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ABSTRACT

This paper aims to solve the problems of complex structure, poor straw crushing effect and high power
consumption of existing straw returning machines. A cutting and crushing device with moving and fixed blades
has been developed. The moving blade has collision and automatic retraction functions, which can effectively
reduce destructive damage caused by blade obstacles and extend its service life. The double-type single-
support cutting method has the advantages of improving the straw crushing effect and reducing the running
power consumption. The effects of blade rotational speed, blade offset angle and blade number under the
condition of composite single-support cutting were tested according to the uneven ratio of straw throwing and
the qualification ratio of straw crushed length. The optimal combination of working parameters of the cutting
and crushing device was determined: blade rotational speed of 1968 r/min, blade offset angle of 5°, blade
number of 4. The test results show that the uneven ratio of straw throwing is 17.18%, and the qualification ratio
of straw crushed length is 92.23%. The operation effect of the side-sweeping straw returning machine was
tested on the field. All operating indicators are equipped with cutting and crushing devices, and the results
show that all operating indicators meet the technical requirements of straw return.
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INTRODUCTION

Northeast China is abundant in straw resources, corn straw is widely distributed, and the potential for
use is enormous. Straw recycling is one of the most common methods of treatment and reuse at home and
abroad. In some developed countries, the utilization rate of straw resources is very high, which basically solves
the problem of straw piles and open burning (Wang et al., 2017; Yeboah et al., 2017). By returning the straw
to the field, the soil fertility can be significantly increased (Liang et al., 2021; Dong et al., 2019; Han et al., 2020;
Song et al., 2019). Taking straw back to the field can bring other benefits, including curing soil, wind and water
erosion resistance, improved permeability, water storage, promoting drought resistance, and increased crop
yield (Liang et al., 2020; Guo et al., 2020; Li and Wang, 2020; Awad et al., 2022; Shao et al., 2023). Straw
crushing and deep burial operation can reach 30 cm deep (Wang et al., 2017).
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It can effectively break the bottom of the plough, store water, increase the content of nitrogen,
phosphorus, potassium, and other organic matter and nutrients in the soil, improve the soil tillage layer
structure, promote the absorption of nutrients by crop roots, reduce the dust pollution caused by straw burning,
and reduce the destructive damage caused by high temperature caused by combustion to some
microorganisms in the soil (Lin et al., 2019; Tian et al., 2018).

At present, the corn straw crushing and returning equipment on the market is basically divided into two
forms: one is the straw crushing and returning machine matching with the corn combine harvester, and the
other is the straw returning machine suspended by the tractor (Xie et al., 2022; Zheng et al., 2016). The
analysis of the blade types of the cutting and crushing devices of different straw crushing and returning
machines can be roughly divided into hammer claw type, L type or Y type and straight blade type. Hammer-
claw type blade has large volume, strong hammer force and good crushing effect. However, its structure is
complex, and the working power consumption and high-speed rotation are easy to cause vibration. Type L or
Y blades are good for cutting and picking up, but their structure is slender and complex, and processing is
more difficult. Straight blade, mostly using a moving blade and fixed blade matching cutting mode, its structure
is simple, picking up and scattering effect is better, the material is lightweight, easy to replace, but its working
width is small, it needs to increase the density of the blade in order to achieve a good working effect (Jia et al.,
2015; Guo et al., 2014). The cutting and crushing device of straw deep returning machine is the key to ensure
the qualified rate of straw crushing. There is a pressing need to develop an efficient, low-consumption, simple,
and reliable cutting and crushing device.

The straight blade is chosen by comparing the advantages and disadvantages of the straw returning
blade in the existing straw returning machine. Based on the principle of sliding cutting, a moving fixed tool
composite single support is designed. By optimizing the affecting factors of blade rotational speed, blade offset
angle and blade number, the experiment index of crushing effect of the cutting and crushing device on straw
is improved, and the working power consumption is reduced. The results serve as a foundation for future
development of deep straw buried back in the field.

MATERIALS AND METHODS

The side-sweeping straw returning machine is mainly composed of a frame, three-point suspension
device, transmission device, dust proof shell, trenching and mulching plough, depth-limiting device, anti-cutting
shell, cutting and crushing device, etc. (Fig. 1). The cutting and crushing devices are mounted on the frame of

the designed Side-sweeping straw returning machine and connected to the drive device. Two cutting and
crushing devices are arranged from front to back, with the right on the front and the left on the back, with a
keyway above the tool shaft that is connected to the pulley in the drive. Table 1 shows the main technical
parameters of a straw deep returning machine with a cutting and crushing device.

10 o 8 7 6
Fig. 1 - Structure of the side-sweeping straw returning machine

(1) frame; (2) three-point suspension device; (3) gearbox; (4) transmission device; (5) dust proof shell; (6) trenching and mulching
plough; (7) depth-limiting device; (8) anti-cutting shell; (9) cutting and crushing device; (10) compaction wheel; (11) guide disc.

The side-sweeping straw deep returning machine is attached to the rear of the tractor through the three-
point suspension device. The tractor's power output shaft uses a universal coupling to transfer the power to
the transmission, which then transfers the power to the pulley and gear inside the transmission device, causing

the left and right cutting and crushing devices to rotate in the opposite direction through the power transmission.
The high-speed rotation of the cutting and crushing device can crush and smash the straw on the ground and
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throw it into the automatic plough chamber. The body of the automatic trenching and mulching plough opens
the embedded ditch before the cutting and crushing device can crush the straw. The broken straw flows into
the ditch through the rectangular opening of the end of the plough body. The compaction wheel installed at the
opening of the plough body will press down the broken straw. Following that, trenching and mulching plough's
wing broke the soil, and the soil on both sides of the plough changed the original physical structure and fell
into the ditch as a result of shear, extrusion, lifting, and gravity. The broken straw is buried 30 cm underground
to realize the whole straw enrichment and returned to the field.

Cutting and crushing device mainly includes cutting plate, moving blade, fixed blade, blade shaft, lock,
anti-cutting shell, etc. The moving blade and the blade disc are connected by riveting, and the moving blade
can rotate freely around the riveting point, and the cutting range is larger. Dynamic blade for the upper and
lower double layer, fixed blade welded in the anti-cutting shell inside, located in the middle of the two layers of
dynamic blade, composed of dynamic blade and fixed blade form a single cutting and crushing support.

Table 1
Main technical parameters of the straw returning machine
Iltems Technical parameters

Dimension (LxWxH) (mm) 2500%x2000x1500
Number of rows 2
Applicable row spacing (mm) 600

Working width (mm) 1200

Type of throwing blade Straight cut H type
Trenching depth (mm) 300
Trenching width (mm) 300
Matching power (kW) >80

Machine mass (kg) 350

Fig. 2 shows the working principle of the cutting and crushing device. The composite single support
cutting of the support blade is adopted. The blade serves as a support, the blade rotates at a high speed, and
the straw is cut several times. The power of the machine is transmitted to the transmission from the tractor
through the universal coupling. Through the way of power transmission, the two cutting and crushing devices
are rotated in opposite directions, and the straw on the ground is crushed, thrown to the diversion plate, and
transported to the ditch, to realize the deep burial of the straw.
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Fig. 2 - Working diagram of moving-fixed blade cutting and crushing device
(1) blade shaft; (2) blade disc; (3) moving blade; (4) lock; (5) anti-cutting shell; (6) fixed blade

4

Fig. 3 shows the structure of the blade, which is of the sharp H type. Four blades are installed
symmetrically on each blade with a radius of 120 mm, length of 220 mm, blade opening of 140 mm and face
up for repair and replacement. The upper and lower blades in each set of tools are staggered, and the angle
between the upper and lower adjacent blades is 15°-25°; the distance between the disc center and the farthest
end of the blade is 305 mm. On the premise that the strength of the crushing blade can be guaranteed, the
blade thickness should be designed between 5-10 mm (Zhang, 2018). Existing studies show that in order to
ensure the straw crushing quality, the moving blade thickness should be as small as possible, so the blade
thickness is designed as 5 mm (Wang et al., 2021). The wider the blade, the greater the resistance of the
blade crushing process, and the width of the blade will cause the weight of the straw crushing effect (Cao et
al., 2023; Liu et al., 2020), so the narrow end of the blade is 40 mm, and the wide end of the blade is 60 mm.
The blade material is made of 65 Mn steel, and the edge of blade is treated by quenching.

The kinematic analysis refers to the qualitative or quantitative analysis of the position change of the
mechanism without considering the effect of force. The kinematic analysis method was often used to study the
influence of different parameter ratios of the mechanism on the change of its motion trajectory (Ma et al., 2019).
Based on this, the following content would use the curve drawing software SolidWorks to establish the motion
trajectory model of the cutting and crushing device.
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When the cutting and crushing device is working, the blade is centered around the riveting point on the
blade plate and around the center of the blade disc. When rotating without load, the cutting and crushing device
will experience three states, including start, stability and braking (Liu et al., 2021; Liu et al., 2019). At the
beginning of the start, the disc accelerates rapidly with the blade shaft. Due to inertia, the blade will have a
stage lagging behind the disc, and the blade’s center of mass will be deflected at a certain angle. When the
disc speed is stable, the deflection angle is maximum. When the cutting and crushing device is stable, the
blade has reached its equilibrium state, and the blade's center of mass is collinear with the riveting point and
the center of the disc, as well as the tension of the blade on the riveting point and the centripetal force required
for blade movement. When the cutting and crushing device brakes, the speed of the blade disc begins to
decrease. Because of the blade's inertia, it will be ahead of the blade disc, and the blade’s center will deflect
at a certain angle forward. When the disc speed is stable, the deflection angle is maximum. Then the blade
gradually deflects in reverse. The stable state is achieved when the blade's center of mass is collinear with the
riveting point and the center of the blade disc, as shown in Fig. 4.

Fig. 3 - The main design parameters of blade Fig. 4 - Blade motion analysis

This test was carried out on the self-made corn straw cutting and crushing tester, which consists of
bench, cutting and crushing device, speed regulating motor, regulating rod, coupling, drive shaft, etc., as
shown in Fig. 5. The power is output by the speed regulating motor and transmitted to the cutting and crushing
device below through the drive shaft, the rear adjusting rod can adjust the deviation angle of the cutting and
crushing device, the rotation speed of the cutting and crushing device can be adjusted within the range of 0 ~
3250 rad / min, the scale range of the blade offset angle on the adjusting rod is 0°~12°, the test equipment

O [CIIN N

Fig. 5 - Corn straw cutting and crushing tester
(1) bench; (2) cutting and crushing device; (3) speed regulating motor; (4) regulating rod; (5) coupling; (6) drive shaft.

Blade rotational speed, blade offset angle, and blade number are the main factors of straw cutting and
crushing performance, based on the principle of support sliding cutting and crushing, as well as blade dynamics
analysis and kinematics analysis. Because the blade rotational speed can be controlled by the speed
regulating motor, and the speed adjustment is convenient and fast, the blade rotational speed, blade offset
angle and blade number are selected as the test factors. Determine the value range of each factors: blade
speed 600~3000 rad/min, blade offset angle 2°~18° and blade number 2~10.

The evaluation index of straw returning machine is based on the industry standard NY/T500-2015
Operation Quality of straw returning machine. With the uneven ratio of straw throwing and the qualification
ratio of straw crushed length as the test index, the influence of the blade rotational speed, blade offset angle
and blade number on the test index is investigated, and the influence law of each factor on the straw cutting
and crushing performance is analyzed.
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During the single-factor test analysis, two factors were fixed, and the third factor was adjusted to the
test. Each group of tests was repeated three times and averaged, and the effect of each factor on uneven ratio
of straw throwing and the qualification ratio of straw crushed length was analyzed.

A three-factor Box-Behnken experiment was designed using Design-Expertl3 software based on the
previous single-factor test, as shown in Table 2, in which the center point test was repeated five times for a
total of 17 trials. The relationship between the uneven ratio of straw throwing and qualification ratio of straw
crushed length and the three influencing factors are shown in Table 3, where Xi, Xz, and Xs are the coded
values of blade rotational speed, blade offset angle, and the blade number.

Table 2
Factors and codes of test
Factors

Coding Blade(r)((alt/?rt.;gqr;r?;)speed Blade offset angle (X2/°) Blade number (X3)
-1 1800 4 3
0 2100 6 4
1 2400 8 5

Table 3
Experiment protocol and the results
Blade Facé?;éeevel Blade Uneven ratio_ of Qualification ratio of
No. . straw throwing straw crushed length
rotational offset number /% /%
speed / x1 angle / x2 / X3

1 -1 -1 0 17.6 93.8
2 1 -1 0 17.5 91.2
3 -1 1 0 24.8 85.2
4 1 1 0 18.5 91.9
5 -1 0 -1 19.9 90.4
6 1 0 -1 17.9 90.6
7 -1 0 1 20.4 85.2
8 1 0 1 18.2 92.6
9 0 -1 -1 215 90.5
10 0 1 -1 24.7 88.9
11 0 -1 1 18.4 91.1
12 0 1 1 19.2 89.9
13 0 0 0 20.3 90.8
14 0 0 0 18.7 92.8
15 0 0 0 22.8 90.7
16 0 0 0 17.1 93.6
17 0 0 0 17.2 92.9

Straw returning to the field to cultivate fertilizer is the most direct and effective way to use straw
resources. According to NY/T500-2015, the field test was carried out on the side-sweeping straw returning
machine, and the qualified rate of straw crushing length, average stubble height, leakage rate and uneven
ratio of straw throwing were taken as the test indexes. The tractor forward speed was 1.6 m/s, and the
measurements were repeated twice.

The qualified rate of straw chopped length at each measured point is calculated according to the
following formula:

Fo2(m-m) - ™) 100 0

where: Fy is qualification ratio of straw crushed length, %; m; is the mass of straw in the measurement points,
g; my is the mass of unqualified straw in the measuring points in terms of crushed length, g.

At each point, the stubble height of the left, middle, and right points was measured on the operating
width of the straw deeper, and the average value of the three points was recorded as the stubble height of the
point. The average value of the three points will be recorded as the stubble height of the point. A total of five
points should be measured. The following formula calculates the uneven ratio of straw throwing:
2.m,

N.

]

r?']:

)

m

(mmax - r.nmin )
F, = W ") 309, 3)
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where: m is the average mass of straw at each point within the measurement area, g; N; is the number of
measurement points in each measurement area; Fy is uniformity of spreading, %; Mmax is maximum mass of
straw at each point in the measurement area, g; Mmin is the minimum value of straw mass at each point in the
measurement area, g.
The ratio of straw missing cut is calculated according to the following formula:
F, = %xlOO% 4)

S
where: F1is ratio of straw missing cut, %; msis the total amount of straw that should be returned per square
meter, g; Mgz is the amount of straw missing cut per square meter, g.

RESULTS AND DISCUSSION

Assuming that the surface straw density of the corn harvester is certain, the cutting and crushing device
of the side sweep straw deep returning machine can be considered as a swing with small deflection angle
during the process from steady state rotation under no load to uniform speed movement under load. An
external excitation is added to the movement of the blade around the riveting point as a result of straw
obstruction, and the blade will appear repeatedly during the straw crushing process. The resistance of the
surface straw to the blade f, the positive pressure N of the riveting point on the blade plate to the blade, the
centrifugal force S generated by the high-speed rotation of the blade with the riveting point, and the centrifugal
inertia force F generated by the high-speed rotation of the blade with the center of the blade disc are all part
of the blade's main force. The force of the blade in the cutting and crushing device is shown in Fig. 6.
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Fig. 6 - Analysis of force on blade Fig. 7 - Blade motion path

Because the blade swings around the riveting point, the differential equation of the swing is:
2
JOl‘ile ——FRsin6+Y f.d, (5)

where: Jo: is the moment of inertia of the blade around the center O: of the riveting point, kg-m?2; F is inertia
force, N; R - radius of the blade, mm; f; is the resistance of the straw to the blade, N; d; is the distance
between the straw and the riveting point, mm.

F =ma/L (6)

L=4r>+R?+2rRcos
Y ¢ @

where: w1 is the rotational speed of the blade, rad/s; m is blade mass, kg; L is distance from the center of mass
of the blade to the center of the blade disc, mm; r is blade center of mass to the center of the riveting point of
rotation radius, mm.

Bring formula (6) -(7) into (5), it is obtained:

2
> fd, =J01(3Tgo+mwfRsin9\/r2+R2+2rRCOS(p (8)

Assuming that the density of straw is small and the resistance is small, and the blade swings around the
riveting point, sing=@, cos@=1. Equation (7) can be written as:

d’p ) .
> fd :J01W+ma)1 (R+r)Rsing 9)
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When the side-sweeping straw deep returning machine works, the blade needs to overcome the torque
of straw to cut and crush. The torque of cutting straw should be equal to the resistance torque of straw. M=Xfidi.

From formula (8), the torque of cutting straw is:
2
M:J01%T(2p+ma)f(R+r)Rsin6’ (10)

The intersection of the blade trajectory was used to determine the spacing between the left and right
blade groups, as shown in Fig. 7. The blade movement mainly consists of rotating motion and linear movement
around the center of the blade, where the linear movement of the blade is provided by the tractor.

The trajectory of the blade endpoints is the cycloid. The trajectory curve equation of the blade is as
follows: with the center of the blade disc as the coordinate origin, the y-axis direction is the forward direction
of the blade disc, and the x-axis direction is the vertical direction, the trajectory curve equation of the blade is
as follows:

X =Rcos ot
11)

y =Rsin et + vt

where: tis time, s; w is the angular velocity, rad/s; v is forward speed, m/s; R is rotation radius, mm.

The points on the edge of the envelope range of the blade movement trajectory are separated from the
common tangent AB and CD of each blade trajectory, and the distances are Hi and Ha, respectively, and the
maximum values are Hi and Hz, respectively. The maximum value is connected into a line, and the adjacent
blade groups are also overlapped to obtain the appropriate blade overlap distance, reducing the re-cut area
and avoiding leakage. Connect the maximum value to a line, so that adjacent tool groups also connect the line
to overlap, and get the appropriate blade overlap distance, which can reduce the over-cutting area and avoid
missing cutting. The overlapping distance of the leaves was 40mm after the calculation and analysis.

The results of single factor test show that (Fig. 8) when the uneven ratio of straw throwing and the
gualification ratio of straw crushed length are better, the range of the blade rotational speed is 1800-2400
r/min, the range of blade offset angle is 4-8°, and the range of blade number is 3-5.

—+— Uneven ratio of straw throwing/ (%) —e— Uneven ratio of straw throwing/ (%) —— Uneven ratio of straw throwing/ (%)
—e— Qualification ratio of straw crushed length/ (%) —e— Qualification ratio of straw crushed length/ (%) —— Qualification ratio of straw crushed length/ (%)
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Fig. 8 - Results of single factor tests

The fitting regression analysis of the test results was performed using Design-Expertl3 software to
derive the regression equations for the uneven ratio of straw throwing W1 and the qualification ratio of straw
crushed length W2, and the significance test was performed.

(1) Regression model for the uneven ratio of straw throwing W:.

The results of ANOVA and significance test of regression coefficients for the regression model of the
uneven ratio of straw throwing W1 are shown in Table 4. The regression model's p-value (< 0.0001) for the
uneven ratio of straw throwing W1 was less than 0.01. This regression equation was highly significant. The p-
value (0.9849) of the misfit term was more significant than 0. 05. The misfit term was not significant, so the fit
could be used to predict the throwing unevenness rate. The regression equation for the throwing unevenness
rate W1 was:

W, =17.72+ 2.45x, +0.61x, + 0.89X, +0.7X,X, (12)
—0.58X,X, +2.38x? +1.25x2 +0.55x2
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Table 4
Variance analysis of uneven ratio of straw throwing
Source Sum of Squares df Mean Square F-value P-value
Model 95.32 9 10.59 47.51 < 0.0001**
X1 48.02 1 48.02 21541 < 0.0001**
X2 3.00 1 3.00 13.46 0.0080**
X3 6.30 1 6.30 28.27 0.0011**
X1X2 0.4900 1 0.4900 2.20 0.1818
X1X3 1.96 1 1.96 8.79 0.0210*
X2X3 1.32 1 1.32 5.93 0.0450*
X12 23.80 1 23.80 106.76 < 0.0001**
X2? 6.61 1 6.61 29.63 0.0010**
X3? 1.29 1 1.29 5.77 0.0474*
Residual 1.56 7 0.2229
Lack of Fit 0.0525 3 0.0175 0.0464 0.9849
Pure Error 1.51 4 0.3770
Cor Total 96.88 16

Note: ** indicates highly significant difference (P < 0.01), * indicates significant difference (P < 0.05), the same below.

Further analysis of each regression term of this regression equation showed that the regression terms
X1, X2, X3, X12, and x22 had a highly significant effect (P<0.01) on the throwing unevenness rate Wi, and xixs,
X2x3, and x32 had a significant effect (P< 0.05) on the uneven ratio of straw throwing W1; the effects of the other
factors were not significant.

(2) Regression model of qualification ratio of straw crushed length W-.

The results of ANOVA and significance test of regression coefficients for the regression model of
gualification ratio of straw crushed length W> are shown in Table 5. The p-value (0.0004) of the regression
model of qualification ratio of straw crushed length W2 was less than 0.01. This regression equation was highly
significant. The p-value (0.5390) of the misfit term was more significant than 0.05. The misfit term was not
significant, so the fit could be used to predict the qualification ratio of straw crushed length. The regression
equation of code for the qualification ratio of straw crushed length W: was:

W, =92.96—1.14x, —1.39x, —1.3x, —1.45x,X,
—1.2X,%, —1.22x2 ~1.17x% - 2.39x2

Further analysis of each regression term of this regression equation showed that the regression terms
X1, X2, X3, X1X3, and x3? had a highly significant effect (P < 0.01) on the qualification ratio of straw crushed length
W2, and x2xs, x12, and x2? had a significant effect (P < 0.05) on the qualification ratio of straw crushed lengthW;
the effects of the other factors were not significant.

Response surface analysis method was used to analyze the experiment data and study the relationship
between the target value of straw cutting and crushing performance (uneven ratio of straw throwing and
qualified rate of straw crushing length) and the influencing factors (blade rotational speed, blade offset angle,
blade number) (Wang et al., 2020; Gapparov and Karshiev, 2020). According to the analysis results, the
response surface Fig. 9 and Fig. 10 are drawn. The response surface diagram clearly shows the influence of
the influencing factors on the performance of straw cutting and crushing performance, as well as the interaction
between the influencing factors on the performance.

(13)

Table 5
Variance analysis of qualification ratio of straw crushed length
Source Sum of Squares df Mean square F-value P-value
Model 93.39 9 10.38 18.80 0.0004**
X1 10.35 1 10.35 18.75 0.0034**
X2 15.40 1 15.40 27.90 0.0011*
X3 13.52 1 13.52 24.49 0.0017*
X1X2 0.3025 1 0.3025 0.5479 0.4832
X1X3 8.41 1 8.41 15.23 0.0059**
X2X3 5.76 1 5.76 10.43 0.0145*
x1? 6.24 1 6.24 11.31 0.0120*
X2? 5.74 1 5.74 10.40 0.0146*
x3? 24.10 1 24.10 43.66 0.0003**
Residual 3.86 7 0.5521
Lack of Fit 1.49 3 0.4975 0.8390 0.5390
Pure Error 2.37 4 0.5930
Cor Total 97.26 16
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Blade rotational speed, blade number, and blade offset angle were the most important influencing
factors on the uneven ratio of straw throwing. There was a significant (P<0.05) interaction between the three
influencing factors on the uneven ratio of straw throwing, and the main order of influencing factors on the
qualification ratio of straw crushed length was blade offset angle, blade number, and blade rotational speed.
There was a significant (P<0.05) interaction between the three influencing factors on the qualification ratio of
straw crushed length interaction. As shown in Fig. 19 (a) and Fig.10 (a), with the increase in the blade number,
the uneven ratio of straw throwing tends to decrease and then increase, and the qualification ratio of straw
crushed length tends to increase and then decrease. From Fig. 9(b) and Fig.10 (b), with the increase of blade
offset angle, the uneven ratio of straw throwing tends to decrease and then increase, and the qualification ratio
of straw crushed length tends to increase and then decrease.
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Fig. 9 - Influence of various factors on uneven ratio of straw throwing
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Using the Optimization function of Design-Expertl3 software, the optimization analysis obtains the
optimal parameter combination of the device: the blade speed is 1968 rad/min, the blade offset angle is 5.24°
and the blade number is 4. At this time, the uneven ratio of straw throwing is 16.98%, and the qualified rate of
straw crushing length is 93.59%. The working parameters of straw cutting and crushing were adjusted to the
value of the preferred test factors, and the test was repeated, and the uneven ratio of straw throwing was
17.18%, and the qualification ratio of straw crushed length was 92.23%.

Field test
The field operation effect of the side-sweeping straw returning machine is shown in Fig. 11, and the field

test results are shown in Table 6. The machine works well under the condition of low water content of harvested
corn field and corn straw, and all the indexes can meet the design r %irements.

=\ Hig 5 R ~

= o ! b

e s i vl A
side-sweeping straw returning machine

o A5

Fig. 11 - The operation efect of
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Table 6
Field test results of side-sweeping straw returning machine
Test item Standard value Test results
Qualification ratio of straw crushed length (%) =290 94.22
Average stubble height (mm) <80 42
Uneven ratio of straw throwing (%) <20 17.21
Ratio of straw missing cut (%) <1.5 0.81

Discussion

The results show that the optimal results obtained by theoretical calculations are very similar to the field
tests, thus verifying the accuracy of simulation model building. According to the blade structure and shape in
the cutting and crushing device of straw returning machine, it can be roughly divided into hanging claw type,
bending blade type, Y type and straight blade type and combined bending blade type (Gapparov and Karshiev,
2020; Lin et al., 2017). For example, the crushing device of 1 JKL-2 straw deeply buried back to the field is Y-
type throwing blade, which rotates at high speed and cuts straw in the field operation (Lin et al., 2022; Chinese
Academy of Agricultural Mechanization Science, 2007). Compared with the cutting device designed in this
paper, the cutting method is simple, light and easy to replace (Zhang et al., 2021; Wang, et al., 2019). It can

significantly improve the cutting efficiency and reduce the power consumption. The side sweeping straw cutting
and crushing device designed in this paper significantly improves the blade life, reduces the damage of the
obstacles to the blade, and extends the life of the blade. The compound single support cutting method has the
advantages of improving the straw crushing rate and reducing the operating power consumption.

The Side-Sweeping Straw Returning Machine designed in this paper meets the design requirements,
but there are still some problems worth improving, which makes the operation quality further improved. The
coverage rate of the automatic coverage plough is 80.63%, which meets the design requirements, but the
impact on the coverage rate can still be studied by adjusting the structural parameters, improving the coverage
rate of the automatic coverage plough, using the bionic and surface spraying technology to make the cutting
and crushing device more effective and reduce the resistance of the automatic covering plough in the soil, by
optimizing the structure of the whole machine.

CONCLUSIONS

(1) Based on the principle of support sliding cutting and crushing, a double single support cutting and
crushing device is designed, which realizes the multiple sliding cutting of the blade to the corn straw in the
whole cutting and crushing process, and the straw crushing effect is good. The kinematics and dynamics
analysis of the blade in the cutting and crushing device are made to ensure the simplification and lightweight
of the corn straw returning machine.

(2) Three secondary response surface analysis of the test data by Design-Expert13 software, and the
significance of the factors affecting the uneven ratio of straw throwing is the blade rotating speed, the blade
number and the blade offset angle. The significant factors affecting the qualified ratio of straw crushing are
blade offset angle, blade number and blade rotating speed.

(3) The optimal working parameter combination of the side-sweeping straw returning machine is the
blade speed of 1968 rad/min, the blade offset angle of 5.24° and the blade number of 4. At this time, the
uneven ratio of straw throwing is 16.98%, and the qualification ratio of straw crushed length is 93.59%. Process
the side sweep straw deep returning machine according to the optimal working parameters, and the field
performance test was carried out. According to the test results, the uneven ratio of straw throwing is 17.21%,
and the qualification ratio of straw crushed length is 94.22%. According to the operation standard of straw
returning machine to the field, and the test results meet the operation requirements. This study provides a
technical basis for the industrialization of corn straw buried in the field.
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