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Abstract: This investigation considered the effects of both internal and external excitation vibrations
on the efficacy of the seed dispenser in a rice precision hole seeder. Through comprehensive field tests,
we analyzed vibrational characteristics during direct seeder operations and established a vibration
seeding test bed for systematic examination of these effects. Time-domain analysis of the vibration
data revealed a predominantly vertical vibration direction, with notably higher levels in sandy loam
soil compared to clay loam. A correlation was observed between increased engine size and rotary
ploughing speeds, as well as forward speed and elevated vibration amplitudes. Frequency domain
analysis pinpointed the primary vibration frequency of the machinery within the 0–170 Hz range,
remaining consistent across different operating conditions. Crucially, bench test results indicated that
seeding accuracy and dispersion were significantly influenced by vibration frequencies, particularly
within the 70–130 Hz range, where a decrease in accuracy and increase in dispersion were noted. A
regression model suggested a complex, non-linear relationship between seeding performance and
vibration frequency. These insights highlight the necessity for a robust mechanism to effectively
address these vibrational impacts. This study paves the way for enhancing the operational efficiency
of the rice precision hole seeder, aiming to achieve the design goals of minimized vibrations in the
paddy power chassis.

Keywords: agricultural machinery; rice precision hole seeder; vibratory; sowing planter; seeding
performance

1. Introduction

Rice stands as the predominant grain crop in China, with mechanization proving
particularly challenging in the realm of rice planting. Presently, China’s mechanization rate
for rice planting hovers around 50% [1–3]. To address this, China is actively pursuing the
development of mechanized precision direct seeding technology as a streamlined, light-
cultivation approach to rice cultivation [4–6]. This technology holds promise for minimizing
seed loss and improving sowing uniformity [7,8], thereby positively influencing early-stage
rice development and overall yields [9–11]. Despite its theoretical advantages, practical
implementation faces challenges [12,13]. During the operation of precision rice hole-drilling
machines, uneven terrain induces complex vibrations, impacting seed dispensing stability
and potentially leading to inaccuracies in seed dispersal. Consequently, this affects the crop
growth performance and final yield [14–16].
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In recent years, both domestic and international studies have considered the vibration
characteristics of planting machines and their repercussions for crop yields. Liao Yitao
et al. [17] investigated the relationship between the vibration characteristics of a pneumatic
oilseed rape planter and the performance of its seed displacer, revealing both beneficial
and detrimental effects. Wang Qi et al. [18] analyzed a mathematical model of vibration
for a no-till precision planter, proposing measures to mitigate vibration, such as adjusting
the forward speed and optimizing machine structure. Gu Chunli et al. [19] scrutinized the
vibration characteristics of the planter frame using ANSYS Workbench software, identifying
reasons for the deformation response. Xu Lizhang et al. [20] conducted vibration tests
on a domestic tracked combine harvester in the field, offering insights into primary and
secondary factors contributing to machine vibration. Internationally, Far et al. [21] and MF
et al. [22] studied high-speed no-tillage seeding, discovering that vibration significantly
affected the seeders. Niyamapa and colleagues [23] found that using a vibratory deep
loosening machine applies force horizontally and vertically. Meanwhile, Vu-Quoc and
colleagues [24] utilized a ball to construct a three-dimensional model of soybeans, conduct-
ing drop and compression tests to determine soybeans’ mechanical characteristics. Min
et al. [25] established that specific vibration frequencies and amplitudes do not affect the
vacuum suction in seed boxes. While extensive research has been conducted on seed dis-
pensers design for various seeder models, investigations into the vibration characteristics of
seeders during operation, especially pneumatic seeders, remain limited. Previous studies
have optimized structural parameters by establishing surface data models, but the rice
precision hole seeder has not been studied. Therefore, an examination of seeding quality
under vibrational conditions was warranted.

In this investigation, we conducted an exhaustive analysis of the vibrational character-
istics inherent to a direct-seeding apparatus for rice, under conditions that closely mimicked
actual agricultural scenarios. This was achieved through a combination of controlled labo-
ratory simulations and extensive field testing. By comparing the outcomes of bench-scale
tests with real-world experiments, we systematically evaluated how mechanical vibrations
influenced the performance of the seed dispensing mechanism across varying operational
speeds and under different soil conditions. The core contribution of our study is the de-
velopment of precise, quantitative parameters for vibration control. These parameters are
essential for the design and operation of a direct seeder equipped with precision apertures,
aimed specifically at rice agriculture. By integrating these parameters, we significantly
enhanced the machine’s operational efficiency and seed placement accuracy. The enhance-
ments delineated in our research are pivotal for realizing unprecedented levels of efficiency
and precision in rice cultivation practices, thereby addressing some of the most pressing
challenges in modern agriculture.

2. Seeder Structure and Working Principle

The configuration of the rice precision hole seeder, illustrated in Figure 1, comprises a
frame, a seeding ditch and water storage ditch ditching device, horizontal and elevation
profiling mechanisms, a power transmission device, a seeding device, and a hydraulic
lifting mechanism. The sowing and seeding devices, along with furrowing device 1, are
securely affixed to frame 8. The bearing seat of the horizontal profiling mechanism 4 is
mounted on the same frame 8, with one end fixed to hitching bracket 5. This bracket
5 connects to the power chassis through the universal transmission shaft, which, in turn, is
linked to the PTO power rotation device 6. The power chassis supplies the necessary power
for walking, lifting, and sowing. The machine tool is suspended from the power chassis
with the assistance of hydraulic oil cylinders and lifting frames situated on the parallel
four-bar lifting frame. Concurrently, hydraulic cylinders and lifting frames positioned at
the rear of the power chassis support the implement.
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Figure 1. The structure of the rice precision hole seeder. 1. Furrowing device. 2. Seed distributor.
3. Slide plate. 4. Horizontal profiling mechanism. 5. Hitching bracket. 6. PTO power rotation unit.
7. Elevation profiling mechanism. 8. Frame. 9. Lateral panels.

During operation, the operating handle of the power chassis is set to the insert and
plant gear, prompting the hydraulic cylinder to unload. Subsequently, the machine de-
scends under its own weight, and the slide plate 3 remains in close proximity to the mud
surface, guided by the actions of the elevation profiling mechanism 7 and the horizontal
profiling mechanism 4. The seeding furrow opener 1 and the water storage furrow opener
1 are then pressed into the soil, creating furrows for seeding and water storage as the ma-
chine advances. Simultaneously, the seed distributor 2, driven by the PTO power rotation
unit 6, deposits seeds into the sowing furrow through perforations. Two lateral panels 9,
designed to block mud, serve as barriers to prevent water and mud from infiltrating into
the seeded region.

3. Seeder Vibration Characteristics Testing and Analysis
3.1. Equipment

The experiment used a Yanmar VPG6G power chassis from the Japanese company
Yanmar (Osaka, Japan) for rice transplanting. It was equipped with a 2BDXZ-10CP (20) pre-
cision hole seeder by South China Agricultural University (Guangzhou, China) specifically
designed for rice sowing. Table 1 provides detailed information on key parameters [26].

Table 1. Parameters related to vibration test work equipment.

Device Name Items Parameter Value

Yanmar VPG6G rice transplanter power chassis

Power Chassis Weight (ma, kg) 720
Operating speed (v, km·h−1) 0~5.3
Rated engine power (P, kW) 10.3

Wheelbases (L, mm) 1050
Front wheelbase (lr, mm) 1220
Rear wheelbase (lf, mm) 1200

2BDXZ-10CP(20) rice precision hole seeder

Seeder size (L × W × H, mm) 1050 × 2080 × 500
Seeder weight (mb, kg) 185
Working width (mm) 2000

Number of rows sown 10
Row spacing (cm) 20

Distance between holes (cm) 10~20 adjustable
Seeding rate (kg·hm−2) 22.5~75 (3~10 grain/cavity adjustable)

The vibration analysis system was employed to evaluate the 2BDXZ-10CP(20) rice
precision hole seeder, utilizing the MCC DAQ data acquisition system for data collec-
tion. The setup incorporated a USB-1608G multifunctional data acquisition device and
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a CT1010SLFP piezoelectric tri-axial acceleration transducer from Shanghai CHENGTEC
(Shanghai, China), enabling the comprehensive assessment of vibrational characteristics.
The evaluations were conducted under a variety of terrain conditions to ensure the robust-
ness of the seeder’s performance. Key performance metrics of the instrumentation, critical
for understanding the precision and reliability of the measurements, are systematically
presented in Table 2.

Table 2. Main performance parameters of the test instrument.

Device Name Items Parameter Value

CT1010SLFP Piezoelectric Triaxial Acceleration Sensor

Range (g) ±50
Frequency response (Hz) 0.5~8000

Degree of sensitivity (mV·g−1) 100
Lateral sensitivity (%) <5

USB-1608G Multi-function Data Acquisition Instrument
Channel number 16

Maximum sampling rate (kS·s−1) 500
Distortion (%) <0.5

3.2. Test Conditions and Methods

The vibration characteristic test was conducted in July 2023 at the Teaching and
Research Base of South China Agricultural University and the Research Base of Dajisha,
both situated in Guangzhou City, Guangdong Province. The soil type in the test field
consisted of clay loam and sandy loam, and the vibration test site is depicted in Figure 2.
Relevant field parameters outlining its characteristics are detailed in Table 3.
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Figure 2. Seeder vibration test under different field soil-type conditions: (a) clay loam field, (b) sandy
loam field.

Table 3. Parameters related to field characteristics.

Field Type Items Parameter Value

Clay loam field
Soil moisture content of the subsoil (%) 37.6

Soil cohesion (kPa) 2.83
Permissible soil weight (g·cm−3) 1.81

Sandy loam field
Soil moisture content of the subsoil (%) 31.3

Soil cohesion (kPa) 2.56
Permissible soil weight (g·cm−3) 1.75

Various fields with distinct characteristics and operational speeds were carefully
selected for the comprehensive analysis of the vibration properties inherent to the rice
precision hole seeder. Before testing, both paddy fields featuring clay loam and sandy
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loam characteristics underwent leveling and compaction processes. The testing material
comprised Huanghuazhan Indica rice seeds, possessing a water content of 23.5%.

Figure 1 illustrates the structural configuration of the rice precision hole direct seeding
machine, which features a ten-row seeding assembly aligned symmetrically along the
central axis of the frame. To capture the dynamic vibrational behavior associated with the
operational mechanics of the machine, dual tri-axial acceleration sensors were strategically
positioned within the first and fifth rows of the seeding apparatus. These sensors were
oriented to measure accelerations along three principal axes: the longitudinal axis, corre-
sponding to the machine’s forward motion; the vertical axis, aligned with gravitational pull;
and the lateral axis, perpendicular to the other two. The precise locations of these sensors
are depicted in Figure 3, providing a clear visual reference of their placement in relation
to the machine’s geometric layout. This arrangement facilitated a comprehensive analysis
of the vibrational forces exerted during the direct seeding process, enabling a nuanced
understanding of the machine’s operational dynamics.
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During the investigation, the power chassis of the machinery was initially positioned
in the planting configuration. Six distinct speeds were selected for a comprehensive
vibrational analysis: stationary (0 m/s, unloaded), and operational speeds of 0.31 m/s,
0.61 m/s, 0.83 m/s, 1.13 m/s, and 1.27 m/s. The MCC DAQ data acquisition system was
meticulously set to perform continuous sampling at a rate of 2000 Hz, translating to a
sampling interval of 0.5 ms. The initiation of testing was contingent upon stabilization of
the vehicle’s speed.

The experimental design included 36 distinct test groups, stratified by two types of
characteristic fields, six varying speeds, and three iterations for each condition, ensuring
a robust statistical dataset. Selection of test segments was executed randomly to avoid
bias, with the stipulation that the machinery maintain a linear trajectory throughout each
30 s evaluation period. The vibrational analysis employed a MCC DAQ system, which
facilitated continuous data acquisition, capturing the dynamic response of the machinery
under varied operational conditions.

3.3. Analysis of Vibration Characteristics
3.3.1. Time-Domain Characteristic Analysis

The time-domain signals obtained from the fifth seed dispenser for the three axes of the
direct seeder are illustrated in Figure 4. The direct seeder, operating at a speed of 1.13 m·s−1,
was engaged in a clay loam soil field. Notably, the amplitude of the time-domain signals
in the Y-axis surpassed that in the X-axis and Z-axis. This observation implies that the
seeder experienced heightened vibration when operating perpendicular to the ground
surface. Consequently, future investigations will concentrate on discerning the vibration
characteristics in the vertical direction, specifically along the Y-axis.
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operating at a speed of 1.13 m/s in a clay loam soil field: (a) forward direction (X-channel), (b) vertical
direction (Y channel), and (c) swing direction (Z channel).

The evaluation of vibration amplitudes during the operational deployment of the di-
rect seeder was quantified using the root mean square (RMS) value of vibration acceleration,
a standard metric for assessing vibrational intensity [27]. Vibrations were observed to em-
anate from both the engine and the power take-off (PTO) during operation, as highlighted
by the results obtained under no-load conditions (0 m/s). The experimental framework
encompassed field tests across two soil variants: clay loam and sandy loam.

Figure 5 delineates the RMS acceleration values of vertical vibrations detected for
both the initial and fifth rows of seeders, across a range of operational velocities. It is
evident from the data that the actuation of the direct seeder markedly intensified the RMS
values relative to the quiescent, unloaded state. Furthermore, a direct correlation was
observed between the RMS values and the seeder’s forward velocity under consistent soil
conditions. Notably, within identical soil and speed parameters, the RMS values recorded
at the fifth row of seeders consistently exceeded those measured at the first, suggesting a
spatial variation in vibrational impact across the seeder’s configuration.
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A notable discrepancy was observed between the RMS values of the initial and fifth
seeders of the direct seeder, evident across its operation. The RMS values of the first-row
seeder in sandy loam fields at the same operating speed were slightly higher than those in
clay loam fields. Meanwhile, the RMS values of the fifth-row seeder in sandy loam fields
were often lower than those in clay loam fields. The RMS of the first-row seeder in clay
loam fields was the lowest, whereas that of the fifth-row seeder in the same fields was the
highest. Similarly, the RMS of the first-row seeder in sandy loam fields was the lowest, and
that of the fifth-row seeder in clay loam fields was the highest.

The vibration time-domain signal amplitude of the direct seeder during sandy loam
soil field operations at the medium level was primarily associated with engine speed, rotary
plowing rotational speed, equipment forward speed, and seeding ground conditions. The
performance of the fifth-row seeder was comparable.

The RMS measurements in the paddy field environment indicated that the first row of
the direct seeder had an average RMS value of 0.109 m·s−2, while the fifth row registered
an average RMS value of 0.211 m·s−2. Consequently, the vibration intensity of the fifth
row of the direct seeder significantly exceeded that of the first row under the operational
conditions of the clay loam soil field. In the sandy loam field environment, the direct
seeder’s first position had an average RMS value of 0.144 m·s−2, and the fifth position had
an average RMS value of 0.162 m·s−2. Although the vibration acceleration at both positions
in the sandy loam field was higher than that in the clay loam field, the difference between
the first and fifth seeder positions of the direct seeder was relatively smaller in the sandy
loam soil field.

In both operating environments, it was evident that the vibration acceleration of the
direct seeder’s fifth row was higher than that of the first row. The average RMS value for the
first-row seeder positions was 0.127 m·s−2, whereas that of the fifth row was 0.186 m·s−2.
These results indicate that the vibration acceleration of the direct seeder’s fifth row was
generally higher in both the clay loam and sandy loam soil field operating environments.
The various environments significantly impacted the vibrational acceleration of the power
chassis and the attached rice direct seeder, with the vibration level being higher in the sandy
loam field than in the clay loam field. This discrepancy may be attributed to differences in
soil texture, moisture content, and surface roughness. The fifth row of seeders on the direct
seeder experienced elevated levels of vibration acceleration compared to the first seeder
row, likely due to its proximity to the power chassis implement lifting hitch and its central
position in mechanical transmission and force transfer, making it subject to greater forces
and vibrations.

3.3.2. Frequency Domain Characteristic Analysis

The field-measured vibration signals of the direct seeder underwent Fourier transform
using MATLAB software, version 2021, to reveal their spectral characteristics. Table 4
presents the vibration frequencies of the first three orders of the seeders’ vibration signals
in diverse operating environments, encompassing clay loam and sandy loam fields. Re-
markably, at the same position on the seeder row, the power chassis equipped with a live
broadcasting machine exhibited similar vibration frequency distribution signals for the first
three orders in both clay loam and sandy loam fields, despite variations in forward speed.
This consistency implies that the primary vibration frequency distribution of the seeder
row remained stable across the various operating environments and was not significantly
influenced by vibration excitation. Shui Tian’s research determined that the distribution
density of the power spectrum for the excitation frequency plays a pivotal role in governing
the power chassis engine’s combustion work. Furthermore, the distribution density of
the power spectrum for the excitation frequency induced by road conditions constitutes a
significant contributing factor.
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Table 4. Vibration frequency and peak amplitude of each measurement point under different working
conditions.

First Row of Seeders Fifth Row of Seeders

First Order
Frequency

(Hz)

Second Order
Frequency

(Hz)

Third Order
Frequency

(Hz)

First Order
Frequency

(Hz)

Second Order
Frequency

(Hz)

Third Order
Frequency

(Hz)

Clay
loam
field

0 m·s−1 12.73 152.6 38.18 114.2 8.18 76.29
0.31 m·s−1 3.73 136.7 34.33 106.1 3.73 52.98
0.61 m·s−1 2.51 131.2 59.66 119.3 2.525 48.62
0.83 m·s−1 4.3 132.8 46.65 131.7 3.273 45.58
1.13 m·s−1 4.13 135.1 46.07 139.4 4.57 46.34
1.27 m·s−1 5.32 155.5 77.85 155.5 4.715 52.2

Sandy
loam
field

0 m·s−1 12.76 153.1 38.27 114.8 12.87 76.57
0.31 m·s−1 4.28 136.3 32.52 146.4 3.46 51.21
0.61 m·s−1 4.07 109.8 24.13 113.9 2.52 54.96
0.83 m·s−1 3.87 130.3 46.07 130.4 2.6 47.47
1.13 m·s−1 4.33 139.3 34.3 142.6 3.82 50.27
1.27 m·s−1 5.58 128.6 46.3 128.5 2.35 52.35

The vibration test on the first row of seeders for the direct broadcasting machine
revealed that the vibration frequencies of the first three peaks were approximately 4 Hz,
40 Hz, and 130 Hz. Concurrently, the test on the fifth row confirmed that the vibration
frequencies of the first three peaks were roughly at 3.5 Hz, 50 Hz, and 130 Hz. Both the
first and fifth rows of seeders underwent testing under identical operating conditions. The
results indicate that the peak frequency, hovering around 130 Hz, closely corresponds
to twice the engine excitation frequency. Similarly, the peak frequency around 40 Hz
aligns with twice the excitation frequency of the PTO rotary ploughing device. Lastly, the
peak frequencies at approximately 4 Hz and 3.5 Hz coincide with the excitation frequency
generated by road conditions.

Figures 6 and 7 display three-dimensional spectrograms illustrating various soil oper-
ating environments of the paddy power chassis attached to the direct seeder at different
seeder positions. Notably, the density of the power spectrum distribution, driven by the
combustion of the engine mixture in the paddy power chassis, emerges as the dominant
factor. Distinct data distributions are observed for the different row seeder test locations
in clay loam and sandy loam fields, with significant variations in frequency and peak
distributions at different vehicle speeds. Notably, the power spectral density peak of the
fifth row seeder in the direct seeder was more pronounced in both operating environments.
While the trend of the power spectral density remained consistent for the same row seeder
test position in both operating environments, the peak in the sandy loam field operation
exhibited greater variability than in the clay loam field operation.

Analysis of the predominant vibrational frequency of the seed dispenser across various
operational speeds demonstrates a discernible pattern, wherein the peak of the acceleration
power spectrum escalated concomitantly with an increase in travel speed. Investigation
into the distribution of the main vibrational frequencies under diverse operational condi-
tions highlighted that the pivotal determinants of frequency distribution within the seed
dispenser of the direct broadcasting machine were chiefly the engine speed of the paddy
power chassis and the vibrational stimuli emanating from the road surface across the
different agricultural terrains.
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Figure 7. Three-dimensional spectrograms of acceleration for different seed dischargers operating in
a sandy loam field: (a) first row of seeders, (b) fifth row of seeders.

4. Bench Tests on the Effect of Seeder Performance
4.1. Test Conditions and Methods

To evaluate the effect of seeder vibration on the performance of the seed discharger, we
used a HD-G809-5 six-degree spatial vibration tester from Haida International Equipment
(Suzhou, China) as a carrier for the seed test bed. The vibration test bed’s overall structure
is depicted in Figure 8. The seed discharger, along with its supporting motor, was securely
installed in six degrees of spatial orientation on the vibration table, to replicate the field
vibration operating conditions. The supporting motor, acting in lieu of the power chassis
PTO, drove the seed discharger’s operation. The conveyor belt, simulating the forward
movement of the direct broadcast machine, facilitated the discharge of rice seeds onto an
oiled surface. This conveyor belt adopts equipment from JIALIAN Automation Equipment
Co. (Shenzhen, China). An image acquisition camera, provided by MSHiWi Technology
Co. (Shenzhen, China), captured visual data of the adhered seeds on the conveyor belt.
Essential parameters of the experimental setup are detailed in Table 5.
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Table 5. Functional parameters of the laboratory bench.

Equipment Name Item Parameter

Conveyor belts
Conveyor belt (L × W, cm) 300 × 30

Conveyor belt material PVC
Conveyer speed (m·s−1) 0~1.3

Image acquisition camera

Camera model AF16V20
Pixel 16 million

Resolution 4656 × 3496
Focusing method Automatic

Zooming Autofocus
Angle Wide Angle 95◦, Viewing Angle 65◦

Six-degree spatial vibration tester

Model HD-G809-5
Direction of vibration Triaxial vibration

Size (L × W × H, mm) 500 × 550 × 500
Weight-bearing capacity (kg) 0~100

Acceleration interval (g) 0~15
Sweep Range (Hz) 0.5~600

Vibration waveform Sine wave

In this study, Hwanghwa Cham rice seeds characterized by their elongation and
indica variety with a moisture content between 22.8% and 23.7% were subjected to pre-
germination until they exhibited a white hue at the sprouting stage. A 2BDXZ-10CP
(20) rice precision hole seeder seed dispensing mechanism, a versatile unit capable of
manual adjustment to accommodate varying seed sizes through selectable hole dimensions,
facilitated the dispensation of seeds at two distinct rates: 3–6 grains per hole and 7–10 grains
per hole. This adaptability allowed for the precise control of sowing densities to suit diverse
agricultural requirements.

The vibrational frequencies selected for evaluation spanned from 0 to 170 Hz, as
informed by the frequency domain analysis of the direct seeder, detailed in Table 4. These
frequencies were segmented into three categories for analysis: low-frequency (0–60 Hz),
medium-frequency (70–130 Hz), and high-frequency (140–170 Hz) vibrations, to compre-
hensively understand the impact of vibrational forces across the spectrum.

For the purposes of visual documentation, an image acquisition system comprising a
camera interfaced with a computer via USB was employed. The camera, set to automatic
shutter release, was positioned 205 mm above the conveyor belt, equipped with a 4 mm
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lens yielding a field of view measuring 355 × 200 mm. Image capture intervals were syn-
chronized with the conveyor’s speed at 1.5 s intervals to ensure distinct, non-overlapping
images of the seed discharge process.

Prior to each test series, the shaking table’s control settings were meticulously cal-
ibrated to achieve the desired vibrational conditions. The conveyor speed was fixed at
1 m/s to achieve a consistent seed spacing of 12 cm. Following adjustments to ensure the
conveyor’s smooth operation, the motor was regulated to maintain a rotation speed of
60 rpm and a sowing height of 180 mm, facilitating the precise deposition of seeds onto the
oiled surface of the seedbed conveyor for subsequent image-based analysis.

In this investigation, seeding accuracy and dispersion were selected as the primary
metrics for evaluating the performance of seed dischargers [28,29]. Seeding accuracy
(µ) was quantitatively defined as the proportion of seeds accurately deposited into the
designated seed slot relative to the overall count of seeds dispensed. Given the dimensions
of the rice hole seeder’s seed slot at 35 mm and the width of the seeding experimental
stand’s conveyor belt set at 200 mm, meticulous calibration of the camera’s positioning
enabled the mapping of seeding strip width to image pixel dimensions, as illustrated
in Figure 9. Consequently, seeding accuracy within this context was articulated as the
fraction of seeds captured within the pixel range of 186 to 264 along the y-axis of the image,
compared to the aggregate seed count depicted. Mathematically, seeding accuracy (µ) was
represented by the following formula:

µ =
m1

m2
(1)
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In the equations presented, m1 denotes the number of seeds located within a specified
pixel range in the captured image, whereas m2 accounts for the total seed count observed
within the entire image. A higher value of µ (seeding accuracy) signifies a more precise
alignment of seeds within the designated seed slot, thereby enhancing the overall precision
of the seeding process.

The variable V (sowing dispersion) quantifies the variability in the spatial distribution
of seeds deposited into the seed slot, which has significant implications for the uniformity
of crop emergence and growth. Optimally, a reduced dispersion is preferable, as it supports
a more uniform root system development in hole-sown rice crops. In this study, sowing
dispersion was specifically defined as the variability in the placement of seeds across the
width of the seed slot. This was assessed through continuous image capture by an image
acquisition camera focused on the seed conveyor belt, where seeds positioned within the
y-direction pixel range of 186 to 264 were analyzed. The analysis involved recording the



Agriculture 2024, 14, 324 12 of 16

distance (yi) between each seed and a reference line, corresponding to the y-direction pixel
value of 186, to calculate V, the measure of sowing dispersion.

y =
∑n

i=1 yi

n

S′ =

√
∑n

i=1(yi − y)2

n

V =
S′

y

(2)

where y is the mean value of yi; S′ is the standard deviation of yi; n is the number of seeds
falling within pixels 186~264 in the y-direction. The larger the value of V, the higher the
degree of dispersion of the sowing.

4.2. Analysis of Test Results

The correlation between seed dispenser sowing accuracy and sowing dispersion curves
across different frequencies is depicted in Figure 10. Within the low-frequency interval, the
seeding accuracy of small holes averaged 95.46%, declining to 94.38% in the mid-frequency
interval, and slightly recovering to 95.71% in the high-frequency interval. Similarly, the
seed dispenser’s large hole sowing accuracy mirrored this trend, averaging 95.34%, 94.25%,
and 95.08% in the low, mid, and high-frequency intervals, respectively. Conversely, the
average dispersion of seeding for large holes increased from 19.49% in the low-frequency
interval to 20.81% in the medium-frequency interval and slightly decreased to 20.72%
in the high-frequency interval. The average dispersion of small hole sowing followed a
similar pattern, registering 19.55%, 20.85%, and 20.66% in the low, mid, and high-frequency
intervals, respectively.
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The observed trend highlights the significant impact of vibration frequency on the
seeding accuracy and dispersion of the planter seeder. Particularly in the mid-frequency
vibration interval, the decrease in seeding accuracy and increase in seeding dispersion
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may have stemmed from mechanical instability and resonance effects induced by vibration.
As the frequency further increased to the high-frequency interval, the accuracy recovered,
while the increasing trend of dispersion slowed down or even decreased, possibly due to
the diminishing effect of high-frequency vibration on the mechanical structure. Correlation
analysis indicated a moderate negative correlation (−0.54) between the small hole seeding
accuracy and dispersion, and a strong negative correlation (−0.74) for large holes. The
negative correlation between seeding accuracy and dispersion, particularly pronounced
for large holes, implies that increased accuracy led to a reduced seed dispersion and vice
versa. This relationship can be attributed to the effective control of seed dispenser filling
and discharge during stable operation, resulting in reduced seed dispersion at the time
of landing.

Linear and quadratic regression analyses, presented in Figure 11, further explored the
relationship between the vibration frequency of the seed discharger and sowing accuracy
and dispersion. The complex relationship observed suggests a non-linear correlation,
emphasizing that the variation in seed discharge performance with vibration frequency
was influenced by multiple factors, including the response characteristics of the direct
seeder’s mechanical structure and the intricate conditions of the power chassis operation.
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A comprehensive analysis revealed a substantial influence of vibration frequency on
the performance of the planter seed discharger, with mid-frequency vibrations notably
exerting a pronounced negative effect on both the seeding accuracy and dispersion. These
findings offer crucial insights for the strategic design of the seeder and power chassis
structure. This underscores the importance of considering performance variations across
different frequencies in the design phase of both the power chassis and seeder, particularly
emphasizing the need for refined vibration control within the mid-frequency range. This
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underscores the significance of optimizing the suspension systems of the power chassis
and engine to suit diverse vibration environments, ultimately enhancing seeding efficiency
and quality.

5. Conclusions

(1) This study meticulously examined the 2BDXZ-10CP(20) rice precision hole seeder,
focusing on the vibrational dynamics encountered under various sowing conditions. Time-
domain analysis of the vibrational signals indicated that the seeder experienced higher
levels of overall vibration in sandy-loam soil when compared to those encountered in clay-
loam soil field operations. Notably, an increase in the forward speed of the seeder correlated
with heightened vibration acceleration. Additionally, under consistent operating speeds
and soil conditions, the root mean square (RMS) vibration value of the seed dispenser
within the seeder was observed to exceed that of the initial dispenser configuration. This
finding suggests a direct transmission of vibrational energy from the power chassis to the
seed dispenser, affecting its performance across different locations of the seeder.

(2) Frequency domain analysis revealed that the operational vibrations associated with
the seeder predominantly fell within the 0 to 170 Hz range, a characteristic that held true
across both clay loam and sandy loam fields, irrespective of variations in the forward speed
of the seeder’s power chassis. The factors primarily influencing this frequency distribution
included the engine speed of the power chassis in paddy fields, the rotational speed of the
power take-off (PTO) rotary ploughing device, and external stimuli from varied operational
environments.

(3) Through the establishment of a vibration test bed, our research conclusively demon-
strated that vibration frequency significantly influenced the seeding accuracy and disper-
sion of the seeder, with pronounced effects observed within the 70–130 Hz frequency range.
During this interval, a noticeable decline in seeding accuracy and an increase in seed disper-
sion were observed, likely attributable to vibrational instability and resonance phenomena
within the seeder’s mechanical components. Conversely, as the frequency escalated to the
140–170 Hz range, there was a marked restoration in seeding accuracy and a deceleration
in the rate of dispersion increase. This trend reversal suggests a diminished impact of
high-frequency vibrations on the mechanical integrity of the seeder. The observed slow-
down in dispersion increase within the higher frequency domain underscores the potential
mitigating effects of high-frequency vibrations on the mechanical framework of the seeder.
Furthermore, analysis via a polynomial regression model revealed that the variations in
seeding performance could not be encapsulated by a straightforward linear relationship.
Instead, these variations were likely influenced by a multitude of factors, including the
mechanical response characteristics of the seeder and the operational complexities of the
power chassis. This complexity hints at the necessity for further in-depth investigations to
unravel the intricate interplay of these contributing factors and their collective impact on
the seeder’s performance.
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