Within a certain range, the larger
the angle of the soil-cultivating disc relative to the ridge side, the more obvious the weeding effect.

The model of soil-cultivating disc device is created by the three-dimensional software SolidWorks 2020,
as shown in Fig. 7. At the time of creation, the coordinate axis position has been adjusted accordingly, and
then the model is exported to a common format in the software. This article exported it as an .x_t format file.
The general format (stp, x_t) file exported by SolidWorks 2020 software through import in the Geometry module
of the EDEM software. In the whole assembly of soil-cultivating disc, the parts such as bolts and nuts are
simplified, and then the simplified model is imported into the discrete element software (Gowripathirao et al.,
2019; Tekeste et al., 2019; Selech et al., 2019).

(a)Main view (b) Axonometric drawing
Fig. 7 - Model diagram of disc soil cultivation device

The used version of discrete element simulation software is EDEM 2020. The solid model is imported
into the software for EDEM simulation test. Before the test, relevant simulation parameters are set as shown
in Table 1.

Table 1
Simulation parameters

Parameters Value
Poisson's ratio of sandy loam 0.35
Soil density of sandy loam / kg/m?3 2550
Shear modulus of sandy loam / MPa 1
Static friction coefficient of sandy loam 0.541
Dynamic friction coefficient of sandy loam 0.31
Coefficient of restitution of sandy loam 0.6
Soil surface energy of sandy loam / J/mm? 40
Soil normal stiffness per unit area of sandy loam / N/m?3 1e9
Tangential stiffness of soil per unit area of sandy loam / N/m? 5e8
Porosity of sandy soil /% 53.8
Poisson rate of disc 0.3
Disc density / kg/m3 7850
Disc shear modulus / MPa 7.9e4
Static friction coefficient of disc sandy loam 0.5
Dynamic friction coefficient of disc sandy loam 0.005
Coefficient of restitution of Disk - sandy loam 0.6
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The Edinburgh Elasto-Plastic Adhesion (EEPA) model is selected as the parametric model between soil
particles, because this elastic-plastic attachment model can better reflect the soil stress-strain (Makange et al.,
2020). During the simulation, the soil ridge model is established by the particle bed filling method. The position
and parameters of the component model are adjusted in the 3D software, and then imported into the simulation
software. The simulation process is shown in Fig. 8.

(a) Filling diagram of soil ridge (b) Simulation model diagram
Fig. 8 - Simulation operation model

(1) Parameter determination of tillage depth

The base of tillage depth is 10.5 cm. In this paper, 60, 105, and 150 mm are selected as test variables,
and the other two variables are reference variables, namely 5.5 km/h and 475 mm.

(2) Parameter determination of cultivator forward speed

The reference speed of the forward speed is 5.5 km/h. In this paper, 4, 5.5, and 7 km/h are selected as
the test variables, and the other two variables are the reference variables, namely 105 mm and 475 mm.

(3) Parameter determination of disc diameter

The reference value of the disc diameter is 475 mm. In this paper, 450, 475 and 600 mm are selected
as the test variables, and the other two variables are the reference variables, namely 105 mm and 5.5 km/h.

The test was carried out in the experimental demonstration base of Northeast Agricultural University in
Harbin, Heilongjiang Province. The soil of this demonstration base is sandy loam for dry farming. The length
and width of the experimental plot were selected as 500mx400m, and the soil firmness was 892 KPa. During
the experiment, potato seedlings were grown on the plot, with a height of 150-200 mm and a planting density
of 7 plants/m2,

According to the indexes of JB/T7864-1999 "Test Method for cultivator fertilizer", the soil-cultivating
height was selected as the test index. According to the test code table, the test factors of each combination
were changed, and three-factor and three-level orthogonal test was carried out in the test demonstration base.

Taking the forward speed, tillage depth and disc diameter of the cultivator as the test factors, and the
cultivating height as the test index, a three-factor and three-level orthogonal experiment was carried out to
evaluate the cultivation effect of the key components of the disc potato cultivator. It can be seen from the pre-
test that if one of the three factors is changed, the remaining factors change non-linearly. Thereby, there is an
interaction among the three factors. Interactions were considered as the influencing factors and were involved
in the intuitive analysis of the results. Therefore, this paper uses the L27(3'3) orthogonal test table to carry out
27 tests, so as to obtain the cultivating height under different conditions, calculate the range, and determine
the primary and secondary influencing factors.

Through consultation and combining with the manual on farming and soil-cultivation, the soil-cultivating
disc is suitable for shallow cultivating and soil loosening. According to the tillage depth, the disc diameter was
calculated to be in 400 mm-450 mm, and the reference depth of the tillage depth was 10.5 cm. According to
the characteristics of disc ploughing, the reference speed of the cultivator forward speed was 5.5 km/h, and
the general speed should be less than 7 km/h. The specific test factor level coding table is shown in Table 2.

Table 2
Factor level coding table
Level Factors
Tillage depth (mm) Operation speed (km/h) Disc diameter (mm)
1 60 4 450
2 105 55 475
3 150 7 500
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RESULTS

The red in Fig. 9 is the curve between the cultivator forward speed and the particles on the ridge. In Test
No. 1-3, the particles increase in turn, while in test No. 3-5, they decrease gradually. It can be seen that the
particles on the ridge first increase with the increase of cultivator forward speed under the condition that other
factors remain constant. After reaching a certain number, the effect of cultivator forward speed on the particles
is counteracting, and the particles on the ridge decrease with the increase of cultivator forward speed.

The green in Fig. 9 is the curve between the disc diameter and the particles on the ridge. In test No. 1-
5, the particles on the ridge are positively correlated with the tillage depth. It can be seen that the particles on
the ridge increase with the increase of the tillage depth of the vehicle under the condition that other factors
remain constant. The effect of disc diameter on the particles continues to be a positive effect.

The blue in Fig. 9 is the curve between the tillage depth and particles on the ridge. In test No.1-5, the
particles increase slowly, while in test No. 3-5, they increase rapidly. It can be seen that the particles on the
ridge increase with the increase of tillage depth under the condition that other factors remain constant, and the
acceleration also increases.

22000
21000 -
£
ar 20000
[sT1]
=]
v 19000 -
=
c
o 18000
wv
.
£ 17000 Tillage depth
& —&— Forward speed of the cultivator
16000 . .
—&8— Disc diameter
IEDDD 1 1 | 1 1 |
] 1 2 3 4 3 ]

Test No.

Fig. 9 - Single factor test simulation results

The range reflects the obvious degree of variation of the factor level within the test range. The larger the
range value, the greater the influence of the level on the test results. It can be seen from Table 3 that the range
factor A has the largest range value (62.7), and the range values of the other factors rank from large to small
being C, B, (AxC)1, (BxC)1 as 60, 20, 14.3, 14, respectively. Since the range of other items is too small, it is
ignored. The test shows that the tillage depth, disc diameter and operating speed (A, B, C) have a great
influence on the cultivating height. The interaction of tillage depth and disc diameter, operating speed and disc
diameter also had an effect on the performance index of cultivating height, but it was inferior to the effect of a
single factor on it. From Table 6, with the increase of tillage depth and disc diameter, the cultivating height
increases, and with the increase of random vehicle speed, the cultivating height decreases. Since the tillage
depth and disc diameter have an effect on the weeding qualification rate and the seedling damage rate (Sun,
2021), if tillage depth is too deep and the disc diameter is too large, the seedling damage rate would be high.
On the contrary, the qualified rate of weeding would be low. Too fast or too slow operating speed would directly
affect the efficiency of weeding. Therefore, the optimal scheme is A2B2C:, and the cultivating height is 65 mm
under this condition.

The primary and secondary influencing factors can be determined through the range analysis of the test
data, and the significance of the influence of the factors on the test results can be obtained through the variance
of the test data. In this paper, SPSS (Statistical Package for the Social Sciences) data processing software is
used to analyze the variance of the qualified rate. The Sig. of factors A, B, and C is less than 0.01, which has
a very significant impact on the cultivating height. The Sig. of (AxC)1 and (BxC)1 is less than 0.05 and greater
than 0.01, which has a significant impact on the cultivating height. The Sig. of other factors is greater than 0.05
and has no effect on the cultivating height.
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Table 3
Property index and natural variable coding table
Itivatin
TestNo. | A | B | AXB)  (AXB) [ o | (AXC) | (AXC) | (BXC) | o | 49 | (BXC) | 45 | 43 Zuhtei;:\t
1 2 1 2 1 2 /mm

1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
2 1 1 1 1 2 2 2 2 2 2 2 2 2 65
3 1 1 1 1 3 3 3 3 3 3 3 3 3 75
4 1 2 2 2 1 1 1 2 2 2 3 3 3 50
5 1 2 2 2 2 2 2 3 3 3 1 1 1 62
6 1 2 2 2 3 3 3 1 1 1 2 2 2 80
7 1 3 3 3 1 1 1 3 3 3 2 2 2 55
8 1 3 3 3 2 2 2 1 1 1 3 3 3 60
9 1 3 3 3 3 3 3 2 2 2 1 1 1 80
10 2 1 2 3 1 2 3 1 2 3 1 2 3 65
1 2 1 2 3 2 3 1 2 3 1 2 3 1 75
12 2 1 2 3 3 1 2 3 1 2 3 1 2 80
13 2 2 3 1 1 2 3 2 3 1 3 1 2 55
14 2 2 3 1 2 3 1 3 1 2 1 2 3 70
15 2 2 3 1 3 1 2 1 2 3 2 3 1 80
16 2 3 1 2 1 2 3 3 1 2 2 3 1 55
17 2 3 1 2 2 3 1 1 2 3 3 1 2 65
18 2 3 1 2 3 1 2 2 3 1 1 2 3 80
19 3 1 3 2 1 3 2 1 3 2 1 3 2 95
20 3 1 3 2 2 1 3 2 1 3 2 1 3 90
21 3 1 3 2 3 2 1 3 2 1 3 2 1 95
22 3 2 1 3 1 3 2 2 1 3 3 2 1 75
23 3 2 1 3 2 1 3 3 2 1 1 3 2 80
24 3 2 1 3 3 2 1 1 3 2 2 1 3 95
25 3 3 2 1 1 3 2 3 2 1 2 1 3 70
26 3 3 2 1 2 1 3 1 3 2 3 2 1 80
27 3 3 2 1 3 2 1 2 1 3 1 3 2 90
K4 582 | 695 645 640 575 650 650 675 655 | 650 677 652 | 657
Kz 625 | 647 652 672 647 642 667 660 650 | 670 665 665 | 665
Ks 770 | 635 680 665 755 685 660 642 672 | 657 635 660 | 655
ki 1%4 2371' 2150 | 2133 131' 216.7 | 2167 | 225.0 2138' 2176' 2257 2137' 2109'
ke 2_%8 2175' 217.3 | 224.0 2175' 2140 | 2223 | 2200 2176‘ 2233' 2217 2271‘ 2271‘
ks 2_576 2171' 226.7 | 221.7 25;1' 228.3 | 2200 | 214.0 2%4‘ 2:)9' 211.7 2%0' 2138'

Range R 672' 20.0 1.7 10.7 60.0 14.3 5.7 1.0 73 6.7 14.0 43 33

Factor
pr;mnzry A C B (AxC)i(BXC):
secondary

Note: Ki is the sum of level i(i=1,2,3) in column j of the orthogonal test; k; is the ratio of K; to the number of horizontal occurrences; R
(range) is the difference between max{K1,K2,K3} and min{K1K2K3}. A is the tillage depth; B is the operating speed; C is the disc diameter;
AxB is the interaction term between wind depth and working speed; AxC is the interaction item between the wind speed and the disc, and
BxC is the interaction term between the operating speed and disc diameter.
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According to the results of the range and variance analysis of the orthogonal test (Laryushin et al., 2020),
when the tillage depth was 105 mm, the operation speed was 5.5 km/h and the disc diameter was 475 mm,
the parameter combinations was optimal for soil-cultivating disc operation. In order to verify the accuracy of
the optimal parameter combination, the tillage depth was set to 105 mm; the operating speed was set to 5.5
km/h, and the disc diameter was selected to be 475 mm for verification. The test was repeated three times,
and the average value was calculated as the final result. The test results are shown in Table 4.

Table 4
Test verification results
Test Times Soil-cultivating height / mm
1 65
2 68
3 64
Mean value 65.6

CONCLUSIONS

(1) A 90 cm potato cultivator furrow was generated by the discrete element simulation software. Taking
the tillage depth, forward speed, and disc diameter of the cultivator as test factors, and the cultivating height
as test index, a single-factor simulation test was carried out. The results show that the forward speed increases
first and then decreases with the particles on the ridge. The disc diameter increases with the particles on the
ridge, and the change is obvious. The tillage depth also increases with the increase of the particles on the
ridge, and the increasing range gradually increases.

(2) Through the orthogonal test of three-factor and three-level in the demonstration base, it is obtained
that when the tillage depth was 105 mm, the operation speed was 5.5 km/h, and the disc diameter was 475
mm, the effect of soil-cultivating disc was optimal, which is about 65 mm. The test was repeated for 3 times to
verify the optimal combination. The results were basically consistent with those of the field test, so that the test
results were reliable.
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