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Abstract

To overcome the limitations of traditional fixed-speed threshing, this study applied a
variable-speed pulley transmission to a threshing device, with the aim of systematically
investigating the coupling relationships between working performance, vibration
characteristics, and the mechanism of speed variation during threshing. Using a cross-flow
threshing unit, bench tests were used to compare fixed-speed and three variable-speed
modes (T/2, T/3, T/4), in terms of threshing performance (impurity rate, loss rate, broken
stems) and axial vibration characteristics across feed rates of 0.0-2.5 ka/s. The results
indicate that variable-speed threshing reduces the loss rate by 0.45-1.79%, compared to
fixed-speed operations. Among these, T/2 and T/4 modes exhibited better adaptability to
varying feed rates; whereas, T/3 was prone to clogging at high feed rates. Vibration analysis
revealed that non-circular pulleys introduced significant periodic excitation, whilst feeding
significantly increased the vibration acceleration and prolonged its duration; the duration
increased, almost linearly, with the feed rate. Notably, variable-speed threshing, especially T/2
and T/4 modes, enabled faster recovery of vibration acceleration to a stable state after
threshing, indicating a superior dynamic response. This study clarifies the intrinsic "speed—
performance—vibration" relationship in non-circular pulley variable-speed threshing, providing
a theoretical and data foundation for developing intelligent threshing equipment that balances
high efficiency and low vibration.

Keywords: variable speed, threshing, vibration characteristics, working performance.

Introduction "heart" of a combine harvester and directly determines
the machine's operational efficiency, grain quality, and
economic return (Dong et al., 2023). Conventional
threshing drums typically operate at a fixed speed and
are valued for their structural simplicity and ease of
control; they remain widely used in production (Gu et al.,

Agricultural mechanisation and intelligentisation
are fundamental to ensuring national food security and
advancing agricultural modernisation (Dong et al.,
2024). The threshing device is often regarded as the
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2025). However, agricultural conditions are highly
variable, with frequent fluctuations in crop feed rate and
moisture content exhibiting significant randomness and
non-uniformity (Li et al., 2022). Fixed-speed threshers
struggle to dynamically adapt to such time-varying
workloads, often resulting in incomplete threshing, high
breakage rates, and increased grain loss, which limit
further improvements in harvest quality (Yang et al.,
2025). Furthermore, the intense vibration and noise
generated during their operation, not only affect
operator comfort but, also, pose long-term risks to
transmission-system reliability and structural integrity,
potentially shortening the equipment’s service life
(Bhandari & Jotautiene, 2022). Consequently,
developing new threshing technologies that can adapt
to varying conditions, while delivering high performance
and low vibration, has become a key research focus in
agricultural machinery (Dai et al., 2023).

To address the limitations of fixed-speed
threshing, variable-speed threshing technology has
emerged and attracted widespread research interest (Ji
et al, 2025). Among the proposed solutions,
mechanisms based on non-circular gears or pulleys
offer a promising approach. These mechanisms convert
a constant motor input speed into the periodic
non-uniform motion of the threshing drum, introducing
dynamic, rhythmic impacts and rubbing actions into the
threshing process (Ji et al., 2020; Syuhri et al., 2018).
Theoretical and preliminary experimental studies
suggest that this periodic speed variation can optimise
the threshing and separation process by altering the
instantaneous relative speed and force between the
grain and threshing elements. This may effectively
reduce grain damage, while improving adaptability to
uneven feed conditions, and enhance overall threshing
performance (Que et al., 2024; Yu et al., 2023).

Nevertheless, this approach presents its own
challenges. The inherent mass eccentricity and periodic
excitation of non-circular transmission mechanisms
inevitably introduce new and complex vibration sources
during operations (Tang et al., 2025). This creates a
coupled  "performance—vibration" system. The
performance benefits of speed variation may be
counteracted by induced vibrations and the resulting
dynamic loads can accelerate bearing wear, cause
structural fatigue, and even compromise operational
safety (Hao et al., 2022; Wang et al., 2023; Wang et al.,
2021). Recent research into non-circular pulley
variable-speed threshing devices has primarily focused
on performance improvements but largely neglected the

evolution of their vibration characteristics (Chai et al.,
2020; Wang et al., 2024). A systematic investigation
into the intrinsic coupling relationship and mechanism
between performance and vibration in such systems is
notably lacking. This gap in our understanding
significantly hinders the precise design and practical
application of this technology in equipment
demanding high reliability and operational quality (Liu et
al., 2022; Song et al., 2022).

Therefore, this study takes the non-circular pulley
variable-speed threshing device as its research object,
with the primary aim of systematically revealing the
coupling relationship  between its operational
performance and vibration characteristics, clarifying the
underlying mechanisms of speed variation. Through
integrated bench testing and signal analysis, our work
focuses on the following objectives: (1) analyse the
effects of different speed modes (T/2, T/3, and T/4) and
feed rates on performance indicators, including impurity
content, grain loss rate, and stalk breakage patterns; (2)
investigate the time-domain and frequency-domain
vibration response characteristics at the device's shaft
end under variable-speed conditions and elucidate their
fundamental differences from fixed-speed operations;
and (3) establish an intrinsic connection between
threshing performance and dynamic vibration
characteristics, ultimately constructing a correlated
"speed—-performance—vibration" model. The findings
should provide a theoretical foundation (and data
support) for optimising the design and control strategies
of a new generation of intelligent, high-efficiency,
low-loss, and stable-operation threshing equipment.

Material and Methods

Threshing separation performance test method

In order to evaluate the threshing separation
performance of the threshing device in a rice harvester,
five different quality samples of 0.5, 1.0, 1.5, 2.0 and 2.5
kg of rice were used in this study. Rice varieties
cultivated in different regions vary, leading to
differences in the physical and mechanical properties of
rice plants. To facilitate the acquisition of experimental
materials, the rice variety "Hui Liang You Si Miao”,
which is readily available in Zhenjiang City (Jiangsu
Province), was selected as the experimental material for
subsequent studies on the variation in plant traits during
threshing and for performance tests on threshing and
separation. The basic characteristics of the rice plants
are shown in Table 1.
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Table 1. Basic characteristics of rice plants.

Grains per

1000-Grain Grain Moisture Stem Moisture

Planting Variet Plant Panicle
Region Y Height Length
Zhenjiang ng';i/lr;go 1046 mm 170 mm

Panicle

Weight (g) Content % Content %

202 34.95 21.59-25.94 48.72-52.64

In the threshing performance test, five groups of
rice samples of the same quality were successively put
into the threshing device by means of artificial
continuous feeding.

During the period from the head of the first group
of samples entering the threshing chamber to the root of
the last group of samples entering the threshing
chamber, the feeding amount of the threshing drum was
approximately 0.5, 1.0, 1.5, 2.0 and 2.5 kg/s. After the
threshing was complete, the ejected material under the
screen of the concave sieve of the threshing device,
and at the straw outlet, were collected for subsequent
analysis. The impurities and grain quality after manual
cleaning were accurately weighed by electronic scales
and recorded. In addition, the culm in the mixture under
the concave sieve was manually selected for
subsequent testing and analysis.

Three indexes were set to evaluate threshing
performance: impurity content, loss rate, and stem
damage degree. Among these, the impurity content is
defined as the impurities dropped from the lower
concave screen of the threshing device as a percentage
of the total mass of the removed mixture. The impurities
mainly include non-grain materials such as straw, glume
husk and stone. In this experiment, only short straw was
included in the impurity content calculation and the
influence of other impurities, such as glume husk and
stone, was not considered.

Z, = ’A’;—z x 100% (1)

Where:
Zz is the impurity content;

m; is the quality of impurities dropped by the
threshing device from the lower concave sieve
screen, and

Mg is the total mass of the mixture dropped by the
threshing device from the lower concave screen.

The loss rate of the thresher is the percentage of
the lost kernel mass as a percentage of the receivable
kernel mass. The loss rate includes the entrainment
loss rate and the unstripped loss rate.

S = % X 100% @)
3

Where:
S is the loss rate;

ms is the mass of entrained and unpurified grains
in the threshing device, and

Ms is the quality of the grain received by the
threshing device.

The broken rice stems were divided into long,
medium and short stems, according to the length of rice
stalks in the mixture extracted under the gravure screen.
Stem lengths longer than 200 mm are considered to be
‘long’, stem lengths between 70 and 200 mm are
‘medium’, and stem lengths shorter than 70 mm are
‘short’. The proportion of each stem length in the mixture
extruded under the gravure screen was calculated.

In the threshing tests, the incomplete collection of
discharged materials and potential errors during manual
grain sorting inevitably introduce certain deviations into
the experimental data. To address this issue, when
analysing the performance results of the threshing
cylinder, the total mass of the mixture collected below
the concave sieve and the weight of cleaned seeds are
used as reference benchmarks for calculating other
relevant parameters. The specific calculations are:

Mass of the mixture discharged from the straw outlet =
Total feed mass — Mass of mixture below the concave
sieve; and

Mass of impurities below the concave sieve = Mass of
mixture below the concave sieve — Mass of grains
below the concave sieve.

Test method of vibration characteristics of
threshing device with variable speed

During the process of testing the threshing device,
it was observed that the vibration of the threshing device
is more significant under the drive of the variable speed
transmission mechanism. Compared with a round
pulley, a non-round pulley may cause more intense
vibration due to its irregular shape. This vibration may
adversely affect the working reliability of the variable
speed transmission mechanism, as well as the
transmission efficiency. In addition, due to the
phenomenon of drum imbalance, when the threshing
device is fed into the rice under the circular belt wheel
drive mode, the threshing time of the constant speed
threshing drum can be approximately determined by
comparing the difference in vibration characteristics of
the threshing device under a no-load threshing state.

In the vibration characteristics test of the
cross-axial flow threshing device, the vibration of the
threshing device was tested by installing an
acceleration sensor and setting the feeding amount to
0.0,0.5,1.0, 1.5, 2.0 and 2.5 kg/s, respectively. The test
method for the vibration characteristics of the threshing
device after installing the variable speed transmission
mechanism was the same as that of the constant speed
threshing cylinder. The vibration testing equipment used
was the vibration test software produced by China
Donghua Vibration Test Co., Ltd. and the accompanying
DH5902 vibration test acquisition analyser.
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The vibration test acquisition and analysis system
is shown in Figure 1. The acquisition instrument has 38
terminals, 36 of which are used for vibration test
channels. The instrument is equipped with a wireless
module, which can realise the real-time transmission of
short and medium distance data during the test, convert
the collected analogue signal into a digital signal in real
time, and transmit it to the software for real-time
analysis, storage and follow-up processing. Three axis
acceleration sensors were used in the test and the

Figure 1. Layout of the acceleration sensor.

In the test, the motor speed was set to 2800 r/min.

The vibration signal acquisition system was started and
then the power supply was switched on. When the
rotating speed of the threshing drum reached a
relatively stable state, the rice plants began to be fed in.
When all the rice had been completely threshed, and
there was no residue in the threshing room, the power
supply was cut off and the vibration signal stopped, after
the threshing drum had completely stopped. The whole
signal acquisition time varied slightly, depending on the
quality of the rice. To reduce errors, the experiment was
repeated three times for each feeding quantity. After
completing a set of vibration characteristic tests with
different feedings’, the pulley was replaced and the
central distance of the pulley was adjusted, to re-tighten
it. These steps were repeated and the next set of tests
were successively carried out until the vibration
characteristic testing of four kinds of belt wheels were

measurement direction of each sensor was consistent
with the relative coordinate direction. The arrangement
of the sensors is shown in Figure 1: the radial direction
of the grain roller coincides with the X direction of the
sensor and the axial direction coincides with the Y
direction of the sensor. Sensor 1 and Sensor 4 were
mounted on the bearing housings at both ends of the
threshing drum, Sensor 2 was mounted on the
threshing drum top cover, and Sensor 3 was mounted
on the rack.

completed for different feeding amounts. Finally,
DHDAS dynamic signal acquisition and analysis system
software was used to conduct follow-up processing and
analysis of the test results.

Results and Discussion

Analysis of impurity content of the extracted
mixture and stalk length

In order to analyse stalk fracture characteristics
under different working conditions, the lengths of stalk
segments in the mixture discharged from the threshing
zone were examined and classified. Under each test
condition, the discharged mixture was manually
cleaned and the stalk fragments, of varying lengths and
breakage patterns, were selected for assessment. The
results are presented in Figure 2.

Eng. agric., Jaboticabal, v.46, €20250158, 2026
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m Long stalk  m Medium length stem  m Short stalk
100%

80%
60%

40%

Number proportion

20%
0%

0505051 1 1 1515152 2 2252525
Feed amount(kg/s)

(a) Constant speed threshing device
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(c) T/3 variable speed threshing device
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(b) T/2 variable speed threshing device
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(d) T/4 variable speed threshing device

Figure 2. Stalk length distribution in the pull-out mixture under the concave sieve

Figure 2(a) shows the threshing test results of a
constant speed threshing cylinder. According to the
analysis and calculations, under different working
conditions, the mixture mass extracted from the
concave sieve accounted for 40.63-74.48% of the total
mass. The impurity content was 2.09-7.34% and the
impurities under the concave sieve included partially
broken stalks, rice leaves and stems with a certain
integrity. In terms of the number of culms: medium
culms > short culms > long culms. When feeding
amounts were 0.5 kg/s and 1.0 kg/s, there were no long
stalks in the pull-out mixture but long stalks were
observed in the 1.5, 2.0 and 2.5 kg/s feeds. In general,
with increasing amounts of feed, long stalks appeared
in the extracted mixture, with the proportion of medium
stalks increasing and the corresponding proportion of
short stalks decreasing.

Figure 2(b) shows the threshing test results of the
T/2 variable speed threshing cylinder. Under different
working conditions, the mixture extracted from the
concave sieve accounted for about 36.87-55.61% of the
total mass. The impurity content was about 2.73-9.93%
and, with respect to stalk content, middle stalks > short
stalks > long stalks, which was the same as for the
constant speed threshing device. A long stalk only
appeared when the feeding amount was 1 kg/s. In
general, with increased feeding amounts, there were no
long stalks, and the number of medium stalks first
increased but then decreased, while the number of

short stalks first decreased and then increased. On the
whole, the changing trend of each stalk length in the
threshing test of the T/2 variable speed threshing device
was the same as that of the constant speed threshing
device. The only difference was that the proportions of
short and medium stalks in the T/2 variable speed
threshing device were close, when the feeding amount
was 2 kg/s.

Figure 2(c) shows the threshing test results of the
T/3 variable speed threshing drum. When the feeding
amount reached 2 kg, the threshing drum became
blocked and could not continue to operate normally.
This indicates that, from the perspective of impurity rate,
the designed T/3 speed-changing threshing drum had
problems, such as low threshing feeding rates and high
impurity rates. Only three conditions, with different
feeding amounts, were completed in the test. The
results show that the mixture extracted from the
concave sieve accounted for 45.30-61.67% of the total
mass and the impurity rate was 6.59-12.79%. With
respect to the number of stalks, medium stalks > short
stalks > long stalks once again. In general, with an
increase in feeding amount, there were no long stalks,
the number of middle stalks first increased and then
stabilised, and the corresponding number of short stalks
first decreased but then stabilised. On the whole, the
changing trend of each stalk in the threshing test of the
T/3 variable speed threshing device was the same as
that of the constant speed threshing device but the
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feeding quantity test of the T/3 variable speed threshing
device was less, which may affect the test results, due
to insufficient data.

Figure 2(d) shows the threshing test results of the
T/4 variable speed threshing cylinder. Under different
working conditions, the mixture extracted from the
concave sieve accounted for 42.80-60.33% of the total
mass. The impurity content was 6.60-16.10% and the
number of stalks maintained the same rule as in the
threshing test of the constant speed threshing device,
i.e. middle stalks > short stalks > long stalks. A long
stalk only appeared when the feeding amount was 2.0
and 2.5 kg/s. In general, long stalks may occur with an
increase in feeding amount, the number of middle stalks
first decreased but then increased, and the number of

short stalks first increased but then decreased, when
the feeding rate was 1.5 kg/s.

Analysis of the loss rate of extruded mixture

The high water content of rice, the low rotation
speed of the threshing drum, the large clearance of the
concave screen, and the large feeding amounts may
lead to large threshing losses. According to [eq. (2)], the
loss rate of the extracted mixture, after threshing under
different transmission modes, can be calculated. The
loss rate includes entrainment loss and unstripped net
loss. The loss rate results for the threshing device,
under different transmission modes and different
feeding quantities, are shown in Table 2.

Table 2. Loss rate of threshing device under different working conditions.

Feeding Rate

Pulley

(kg/s) shape Trial 1 Trial 2
0.0 T 6.00 8.59
0.0 T/2 5.92 6.64
0.0 T/3 5.96 7.15
0.0 T/4 6.08 6.90
1.0 T 9.75 7.26
1.0 T/2 6.66 7.25
1.0 T/3 7.34 6.92
1.0 T/4 6.65 7.66
15 T 8.16 9.12
15 T/2 8.07 8.21
15 T/3 8.75 7.60
15 T/4 7.00 6.86
2.0 T 9.28 10.93
2.0 T/2 10.72 10.38
2.0 T/4 9.42 10.29
25 T 10.10 10.91
25 T/2 10.20 10.40
25 T/4 11.09 10.10

Trial 3 Average Star_1d_ard Vari.an_ce
deviation coefficient
6.54 7.04 1.38 19.60
7.39 6.65 0.74 11.14
5.30 6.14 0.96 15.63
5.47 6.15 0.72 11.71
7.95 8.32 1.26 15.14
7.77 7.23 0.57 7.88
6.85 7.04 0.27 3.84
6.17 6.83 0.75 10.98
9.69 8.99 0.78 8.68
7.71 8.00 0.25 3.13
7.19 7.85 0.78 9.94
7.73 7.20 0.47 6.53
11.84 10.68 1.28 11.98
10.88 10.66 0.26 2.44
10.55 10.08 0.58 5.75
12.32 11.11 1.16 10.44
11.53 10.71 0.68 6.35
10.78 10.66 0.50 4.69

Table 1 shows that, regardless of the constant
speed or variable speed threshing drum, the loss rate of
the extracted mixture after threshing was between 6.13%
and 11.11%. With an increase in feeding amount, the
loss rate of the removed mixture increased slightly,
which may be due to the increase of feeding amount
resulting in an increase in the thickness of the material
layer entering the threshing drum, thus reducing the
probability of the grain penetrating the material layer
and resulting in an increase in the entrained loss rate.
Under the same feeding amount, the loss rate of the
threshing drum with variable speeds was slightly lower
than that of the threshing drum with a constant speed.
This indicates that the variable speed threshing drum
can reduce the loss rate of the stripping mixture by
0.45-1.79%, compared to the constant speed threshing
drum. Therefore, the design of the variable speed drive
mechanism helps to reduce the threshing loss rate and
improve the threshing separation performance.

The coefficient of variation of most of the test
groups was less than 15%, indicating that the data from

the three repeated tests had good consistency and the
results were reliable. When the feeding rate was high
(1.5-2.5 kg/s), the majority of variable-speed
transmissions (T/2, T/4) had a coefficient of variation
lower than 10%, demonstrating more stable threshing
performance.

Vibration response analysis of threshing device
with variable speed

Time domain characteristic analysis of shaft end
vibration of variable speed threshing device

The core components of the cross-axial flow
threshing device test bench used in the test included a
frame, top cover, shaft, plate, nail tooth rod and nalil
tooth. Of these, the top tooth rod, nail teeth and plate
were symmetrically distributed in the centre of the
rotating axis. While the threshing device is running, the
drum shaft may produce centrifugal force during the
rotation process, due to factors such as uneven material
organisation or assembly error. This centrifugal force

Eng. agric., Jaboticabal, v.46, €20250158, 2026
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will lead to bending vibration of the shaft and, if the
vibration is intensified, it may cause resonance
phenomena and, even, lead to the disintegration of the
device. Therefore, the vibration characteristics of the
shaft end of the threshing device not only affect
the normal realisation of its function but are, also,
directly related to whether the resonance phenomena
will occur.

Since it is impossible to install the acceleration
sensor directly on the rotating shaft, the sensor was
installed on the shaft end of the threshing device in this
test; the vibration of the shaft was indirectly reflected
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(a) Left axis end

through the acceleration signal of the shaft end. When
the motor speed was 2800 RPM, the acceleration signal
of the variable speed transmission mechanism was
tested and the response signal of the shaft end of the
threshing device was obtained in the time domain.
Taking the vibration characteristic test of the constant
speed threshing device as an example, the acceleration
response signals of the left and right shaft ends in the
time domain were analysed. The acceleration response
signals of the left and right axis ends of the constant
speed threshing device, when the feeding amount was
0.5 kg/s, are shown in Figure 3.

unloaded Threshing process ynloaded

N
(=]

—
[=))

0

Acceleration m/s?

_30 T ‘ T T ‘ . Z T
0 2 4 6 8 100 12 14 16 18 20
Thresher working time /s

(b) Right axis end

Figure 3. Acceleration signal of shaft end of threshing device at constant speed when feeding amount is 0.5 kg/s.

As shown in Figure 3, under no-load conditions,
the acceleration signal of the threshing device presents
periodic changes; positive and negative values only
indicate the direction of acceleration. When the
threshing device began to feed in rice, after idling and
stabilising, the acceleration signal at the axial end
changed significantly, gradually weakening and
becoming stable as the threshing process progressed.
When 0.5 kg rice was fed in, the maximum acceleration
of the left axis end of the constant speed threshing
device at 0.0-3.7 s was, basically, the same as that in
no-load conditions. In the stage of rice feeding and
threshing from 3.70 to 13.47 s, the Z-axis direction of
the acceleration sensor at the left axis end changed
most significantly. The maximum acceleration in the
Z-axis direction of the left axis reached 37.629 m/s?,
which was an increase of 172.79%, compared with
13.794 m/s? in the no-load condition. The whole

threshing process lasted about 9.77 s. During the same
threshing process, the maximum acceleration in the
Y-axis direction of the right axis end increased by 6.35%,
the Z-axis direction increased by 17.04%, and the
maximum acceleration in the X-axis direction
decreased by 8.31%.

It can be seen that the impact force on the left
axis end in the Z axis direction was greater, while the
impact force on the right axis end in the X axis direction
was greater when there was no load. This indicates that,
when rice was fed radially from the left side of the drum,
the maximum acceleration in all directions of the left and
right axial ends increased, i.e. the two axial ends will
suffer greater impact force.

Similarly, the vibration response signals of the left
and right axis ends of the constant speed threshing
device, with different feeding quantities in the time
domain, are summarised in Table 3.
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Table 3. Acceleration response signals of the left and right axis ends of the constant speed threshing device in the time domain.

Feedipg Acceleration at the left axis end (m/s?) Acceleration at the right axis end (m/s?) Threshing
qtjkagn/g)ty Direction M?/)gmgm Minimum  Mean  Direction M%ﬂmgm Minimum Mean value time (s)
X 12.268 -11.628 -0.530 X 31.220 -27.680 0.552
0.0 Y 7.355 -8.240 -0.566 Y 13.947 -13.092 -0.180 /

4 13.459 -13.794 -0.659 Z 17.365 -20.234 -0.414
X 14.588 -13.520 -0.643 X 28.626 -27.619 0.574
0.5 Y 13.581 -16.053 -0.569 Y 14.069 -14.832 -0.187 9.77
z 30.671 -37.629 -0.695 z 23.682 -22.828 -0.564
X 17.273 -13.733 -0.163 X 40.101 -46.602 -0.454
1.0 Y 12.848 -12.513 -0.218 Y 18.525 -17.701 -0.306 14.22
z 30.793 -33.906 -0.213 z 31.983 -24.140 -0.188
X 25.88 -25.636 -0.497 X 57.772 -54.781 -0.567
1.5 Y 12.268 -14.252 -0.539 Y 29.054 -48.555 -0.402 22.64
Z 29.878 -32.411 -0.565 Z 25.697 -28.504 -0.447
X 17.426 -17.823 -0.081 X 28.596 -30.030 0.513
2.0 Y 14.924 -15.015 -0.079 Y 17.945 -19.318 0.182 37.24
z 40.010 -39.308 -0.097 z 22.462 -24.689 -0.182
X 18.616 -19.105 -0.123 X 36.195 -28.108 0.705
25 Y 12.818 -13.642 -0.018 Y 24.171 -24.079 -0.373 42.54
z 33.967 -39.918 -0.051 z 21.180 -22.065 0.094

Table 3 shows that, after feeding rice into the
system, the maximum value of the acceleration signal
on the left and right axes of the constant speed
threshing device increased in all directions, compared
to that with no loading. However, at feeding rates of 0.5
and 2.0 kg/s, the maximum value of the acceleration
sensor at the right axial end in the X direction decreased
slightly, by 8.31% and 3.81%, respectively, compared
with that under no loading. The variable range of
acceleration of the threshing device was relatively
stable under the no-load condition but the variation in
the range of acceleration was significantly expanded
after rice feeding, indicating that the impact force on the
shaft end was increased due to the feeding in of the rice.
For different feeding quantities, the acceleration of the
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left axis end in the Z direction was usually greater, while
the acceleration of the right axis end in the X direction
was more significant. In addition, the vibration time in
the threshing process also increased with the increase
of feeding mass and the changing trend was
approximately linear.

The acceleration signal of the shaft end of the
variable speed threshing device was analysed in a
similar way to the analysis method used for the
acceleration signal of the shaft end of the constant
speed threshing device. The changes of acceleration
signals at the left and right axis ends of the T/2 variable
speed threshing device, with different feeding amounts,
are shown in Figure 4.
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Figure 4. Change of acceleration signal at shaft end of T/2 variable speed threshing device.

As shown in Figures 4(a) and 4(b), under no-load
conditions, the acceleration signals of the left and right
axial ends of the T/2 variable speed threshing device
showed obvious periodic changes. In the 0.0-0.2 s
period, the acceleration signal completed approximately
five cycles of change, with the calculations showing that
each cycle lasts about 0.04 s. This result is basically
consistent with the calculated period of 0.0421 s for the
angular speed change of the T/2 transmission
mechanism. In this state, the maximum vibration
acceleration of the left axis of the threshing device in the
X direction was 32.105 m/s?, the maximum value in the
Y direction was 17.457 m/s?, and the maximum value in
the Z direction was 34.516 m/s2. The maximum vibration
acceleration of the right axis was 25.849 m/s? in the X
direction, 25.239 m/s? in the Y direction, and 38.759
m/s? in the Z direction. It can be seen that the left and
right axial ends of the threshing device suffer the largest
impact force in the Z direction when no load is loaded.
Compared with the impact of the constant speed
threshing device under no-load, this impact is obviously
greater, which may be caused by the characteristics of
the pulley structure.

As shown in Figures 4(c) and 4(d), when rice is
fed in, the maximum values of acceleration signals at

the left and right axes of the T/2 variable speed
threshing device in all directions were significantly
higher than those with no load. This indicates that the
feeding in of rice has a significant effect on the impact
force at both axial ends of the threshing device. Under
different feeding quantities, the acceleration signals of
the left and right axial ends of the variable speed
threshing device were always at a maximum in the Z
direction. On the one hand, the increase of the
acceleration signal on both sides of the axial end after
rice feeding may be due to the characteristics of the
non-circular pulley structure but, on the other hand, the
dynamic load of the device was increased by the
feeding in of the rice.

The testing of the T/3 variable speed threshing
device caused a blockage phenomenon when the
feeding amount reached 2.0 kg/s. Therefore, in the
vibration characteristic test, only four feeding conditions
(0.0, 0.5, 1.0, and 1.5kg/s) were investigated in the T/3
variable speed threshing device. The acceleration
signal data of the T/3 variable speed threshing device,
and other T/4 variable speed threshing devices, were
summarised and analysed using the same method of
vibration characteristic analysis as the constant speed
threshing device, see Figure 5.

Figure 5. Changes in acceleration signals at the shaft end of T/3 variable speed threshing device and T/4 variable speed

threshing device.
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As shown in Figure 5, under no-load conditions,
the acceleration of the left axis end of the T/3 variable
speed threshing device in the Z direction was larger,
while the acceleration of the right axis end in the Y
direction was larger. When rice was fed in, the
maximum values of acceleration signals at the left and
right axes of the threshing device were significantly
higher than those under no loading, in each direction.
Specifically, the acceleration of the left axis end in the Z
direction was still the maximum and the acceleration of
the right axis end in the Y direction was still the most
dominant, which is consistent with the no-load state.
However, due to the relatively small amount of rice
feeding that the T/3 variable speed threshing device can
handle, the maximum vibration acceleration at both
axial ends of the T/3 variable speed threshing device
was slightly lower than for other variable speed
threshing devices.

In the no-load operation of the T/4 variable speed
threshing device, the acceleration in the X direction on
the left axis was more significant, while the acceleration
in the Z direction on the right axis was more prominent.
When rice was fed in, the maximum value of the
acceleration signals at the left and right axes of the
threshing device increased, compared with that under
no loading. At this time, the acceleration in the X
direction of the left axis end still maintained a large
value, while the acceleration in the right axis end may
be in the Y direction or the Z direction, depending on the
feeding conditions and the running state of the device.

Analysis of vibration frequency domain
characteristics of shaft end of variable speed
threshing device

Although the time domain characteristics of the
shaft end vibration of a variable speed threshing device

was analysed in our study, it is difficult to fully reflect the
intensity of shaft end vibration merely through the shaft
end vibration acceleration signal. Therefore, this section
describes the findings of further fast Fourier transform
(FFT), which was carried out on the acceleration signal
of the variable speed threshing device, to obtain the
spectral diagram of its frequency domain characteristics.
The spectrum diagram allows the analysis of the main
frequency components, which cause the vibration of the
shaft end of the threshing device, and the
corresponding vibration amplitude to be carried out, so
as to understand the nature and source of vibration
more deeply.

The speed of the small pulley was 2800r/min, and
its base frequency was 46.67 Hz. The speed of pulley 1
was 700 r/min and its base frequency was 11.67 Hz.
The base frequency range of the non-circular pulley can
be calculated by converting the angular velocity range
of each non-circular pulley into the speed range of the
non-circular pulley. The angular velocity range of belt
wheel 2 was 4199.109-4511.241 °/s and its base
frequency was 11.66-12.53 Hz. The angular velocity
variation range of pulley 2 was
4192.6211-4497.5724 °/s and its base frequency was
11.65-12.49 Hz. The angular speed variation range of
pulley 4 was 4192.3544-4498.7758 °/s and its base
frequency was 11.65-12.50 Hz.

The vibration spectrum diagram of the left and
right shaft ends of the constant speed threshing device
(with no load) was analysed. By summarising and
analysing the spectral graph data, which are close to
the base frequencies of the two wheels. Under this
condition, the Z direction spectrum diagram of the
acceleration sensor on the left axis end of the threshing
device is shown in Figure 6.
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Figure 6. Z direction spectrum diagram of acceleration signal of the left axial end of the threshing device at constant speed under

a no-load condition.
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Figure 6 shows that the top 20 peak points of
excitation frequency of the left axis end of the constant
speed threshing device, under no-load, were mainly
concentrated at 49.805-149.414 Hz, which belongs to
the low frequency range. At this time, the maximum
displacement of the end of the left axis in the Z direction
was 2.031 microns. From the spectral diagram of the
displacement at the axis end, it can be seen that the
peak displacementis its largest at a frequency of 49.805
Hz. Because the speed of the motor and the speed of
the small belt wheel are the same, there may be
superposition of the excitation on the shaft end of the
threshing device. Compared with the displacement of
2.031 microns in the X direction and 1.071 microns in
the Y direction, at the left axis end at this moment, the
displacement in the Z direction is larger. The results
show that the amplitude of the Z direction of the left
shaft end was at its largest when the constant speed
blasting device was unloaded. The main excitation
source may be the motor or small belt wheel and the
vibration generated by the drive belt or belt wheel 1 has

T/2 variable speed threshing device

Acceleration m/s?

| Constant speed threshing device
T T T T T T

0 2 4 6 8 101214 16 18 20

Vibration time/ s

Acceleration m/s?

Figure 7. Change of vibration acceleration in the Z direction
at the left axis end of the 0.5 kg rice threshing device.

Under different transmission mechanisms, the
threshing time required to process the same quantity of
rice remained largely consistent. As shown in Figure 7,
using the constant-speed threshing device as a
reference, the Z-direction vibration acceleration at the
left shaft end was compared between the
constant-speed and T/2 variable-speed devices. In both
cases, a sudden increase in acceleration occurred upon
rice feeding, followed by a gradual decline towards the
no-load state. However, the T/2 variable-speed device
recovered to the baseline more quickly, suggesting that
its drive mechanism better compensates for the
imbalance induced by stalk entry.

Figure 8 illustrates that threshing time increased
approximately linearly with feed mass—from about
9.77 s for 0.5kg to 42.54 s for 2.5 kg of rice. Across all
of the tested feed masses, the variable-speed devices
consistently exhibited shorter vibration recovery times
than the constant-speed device. Of these, the T/4

relatively little influence on the actual vibration of the left
shaft end.

Analysis of the duration of vibration acceleration of
the threshing device at variable speed

The vibration signal of the constant speed
threshing device will change after feeding in the rice, i.e.
the vibration characteristics of the no-load state and
threshing state are different. The threshing test was
carried out by feeding 0.0, 0.5, 1.0, 1.5, 2.0, and 2.5 kg
rice into the threshing device at one time. Under
different transmission mechanisms, the time of
threshing rice of the same quality should be about the
same. Taking the feeding of 0.5 kg rice as an example,
the vibration acceleration signals in the Z direction of the
left axis end of the constant speed threshing device and
the T/2 variable speed threshing device change over
time, as shown in Figure 7. Similarly, the vibration
duration of the acceleration signal of the constant speed
and variable speed threshing device under different
feeding conditions is shown in Figure 8.

u Constant speed threshing device
u T/2 variable speed threshing device
u T/3 variable speed threshing device
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Figure 8. Vibration recovery time of the threshing device
at constant and variable speeds.

configuration performed best at 0.5kg, while the T/2
device showed a greater advantage within the 1.0—
2.5kg range.

Conclusions

(1) In terms of impurity content, the threshing
performance of the T/2 variable-speed drum was better
at a feeding rate of 0.5kg/s, while the constant-speed
drum performed better under other feeding rates.
Regarding adaptability to varying feeding rates, the
constant-speed, T/2 variable-speed, and T/4
variable-speed drums all out-performed the T/3
variable-speed drum. The loss rate for both
constant-speed and variable-speed drums ranged from
6.13% to 11.11%, showing a slight increase with higher
feeding rates. Notably, under the same feeding rate,
variable-speed drums reduced the loss rate by 0.45-
1.79% compared with the constant-speed drum,
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indicating that the variable-speed transmission
mechanism offers advantages in lowering losses and
improving separation performance.

(2) The vibration characteristics at the shaft end of
the variable-speed threshing device were significantly
influenced by multiple factors. Under no-load conditions,
the vibration acceleration exhibited clear periodic
variations, which differed among the variable-speed
configurations. When rice was fed in, acceleration
signals increased markedly in all directions, reflecting a
substantial rise in dynamic load and impact. Moreover,
as feeding rate increased, the vibration duration during
threshing became longer, demonstrating that vibration
behaviour is closely related to the device’s structure and
transmission mode.

(3) Overall, the T/2 variable-speed device delivered
better performance, in terms of impurity content at
0.5kg/s; whereas, the constant-speed device was
superior at 1.0-2.5kg/s. With respect to loss rate, the
T/4 variable-speed device performed the best. In terms
of peak vibration acceleration, the T/3 variable-speed
device was preferable. Regarding the recovery time of
vibration acceleration, the T/4 device was better at
0.5kg/s but the T/2 device was better at 1.0-2.5 kg/s.
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