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Abstract: In order to solve the serious problems of seeds are covered by residual film and overhead by straw during no-till 

seeding, a seed furrow cleaning device for no-till maize seeding was developed, which adopted a collaborative cleaning method 

of rotating spring teeth and curved sliding shovel.  The movement process and motion trajectory of throwing residual film and 

straw were constructed.  The maximum distance of throwing to one side in horizontal and maximum height in vertical were 

obtained.  The motion trajectory of adjacent spring teeth was analyzed by Matlab, the motion trajectories of adjacent spring 

teeth at different speeds of 120 r/min, 150 r/min and 180 r/min were achieved, the theoretical analysis results showed that the 

area of omitted area decreased with the increase of rotation speed.  Based on theoretical and simulation analysis of critical 

parameters, the forward speed of machine, rotation speed of spring teeth, and dip angle between spring teeth and rotary disc 

were selected as the influencing factor.  Straw cleaning rate (SCR) and residual film cleaning rate (RFCR) were selected as the 

response values for three factors and three levels of orthogonal experiment design.  The optimal combination of the selected 

parameters was obtained, and the field test verification was also conducted.  The results showed that the rotation speed of 

spring teeth, forward speed and dip angle of spring teeth significantly affect SCR and RFCR were in decreasing order.  The 

field test results indicated that when forward speed was 6 km/h, rotation speed of spring teeth was 180 r/min and dip angle of 

spring teeth was 40°, SCR and RFCR were 88.27% and 84.31%, respectively.  This study provides a reference for the 

development of no-till seeder in Xinjiang and the northwestern regions of China. 
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1  Introduction

 

The seeding method of covering plastic mulch film has been 

used for many years in Xinjiang, China, so there are large amounts 

of residual film in the soil layer[1].  According to statistics, the 

average amount of residual film in the fields of Xinjiang is more 

than 260 kg/hm2[2], which has caused severe white pollution to the 

agricultural ecological environment[3].  Therefore, it is urgent to 

explore conservation tillage methods to protect the soil.  The 

no-till seeding is adopted without plastic mulch film.  After the 

previous crops are harvested, the straw and stubble are covered on 

the farmland and seeding directly without plowing[4,5].  It can 
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reduce wind and water erosion, and improve soil fertility and 

drought resistance[6-8], which significantly improves the ecological 

environment in Northwest China. 

Currently, the research problems of no-till seeding are 

concentrated on the straw wind around soil-engaging components 

during the construction of seed furrows[9-11].  Scholars have 

carried out extensive research on the “surface” environment[12,13], 

such as cutting and removing the surface straw to both sides of the 

proposed seed furrow to ensure the trafficability of no-till 

seeder[14,15].  For areas with low straw coverage, the self-flowing 

method of straw is generally adopted to increase the flow space and 

accelerate the flow of straw by staggered arrangement, increasing 

ground clearance and adding straw cleaning mechanism[16,17]; 

Gravity stubble cutting method is used in areas with large straw 

coverage[18].  The surface straw and stubble are cut by a disc 

cutter under the gravity of the no-till seeder.  The disc cutter 

process is complicated and requires large positive pressure.  

Therefore, the mass of no-till seeder is relatively heavy; For 

two-crop-a-year with large amounts of straw coverage, the 

power-driven method is adopted[19,20], using high-speed rotary 

blades to smash, throw, cut, and plow the straw to clear the seedbed 

without straw coverage by the output power of tractor[21-24].  

However, few studies on the “seed furrow” environment, which are 

the critical point of no-till seeding, the straw and sundries in the 

seed furrow will directly affect the quality of no-till seeding. 

During the field operation of no-till maize seeding in Xinjiang,  
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the author’s research team discovered that some seeds would be 

seeded on the residual film, causing seeds to be covered by the 

residual film, which will lead to failure of seeds to emerge and 

affect the emergence rate.  The reason for this phenomenon is that 

the residual film accumulated in the soil layer for many years and 

are extremely difficult to recover; In addition, in the furrowing 

process of no-till seeding, some straws cannot be cut off by cutting 

disc of the no-till seeder and are pressed into seed furrow under the 

condition of high straw moisture content or large amounts of straw.  

As a result, the seeds discharged from the seed delivery tube are 

seeded on straw in the seed furrow, causing the seeds to be 

overhead by straw[25,26].  Therefore, the working environment in 

seed furrow is very complicated.  The soil is covered with residual 

film, the residual film contains soil, the residual film and the straw 

are intertwined.  The soil, straw, and residual films form a mixture.  

It is urgent to explore the cleaning method and device for residual 

film, straw and other sundries in seed furrow after the furrowing 

process is completed to provide a clean working environment for 

no-till seeding. 

In this study, a seed furrow cleaning device was proposed for 

the environmental requirements of no-till seeding in Xinjiang.  

The motion trajectory and throwing process of straw and residual 

film were analyzed.  The main factors and value ranges that affect 

the cleaning rate of seed furrow straw and residual film were 

determined.  The orthogonal experimental method was used to 

explore the optimal parameter combination of the seed furrow 

cleaning device to solve the problems of seed are covered by 

residual film and overhead by straw after seed furrow construction.  

This study provides a reference for the research of no-till seeder in 

Xinjiang and Northwestern regions. 

2  Structure and working principle of seed furrow 

cleaning device for no-till maize seeding 

2.1  Seed furrow cleaning requirements 

The planting pattern of no-till maize in Xinjiang is the 

wide-narrow row with drip irrigation.  During no-till seeding, the 

surface straws are cleaned into wide rows, and the drip irrigation 

belt is laid in the middle of narrow rows.  According to Xinjiang 

unique soil environment and agronomic requirements, the no-till 

seeding operations as shown in Figure 1, surface straw cleaning → 

drip irrigation belt laying → fertilizer furrow opening → fertilizer 

dropping → seed furrow opening → seed furrow cleaning → seed 

dropping → soil covering and compaction.  Compared with the 

conventional no-till seeding process, drip irrigation belt laying and 

seed furrow cleaning are added. 

 
Figure 1  No-till maize seeding operations 

 

As shown in Figure 2, L1=400 mm, narrow row width; L2=  

600 mm, wide row width; L3 is the width of the seed furrow, about 

40 mm; L4 is the width of furrow bottom, about 30 mm; H is the 

height of seed furrow, about 50 mm.  After the seed furrow is 

processed by the furrow opener, the seed furrow cleaning 

mechanism is operated to throw the residual film and straw out of 

the seed furrow before the maize seeds fall into the seed furrow. 

 
1. Maize straw  2. Residual film  3. Drip irrigation belt  4. Seed furrow 

Figure 2  Schematic diagram of operating environment for 

no-till maize seeding 
 

2.2  Overall structure of seed furrow cleaning device 

As shown in Figure 3, a no-till seeder unit with seed furrow 

cleaning device was designed for use in no-till maize fields.  It 

consisted of surface straw cleaning mechanism, profiling 

mechanism, furrow opener, seed furrow cleaning device, etc.  The 

seed furrow cleaning device was installed behind the furrow opener 

of the no-till seeder unit to clean the residual film and straw in the 

processed seed furrow. 

 
Figure 3  Structural diagram of no-till seeder unit 

 

The specific structure of the seed furrow cleaning device is 

shown in Figure 4.  It mainly consisted of spring teeth, rotary disc, 

curved sliding shovel, flow speed control valve, frame, and 

hydraulic system, etc.  Among these components, the rotary disc 

and spring teeth constituted the throwing mechanism.  According 

to different operating conditions, the height of spring teeth can be 

adjusted by controlling stroke of the hydraulic cylinder.  In order 

to synchronize the curved sliding shovel with spring teeth, the 

height of curved sliding shovel was adjusted by two positioning 

bolts.  The flow speed control valve was used to control flow of 

the hydraulic motor to adjust the rotation speed of spring teeth.  

The spring teeth were installed on the rotary disc at equal intervals.  

Meanwhile, the working end of the spring teeth has a dip angle 

with the forward direction.  The technical parameters of the seed 

furrow cleaning device are presented in Table 1. 

 
1. Rotary disc  2. Spring teeth  3.Hydraulic motor  4. Curved sliding shovel  

5. The adjusting bolt of curved sliding shovel  6. Hydraulic cylinder  7. Frame  

8. Flow speed control valve  

Figure 4  Structural diagram of seed furrow cleaning device 
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Table 1  Main parameters of seed furrow cleaning device 

Parameters Value 

Driving form Hydraulic drive 

Working speed/km·h
-1

 4-10 

Cleaning width/mm 50 

Control range of height adjusting/mm 0-120 

Control range of rotational speed/r·min
-1

 0-300 
 

2.3  Working principle 

The seed furrow cleaning device was installed on the no-till 

seeder and driven by a tractor during operation.  The straw and 

residual films were cleared out of the seed furrow by the combined 

action of spring teeth and curved sliding shovel.  The rotary disc 

was driven to rotate by a hydraulic motor.  Firstly, the curved 

sliding shovel scooped up the straw and residual film in the seed 

furrow.  Then, the straw and residual film were slid and thrown 

outside of the seed furrow along the preset direction of the curved 

sliding shovel by the rotating spring teeth under the action of 

centrifugal force.  Meanwhile, the curved sliding shovel prevented 

sundries, which were thrown by spring teeth, fall into the seed 

furrow to avoid secondary pollution to the cleaned seed furrow.  

The seed delivery tube is arranged behind the curved sliding shovel 

of the seed furrow cleaning device, and the seeds discharged from 

the seed metering device fall into the clean seed furrow through the 

seed delivery tube, then covered with soil for compaction. 

3  Design and analysis of key components 

3.1  Design of throwing mechanism 

The working environment of the throwing mechanism was in 

seed furrow processed by furrow opener of the no-till seeder, which 

was directly in contact with the soil, residual film and straw.  

Therefore, the operating conditions were extremely complicated.  

As shown in Figure 5, it mainly consisted of spring teeth and rotary 

disc, etc.  The connection between the spring teeth and the rotary 

disc was fastened in axial and top two directions, which effectively 

prevented the relative slippage.  The fastening hole at the middle 

of the spring teeth was matched with the threaded hole 

corresponding to the rotary disc.  Moreover, the axial hole of the 

spring teeth was connected with the rotary disc by bolts.  

Therefore, the relative position of the top and axial fastening bolt 

was designed to avoid interference.  The edge of the rotary disc 

had an arc, which was used to match the structure and parameters 

of the spring teeth. 
 

  
a. Axonometric drawing b. Partial enlarged drawing 

 

1. Rotary disc  2. Top fastening bolt  3. Spring teeth  4. Axial fastening bolt 

Figure 5  Schematic diagram of side throwing mechanism 
 

The dip angle between spring teeth and rotary disc would 

affect the cleaning performance.  To obtain a better cleaning 

effect for seed furrow, three groups of dip angles were set.  As 

shown in Figure 5b, the thread holes marked in the red line were 

the adjustment holes for spring teeth, 20°, 40°, and 60°, 

respectively.  The installation position of top fastening bolt was 

adjusted to change the dip angles of spring teeth, while the position 

of the axial fastening bolt remained unchanged. 

The overload elastic protection structure was designed to 

prevent damage to the spring teeth caused by uneven ground 

surface and sundries.  The spring teeth material was made of 

carbon spring steel, which has good flexibility and impact 

resistance.  Therefore, the spring teeth had a certain self-adaptive 

ability when working close to the surface in the seed furrow, which 

could reduce operation resistance and damage of the spring teeth. 

Maize straw can be approximated as a cylinder, so it was easy 

to slip off due to unbalanced force in the process of picking up with 

spring teeth; Moreover, the residual film in the seed furrow was 

mostly fragment, which area was small and difficult to pick up.  

Therefore, to avoid the straw and residual film slipping from the 

spring teeth during picking up, the spring teeth with two parallel 

working teeth were designed, located on both sides of the rotary 

disc, respectively, as shown in Figure 6.  The straw and residual 

film were picked up by two working teeth and thrown to the rear 

side.  The width of the seed furrow was about 40 mm, so the 

width between two working teeth was required to be less than   

40 mm to maintain the initial structure and avoid damage to the 

seed furrow.  Therefore, the spacing l1 of the working teeth was 

20 mm.  Referring to the current residual film collector[27], the 

diameter d and length l3 of the spring teeth were 5 mm and 110 mm, 

respectively.  l4 was the width of the fastening position at the top 

of spring teeth, which was related to the thickness of rotary disc. 

α was the bending angle of spring teeth, and its angle affected 

the throwing trajectory of straw and residual film.  When α=0°, 

the residual film and straw picked up by spring teeth were thrown 

back to seed furrow, which could not be thrown out of seed furrow.  

With the increase of angle α, the width of spring teeth increased.  

When the width exceeded 40 mm, the seed furrow structure was 

damaged by spring teeth.  It is determined that bending angle α 

was 25° through many tests. 

 
a. Axonometric view 

 
b. Top view 

Note: d is the mean diameter of spring teeth, mm; l1 is the spacing of working 

spring teeth, mm; l2 is the projection length of the straight segment of spring 

teeth, mm; l3 is the total effective working length of spring teeth, mm; l4 is the 

top fastening position width of spring teeth, mm; α is the bending angle, (°). 

Figure 6   Structural diagram of spring teeth 
 

3.2  Theoretical and simulation analysis of critical parameters 

3.2.1  Movement process and trajectory of spring teeth 

As shown in Figure 7, the Cartesian coordinate system was 

established with the center of the rotating axis as the coordinate 

origin.  The x-axis was the forward direction of the machine, and 

the z-axis was the vertical direction.  The spring teeth touched and 

moved the straw in seed furrow from point a, and this movement 
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was “touching straw”; From point b, it contacted the surface soil at 

the bottom of seed furrow, and this movement was “contacting 

soil”; When the spring teeth moved to point c, the tip of spring 

teeth was left from the soil, and this stage was “leaving soil”; From 

point c, the straw and residual film were carried by spring teeth, 

and this stage was “carrying”; When the spring teeth moved to 

point d, under the action of gravity and centrifugal force, the straw 

and residual film were thrown to one side of the seed furrow along 

the absolute movement direction of spring teeth, and this 

movement was “throwing”.  Therefore, the motion trajectory of 

interaction between spring teeth and straw, residual film, and soil 

can be divided into five stages: touching straw, contacting soil, 

leaving soil, carrying and throwing. 

 
Note: O is the gyration center of spring teeth; vj is the forward speed of the 

machine, m·s
-1

; ω is the angular velocity of spring teeth movement, rad·s
-1

; R is 

the rotation radius of spring teeth, mm; H is the depth of seed furrow, mm; 

Points a, b, c, and d are the critical positions of spring teeth movement to touch 

straw, contact soil, leave soil and throw away, respectively. 

Figure 7  Movement process of spring teeth 
 

The absolute motion of any point on spring teeth was the 

combination of circular motion of spring teeth rotating around the 

axis and the linear motion advanced along the machine, which 

motion trajectory was a regular cycloid.  The rotation direction of 

spring teeth was consistent with the forward direction of the 

machine.  The straw and residual film in the seed furrow were 

picked up and thrown out of the seed furrow by rotating spring 

teeth.  Motion trajectory of the endpoint on spring teeth is shown 

in Figure 8. 

 
Note: Point M is any movement position of the tip of spring teeth; x is the 

displacement in the x-axis direction, mm; z is the displacement in the z-axis 

direction, mm; v is the absolute speed of point M on spring teeth, m/s; vx is the 

partial velocity of spring teeth in the horizontal direction, m/s; vz is the partial 

velocity of spring teeth in the vertical direction, m/s.  

Figure 8  Motion trajectory of the endpoint on spring teeth 
 

The movement of any point M on spring teeth was analyzed, 

the coordinates of point M was expressed as follows: 

3

3

( sin )cos( )

( sin )sin( )

jx R l t v t

z R l t

 

 

  


 
           (1) 

where, t is time, s; θ is the dip angle between spring teeth and 

rotary disc, (°). 

The Equation (1) was calculated with derivative of time, the 

velocity component of spring teeth in x-axis and z-axis directions 

were obtained as: 

3

3

( sin ) sin( )

( sin )cos( )

x j

z

v v R l t

v R l t

  

 

  


 
          (2) 

Therefore, the absolute velocity equation of any point M on the 

spring teeth was: 

2 2 2
3 3( sin ) 2 ( sin ) sinj jv v R l v R l t            (3) 

3.2.2  Determination of spring teeth speed 

The rotation speed of spring teeth had a significant influence 

on the cleaning effect of seed furrow.  The rotation speed of 

spring teeth was too low to throw out the straw and residual film.  

However, if the rotation speed of spring teeth was too high, the 

seed furrow structure would be damaged.  In order to throw out 

the straw and residual film while avoiding the influence of 

high-speed rotation of spring teeth on seed furrow structure, the 

rotation speed of spring teeth needs to determine. 

To achieve effective throwing, the conditions of throwing 

straw and residual film to the rear side should be satisfied during 

the rotation movement of spring teeth, which had a resultant 

backward velocity.  Specifically, the ratio of the linear velocity v 

of the spring teeth circular motion to the forward speed vj of the 

machine was λ>1, as shown in Equation (4): 

v>vj                               (4) 

ω(R+l3sinθ) > vj                (5) 

According to the forward speed of no-till maize seeder during 

operation, valued vj=2.22 m/s, then 

ω(R+l3sinθ) > 2.22               (6) 

Therefore 

3

2.22

2 ( sin )
n

R l 





              (7) 

where, n is the rotation speed of spring teeth, r/min. 

The gyration radius R=150 mm, length of spring teeth l3=  

110 mm, and dip angle θ=20°, 40°, and 60° respectively, which 

were substituted into Equation (7).  Therefore, the rotation speed 

of spring teeth n>113 r/min was determined to meet the operation 

requirements of rotation speed at different dip angles. 

3.2.3  Kinematics analysis of throwing straw and residual film 

In order to study the motion trajectory and law of straw and 

residual film were thrown by spring teeth, the instantaneous motion 

of straw and residual film thrown was analyzed.  The straw and 

residual film are simplified as a particle, and the spring teeth 

rotated uniformly.  Meantime, the influence of air resistance and 

the collision between straw and residual film were ignored.  The 

process of straw and residual film throwing is shown in Figure 9. 

 
1. Maize straw  2. Throwing trajectory  3. Residual film 

Figure 9  Kinematics analysis of maize straw and residual film 

throwing process 
 

Point e was the critical point where the straw and residual film 

separated from the spring teeth, then the straw and residual film 

were thrown to the rear side of seed furrow along the absolute 

movement direction of spring teeth.  The instantaneous velocity at 

which the straw and residual films were thrown point e is expressed 
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as below: 

ve=ω(R+l3sinθ)                   (8) 

where, ve is the instantaneous velocity of straw and residual film at 

point e, m/s. 

The velocity components of spring teeth in the x-axis and the 

z-axis directions are vex and vez, respectively, which are calculated 

by Equation (9) 

3

2
3

cos ( sin )

sin 2( sin )

ex e

ez e

v v R l h

v v R l h h

  

  

   


   
       (9) 

where, β is the included angle between the instantaneous direction 

of throwing and horizontal direction, (°); h is the vertical distance 

between the starting position of throwing and the bottom of seed 

furrow, mm. 

The straw and residual film were separated from spring teeth 

and thrown out to move in a parabolic.  The motion trajectory 

equations are shown below 

2
3 3

3

2
2

3 3

2( sin ) ( sin )

( sin )

sin 2( sin )
2

e

e

e

x R l h h R l h t

y R l t

gt
z h R l R l h h t

  

 

  


       


 

       


   (10) 

where, xe is the distance that straw and residual film are thrown in 

the x-axis direction, mm; ye is the distance that straw and residual 

film are thrown in the y-axis direction, mm; ze is the distance that 

straw and residual film are thrown in the z-axis direction, mm. 

According to Equations (9) and (10), the maximum distance l 

that the straw and residual film were thrown to backward 

horizontally by spring teeth was obtained as follow 
2

2 2
3 3

2 sin cos
cos

2 ( sin ) 2( sin )
= cos

ev
l

g

R l h R l h h

g

 


  




   
  (11) 

where, g is the acceleration of gravity, m/s2. 

The maximum distance L that the straw and residual film were 

thrown to the side in the horizontal plane perpendicular to the 

forward direction of the machine was calculated. 

2 2
3 32 ( sin ) 2( sin )

tan sin
R l h R l h h

L l a
g

  


   
   (12) 

Similarly, the maximum height h1 that the straw and residual 

films are thrown to the vertical direction was calculated. 
2 2 2

3
1

( sin ) [( sin ) ]

2 2

ev R l h h
h

g g

   
         (13) 

The straw and residual films are thrown from point e.  With 

the rotation of the spring teeth, the throwing velocity ve at different 

positions was the same.  However, the direction was different.  

When the velocity of spring teeth vex=0, the straw and residual film 

was no longer thrown to the outside of seed furrow.  It could be 

obtained from Equations (11), Equations (12) and Equations (13) 

that the throwing distance of straw and residual film in backward 

horizontally, rear side and vertical directions changes with the 

change of ve direction.  When the included angle between ve and 

x-axis direction β=45°, the maximum throwing distance was 

obtained.  It could be seen from the above equations that the main 

factors affecting throwing distance were: angular velocity of spring 

teeth ω, dip angle θ, working length l3 and bending angle α of 

spring teeth.  When rotation speed n was 120 to 180 r/min, dip 

angle θ was 20° to 60°, and the bending angle α was 25°, rotary 

disc R was 150 mm, length of spring teeth l3 was 110 mm, and 

substituting into Equations (12) and (13).  Then, the maximum 

distance that the straw and residual film was thrown to one side in 

horizontal was 239.3 to 747.0 mm, and the maximum height that 

the straw and residual film was thrown to vertical direction was 

141.7 to 442.2 mm. 

3.2.4  Simulation analysis of spring teeth motion trajectory 

With the forward movement of the no-till seeder, the circular 

motion of adjacent spring teeth formed staggered cycloids, so there 

may be omitted areas between adjacent spring teeth.  The omitted 

areas were mainly determined by the forward speed, the rotation 

speed of spring teeth and the number of spring teeth distributed in 

the circumferential direction. 

In order to explore the relationship between omitted areas and 

the above parameters, Matlab software was used to obtain the 

motion trajectory of two adjacent spring teeth.  Under different 

parameter combinations, the motion trajectory of spring teeth 

would change, and the area of the omitted area would also change, 

but the periodic change trend of motion trajectory was the same.  

According to the result of design and theoretical analysis, the 

simulation parameters were selected as machine forward speed vj = 

2.22 m/s, radius of rotary disc R=150 mm, rotation speed of spring 

teeth n=120 r/min, 150 r/min and 180 r/min, respectively, running 

time t=1 s, number of spring teeth distributed in the circumferential 

direction n=8.  Then, the above parameters were substituted into 

Equation (1), the absolute motion trajectory of spring teeth.  The 

position, where the endpoint of spring teeth is at the highest point, 

was the initial position of motion simulation.  The motion 

trajectories of adjacent spring teeth and the omitted areas are shown 

in Figure 10. 

 
a. 120 r/min b. 150 r/min c. 180 r/min 

 

Figure 10  Motion trajectories of adjacent spring teeth 
 

It could be seen from Figure 10a that when the rotation speed 

of spring teeth was 120 r/min, there was no intersection point 

between the motion trajectories of the adjacent spring teeth.  To 

be specific, when the rotation speed of spring teeth was 120 r/min, 

it just met the speed requirements obtained by Equation (7), so 

there was an omitted area between motion trajectories of adjacent 
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spring teeth, and the area of the omitted area was larger. 

When the rotation speed of spring teeth was 150 r/min and 180 

r/min, the motion trajectories of adjacent spring teeth are shown in 

Figures 10b and 10c, respectively.  The motion trajectories of 

adjacent spring teeth were intersecting, and the distance between 

intersection point and lowest point of the motion trajectory 

decreased with the increasing of rotation speed, that is, the area of 

omitted area decreased with the increasing of rotation speed.  

Therefore, the rotation speed of spring teeth was one of the 

significant parameters affecting seed furrow cleaning performance. 

4  Materials and methods 

4.1  Experimental materials 

The field experiment was conducted on April 28 and 29, 2021 

at Bole Experimental Station (81°43′43′′E, 44°56′34′′N) of China 

Institute for Conservation Tillage of China Agricultural University, 

Xinjiang, China.  The soil moisture content was 14.35%, and the 

average soil compaction at depth of 50 mm was 1120.8 kPa.  The 

previous crop of the experimental field was maize after harvest in 

the autumn of 2020, which straw mulching quantity and average 

moisture content were 1.64 kg/m2 and 11.73 %, respectively.  The 

content of the residual film in soil layer was 0.017 kg/m2. 

The experimental instruments were as follows: LX904 tractor; 

DT-2235B digital tachometer, which measurement accuracy is 

0.05%; SC-900 soil compaction experimenter, which range and 

accuracy are 7000 kPa and 1 kPa, respectively; Electronic balance, 

which range is 0-1000 g; Soil moisture experimenter, tape measure, 

vernier caliper, etc.  The seed furrow cleaning experimental 

device is shown in Figure 11. 
 

 
1. Flow speed control valve  2. Frame 3. Hydraulic motor  4. Rotary disc    

5. Spring teeth  6. Curved sliding shovel  7. Adjusting bolt of curved sliding 

shovel  8. Hydraulic cylinder 

Figure 11  Field experiment of seed furrow cleaning device for 

no-till seeding 
 

4.2  Experimental methods 

There were many factors that impacted the performance of the 

seed furrow cleaning device, such as forward speed, diameter of 

rotary disc, rotation speed of spring teeth, bending angle of spring 

teeth, and dip angle between spring teeth and rotary disc, etc.  

According to kinematic analysis of the side throwing mechanism, 

the forward speed, rotation speed of spring teeth, and dip angle 

between spring teeth and rotary disc were determined to be the 

main factors affecting the cleaning effect.  Therefore, the forward 

speed, rotation speed of spring teeth and dip angle between spring 

teeth and rotary disc were selected as the experimental factors.  
 

Table 2  Experimental factors and levels 

Level 
Machine forward 

 speed vj /km·h
-1

 

Rotation speed of  

spring teeth rs /r·min
-1

 

Dip angle of spring 

teeth as /(°) 

1 6 120 20 

2 8 150 40 

3 10 180 60 

The L9(3
4) orthogonal experimental method was used to obtain the 

optimal parameters combination.  The setting of level values of 

the factors is listed in Table 2. 

4.3  Experiment evaluation indicators 

To evaluate the performance of the seed furrow cleaning  

device, straw cleaning rate (SCR) and residual film cleaning rate 

(RFCR) were selected as evaluation indicators.  According to 

GB/T 20865-2017 “no or little tillage fertilizer-seeder”[28] in China, 

the operation performance of seed furrow cleaning device for 

no-till maize seeding was inspected. 

The mass of straws and weeds in the width of sowing stripper 

unit length was measured before operation.  The residual mass of 

straws and weeds in the width of sowing strip was measured by an 

electronic balance after the operation.  Therefore, SCR was 

calculated by Equation (14) 

1 2

1

100%
m m

m



                (14) 

where, φ is the straw cleaning rate, %; m1 is the mass of straws and 

weeds before operation, kg; m2 is the residual mass of straws and 

weeds after operation, kg. 

The residual film on the surface in operation area were picked 

up manually before operation.  When the seed furrow cleaning 

operation was completed, the mass of residual film from the seed 

furrow cleaned to the surface, and the mass of the residual film that 

had not been cleaned in the seed furrow were measured, 

respectively.  Therefore, RFCR was calculated by Equation (15) 

3

3 4

100%
+

m

m m
                (15) 

Where, η is the residual film cleaning rate, %; m3 is the mass of 

residual film from the seed furrow cleaned to the surface, kg; m4 is 

the mass of residual film that had not been cleaned, kg. 

5  Results and discussion  

5.1  Effects of operation parameters on SCR and RFCR 

The influences of forward speed, rotation speed of spring teeth 

and dip angle of spring teeth on the SCR and RFCR are listed in 

Table 3. 
 

Table 3  Orthogonal experiment results of seed furrow 

cleaning 

No. 

Machine 

forward 

speed vj 

Rotation 

speed of 

spring teeth rs 

Dip angle of 

spring teeth  

as 

Straw 

cleaning rate 

φ 

Residual film 

cleaning rate 

η 

1 1 1 1 73.42 72.51 

2 1 2 2 85.10 86.84 

3 1 3 3 92.13 83.92 

4 2 1 2 74.91 70.56 

5 2 2 3 82.57 77.34 

6 2 3 1 89.82 78.59 

7 3 1 3 71.28 70.42 

8 3 2 1 80.96 82.05 

9 3 3 2 90.14 85.32 

Kφ1 83.55 73.20 81.40   

Kφ2 82.43 82.88 83.38   

Kφ3 80.79 90.70 81.99   

Kη1 81.09 71.16 77.72   

Kη2 75.50 82.08 80.91   

Kη3 79.26 82.61 77.23   

Rφ 2.76 17.49 1.98   

Rη 5.59 11.45 3.68   

1 

2 

3 4 
5 

6 

8 

7 
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The range Rφ and Rη were analyzed and results showed that the 

rotation speed of spring teeth, forward speed and dip angle of 

spring teeth significantly affect SCR and RFCR were in decreasing 

order.  The optimal parameter combination was: vj1rs3as2.  To be 

specific, forward speed was 6 km/h, rotation speed of spring teeth 

was 180 r/min and dip angle of spring teeth was 40°.  Meanwhile, 

overall observation found that SCR was higher than RFCR under 

the same structure and parameters. 

To further test the significance of difference in the mean value 

of samples, analysis of variance (ANOVA) was utilized (at 95% 

confidence interval) to evaluate the effects.  The results are listed 

in Table 4.  Forward speed was significantly related to SCR, and 

extremely significantly related to RFCR.  The rotation speed of 

spring teeth was extremely significantly related to SCR and RFCR.  

The dip angle of spring teeth had no significant effect on SCR, but 

which had a very significant effect on RFCR. 
 

Table 4  ANOVA analysis on SCR and RFCR 

Source of  

variation 

Straw cleaning rate /% Residual film cleaning rate /% 

Sum of squares DF Mean square F value p value Sum of squares DF Mean square F value p value 

vj 11.54 2 5.77 15.40 0.061 48.81 2 24.41 158.34 0.006 

rs 460.74 2 230.37 615.07 0.002 250.41 2 125.21 812.32 0.001 

as 6.22 2 3.11 8.30 0.108 23.96 2 11.98 77.72 0.013 

Error 0.75 2 0.38   0.31 2 0.15   

Total 479.25 8    323.49 8    

Note: p<0.01 means extremely significant, 0.01<p<0.05 means very significant, 0.05<p<0.1 means significant.  DF: Degree of freedom. 
 

To verify the accuracy of the optimal operation parameters, the 

operation parameters of validation experiment were set as: forward 

speed was 6 km/h, rotation speed of spring teeth was 180 r/min and 

dip angle of spring teeth was 40°.  The validation experiment was 

conducted on the same field conditions as previous experiments.  

Three repetitions were performed and the average value was 

calculated.  The effect after field experiment is shown in Figure 

12.  Under the optimal operation parameters, SCR and RFCR 

were 88.27% and 84.31%, respectively, cleaning performance got a 

significant improvement for no-till seeder. 
 

  
a. Seed furrow after cleaning   b. Seed furrow after covering soil 

Figure 12  Effect after field experiment 
 

In the operation parameters of validation experiment, 6 points 

were randomly selected to measure the throwing distance of straw 

and residual film.  The results are listed in Table 5. 
 

Table 5  Throwing distance of maize straw and residual film 

No. 
The throwing distance of 

maize straw/mm 

The throwing distance of 

residual film/mm 

1 304.3 113.7 

2 272.1 158.2 

3 231.3 106.8 

4 314.6 127.3 

5 252.7 105.1 

6 265.2 94.4 

Mean value 273.4 117.6 
 

It can be realized that the maximum and mean value throwing 

distance of maize straw were 314.6 mm and 273.4 mm, 

respectively, and the maximum and mean value throwing distance 

of residual film were 158.2 mm and 117.6 mm, respectively.  The 

maize straw and residual film were thrown into the wide row  

(600 mm) by seed furrow cleaning device, so it will not affect the 

operation of other adjacent rows. 

5.2  Discussion 

According to the result of ANOVA analysis, the rotation speed 

of spring teeth had an extremely significant effect on SCR and 

RFCR.  When the rotation speed of spring teeth was 120 r/min, 

SCR and RFCR were all relatively low.  The experimental results 

were consistent with theoretical and simulation results.  When the 

rotation speed of spring teeth is higher than 180 r/min, the 

high-speed rotation of spring teeth may disturb the processed seed 

furrow with the increase of rotation speed, which may affect the 

initial structure of seed furrow, moreover, increase the energy 

consumption.  Therefore, the rotation speed of spring teeth should 

not be too high. 

The dip angles of spring teeth were set at 20°, 40°, and 60°, 

respectively, however, the diameter of maize straw is generally 18 

to 30 mm, and the volume is relatively large.  So, when the dip 

angle of spring teeth was adjusted by 20°, it had little effect on 

SCR.  The dip angle of spring teeth had no significant effect on 

SCR. 

The residual film is accumulated in the soil layer for many 

years, its mechanical properties are poor, and the residual film is 

easy to break during cleaning; Meanwhile, the residual film has a 

small area, which is easy to slip off and difficult to pick up.  

Therefore, RFCR was lower than SCR under the same structure 

and parameters. 

The throwing distance of residual film is smaller than maize 

straw, the main reason is that the residual film has the 

characteristics of extremely light, adsorption and flexibility. 

6  Conclusions 

In this study, a seed furrow cleaning device for no-till seeding 

was developed for environmental requirements in Xinjiang, China.  

The operation parameters of seed furrow cleaning were obtained 

using orthogonal method.  The performance of the seed furrow 

cleaning device was evaluated in field conditions.  The main 

conclusions were drawn as below. 

To solve the problems of seed are covered by residual film and 

overhead by straw, a seed furrow cleaning device for no-till maize 

seeding was designed, which was installed behind the furrow 

opener of no-till seeder to clean the residual film and straw in the 

processed seed furrow.  The straw and residual film were slid and 

thrown to outside of the seed furrow by collaborative cleaning 

method of rotating spring teeth and curved sliding shovel. 

The trajectory of spring teeth and motion model of throwing 
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residual film and straw were constructed.  The results indicated 

that the maximum distance of throwing to one side in horizontal 

was 239.3 to 747.0 mm, and the maximum height in vertical was 

141.7 to 442.2 mm.  The motion trajectory of two adjacent spring 

teeth and change of omitted area were analyzed by Matlab, and the 

results showed that the area of omitted area decreased with the 

increasing of rotation speed. 

The orthogonal experiment results showed that rotation speed 

of spring teeth, forward speed and dip angle of spring teeth 

significantly affect SCR and RFCR were in decreasing order.  The 

field test results indicated that when forward speed was 6 km/h, 

rotation speed of spring teeth was 180 r/min and dip angle of spring 

teeth was 40°, SCR and RFCR were 88.27% and 84.31%, 

respectively.  The maximum throwing distances of maize straw 

and residual film were 314.6 mm and 158.2 mm, respectively. 
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