Vol. 79, No. 2 / 2026 INMATEH - Agricultural Engineering

RESEARCH AND ANALYSIS ON THE OPERATING PERFORMANCE OF RIDGE
ROLLERS UNDER DIFFERENT OPERATING MODES
/

EZYITATEW R T IEW MFETT ST

Xin ZHANG"), Yucheng LIANG™), Lu GAN", Yanliang ZHANG", Yiwen YUAN?

) Heilongjiang Academy of Agricultural Machinery Engineering Sciences, Harbin 150081, China
2) College of Mechanical and Electrical Engineering, Heilongjiang University, Harbin, 150080, China
Tel: +86-18249059533; E-mail: xinzhang135689@ 163.com
DOI: https://doi.org/10.35633/inmateh-79-17

Keywords: ridge roller, operating mode, resistance, ridge formation, experiment

ABSTRACT

To explore the operational performance of a ridge roller under two different working modes, namely, linear
arrangement (LA) and interleaved arrangement (IA) of adjacent ridging shovels, firstly, theoretical analysis was
conducted to conclude that the operational resistance of IA is greater than that of LA. Secondly, a discrete
element simulation method was employed to establish a discrete element simulation model. The extracted
data verified the conclusions of the theoretical analysis. Qualitative analysis was conducted based on the
formed ridge profile, indicating that LA has a better ridge forming effect than IA. Finally, field experiments were
conducted, with the operating speed of the ridge roller (1.5 km/h, 3 km/h, 4.5 km/h) and different installation
distances between adjacent ridging shovels (0, 240 mm, 480 mm) as experimental factors. The average
operational resistance, the distance between adjacent ridge tops, and the height difference at the bottom of
the ridge furrow were used as indicators for a full-factor experiment. It was concluded that under the same
conditions, LA has the best ridge forming effect but requires the greatest resistance, while IA can effectively
reduce resistance but has a poorer ridge forming effect. This study provides a theoretical basis and guidance
for tillage and soil preparation operations.

BE

HIRAEZY BT, AESELFELNA (LA) FIZEHE (A) THEWLE EHAFTE
AT A BIEWIEAAT LA, HARIBHTOEEN % B BHTOEEE, B ER SRR
TEEEABTEI L, FBL A Z B AR AN, 184 LA HZAFEHRMT 1A, R H
iR, WEZHIEWER (1.5 kn/h, 3 kn/h, 4.5 kmh) FIHFSEEZS T ARG %S (0. 240 mm,
480 mm) HitBEIE WFEIEW IS FTBE AL ITEBRIZ GRS EE NI A e AERE, 2
HEMFHETERT, LA BZEBEGRRL, 1EFEEHRA, A BHREE AT A TNT
RE, KFRTHHEM W IR — E T AE RIS S 1A,

INTRODUCTION

The Northeast region is China's foremost grain production base, predominantly utilizing the ridge tillage
method. This approach facilitates increasing soil temperature, enhancing water infiltration, and creating an
optimal environment for crop root growth (Zhao et al., 2025; Zhang et al., 2022; Yuan et al., 2019). Therefore,
rotary tillage and ridging operations are crucial components of agricultural mechanized production (Shen et
al., 2020; Guan et al., 2021).

A large amount of research has been conducted both domestically and internationally on the issues of
operational resistance and ridge formation effectiveness during rotary tillage and ridging operations. Scholars
from the Nanjing Research Institute of Agricultural Mechanization under the Ministry of Agriculture have
designed a sweet potato double-row ridging machine. The plow body primarily serves the function of furrowing,
with a large amount of backfill soil (Wang et al., 2025). Researchers from Hunan Agricultural University have
designed a plow-rotating combined rapeseed ditching and ridging machine. Compared to traditional ridging
machines, it significantly improves soil fallback and achieves better ridging results (Bao et al., 2017). Some
foreign researchers have also conducted comparisons on the ditching performance and fuel consumption of
different ditching implements (Kumar Sahu et al., 2018).
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Researchers from Henan Agricultural University optimized key components of the tobacco ridger and
conducted experiments, resulting in reduced operational resistance and better consistency in ridge formation
(Song et al., 2024, Chen et al., 2022). Scientific researchers and others have developed hillside land-leveling
machines, but their functions are relatively limited, and the ridging effect is poor (Zheng et al., 2021).

Overall, current research on the operational resistance and ridge formation effectiveness of ridging
machines primarily revolves around optimizing key components, with almost no theoretical research conducted
on the most basic operational modes. Therefore, this paper focuses on two different operational modes of
ridging machines, LA and IA, to study the factors affecting the operational resistance and ridge formation of
ridging machines, aiming to provide theoretical support for rotary tillage and ridging operations.

MATERIALS AND METHODS
Ridge tiller operating mode

The ridger operates in two modes during its working process, and the top views of these two modes are
illustrated in Fig. 1. The first mode involves the ridging shovels being aligned in a straight line. This ridging
method ensures high uniformity and consistency in the ridges. However, on deeply plowed or rototilled soil,
where there are numerous stems and stubble, and if the soil viscosity is high, the operational resistance
increases, potentially leading to blockages and affecting the working efficiency, as depicted in Fig. 1(a). To
address the blockage issue and reduce operational resistance, the second mode was developed, where
adjacent ridging shovels are arranged in a staggered manner, maintaining a certain installation distance in the
forward direction. This mode significantly reduces the likelihood of blockages, but it suffers from poor
consistency in the shape of the ridges, as shown in Fig. 1(b).

(a) Linear arrangement (LA) (b) Interleaved arrangement (IA)

Fig. 1 — Two ridge-forming modes
1. ridge shovel; 2. soil

Regardless of which operation mode the ridger adopts, the operation process will encounter significant
resistance, requiring a power machine to provide substantial energy. To understand the force conditions on
the ridging shovel under the two operation modes, a force analysis was conducted on one side plate of a single
ridging shovel.

Force analysis of LA

When the ridging shovel is arranged in a straight line, the squeezing action between the inner plates of
two adjacent ridging shovels will push the soil from a width of a1 to a ridge width of b+, thereby directly forming
a ridge. At this time, the two side plates that help form the ridge platform are subjected to the force of the soil.
In this operation mode, both sides of the ridge are squeezed by the side plates, and the soil can only move in
a limited space, being completely constrained. In soil mechanics, this situation is referred to as the presence
of infinite soil complete constraint on both sides of the ridge, assuming that the soil has a low moisture content
oris dry and loose soil. A force analysis is conducted on any mass point O with a depth of h embedded in the
soil on the side plate as it moves forward at a constant speed, as shown in Fig. 2.
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Fig. 2 — Force analysis of LA

In the figure, v represents the advancing direction of the ridging shovel, 6 denotes the half-apex angle
of the ridging shovel, dx signifies the displacement of particle O along the advancing direction, and ds indicates
the displacement of particle O along the side plate. Calculations are performed based on Rankine's theory and
assuming uniform normal pressure distribution on the side plate (Waldron L.J., 1977; Waldron L.J. et al., 1981).

where:

unit, m?;
dN;—normal pressure acting on a micro-unit area, N;
pi—normal pressure per unit area, N;
dNyp—friction force, N;
u—coefficient of friction;
dr11—the component of the total resistance of soil to the side plate in the direction of the side plate, N ;

y—soil bulk density;
S—the angle between the soil failure surface and the horizontal plane, (°) ;

dA = hds
s — dx
cosd
dN, = pdA
del::udN1
dN,
dF,, =— 1
" tan@ (1
dF,, =dN,, +dF,
plzf(Kp;/h+201/Kp)
_l+sing
P l-sing
=1+ (K, -1)200
" tang

dA—when the displacement in the forward direction is x, the area swept by the side plate in a small

dr21—total resistance in the direction of the side plate, N;
K,—soil resistance coefficient under the condition of complete constraint on both sides of the side plate;
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@—Soil internal friction angle, (°) ;

¢—Soil cohesion, typically ranging from 5 to 100 kPa for cohesive soil;

&—For the three-dimensional shape factor, when there is complete constraint from infinite soil on both
sides of the ridge, based on Coulomb's passive earth pressure theory, this parameter needs to be introduced
for three-dimensional correction.

By processing Eq. (1), the total drag force of the micro-unit in the direction of the side plate is obtained:
1+sin tan@ | 1+sin 1+sin dx dx
dFy =| 14 500 00 g2 ope SISO A 2)
1—-sin¢ tang || 1—sin ¢ 1—-sin ¢ cos@ sind

Force analysis of IA

When the ridging shovels are arranged in a staggered manner, during operation, the two adjacent
ridging shovels at the front will first extrude soil from a width of a2 to a ridge width of b2, forming a large ridge.
Subsequently, the middle ridging shovel located behind them will divide the ridge width b2 into two ridges with
a width of c2. Unlike the analysis in the previous section, when two ridges with a width of c2 are formed, there
are no other ridging shovels on either side of the rear ridging shovel to press against its side plates. The two
sides of the formed ridge are in free constraints, which is referred to as the absence of infinite soil body
complete constraints on both sides of the ridge. A force analysis is conducted on any mass point O with a
depth of h into the soil on the side plate, as shown in Fig. 3.

a,

droy ’ dF,,

Fig. 3 — Force analysis of IA

Similar to the analysis in the previous section, there are:

dA = hds
ds = dx
cosf
dN, = pdA
dN,, = pdN,
dN.
dF, =—2 3
' tan@ (3)
dF;zsz/‘2+dF12
p=Kf7h
_ tanﬂ+cot(ﬂ+9) Sinﬂcos(ﬂ+6’+5)
" tanfB+cot(B+0+5)sin O

where: dN,—normal pressure acting on a micro-unit area, N;
Pi—normal pressure per unit area, N;
dNp—friction force, N;
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dri2—the component of the total resistance of soil to the side plate in the direction of the side plate, N;
dr2—total resistance in the direction of the side plate, N;
K—Soil resistance coefficient under free constraints on both sides of the side plate;

0—The friction angle between the side plate and the soil, (°) .
By processing Eq. (2), the total drag force of the micro-unit in the direction of the side plate is obtained:

tan B+ cot(f+6) sin B 2( dx  dx }
dF,, = 0+5
2 tanf+cot(f+60+35) sin 6 cos{f+0-+ 3’| u ’ )

cosf sinf

Based on the above analysis, it can be concluded that when the ridger operates in two different modes,
the force conditions on the ridging shovel are completely different. When the friction force on the side plate of
the ridging shovel is large, the corresponding power consumption of the entire machine is also high, and the
wear on the side plate is also faster. Therefore, in order to reduce fuel consumption and extend the service life
of the side plate of the ridging shovel, discrete element simulation analysis is conducted on the ridging shovel
under the two operating modes, with the aim of qualitatively analyzing the force conditions on the ridging shovel
and the consistency of the ridges in the two operating modes.

Ridge roller model establishment

The agricultural practice for corn cultivation in Northeast China primarily involves standard ridges with a
ridge spacing of 650 mm. Therefore, the ridge spacing of the ridge roller model used in the simulation is set to
650 mm. To more clearly observe the simulated resistance of the two ridge-forming operation modes, the
number of ridges is appropriately increased. Taking the example of forming four ridges with five ridge shovels,
the simulation is conducted.

As the core component of the ridger, the ridging shovel bears almost all the operational resistance of
the entire machine. Due to variations in ridging agronomic requirements across different regions, and
considering only the differences in operational resistance of the ridging shovel under different arrangement
modes and the consistency of ridge formation in this paper, the model is simplified. The digging shovel tip
adopts a chisel-type tip and is installed at the bottom of the shovel handle using countersunk square root bolts.
The soil divider plate is mounted on the lifting plate through a hinged shaft and can rotate at the hinged shaft
to adjust the opening and closing angle. The three-dimensional diagram and key dimensions of the ridging
shovel are shown in Fig. 4.

3 ~L 600 |
{ 260
‘ " <

1 x_.__‘__‘___J ‘

(a) Front view of ridging shovel
1.blade tip; 2.lifting board; 3.partition board; 4.shovel handle
Fig. 4 — Structural diagram of ridging shovel

360 120
(b) Side view of ridging shovel

During the simulation, based on agronomic requirements, the ridge top width is set at 250 mm. Using
the 3D software SolidWorks 2020 (Dassault systems France, originally developed in USA), a model of the
ridger is created according to the ridge forming conditions. The 3D models and key operational parameters of
the ridger for two ridging modes are shown in Fig. 5. Since the ridge platform is formed by the contour created
after the ridging process and subsequent compaction by the compaction wheel, this simulation analysis does
not consider the factor of the compaction wheel. Therefore, the design specifies a distance of 200 mm between
the ends of two adjacent soil divider plates (which is less than the top width of the ridge platform, which is 250
mm), a distance of 350 mm between the bottom ends of two soil divider plates, and a distance of 480 mm
between the front and rear of two adjacent ridging shovels in the staggered arrangement mode.

220



Vol. 79, No. 2 / 2026 INMATEH - Agricultural Engineering

VAN

(b) Staggered arrangement top view

vV

(c) rear view
Fig. 5 — Ridge roller operating mode

Establishment of discrete element simulation model

This study takes black soil in Northeast China as the research object. Based on the physical
characteristics of Northeast black soil, a soil model is established using the discrete element software EDEM
2018 (USA). The simulation parameters are shown in Table 1 (Zhao et al., 2021; Zeng et al., 2020, Ucgul M.
etal., 2015; Zhang et al., 2023; Kojo A.et al., 2021; Hadi Z. et al., 2022).

Table 1
Parameters of Soil Model

Parameters Values
Poisson’s ratio 0.41
Shear modulus / MPa 1.24
Density / (kg-m™3) 2150
Coefficient of restitution between soil particles 0.6
Static friction coefficient between soil particles 0.3
Rolling friction coefficient between soil particles 0.2
Normal contact bonding stiffness between soil particles / (N-m-3) 3.4x108
Shear contact bonding stiffness between soil particles / (N-m-) 1.5x108
Critical normal stress / Pa 2x10°
Critical shear stress / Pa 6.8x10*
Bond radius / mm 55

Assuming that the field has undergone rotary tillage before ridging, resulting in fine and uniform soil, the
external dimensions of the soil bin are determined based on the overall dimensions of the ridger, the ridging
depth, the ridge-platform dimensions, and the ability of the ridger to form a distinct ridge in the simulation.
Accordingly, the external dimensions of the soil bin are set to 3500 mm x 1500 mm x 300 mm (length x width
x height). Due to the large volume of this soil bin, to shorten simulation time, the soil particle radius is set to 5
mm, and the soil particle generation type is selected with no limit on quantity, with a generation rate of 50,000
particles per second, and particle positions are randomly generated. The particles generated by the particle
factory fill the soil bin under gravity. To make the bonding force between soil particles more consistent with
field conditions, the soil bin is settled after being filled, and then continues to be filled until it is completely filled.

Save the overall model of the ridger in .stp format and import it into the EDEM soil bin model. The
material is selected as 65 Mn, the depth of the ridging plate into the soil is 190 mm, and the forward speed is
set to 3 km/h (Liao et al., 2022). The simulation parameters of the ridger are shown in Table 2 (Wang, 2019).
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Table 2
Parameters of soil model
Parameters Values

Poisson’s ratio 0.3
Shear modulus / MPa 7.9x104
Density / (kg-m-3) 7865
Coefficient of restitution between the

. . 0.6
subsoiler and soil
Static friction coefficient between the

. . 0.6
subsoiler and soil
Rolling friction coefficient between the 0.05

subsoiler and soil

The overall model under the two operating modes is shown in Fig. 6.

‘EDEM

(a) Linear arrangement

|

(b) Interleaved arrangement
Fig. 6 — Overall Model Construction

‘EDEM"

RESULTS
Simulation result of force analysis
The force and soil-velocity nephograms of the ridging shovel under the two operating modes of the

ridger at the same time point are shown in Fig. 7.
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(b) Soil velocity nephogram
Fig. 7 — Cloud Map Display

222



Vol. 79, No. 2 / 2026 INMATEH - Agricultural Engineering

By extracting the force data at multiple identical time points after the ridging shovel is fully buried in soil
under the two modes, and plotting the curves by Excel 2020, the results are shown in Fig. 8.

2% 1 Force/N

Time/s

Fig. 8 — Force Line Graph of Ridging Shovel

Based on the analysis of the force cloud diagram and force polygonal line diagram of the ridging shovel,
it can be concluded that the force exerted on the straight-line arrangement is greater than that on the staggered
arrangement. According to the analysis of the soil particle velocity cloud diagram, the disturbance to soil
particles caused by the straight-line arrangement is more pronounced than that caused by the staggered
arrangement. This indicates that the closer the distance between two adjacent soil boards, the more
pronounced the squeezing effect on soil particles during operation, and the greater the frictional force exerted
on the adjacent soil boards. Consequently, the straight-line arrangement results in greater operational
resistance and soil particle disturbance compared to the staggered arrangement.

Simulation result of ridge formation analysis

After the simulation of the ridging shovel is completed and the state of the soil particles in the soil bin
has stabilized, cross-sections are taken at the same position on the ridge. The screenshots of the cross-
sections under the two operating states are shown in Fig. 9.

(a) LA (b) 1A
Fig. 9 — Cross-sectional View of the Ridge

Through observation and comparison, it can be seen that the shape of ridges formed by the straight
arrangement is more consistent, with the depth of furrows being basically uniform. The bottom ends of the
furrows are generally on the same straight line, and the distances I+ and |2 between the ridges of two adjacent
ridges are basically consistent, as shown in Fig. 9(a). However, in the staggered arrangement, after the two
ridging shovels located at the rear operate, the separated soil will move to both sides, causing soil to slide off
the side of the ridge that is farther from the soil divider plate. This results in a height difference h1 at the bottom
end of the furrow, leading to poor consistency in the ridges, making the depth of the ridge platforms and furrows
inconsistent, and there is a certain gap in the distance between the ridges of two adjacent ridges, with I3 being
slightly smaller than ls, as shown in Fig. 9(b).

Based on the above analysis, it is preliminarily concluded that the linear arrangement mode results in
greater resistance for the ridging machine but produces ridges with better consistency, while the staggered
arrangement mode results in less resistance for the ridging machine but produces ridges with poorer
consistency.
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Field performance test

In the previous force analysis, it was conducted from a microscopic perspective, assuming low soil
moisture content or dry soil, aiming to theoretically analyze the different forces exerted on the ridging shovel
under two operating modes. According to relevant literature, the forward speed during operation also affects
the force exerted on the ridging machine (Tong et al., 2013; Jia et al., 2018).

To explore the impact of different operating modes of the ridger on anti-blocking effect and ridge
formation effect during actual operation, this chapter conducts a full-factor experiment based on the same
structural parameters of the ridging shovel, using forward speed and the installation distance between adjacent
ridging shovels as experimental factors, and taking operating resistance, the distance between the ridges of
two adjacent ridges, and the height difference at the bottom of the furrow as indicators (Wu, 2021).

Test conditions and preparation

The field experiment was conducted at the experimental base of the Heilongjiang Academy of
Agricultural Mechanization Engineering and Science in May 2025. The average stubble height of corn stalks
was 103 mm, with soil hardnesses of 487 kPa (100 mm) and 1235 kPa (200 mm). The average soil moisture
content was 16.2%, and the average root stubble moisture content was 38.6%. The experiment utilized a
1GZL-2 rotary tillage and ridging machine, which features rotary tilling at the front, three ridging shovels
attached at the back, and an intermediate ridging shovel with an extension rod that allows for adjustment of
the distance between adjacent shovels. This machine can form two ridges in a single operation. A photo of the
rotary tillage and ridging machine is shown in Fig. 10.

Fig. 10 — Picture of rotry tillage and ridgig machine

The equipment required for the experiment includes a Lovol 604 tractor (Shan dong, China), a GPS-10A
multi-function testing device (Huade Soil Instrument Manufacturing Co., Ltd., Nanjing, China) for motor
vehicles, a level ruler (Ningbo Deli Tools Co., Ltd., Zhejaing, China), a tape measure (Ningbo Deli Tools Co.,
Ltd., Zhejaing, China), a soil hardness meter (Huade Soil Instrument Manufacturing Co., Ltd., Nanjing, China),
and a cutting ring assembly (Huade Soil Instrument Manufacturing Co., Ltd., Nanjing, China). The testing
system is shown in Fig. 11.

N

Fig. 11 — Field eperiment

The forward speeds were selected as 1.5 km/h, 3 km/h, and 4.5 km/h. As shown in Fig. 5(b), considering
the front-to-rear dimension of the ridging shovel is 480 mm, the installation distances were chosen as 0, 240
mm, and 480 mm. To ensure a noticeable difference in resistance during each test, the forward distance for
each test was set at 110 m, which includes a 10 m buffer zone and a 100 m effective working length. Each
test was repeated three times. During the test, the forward speed was controlled by the tractor's electronic
throttle, and the installation distance of the ridging shovel was adjusted by changing extension rods of different
lengths. The coding of experimental factors is shown in Table 3.
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Table 3
Experimental Factors and Levels
Factors
Level . . .
Forward speed ( km/h ) Front-to-rear installation distance ( mm )
1 1.5 0
2 3 240
3 45 480

The operational resistance is represented by the average resistance within an effective operational
length of 100 meters. The data acquisition method for the distance between the top of adjacent ridges and the
height difference at the bottom of the furrow is as follows: within the experimental group corresponding to the
effective operational length of 100 meters, three sets of data are randomly collected every 10 meters for
recording.

The average operational resistance results are presented in Table 4.

Table 4
Analysis of Average Operational Resistance
Forward speed Operating resistance of adjacent_ridging shovels under different installation
/ (km-h) distances / N
0 240 480
1542 1346 1295
1.5 1608 1377 1230
1588 1285 1192
1830 1602 1452
3 1857 1588 1389
1760 1590 1490
1944 1750 1633
4.5 2013 1681 1584
2036 1684 1592

Analysis of the results in Table 4 reveals that when the forward speed remains constant, the operating
resistance gradually decreases as the installation distance between adjacent ridging shovels increases. This
trend aligns with the results of the theoretical analysis mentioned earlier, and the operating resistance is at its
maximum when the installation distance between adjacent ridging shovels is zero. When the installation
distance between adjacent ridging shovels remains constant, the operating resistance gradually increases as
the forward speed increases.

The distance between the ridges of adjacent furrows is shown in Table 5.

Table 5
Distance Between the Tops of Adjacent Ridges
Forward speed Distance between t_he ridges of a_djacent_furrows under different installation
distances of adjacent ridge shovels / mm
I (km-h") 0 240 480
203 205 206
1.5 202 205 203
203 204 206
202 208 209
3 202 205 209
201 207 208
203 213 215
4.5 201 210 214
203 211 217

Based on the analysis of the results in Table 5, it can be seen that when the forward speed remains
constant, the distance between the ridges of adjacent furrows increases with the increase in the installation
distance between adjacent furrowing shovels. When the installation distance between adjacent furrowing
shovels is 0, the distance between the ridges of adjacent furrows is almost unaffected by speed. As the
installation distance between adjacent furrowing shovels increases, the distance between the ridges of
adjacent furrows is more significantly affected by speed, and the increase is more pronounced.
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The height difference at the lowest end of adjacent ridges and furrows is presented in Table 6.

Table 6
Height difference at the lowest end of adjacent ridges and furrows

The height difference at the bottom of adjacent ridges and furrows under different
installation distances between adjacent ridge shovels / mm

Forward speed

I (km-h") 0 240 480
3 8 9
15 2 8 8
3 6 8
2 10 15
3 1 11 18
2 13 14
4 17 30
45 3 20 41
1 23 36

Based on the analysis of the results in Table 6, it can be seen that when the forward speed is constant,
the height difference at the bottom of adjacent ridges and furrows increases with the increase of the installation
distance between adjacent ridging shovels. When the installation distance between adjacent ridging shovels
is 0, the height difference at the bottom of adjacent ridges and furrows is almost unaffected by speed. As the
installation distance between adjacent ridging shovels increases, the height difference at the bottom of
adjacent ridges and furrows is more significantly affected by speed, and the increase is more pronounced.

In all experimental groups, no blockage occurred, and it did not reach the level that required stopping
the machine for cleaning. However, as the installation distance between adjacent ridging shovels increased,
the accumulation of soil, straw, and stubble at the ridging shovel during operation was significantly alleviated.

CONCLUSIONS
( 1) This article conducts a force analysis of the ridging shovel under two operating modes of the ridging

machine (i.e., whether there is a front-to-back installation distance between two adjacent ridging shovels).
Through theoretical analysis, it is concluded that the operating mode where the front-to-back installation
distance between two adjacent ridging shovels is 0 results in a greater force on the ridging machine than the
other mode.

( 2) Using the discrete element simulation method, a discrete element model of the tiller-soil system was

established. Under the condition of consistent other parameters, discrete element simulation tests were
conducted for two operating modes with installation distances of 0 and 400 mm between adjacent tilling blades.
This not only verified the previous conclusion, but also observed through the simulated ridges that the
consistency of the ridges was also affected.

( 3) A full-factorial field experiment was conducted, considering the forward speed of the ridger (1.5

km/h, 3 km/h, 4.5 km/h) and the installation distance between adjacent ridging shovels (0, 240 mm, 480 mm)
as experimental factors. The experiment evaluated the ridger force, the distance between the ridges, and the
height difference at the bottom of adjacent ridges as indicators. The results indicated that when the installation
distance between adjacent ridging shovels was 0, the operational resistance was the highest, but the ridge
formation effect was the best. As the forward speed and the installation distance between adjacent ridging
shovels increased, the ridge formation effect gradually deteriorated. No blockage occurred during the
experiment, but there was accumulation of soil, stems, and stubble at the ridging shovel, which could be
effectively alleviated by increasing the installation distance between adjacent ridging shovels.
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