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ABSTRACT

In this paper, the basic rigid unit and discrete element rigid model of reed stem and discrete element flexible
model of reed stem were established by means of multi-spherical filling and other methods. Then, three-point
bending test was carried out in EDEM software to complete the calibration of bonding parameters. Finally,
simulation analysis was carried out with the loss rate as the index. The simulation results show that the optimal
parameter combination is 46 r/min for the transverse transmission device, 53 r/min for the vertical clamping
longitudinal transmission device, and 470 mm for the center distance of the drum. Finally, the initial field test
verifies that the maximum parameter combination of the harvester header is 49 r/min for the transverse
conveying device of the header, 51 r/min for the vertical clamping longitudinal conveyor and 1.1 m/s for the
field forward speed of the reed harvester, and the loss rate of the harvester is 3.36%, and the optimal parameter
combination is consistent with the simulation analysis results.
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INTRODUCTION

Transverse transfer and longitudinal clamping of the whole reed stalk are the key technologies of the
cutting table of crawler self-propelled reed harvester, and the working performance of the corresponding device
directly affects the reed loss rate (Jin et al., 2010, Liu et al., 2021). The first section is transverse transfer. After
the reed stalk root is cut off, the transverse transfer device is transferred to the front end of the vertical clamping
longitudinal transfer device. The second section is longitudinal conveying. The reed stalk is transported from
the front end to the rear binding mechanism by the vertical clamping longitudinal conveying device. The
connection of the two sections of conveying device is realized by the finger of the transverse transmitting
device and the conveying roller.

At present, there are reed harvesters at home and abroad, they choose silage harvester headers to cut
the reeds, and then the square baler pulled by the tractor collects and bales the broken reeds and sends them
to the trailer for storage (Luigi et al., 2016). Martelli et al attached a header in front of the tractor, which contains
a grinder to cut and crush the reeds (Martelli et al., 2015). Ivan et al designed a reed harvester capable of
harvesting reed vegetation located at the edge of canals and lakes, consisting mainly of a floating harvesting
device, a platform for conveying and storing reeds (lvan et al., 2017). Jiangsu Binhai County Agricultural
Mechanization Institute is designed to be 4GL-130 reed harvester on the basis of rice and wheat harvester,
which is compact in structure, easy to hook, and adopts vertical header and manual lifting (Yuan et al., 1987).
Ma Qingyong discussed and studied the position of the reed cutter table, and used the tracked chassis to solve
the problem of heavy load on the front wheel of the harvester (Ma et al., 2010).

345


mailto:………ymli@ujs.edu.cn………

Vol. 71, No. 3 / 2023 INMATEH - Agricultural Engineering

Yuan Chunfu improved the header device of the reed harvester in view of the problem of small cutting
width of the reed harvester, and its cutting mechanism was composed of three cutters, which were respectively
responsible for the cutting of the roots of the high-stem crop, the root of the high-pole crop and the cutting of
the rattan on the side of the cutting surface (Yuan et al., 2014). Ni et al designed the reed harvester for the
phenomenon that it is prone to lodging and jamming in the reed harvest process. Therefore, the multi-layer
conveying chain is used to push the reed wheel and the moving tooth to drive the reed to move in the rotating
direction of the chain (Ni et al., 2021).

In order to transport reed stalks neatly and orderly from transverse to longitudinal, this paper uses EDEM
software to conduct discrete element simulation research on reed stalk transport process of crawler self-
propelled reed harvester, establishes the rigid and flexible discrete element model of reed stalk, and constructs
the transportation system simulation system of reed stalk from transverse conveying mechanism to vertical
clamping longitudinal conveying mechanism. Discrete element method has been widely used (Wang et al.,
2010, Andrewg et al., 2011). This method can provide information about the macroscopic and microscopic
behavior of the particle system. Lv et al., (2023), verified the operation performance of their designed potato
soil crushing and preparation combined operator by establishing a component-soil discrete element model.
Zhou et al., (2023), established the root-tuber of Jerusalem artichoke at harvest time and calibrated its physical
characteristics, thus laying a research foundation for the harvester.

The discrete element rigid model of reed stems was established by means of EDEM software
polyhedron filling and layering. The discrete element flexible model of reed stems was established by Hertz-
Mindlin with bonding contact model, and the parameters were calibrated by three-point bending test. The
simplified discrete element model of the transversal conveyance and the longitudinal clamped conveyance
was established, and the optimal rotation speed was obtained by dynamic analysis, which provided a
theoretical basis for the selection of parameters in the subsequent field operation.

MATERIALS AND METHODS
Crawler self-propelled reed harvester cutting table device overall scheme design
Cutting table design scheme

The cutting platform of reed harvester designed in this paper integrates the functions of cutting,
transverse transfer and longitudinal clamping, and can achieve low loss and high efficiency harvesting of the
whole reed rod. The reed harvester cutting table device is mainly composed of the left and right dividing rod,
cutting device, transverse transfer device, vertical clamping longitudinal conveying device and other working
parts. The 3 D map is shown in Figure 1 (a), the physical diagram is shown in Figure 1 (b).

Fig. 1(a) - 3D illustration of header Fig. 1(b) - Real object of header
1-The right dividing rod of the cutting table; 2-cutting table left dividing rod; 3-cutting table cutting device; 4- cutting table transverse
transfer device; 5-cutting table vertical clamping longitudinal conveying device; 6-cleaning device, 7-bottom root device; 8-strapping device

Working principle of the cutting table device

When the crawler self-propelled reed harvester cutting platform device performs field harvesting
operations, the hydraulic cylinder is responsible for controlling the lifting of the harvester cutting platform device,
the reed plants are divided into ridges by the left and right dividers, and the reed plants are gathered and
collected by the lateral transfer device. The reed stalks after cutting are transferred from both sides to the
middle. The reed stalk is fed into the vertical clamping longitudinal conveying device by an active roller fitted
with the high friction conveyor belt, and the reed stalk is finally transported by clamping at the entrance of the
device to the binding place at the tail.
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Discrete element analysis of transverse versus longitudinal conveying devices
Establishment of discrete element modeling

As shown in Fig.2, simplifying the three-dimensional model of the transverse and longitudinal gripper
conveyer-device, leaving only the end of the transverse conveyer-device and the front end of the vertical
gripper longitudinal conveyer-device affects the transition part of the tall reed stalk from the transverse
conveyer-device to the longitudinal gripper conveyer-device.

Fig. 2 - Simplified lateral and longitudinal conveying devices
1- Upper horizontal transfer mechanism; 2- Lower horizontal transfer mechanism; 3- Vertical clamping longitudinal conveyor

Definition of the reed stalk model

The Hertz-Mindlin with bonding contact model was used to construct the flexible model of reed culms
(Zhang et al., 2018). The reed plants involved in this paper vary in length from 2.5-3 m and in diameter from
12-20 mm. In order to improve the simulation speed, the reed stalk model is simplified according to the physical
characteristics of the reed stalk, and it is regarded as a hollow cylinder composed of rings composed of
numerous particles and stacked with layers of rings. Basic parameters are shown in Table 1. It provides data
basis for the establishment of reed stem discrete meta-model (Bart et al., 2014).

Table 1
Geometric dimensions of reed stalks
Parameter Scope/ mm Mean value / mm
Culm length 2500~3000 2750
Stem wall thick 1.8~2.6 2.2
Stem diameter 12~20 16

Establishment of the Rigid model

The basic rigid element of reed stem was established by means of multi-spherical filling and layering
(Wang et al., 2020). The specified particle coordinate rules (part) are shown in Fig.3 and Fig.4, and the discrete
element rigid model of reed stalk established is shown in Fig.5.

Position X Position Y PositionZ  Physical Radius Name Particle Type Position X Position ¥ PositionZ
(mm) (mm) (mm)
(mm) (mm) (mm) (mm)
328 particle 337 New Particle2 0 0 1546.3
4 2.03522 5.28128 -0.00130431 23 . i
329 particle 329 New Particle2 0 0 1551
5 -5.27647 203485 -0.00184566 23 330 particle 330 New Particle2 0 0 1555.7
6 5.28165 -2.0304 0.000474478 23 331 particle 338 New Particle 2 0 0 1560.4
7 -2.03004 5.27683 6.687516-05 23 332 particle 339 New Particle2 0 0 1565.1
Fig. 3 - The polyhedron filling method Fig. 4 - Layered overlay method
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Fig. 5 - Schematic diagram of discrete element rigid model of reed stalk
Establishment of the flexible model

In order to restore the deformation process of reed stems and improve the simulation accuracy, on
the basis of the rigidity model of reed stems established by the multi-spherical filling method, the Hertz-Mindlin
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with bonding contact model is used to bond each unit, and the force/moment between particles is set to 0 and
updated gradually by Formula 1 (Liu et al., 2018):

AF,, =—vk A At
AFy, = _VtrEI ktb At
AM = -0k, J, At
AM = -k, J, At

1)

The Ab cross-sectional area and polar moment of inertia Jb of parallel bonding bond are calculated as

follows:
A, =R}
2
J, =%7sz4 @

where AF,,;, represents the increment of normal bonding force, [N], AF;prepresents tangential bonding force
increment, [N], AM,,;, increment of normal bonding moment is expressed, [N - m], AM;, represents tangential

bonding moment increment, [N - m], k,;, expresses normal bond stiffness, [N/m3], k;;, denotes tangential

bond stiffness, w’¢ represents the normal relative angular velocity, [rad/s], ¢ tangential relative angular

velocity, [rad/s], At indicating that the time is not long, [s], R, denotes the bonding radius.

When the maximum normal stress o,,,, and maximum tangential stress 7,,,, between particles
exceed the predefined critical normal stress o,,i;;c.q; @nd critical tangential stress t..i.q;,» the bonding bond
between patrticles breaks:

critical Or;laX:_Finb+2M7!bRb
Jp

3

" o
critical max= + nb Ry

where F,,;, represents the normal bonding force, [N], F;;, represents the tangential bonding force, [N], My,
represents the normal bonding moment, [N - m], M, Represents the tangential bond moment, [N - m].

The state of reeds harvested by reed harvester can be judged by observing the stress of stalk model
and the state of bonding bond.

Calibration of the bonding parameters

Itis necessary to determine material parameters (density and Poisson's ratio, etc.), contact parameters
(recovery coefficient and static friction coefficient, etc.) and bonding parameters (normal and tangential
bonding parameters, etc.), and to calibrate the normal bonding strength kn, tangential bonding strength ks and
radius between reed stalk particles by three-point bending test (Gonzalez, et al., 2012; Hou et al., 2022).

Three-point bending test

As shown in Figure 6, the geometric model of the support seat and indenter is established in EDEM
software, and a force of 5N downward movement is applied to the indenter, and the loading speed is 10
mm/min. The time step is 5%, and the mesh is 3 times the patrticle (Tong et al., 2022; Yidong et al., 2023).

Fig. 6 - Three-point bending test in EDEM software
As shown in Table 2 and 3, the specific values of material parameters and contact parameters are

given by referring to literature, and the bonding parameters mainly include: normal bonding strength, tangential
bonding strength, bonding radius, critical normal stress and critical tangential stress.
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Table2
Reed material parameters
Material density (kg-m™3) Poisson ratio Modulus of shearing (Pa)
Reed stalk 200 0.5 4x106
Loading parts 7800 0.3 8x101°
Table3
Reed material parameters
Material Recovery coefficient Static friction coefficient Sliding coefficient
Reed stalk-reed stalk 0.284 0.3 0.20
Reed stalk-Load piece 0.43 0.250 0.122

Test protocol and results

The test method of Box-Behnken using Design-Expert software, using the normal bond strength K,
intensity of tangential bonding ks and adhesion radius r as the test factors, and the bending strength as the
test index. The test code is shown in Table 4:

Table4
Three-point bending test code list
Level
Factor

-1 0 1
Normal bond strength (N/m3) 108 10° 1012
Intensity of tangential bonding (N/m3) 108 10° 1012
Adhesion radius (mm) 1 3 5

The test index is the bending strength of reed stalk, and the calculation formula is as formula (4):
8 =M /W @
where §, represents the bending strength of reed, [MPa], M, ., represents the maximum bending moment,
[kNm], W represents the cross-section coefficient, the cross section of reed stalk is:

3 4
w="% 1—(9] (5)
32 ®

where ¢@° represents the cross-section diameter of the reed stalk and d represents the inner diameter of the
reed stalk. Three-factor three-level test performed using the Box-Behnken design test method of Design-Expert
software. The results are shown in Table 5:

Table5
Analysis of three-point bending test results
Order A: Normal bond B: Intensity of tangential C: Adhesion 6, (MPa)
1 1 0 -1 9.45
2 0 1 1 17.56
3 -1 0 -1 0.71
4 1 0 1 15.61
5 0 0 0 2.35
6 1 -1 0 541
7 0 -1 -1 1.44
8 1 1 0 18.62
9 0 0 0 2.37
10 0 0 0 2.39
11 0 0 0 2.38
12 0 -1 1 8.12
13 -1 1 0 7.62
14 0 1 -1 12.45
15 0 0 0 3.38
16 -1 0 1 6.44
17 -1 -1 0 0.35
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The above results were fitted by quadratic polynomial regression, and the second-order regression
model of the bending strength of reed stems, the normal and tangential bond strength and the bond radius
was established, and the analysis of variance was carried out, as shown in Table 6.

Table 6
Analysis of variance of three-point bending test results

1 guadratic sum  free degree free degree F price P price

model 572.75 9 63.64 358.65 <0.0001

A-kn 144.25 1 144.25 812.91 <0.0001

B-ks 209.41 1 209.41 1180.15 <0.0001

C-r 70.09 1 70.09 395.02 <0.0001

AB 8.82 1 8.82 49.71 0.0002

AC 0.046 1 0.046 0.26 0.6255

BC 0.62 1 0.62 3.47 0.1047

A2 13.54 1 13.54 76.29 <0.0001

B? 55.57 1 55.57 313.19 <0.0001

c? 57.19 1 57.19 322.31 <0.0001
Residual 1.24 7 0.18

Lack of Fit 0.43 3 0.14 0.70 0.5975
Pure Error 0.81 4 0.20

Cor Total 573.99 16

It can be obtained from the table that the model P value of the regression model 0.0001, and then it is
known that the model is extremely significant. However, the P-value of the mismatch term was 0.5975> 0.005,
which was not significant, indicating that the regression model fitted more reliably. The results of variance
analysis show that the regression model of flexural strength of reed stems is reliable and can be used to predict
flexural strength of flexible reed stems.
The regression equation of the regression model is as follows:

6=2.57+4.25A+5.12B+2.96C+1.48AB+0.11AC-0.39BC+1.79A2+3.63B2+3.69C? (1)

Using Design Expert software to solve the above model with the initial design point as the starting
point, the optimal parameter combination of normal bond parameters, tangential bond parameters and bond
radius can be obtained as follows:

1) The normal bond strength is 8.5x108 N/m3; 2) Tangential bond strength is 6.5x107 N/m3; 3) The
bonding radius is 2.6 mm.

The three-point bending test was carried out again with the above parameter combination, and the
bending strength of the reed stem was 2.43 MPa, which was 6.18% lower than that measured by the texture
analyzer above (2.59 MPa), proving that the best parameter combination obtained can be used to establish
the flexible reed stem model.

RESULTS
Experimental factors and indexes

This test mainly selects three main factors: the rotational speed of the transverse device, the vertical
clamping speed and the center distance of the roller. The main evaluation index of the experiment was the
loss rate of the transported reed stalk. In the EDEM software, Bond Status can determine whether the reed
stalk has broken. As shown in Figure 7, the whole reed stalk is connected into a whole.

Fig. 7 — Bond Status of flexible reed stalks during EDEM analysis
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Test protocol design

In this paper, Box-Behnken method was used to establish a mathematical model between the three
factors of the transverse transfer device speed, the lower conveying speed and the active drum speed and the
two evaluation indexes of reed stem loss rate, and the optimal parameter combination and the optimal
response value were analyzed and found out. The test code table is shown in Table 7:

Table 7
Code list of discrete element simulation test of horizontal transfer
and longitudinal clamping conveying device
Level
Factor
-1 0 1
A: The center distance of the drum (mm) 400 500 600
B: Transverse conveyor speed (r/min) 30 50 70
C: Upright clamping longitudinal conveyor speed (r/min) 30 50 70

A three-factor and three-level orthogonal test scheme was adopted in the experiment. The center
distance of the drum A, the speed of the transverse transfer device B and the speed of the vertical clamping
longitudinal transport device C were selected as the test factors. The loss rate of the flexible discrete element
model of reed stalk was used as the test index.

Simulation sand analysis

As shown in Figure 8, at the beginning of the simulation, the particle factory generated a flexible reed
stalk near the tooth, and the reed stalk continuously accelerated downward movement. Then move from both
sides to the center. When the teeth move to the center position, the flexible reed stalk is transferred to the
gripper conveyor belt behind the conveyor drum.

o

LE‘_

L_ L
Fig. 9 — Bond Status of flexible reed stalks during simulation
(a) Bond Status when there is no breakage (b) Bond Status when there is breakage

As shown in Figure 9 (a), when the reed stem is not in contact with the picking teeth, one rigid reed
stem unit is bonded together by a bonding bond. When the reed stem is subjected to external forces, the
surface of the reed stem skin will maintain a stable shape, which can effectively reduce the damage of external
forces on the reed stem.

As shown in Figure 9 (b), when the flexible reed straw is too stressed in instantaneous time, the bond
will be completely disconnected, and each rigid reed unit spreads under the influence of gravity. At this time,
the reed straw is broken.
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Analysis of the simulation results

In this test, the three-factor and three-level test protocol design was conducted by using the Box-
Behnken test design method in Design-Expert (Tumuluru et al., 2023). The response surface test protocol and
results are shown in Table 8.

INMATEH - Agricultural Engineering

Simulation analysis of transverse transfer and vertical clamping conveying process

Table 8

Order number A (mm) B (r/min) C (r/min) Loss rate R (%)
1 1 0 1 5.9
2 0 1 1 7.2
3 0 0 0 4.8
4 1 0 -1 7.4
5 0 1 -1 7.8
6 0 -1 1 6.6
7 0 -1 -1 6.3
8 0 0 0 4.9
9 -1 -1 0 6.6
10 0 0 0 5.1
11 -1 0 -1 5.8
12 1 1 0 8.2
13 -1 0 6.8
14 0 0 5
15 -1 1 0 7
16 0 0 0 4.8
17 -1 0 1 5.6

Using Design-Expert software to fit the above results, the second-order regression model of the lateral
transmission device speed, the vertical clip speed and the center distance of the roller was analyzed by
variance, and obtained the results as shown in Table 9.

Table 9
Analysis of variance of simulation results
1 guadratic sum free degree mean square F value P value
model 18.84 9 2.09 41.21 <0.0001
A 1.36 1 1.36 26.80 0.0013
B 1.90 1 1.90 37.44 0.0005
C 0.50 1 0.50 9.85 0.0164
AB 0.25 1 0.25 4.92 0.0620
AC 0.42 1 0.42 8.32 0.0235
BC 0.20 1 0.20 3.99 0.0860
A2 2.15 1 2.15 42.38 0.0003
B2 9.66 1 9.66 190.29 <0.0001
Cc2 1.23 1 1.23 24.18 0.0017
Residual 0.36 7 0.051
Lack of Fit 0.29 3 0.096 5.64 0.0641
Pure Error 0.068 4 0.017
Cor Total 19.19 16

From Table 9, the P value of the regression model =0.0001 <0.05, and the model is extremely
significant, while the misfit term is 0.0641> 0.005, indicating a high degree of fit. The results of ANOVA showed
that the regression model of reed stalk has high confidence in the prediction of flexible reed stalk.

The regression equation for this regression model is:

R=4.92+0.41A+0.49B-0.25C+0.25AB-0.33AC-0.22BC+0.714%+1.52B%+0.54C*
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Field testing

In order to verify the effect of crawler self-propelled reed harvester, this paper conducted a preliminary
field test. In the field test map shown in Figure 10, the reed harvesting function was successfully divided, and
there were few unharvested reed stalks in the process of dialing, and the whole cutting table device was not
stuck or blocked. The best parameter combination of the test results is shown in Table 10.

'!"ummm ok

- ]

Fig. 10 - Field test of crawler self-propelled reed harvester header

Table 9
Optimum parameter combination for the test results
Optimal working speed of the The cutter holds the optimal Mini
! oo inimum
Parameter  header transverse toggle device longitudinal conveyor speed loss rate
(r/min) (r/min)
value 49 51 3.6%

DISCUSSION

Figure 11 shows the response surface of the speed B of the transverse transfer device and the speed
C of the vertical clamping longitudinal transfer device to the loss rate R when the center distance of the cylinder
A is 500 mm. It can be seen from the figure that when the speed of the transverse transmission device B is
fixed, under the speed condition of 30 ~ 42 r/min, the loss rate R decreases significantly with the increase of
the speed of the vertical clamping longitudinal transmission device C, and maintains a low loss rate between
42 ~ 64 r/min, and then the loss rate rises slowly. When the vertical clamping longitudinal conveying device C
is fixed, under the speed condition of 30 ~ 42 r/min, the loss rate R decreases significantly with the increase
of the transverse transmitting device speed B, and maintains a low loss rate in 42 ~ 52 r/min, and then the loss
rate rises slowly. It can also be seen from the figure that the influence of the speed of the transverse transfer
device B on the loss rate is more significant than that of the vertical clamping longitudinal transmission device C.

Figure 12 shows the response surface of the cylinder center distance A and the vertical clamping
longitudinal conveying device C to the loss rate R when the rotating speed of the transverse transfer device B
is 50 r/min. It can be seen from the figure that when the center distance of the cylinder A is fixed, the loss rate
R decreases significantly with the increase of the speed of the vertical clamping longitudinal conveying device
C at the speed of 30 ~ 42 r/min, and maintains a low loss rate at 42 ~ 64 r/min, and then the loss rate slowly
rises. When the speed of vertical clamping longitudinal conveying device C is fixed, the loss rate R increases
significantly with the increase of the distance between the center of the cylinder and A under the condition of
400 ~ 420 mm, and maintains a low loss rate between 400 ~ 420 mm, and then the loss rate increases slowly.
It is obvious from the figure that the impact of cylinder center distance A on the loss rate is more significant
than that of the vertical clamping longitudinal conveying device speed C.

Figure 13 shows the response surface of the cylinder center distance A and the transverse transfer
device speed B to the loss rate R when the speed of the vertical clamping longitudinal conveying device C is
50 r/min. As can be seen from the figure, when the center distance of the cylinder A is fixed, under the condition
of 30 ~ 42 r/min, the loss rate R decreases significantly with the increase of the speed B of the transverse
transmission device, and maintains a low loss rate between 42 ~ 52 r/min, and then the loss rate rises slowly.
When the transverse transfer device B is fixed, the loss rate R increases significantly with the increase of the
speed of the cylinder center distance from A at the speed of 400 ~ 430 mm, and maintains a low loss rate at
430 ~ 520 mm, and then the loss rate slowly rises. It can be seen from the figure that the impact of the loss
rate R on the center distance of the cylinder A is more significant than that on the center distance of the cylinder.

In the experiment, the working speed of the transverse transfer device of the cutting table is 49 r/min,
the working speed of the vertical clamping device of the cutting table is 51 r/min, and the field advance speed
of the harvester is 1.1 m/s, which is consistent with the simulation analysis results in this paper. Finally, the
reed harvester conducted field tests again to verify this parameter combination, and the loss rate of the reed
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harvester cutting table device was measured to be about 3.6%, which verified the reliability of the parameter
combination, and also verified that the crawler self-propelled reed harvester cutting table device designed in
this paper can harvest reed crops with low loss and high efficiency.

| L A

Fig. 11 - Influence of B and C on Fig. 12 - Influence of Band Con R Fig. 13 - When C is 50 r/min, the
R when A is 500 mm when A is 500 mm influence of Aand B on R

CONCLUSIONS

In this paper, the discrete element method was used to test the working speed of the transverse
conveying device of the header, the working speed of the vertical clamping longitudinal conveyor and the field
forward speed of the harvester, and the loss rate of the header of the reed harvester was used as the test
index. The Box-Behnken orthogonal test method is used to establish the mathematical model of the above
factors and indicators, and the optimal combination of parameters is obtained by multi-factor response surface
analysis, and the specific conclusions are as follows:

(1) The basic rigid element and discrete element rigid model of reed stem were established by the
method of multi-sphere filling and layering.

(2) Then the rigid flexible element is bonded into flexible element by Hertz-Mindlin with bonding contact
model, and the discrete element flexible model of reed stalk is established.

(3) Then, a three-point bending test was carried out in EDEM software to complete the calibration of
bond parameters necessary for the establishment of discrete element flexible model of reed stalk.

(4) The simulation results show that the optimal parameter combination is 46 r/min for the rotating
speed of the transversal transmission device. The rotational speed of the vertical clamping longitudinal
conveying device is 53 r/min. The center distance of the rollers is 470 mm.

(5) The results of the field test show that the working speed of the transverse transfer device of the
cutting table is 49 r/min, the working speed of the vertical clamping device of the cutting table is 51 r/min, and
the field advance speed of the harvester is 1.1 m/s. The optimal parameter combination is not much different
from the simulation results in this paper. Finally, the reed harvester conducted field tests again to verify this
parameter combination, and the loss rate of the reed harvester cutting table device was measured to be about
3.6%, which verified the reliability of the parameter combination, and also verified that the crawler self-
propelled reed harvester cutting table device designed in this paper can harvest high-stalk reed crops efficiently.
Due to time and environmental reasons, this paper has made a preliminary test of the reed harvester, but the
feasibility of the scheme has been verified. In the future, this paper will continue to test, and further improve
the performance of the harvester.
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