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ABSTRACT

To address the high power consumption, limited load adaptability, and inadequate parameter matching of
conventional axial-flow threshing devices, power-consumption tests were conducted on an axial-flow threshing
device with adjustable threshing intensity using rice as the test material. The tests examined different
threshing-intensity modes, separating-screen types, and operating parameters. The effects of these factors on
no-load power consumption, effective power consumption, total power consumption, and mechanical efficiency
were analyzed. The results showed that total power consumption was minimized when the threshing-intensity
adjustment plates were fully open and the rectangular-hole separating screen was used. Total power
consumption increased with increasing drum speed, deflector angle, and feed rate, but decreased with
increasing concave clearance. Mechanical efficiency initially remained stable and then decreased as drum
speed increased, whereas it increased with increasing deflector angle and feed rate. The specific threshing
power consumption, expressed per unit feed rate, ranged from 4.4 to 5.2 kW/(kg/s). It increased with increasing
drum speed, deflector angle, and feed rate, and decreased with increasing concave clearance. This study
provides a reference for reducing power consumption and optimizing parameter matching in axial-flow
threshing devices with adjustable threshing intensity.
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INTRODUCTION

As the core working component of a grain combine harvester, the threshing device accounts for the
highest proportion of the total power consumption of the whole machine. The characteristics of threshing power
consumption directly affect the power matching, operating efficiency and performance, as well as fuel economy
of the combine harvester (Song et al., 2022; Li et al., 2011; Mousaviraad et al., 2020). In practical harvesting
operations, operating parameters such as drum speed, concave clearance and feed rate jointly determine the
threshing power consumption and the mechanical efficiency of the device (Kiniulis et al. 2017; Qin et al., 2025;
Yu et al., 2025). At present, harvesting equipment generally suffers from problems such as extensive
parameter matching, high operating power consumption, large fluctuations in mechanical efficiency and poor
load adaptability (Lu et al., 2012; Chen et al., 2025; Viadut et al., 2022).
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Especially under complex field conditions with uneven feeding and drastic changes in crop moisture
content, problems such as blockage, sharp increase in energy consumption, incomplete threshing or excessive
grain damage frequently occur, which seriously restrict the upgrading and development of combine harvesters
toward high efficiency, low consumption, intelligence and lightweight (Jin et al., 2015; Ren et al., 2013;
Steponavicius et al. 2023; Viadut et al., 2023; Zhang et al., 2026).

In recent years, scholars worldwide have conducted extensive research on the structural optimization,
parameter matching, and power consumption characteristics of axial-flow threshing devices. Waree et al.
(2016) investigated the effects of structural parameters on the power consumption of an axial-flow corn
threshing device using the response surface methodology. The results indicated that increasing the tine
clearance, concave grate clearance, and concave clearance could significantly reduce threshing power
consumption. Meanwhile, a power consumption prediction model with high fitting accuracy was established,
which provided a theoretical basis for the low-energy structural parameter optimization of threshing devices.
Fan et al. (2022) developed an adaptive feed-rate threshing clearance control system to address the excessive
power consumption caused by non-adjustable threshing clearance under varying feed rates. Tests showed
that the system could match the optimal threshing clearance, with the average power consumption increased
by only 3.45%. The system significantly improved operating performance while maintaining basically stable
energy consumption, providing a feasible approach for the energy-saving control of threshing devices. Ali et
al. (2024) optimized the rotor structure of sunflower threshers to conduct experiments for energy consumption
reduction. Their test results verified that rotor rotary speed and concave clearance exert remarkable impacts
on the specific energy consumption during threshing operations. When adopting the tine-bar rotor under the
working condition of 300 r/min rotor speed and 10 mm concave clearance, the specific energy consumption
was reduced from 9.65 kWh/ton to 5.09 kWh/ton. This finding demonstrated that structural improvement of
threshing rotors was an effective method to reduce the power consumption of threshing operations. Xing et al.
(2024) designed a longitudinal-axial flow threshing device with a measurement and control system to tackle
the high energy consumption and poor parameter matching of corn ear threshing under high moisture content.
Parameter optimization tests were carried out with drum speed, concave clearance, and deflector angle as
variables. A regression model of unit energy consumption was established and the optimal parameters were
obtained. Results showed that the unit energy consumption was reduced by 14.74% after optimization with
high model accuracy, offering a reference for the low-power consumption optimization of threshing devices.

Most existing studies focused on threshing devices with fixed structures and single adjustment mode,
and there is a lack of research on the power consumption characteristics of novel axial-flow threshing devices
with adjustable threshing intensity, multi-mode switching and multi-parameter collaborative regulation (Wang
etal., 2025; Xie et al., 2021). In particular, studies on the variation laws of power consumption and mechanical
efficiency under the coupling effects of different threshing intensity modes, separating screen types, concave
clearance, deflector angle and other parameters are insufficient.

Therefore, this study took an axial-flow threshing device with adjustable threshing intensity as the
research object. The device integrated an adjustable-intensity threshing concave, a 360° separation device, a
concave clearance adjustment mechanism, and a deflector angle adjustment mechanism, which could realize
the switching of four threshing intensity modes and multi-parameter collaborative regulation. Threshing power
consumption tests were carried out under different threshing intensity modes, separating screen types, drum
speeds, deflector angles, concave clearances and feed rates. The variation laws of no-load power
consumption, effective threshing power consumption, total threshing power consumption and mechanical
efficiency were systematically analyzed, and the influence mechanism of each parameter on threshing power
consumption was revealed. This study could provide experimental evidence and theoretical support for the
low-energy optimization and parameter matching of adjustable axial-flow threshing devices

MATERIALS AND METHODS
Structure of the longitudinal-axial flow threshing device with adjustable threshing intensity

The threshing intensity required during harvesting varies considerably among crop varieties, moisture
contents, and feed-rate conditions. The complexity of practical threshing conditions therefore imposes greater
requirements on the adaptability of the threshing device. To address these requirements, a longitudinal axial-
flow threshing device with adjustable threshing intensity was designed, as shown in Fig. 1. The device mainly
consists of a screw feeder, a trapezoidal threshing drum, an adjustable-intensity threshing concave, a 360°
separation device, concave-clearance adjustment mechanisms, deflectors, and a deflector-angle adjustment
mechanism.
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Fig. 1 - Structure of the longitudinal-axial flow threshing device with adjustable threshing intensity
1 — deflector angle adjustment mechanism; 2 — top cover; 3 — 360° separation device; 4 — upper sieve plate of 360° separation device;
5 — deflector; 6 — threshing element; 7 — trapezoidal threshing drum; 8 — separating concave; 9 — separating concave clearance
adjustment mechanism; 10 — return plate of 360° separation device; 11 — threshing concave; 12 — threshing concave clearance
adjustment mechanism; 13 — adjustable-intensity threshing concave; 14 — threshing-intensity adjustment plate; 15 — screw feeder; 16 —
frame; 17 — feed inlet

The structure of the adjustable-intensity threshing concave is shown in Fig. 2. It mainly consists of
threshing intensity adjustment plates, transverse grids, concave bars, side arc plates, electric actuator mounts,
electric actuators and transmission rods.

(a) - Full open mode (b) - Full closed mode
o @
3 © c Jo o
Q 2) () [©)
& O
@ e o ©
(¢) < (©)
o < O, ) = g &) 2 (o)
QO ©
] ©
(c) - Left open and right closed mode (d) - Left closed and right open mode

Fig. 2 - Structure and operating modes of the adjustable-intensity threshing concave
1 — electric actuator mount; 2 — electric actuator; 3 — transmission rod; 4 — threshing-intensity adjustment plate;
5 — transverse patrtition plate; 6 — Side arc plate

The threshing-intensity adjustment plates were divided into left and right parts. Each part contained 9
adjustment plates arranged in 3 rows and 3 columns.

434



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

Each adjustment plate was hinged on one side to the concave frame, and the other side was uniformly
controlled by an electric actuator through a transmission mechanism to switch between open and closed
states. The left and right electric actuators were both fixed on the concave frame. According to the required
threshing intensity during operation, the threshing-intensity adjustment plates could be adjusted to four modes:
fully open, fully closed, left open and right closed (viewed from the rear of the threshing device), and left closed
and right open (viewed from the rear of the threshing device), as shown in Fig. 2.

Test materials

Compared with other grains, rice grains and stems have higher moisture content, resulting in relatively
high power consumption during threshing. Therefore, rice was selected as the test material in this study to
investigate threshing power consumption. The relevant material properties of rice are listed in Table 1.

Table 1
Relevant material characteristic parameters of the test crop
Test | Plant height | Straw-to- | Grain moisture | Stem moisture | Thousand-grain Yield per unit
crop [mm] grain ratio content [%] content [%] weight [g] area [kg-hm]
Rice 865 1:1.1 23.2 58.6 275 8960
Test Method

The power consumption of the threshing device measured in the experiment included no-load power
consumption, effective threshing power consumption, and total threshing power consumption. No-load power
consumption referred to the power required to maintain the rotation of the threshing drum. Effective threshing
power consumption was the power consumed for crop threshing. Total threshing power consumption, which
is the sum of no-load power consumption and effective threshing power consumption, represented the total
power required for the threshing operation of the device. The power consumption of the threshing device (Wan
et al., 2005; Zhang et al., 2010) was calculated using Equation (1).

=9550 (1)
where: P is power consumption of the threshing device, kW; M is torque acting on the threshing drum during
operation, N-m; n is rotational speed of the threshing drum, r/min.

The experimental measurement equipment included a wireless torque measuring device, a data
receiving device, a drum rotational speed measuring device, etc., as shown in Fig. 3. Before the experiment,
the strain gauges of the torque acquisition device were adhered to the ground surface of the main shaft of the
threshing drum with glue and fixed with adhesive tape. The wireless torque node and battery were also fixed
on the main shaft of the threshing drum with adhesive tape. During the test, the torque data acting on the drum
was transmitted to a computer through a wireless gateway. An encoder was installed at the rear of the
threshing drum and connected to the main shaft of the drum via a coupling. The real-time rotational speed of
the threshing drum could be measured by the encoder when the threshing device was in operation. The
threshing power consumption could be obtained by substituting the torque and rotational speed parameters
into Equation (1).

(a) - Data receiving and processing
device

(b) - Drum torque acquisition device

(c) - Drum rotational speed
measurement device
Fig. 3 - Equipment used to measure threshing power consumption

To investigate the influence laws of different structural parameters of the threshing device on its power
consumption, comparative experiments were carried out on the threshing power consumption under different
switching modes of the adjustable threshing force concave sieve (as shown in Fig. 2) and different types of
separation sieve plates at the upper part of the 360°separation device (as shown in Fig. 4), respectively.
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(c) - Circular-hole sieve plate (d) - Grid-type sieve plate
Fig. 4 - Different types of sieve plates used in the upper separation device

The basic operating parameters of the threshing device were set as follows (Jiang et al., 2025; Zhou et
al., 2022; Liu et al., 2025): drum rotational speed of 900 r/min, deflector angle of 60°, concave sieve clearance
of 20 mm, and Feed rate of 4 kg/s. In the comparative experiment of threshing power consumption under
different switching modes of the adjustable threshing force concave sieve, the upper part of the 360° separation
device was equipped with a rectangular-hole separation sieve plate. In the comparative experiment of
threshing power consumption with different types of separation sieve plates for the 360° separation device,
the threshing force adjustment plates were fully opened.

To investigate the influence law of operating parameters on the threshing power consumption of the
threshing device, single-factor tests were conducted by selecting rotational speed of the threshing drum,
deflector angle, concave sieve clearance and feed rate as influencing factors. During the experiments, the
threshing force adjustment plates were fully opened, and the upper part of the 360° separation device was
equipped with a rectangular-hole separation sieve plate. The adjustment method of the operating parameters
is shown in Fig. 5. The level coding design of the experimental influencing factors is presented in Table 2.

(a) -Drum rotational speed adjustment device  (b) - Deflector angle adjustment device (c) Concave sieve clearance adjustment device

Fig. 5 - Operating parameters adjustment devices

Table 2
Experimental factors coding
Coded Value Drum rc{:::ar::ic:‘rrﬁl speed Deflect[?]r angle Concave clearance [mm] Fergd-;f;e
-1 800 50 10 3
-0.5 850 55 15 3.5
0 900 60 20 4
0.5 950 65 25 4.5
1 1000 70 30 5
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RESULTS AND DISCUSSION

The results of the comparative tests on threshing power consumption under the different operating
modes of the adjustable-intensity threshing concave are shown in Fig. 6. Among the four modes, total threshing
power consumption was lowest, at 27.14 kW, when the threshing-intensity adjustment plates were fully open,
and highest, at 27.67 kW, when they were fully closed. When the adjustment plates were fully open, the
effective separation area of the concave was larger, which reduced the amount of crop material retained in the
threshing chamber and decreased threshing resistance. Consequently, total threshing power consumption was
minimized. When viewed from the rear of the device toward the front, the threshing drum rotated
counterclockwise. Under this direction of rotation, threshing resistance was lower in the left-open/right-closed

mode than in the left-closed/right-open mode. Accordingly, the total threshing power consumption was lower
in the left-open/right-closed mode.

28.0

27.54

27.0 H

26.5

Total threshing power consumption [kW]

26.0 -

Fully open Fully closed Left-oplen and Left-closed and
right closed right open
Operating modes of the threshing-intensity adjustment plates
Fig. 6 - Comparison of total threshing power consumption among the operating modes of the
threshing-intensity adjustment plates
The results of the comparative tests on threshing power consumption using different separation sieve
plates in the 360° separation device are shown in Fig. 7.

28.5

28.0

27.5 1

27.0 +

26.5

Total threshing power consumption [kW]

Fully closed Rectangular Squarle hole  Circular Grid type
hole hole
Upper separation sieve-plate type

Fig. 7 - Comparison of total threshing power consumption among different
upper separation sieve-plate types

As shown in Fig. 7, when the upper concave sieve of the 360° separation device was fully closed, the
threshing power consumption was 28.06 kW, which was significantly higher than that under the open condition.
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This phenomenon could be attributed to the reduced separation area of the concave sieve in the fully
closed state, which prolonged the threshing and separation duration of crops in the threshing chamber and
thus increases the threshing power consumption of the drum. The order of threshing power consumption for
different types of separation sieve plates from low to high was as follows: rectangular-hole sieve plate, square-
hole sieve plate, circular-hole sieve plate, and grid-type sieve plate. The underlying reason for this result was
that, for separation sieve plates of the same overall size, the separation area of the rectangular-hole sieve
plate was larger than that of the other types. Although the grid-type sieve plate also exhibited a large separation
area in the front view, a considerable amount of threshed material exits the threshing chamber at a certain
angle relative to the sieve plate during separation, and the protruding structure of the grid-type sieve plate
impeded the separation process. Therefore, among the different types of separation sieve plates, the
rectangular-hole sieve plate achieved the lowest total threshing power consumption of 27.14 kW.

The effects of drum rotational speed on the threshing power consumption and mechanical efficiency of
the threshing device are depicted in Fig. 8. The no-load power consumption of the threshing device exhibited
a gradual upward trend with increasing drum rotational speed, rising from approximately 7.32 kW at 800 r/min
to about 9.21 kW at 1000 r/min. This phenomenon was attributed to the increased mechanical losses, such as
bearing friction and air resistance, at higher drum speeds, which elevated the basic energy consumption
required to maintain the idling of the drum. The effective threshing power consumption of the device increased
continuously with the rise in drum rotational speed, from approximately 17.76 kW at 800 r/min to around 20.68
kW at 1000 r/min. The increased rotational speed intensified the impact and kneading actions of the threshing
components on the crop materials, thereby raising the effective energy consumption for threshing, with a
growth rate slightly higher than that of the no-load power consumption. As the sum of the no-load power
consumption and the effective threshing power consumption, the total threshing power consumption also
presented a linear increasing trend with the elevation of drum speed, increasing from about 25.08 kW at 800
r/min to roughly 29.89 kW at 1000 r/min. The overall variation trend was steady without drastic fluctuations,
demonstrating the stable operation of the device within the tested rotational speed range.
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Fig. 8 - Effects of threshing-drum rotational speed on threshing power consumption and mechanical efficiency

As shown in Fig. 8, the mechanical efficiency of the threshing device remained relatively constant initially
and then decreased as the drum rotational speed increased. Within the range of 800 ~ 900 r/min, the
mechanical efficiency was stabilized at approximately 70.50%, indicating a high and stable energy utilization
efficiency of the device in this speed interval. When the rotational speed exceeded 900 r/min, the mechanical
efficiency began to decrease noticeably, dropping to about 69.76% at 950 r/min and further to 69.24% at 1000
r/min. The primary reason for the decline in mechanical efficiency was that the growth rate of no-load power
consumption surpasses that of effective threshing power consumption at high speeds, with more energy
dissipated in mechanical losses rather than being directly utilized for threshing operations, thus reducing the
energy utilization efficiency.
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The effects of deflector angle on the threshing power consumption and mechanical efficiency of the
threshing device are illustrated in Fig. 9. The no-load power consumption remained basically stable at
approximately 8.06 kW as the deflector angle increased from 50° to 70°.

This indicated that the variation in deflector angle exerted a negligible influence on mechanical losses
during drum idling (such as bearing friction and air resistance), and the no-load power consumption was only
determined by the inherent structure and operating state of the device. With the increase of the deflector angle,
the effective threshing power consumption of the device exhibited a steady upward trend, rising gradually from
approximately 18.68 kW at 50° to 19.60 kW at 70°. A larger deflector angle prolonged the residence time of
crops in the threshing drum, promoted more uniform material distribution, and enhanced the interaction
between threshing components and crops, thereby leading to a slight increase in effective threshing energy
consumption. As the sum of no-load power consumption and effective threshing power consumption, the total
threshing power consumption also increased slowly with the rise in deflector angle, from 26.74 kW at 50° to
approximately 27.66 kW at 70°. The overall variation was gentle without obvious abrupt changes,
demonstrating the stable operation of the device within the tested angle range.
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Fig. 9 - Effects of deflector angle on threshing power consumption and mechanical efficiency

As shown in Fig. 9, the mechanical efficiency of the threshing device displayed a continuous and
steady upward trend with the increase in deflector angle, rising gradually from approximately 69.90% at 50° to
about 70.91% at 70°. Although the increase amplitude was small, the trend was stable. The primary reason
for the improved efficiency was that the growth rate of effective threshing power consumption was slightly
higher than that of total power consumption, with more energy being efficiently utilized for threshing operations
rather than mechanical losses, thus resulting in a slight optimization of energy utilization efficiency as the
deflector angle increased.

The effects of concave sieve clearance on the threshing power consumption and mechanical efficiency
of the threshing device are presented in Fig. 10. The no-load power consumption remained essentially constant
at approximately 8.06 kW as the concave sieve clearance increased from 10 mm to 30 mm. This indicated that
the adjustment of concave sieve clearance exerted no significant influence on the mechanical losses during
drum idling, and the no-load power consumption was solely determined by the operating state of the device
itself. The effective threshing power consumption of the device exhibited a gradual downward trend with the
increase in concave sieve clearance, decreasing from 20.48 kW at 10 mm to 18.28 kW at 30 mm. A larger
clearance weakened the squeezing and kneading interaction between the threshing components and the crop
materials, and reduced the resistance of materials passing through the threshing zone, thereby lowering the
effective energy consumption directly used for threshing operations. As the sum of the no-load power
consumption and the effective power consumption, the total threshing power consumption also decreased
steadily with the increase in clearance, from 28.54 kW at 10 mm to 26.34 kW at 30 mm. The overall variation
was gentle without drastic fluctuations, indicating the stable operation of the device within the tested clearance
range.
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Fig. 10 - Effects of concave clearance on threshing power consumption and mechanical efficiency

As shown in Fig. 10, the mechanical efficiency of the threshing device decreased continuously as the
concave clearance increased, declining from approximately 71.80% at 10 mm to 69.45% at 30 mm, a reduction
of about 2.35 percentage points. This decrease occurred because effective threshing power consumption
declined more rapidly than total power consumption. Consequently, a greater proportion of the total input
power was associated with mechanical losses, such as those required to maintain drum rotation, rather than
being used directly for threshing. Therefore, energy-use efficiency gradually decreased with increasing
concave clearance.

The effects of feed rate on the threshing power consumption and mechanical efficiency of the device
are illustrated in Fig. 11. Within the experimental range where the feed rate increased from 3.0 kg/s to 5.0 kg/s,
the no-load power consumption remained stable at 8.06 kW without noticeable fluctuations. This indicated that
the variation in feed rate exerted no significant influence on mechanical losses during drum idling. The no-load
power consumption was determined only by the inherent structure and operating state of the device,
independent of the working load, which conformed to the basic characteristics of the no-load power
consumption of threshing devices. The effective threshing power consumption presented an approximately
linear upward trend with the increase in feed rate, rising from about 13.98 kW at 3.0 kg/s to approximately 25.2
kW at 5.0 kg/s. The underlying reason was that a higher feed rate corresponded to a greater amount of crop
material entering the threshing chamber per unit time, which synchronously enhanced the frequency and
intensity of impact and kneading actions exerted by threshing components on the crop.

Consequently, the effective energy consumption directly employed for threshing operations increased
substantially, with a stable growth rate and no obvious inflection point as the feed rate rose. As the sum of the
no-load power consumption and the effective threshing power consumption, the total threshing power
consumption exhibited a variation trend highly consistent with that of the effective threshing power
consumption, increasing rapidly and approximately linearly from 22.04 kW at 3.0 kg/s to 33.26 kW at 5.0 kg/s.
The continuous growth of total power consumption demonstrated that feed rate was a core sensitive factor
affecting the overall energy consumption of the threshing device. The greater the operation load, the higher
the energy consumption of the whole machine.

The mechanical efficiency of the threshing device increased continuously and rapidly with the rise in
feed rate, from approximately 63.49% at 3.0 kg/s to 75.81% at 5.0 kg/s, with an increase of 12.32 percentage
points, and the rising rate accelerated slightly with a higher feed rate. The essential reason was that the no-
load power consumption remained constant. Meanwhile, the effective threshing power consumption increased
linearly with feed rate. This led to a continuous rise in the proportion of effective threshing power consumption
in total power consumption and a continuous decline in the proportion of mechanical losses. Therefore, energy
utilization efficiency was significantly optimized. This regularity indicated that a proper increase in feed rate
could considerably improve the energy utilization efficiency of threshing operations and reduce the energy
consumption per unit grain mass. The premise was that the structural strength and threshing quality of the
device were satisfied.
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Fig. 11 - Effects of feed rate on threshing power consumption and mechanical efficiency

To further investigate the effects of operating parameters on the threshing power consumption of the
device, the variation laws of these parameters on the threshing power consumption per unit feed rate of the
threshing device were obtained, as shown in Fig. 12. The threshing power consumption per unit feed rate
generally ranged from 4.4 kW/(kg/s) to 5.2 kW/(kg/s). It increased with the rise of drum rotational speed,
deflector angle and feed rate, while decreasing with the increase of concave sieve clearance.
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Fig. 12 - Effects of operating parameters on specific threshing power consumption

CONCLUSIONS

1) The effects of device structural parameters on the total threshing power consumption were clarified.
Among the four modes of the threshing force adjustable concave sieve, the total threshing power consumption
reached the minimum value of 27.14 kW when the threshing force adjustment plates were fully open, whereas
the maximum value of 27.67 kW was obtained when the plates were fully closed. For different types of
separation sieve plates on the upper part of the 360° separation device, the rectangular-hole sieve plate
achieved the lowest total threshing power consumption of 27.14 kW.

2) Within the experimental range of drum rotational speed from 800 to 1000 r/min, with the increase of
rotational speed, the no-load power consumption rose from 7.32 kW to 9.21 kW, the effective threshing power
consumption increased from 17.76 kW to 20.68 kW, and the mechanical efficiency decreased from 70.63% to
69.24%. Within the deflector angle range of 50° to 70°, the no-load power consumption remained stable at
8.06 kW, the effective threshing power consumption increased from 18.68 kW to 19.60 kW, and the mechanical
efficiency rose from 69.90% to 70.91%. Within the concave sieve clearance range of 10 to 30 mm, the no-load
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power consumption was constant at 8.06 kW. The effective threshing power consumption decreased from
20.48 kW to 18.28 kW, and the mechanical efficiency dropped from 71.80% to 69.45%.

3) Within the feed rate range of 3.0 to 5.0 kg/s, with the increase of feed rate, the no-load power
consumption remained stable at 8.06 kW, the effective threshing power consumption rose from 13.98 kW to
25.20 kW, and the mechanical efficiency increased from 63.49% to 75.81%. The threshing power consumption
per unit feed rate of the device ranged from 4.4 kW/(kg/s) to 5.2 kW/(kg/s). It increased with the rise of drum
rotational speed, deflector angle and feed rate, while decreasing with the increase of concave sieve clearance.
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