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ABSTRACT

When the seeding monomer of no-tillage maize planter operates in sticky and wet soil, soil bonding and
blocking of soil-touching parts will occur to different degrees, leading to functional failure and affecting the
quality of seeding operation. Aiming to improve the anti-adhesion property with minimum cost, a seeding
monomer is modified to operate in sticky and wet soil with the support of TRIZ (Theory of Inventive Problem
Solving). There are two major scheme adjustments, including self-cleaning seedbed collating device and split
gauge wheel. The Su-field model of seedbed collating device is constructed, and the design scheme of smaller
wavy coulter and dirt scraper is proposed on the basis of the standard-solution tool and water-film theory. And
the parameters of the wave are determined on account of force analysis of soil particles and bionic earthworm.
Based on the systemic-functional analysis of the seeding depth-limiting device and the force analysis of gauge
wheel during operation, a split type of depth-gauge wheel with large lug hole is designed. As a result, the field
trial demonstrates that the improved monomer could meet the operation requirements of clay soil with the
water content of 15%-25%. Compared with the original model, the residual clay content is decreased (seedbed
collating device 57.5%, gauge wheel seeding depth-limiting device 10%). This study can provide reference for
the anti-adhesion design of soil-contacting parts of agricultural machinery.

RE

TR TEFI BT TP AR AE LIS AT s T i KA A FESE R - TR T T I 5, -FECIIFERRL, 7T
FHEAL T 5 LR CI FEEDRITERE S H R A TRIZ FEGE ) TR 77 5 it T —Fpad TRl A
HE TR B R E 7 IEAIEFIRIRIE HI TN & T IR R NI -2, T “rifiF LR
FIUK R 1E ] DI RTE A T T it 2 ) - TTHY 71 77 56 L B K i 0 2 T T8 5 - I i 52 77 5 55 6 7 AL ]
IE RTINS T IEFIIRIREEE T “RATYGES " FIRIRICTFA L FEZ ) 40, Bed] T AL IRIRAE . H
IR, 2 T BB RE Bl i K B 15% 25%F A HITEFITEAL 2R, GIRPIZEAALE, PR RS B RIIRIR
HKEE NIRRT TIE 7. 5% 10%. ZWF T Al KB Z5 011 T F Y i 7 1 =

INTRODUCTION

No-tillage Maize Planter is a key tool for the conservation tillage of maize, the composition mainly
includes seedbed collating device, seeding depth-limiting device, soil-covering device, etc (Yalcin et al., 2005;
Jia et al., 2017). And the operation quality of each soil-contacting device of seeding monomer directly affects
the maize yield. During the spring ploughing period in Heilongjiang Province, China, the soil is sticky and wet,
hence the soil-contacting parts of the seeding monomer may have different degrees of soil bonding and
blocking, which leads to the decline of operation quality.

In recent years, many companies and scholars have conducted in-depth research on seeding
monomers. The 1950 series no-tillage maize planter, produced by John Deere in the United States, has
seeding monomer with side-position depth-gauge wheel, which can ensure the consistent seeding depth
(Morrison et al., 2002). The YP series no-tillage maize planter produced by Great Plains has the seeding
monomer with wavy coulter and the double-disc furrow opener with non-isometric dislocation arrangement,
making the effects of soil-breaking and stubble-breaking better (Triplett et al., 2008).
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The ED series no-tillage maize planter produced by Amazone in Germany has the seeding monomer
adopting the stubble-cutting mode of gravity double-disc furrow opener, and the scalpriform furrow opener
installed directly behind the disc can determine the seeding position and the embedment direction of seeds
(Fuentes-Llanillo et al., 2021). Meanwhile, scholars have also conducted detailed research on the problem of
preventing soil adhesion in the soil-touching parts of no-tillers. Jafar Massah, Iran et al. designed corrugated
blades by simulating the body geometry of armadillo (Massah et al., 2020). Massah Jafar et al. optimized the
design of sail tilling components based on the bionic electro osmosis technology and the biometric features of
animal body surface to reduce the adhesion of soil (Massah et al., 2021).

In the 1990s, the no-tillage maize planter was introduced in China, and local improvements were made
according to actual demands. Zhao et al. designed a profiling compacting device of seeding monomer that is
suitable for hilly areas and established an interaction model between compacting device and soil, which
combined with the characteristics of the soil (Zhao et al., 2017). Gao et al. proposed a method of down-force
control of seeding monomer based on the pressure of airbag and the dip angle of profiling four-bar linkage,
which was used to precisely control the seeding depth (Gao et al., 2019). Jia et al. designed an anti-blocking
stubble-breaking machine for inter-row no-tillage, using the intermittent arrangement of cutter teeth with high
cutting effect and low soil adhesion (Jia et al., 2013). Hou et al. designed the seeding monomer of double-
DOF multi-articulated profiling no-tillage machine, with ploughshare-type furrow opener and separate soil-
covering device as well as compacting device (Hou et al., 2019). The soil-covering and compacting wheel of
seeding monomer designed by Guo et al. adopted the conical wheel structure, which can realize soil-covering
and compacting at one time (Guo et al., 2017).

The above research provides useful references for the improved design of no-tillage maize planter
seeding monomer, however, the research on the causes of failure of soil-contacting parts in sticky and wet soil
as well as the anti-adhesion design of seeding monomer are still not sufficient. In this paper, TRIZ (Theory of
Inventive Problem Solving) is used to analyse the failure causes, identify critical imperfections and improving
directions (Altshuller, 1984). Combined with the force analysis of the seeding process, the seeding monomer
with self-cleaning seedbed collating device and split gauge wheel is designed. The implementation effect of
the improved scheme is verified by field trials.

MATERIALS AND METHODS
Overall Structure

The seeding monomer structure of commonly used traction-type no-tillage maize planter is shown in
Fig. 1, which is mainly composed of wavy coulter, four-bar linkage, double-disc furrow opener, depth-gauge
wheel, support arm, soil-covering wheel, etc.

Fig. 1 - Schematic diagram of the seeding monomer of no-tillage maize planter
1. wavy coulter; 2. four-bar linkage; 3. double-disc furrow opener; 4. gauge wheel; 5. support arm; 6. soil-covering wheel

Operating Principle

The seeding monomer of no-tillage maize planter is hooked up to the whole machine frame and is towed
by the tractor for work (Lin et al., 2015). During the seeding operation, the wavy coulter cuts into the soil, as
well as cuts the stubble and straw on the seeding path to complete the collation of seedbed. Then, the double-
disc furrow opener cuts the soil along the seeding path to form a seeding furrow, and the seed-metering device
sends maize seeds to the bottom of the seeding furrow to complete the seeding operation. The soil-covering
wheels arranged in a V-shape squeezes the soil on both sides of the seeding path into the seeding furrow.
The soil-covering wheel rolls and compacts to complete the operation.
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Problems in the Operation of Sticky and Wet Soil

The seeding monomer can successively realize the functions of seedbed collating, depth-limiting furrow
seeding, and soil-covering compacting, etc. The soil-contacting parts include wavy coulter, gauge wheel,
double-disc furrow opener and soil-covering wheel (Wang et al., 2021; Fu et al., 2022). When working in the
sticky and wet soil, each soil-contacting part is in direct contact with the soil, resulting in different degrees of
soil adhesion problems (see Fig. 2).

1 2 3 4 5
(a) Actual bonding situation (b) Actual bonding situation of
of corrugated cutter head gauge wheel

Fig. 2 - Actual bonding situation in soil-contacting parts of seeding monomer.
1. clay on wavy coulter; 2. wavy coulter; 3. gauge wheel; 4. clay on gauge wheel; 5. double-disc furrow opener

Improved Design of Seeding Monomer Based on TRIZ

TRIZ is a systematic and structured innovation methodology (Altshuller, 1984). It is effective in breaking
through inertial thinking, inspiring innovative consciousness, expanding design ideas, assisting innovation
designs, and solving technical problems (Kang et al., 2022; Fu, 2021). In this paper, TRIZ is applied to analyse
the soil-adhesion problem of the soil-contacting part of seeding monomer, with the goals of improving the anti-
adhesion property at the minimum cost and solving the scheme of improved design.

Improved Design of Wavy Coulter Based on Su-Field Analysis

Coulter is the core component of seedbed collating device, and its function is to cut stubble and straw
on the seeding path, so as to provide a favourable seedbed for the germination and growth of seeds (Gao,
2002; Gao et al., 2008; Liao et al., 2004). When operating in clay soil, the wavy coulter bond to the soil and
accumulate continually, leading to the increase of soil movement and power consumption. The Su-field model
of the problem, as shown in Fig. 3, shows that the clay soil has a harmful adhesion effect on the wavy coulter.

Adhesive Power

Adhesion

Clay Soil Wavy Coulter

AN Harmful Effects

Fig. 3 - Analysis of Su-Field model of the wavy coulter

The standard solution S1.2.2 in TRIZ, that is, the introduction of the deformation of S1 or S2, is applied
to eliminate the harmful effects (Fu, 2021), and the improved conceptual scheme 1, that is, the change of
configuration and parameter of the wavy coulter (i.e. deformation of S1) is proposed. According to the water-
film theory, the adhesion of soil to metal is related to the contact area of soil and metal parts, the larger the
contact area, the easier it is to form a water-film layer and the greater the adhesion of clay soil (Zuo et al.,
1997; Zheng, 2019). The smaller wavy coulter can reduce the contact area with the clay soil and avoid the
formation of a continuous water film interface, thus reducing the adhesion amount of soil.
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The standard solution S1.2.1 in TRIZ, that is, the introduction of S3, is applied to eliminate the harmful
effects (Fu, 2021), and the improved conceptual scheme 2, that is, adding a scraper, is proposed to scrape
away the attached clay soil on the disc surface.

Design on Structure and Key Parameters of the Improved Scheme

1) Overall Structure and Anti-adhesion Operating Principle

The structure of the seedbed collating device with anti-adhesion property designed by the improved
conceptual solution is shown in Fig. 4. The rack and weeding machine of improved seedbed collating device
adopt original structure, and change the configuration and parameter of the wavy coulter so as to reduce the
contact area with soil. Besides, cambered scraper is added to the racks on both sides of wavy coulter, aiming
to scrape away the clay attached on the disc surface.

(a) 3D model (b) Physical model

Fig. 4 - Structure of improved wavy coulter
1. racks; 2. assembly of weeding wheel; 3. cambered scraper; 4. modified-wavy coulter

2) Design of Key Parameters of Improved Scheme

According to the agronomic requirements of stubble cutting and rod cutting, the modified-wavy coulter
is determined as 400 mm in diameter, 4 mm in thickness and 65 Mn in material. The corrugation on the surface
of coulter is formed by stamping. In this paper, the corrugation parameters are determined by the force analysis
of soil particles (Wan et al., 2014; Bai et al., 2014) (see Fig. 5) during the movement of soil and the wavy
coulter.

The resultant force at the force point qis mainly generated by the friction between clay soil and the

wavy coulter as well as the mutual extrusion of the two. From Fig. 5, the three component forces of the resultant
force F, are:

F. =F,cosacos (1)

F,=Ftanp (2)

F, - F. tana 3)
cos

When the no-tillage machine is operating at a constant speed, the angular velocity at point Q is
invariable, hence the torque at point Q is unchanged. As a result, the circumferential force F, at point Q is

constant. To reduce the amount of soil adhesion, the lateral force F, and radial force F, should be reduced.
It can be seen from Equation (2) that the smaller the angle 3, the smaller the radial force F;. If the
angle #=0° then the radial force F; =0, which can eliminate the adhesive attraction of soil to the wavy

coulter along the radial direction.
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Fig. 5 - Force analysis of soil particles during the movement of wavy coulter
1. raised corrugation; 2. wavy coulter; Q is the force point, O is the centre of rotation.
Fc is circumferential force; Fais radial force; F; is lateral force; Fn is the resultant force at the point Q; Fxis the horizontal component of
the force Fn; « is the angle between the force Fn and the force Fx. g is the angle between force Fc and force Fv.

The configuration of wave crest directly affects the anti-adhesion property and operation resistance
(Zeng et al., 2018). At present, the commonly used corrugated configuration is cambered wave crest. Since
the area of arc between two points (lines) is larger than the area of plane, it is easier to form water-film to
produce the adhesion phenomenon. In this paper, the plane shape of wave crest is used for structural design.
When the angle B = 0 °, the stress state of the two crest surfaces is shown in Fig. 6.

Fig. 6 - Stress states of two wave crests surfaces

Q is the force point, O is the centre of symmetry. F¢ is the circumferential force; Fn1 is the resultant force at point Q of the plane wave
crest; Fn2 is the resultant force at the point Q of the cambered wave crest; Fc1 is the lateral force at the point Q for plane wave crests;
Fc2 is the lateral force at the point Q for cambered wave crests; a; is the angle between the force Fn1 and the force Fe.

a, is the angle between the force Fn1 and the force Fe.

From Equation (3), it can be seen that the smaller the angle « , the smaller the lateral force F; on the
Q point. It can be seen from Fig. 6 that since the angle s is smaller than the angle oy, the lateral force F,1 on
the plane wave crest is smaller than the lateral force F;2 on the cambered wave crest, which can reduce the

soil adhesion to the wavy coulter along the normal direction.
The structure of the plane wave crest is determined by the wave heighth and the wave width b. The

local structure and stress state of the plane wave crest are shown in Fig. 7.
_F

Fig. 7 - Local structure and stress state of the plane wave crest
1. surface of wave crest; 2. coulter

Q is the force particle; h is the wave height; b is the wave width; F, is the resultant force at the point Q; Fx is the horizontal component

of the force F,; F: is the circumferential force; « is the angle between the force F, and the force Fy. 7 is the angle between the crestal
plane of corrugation and the horizontal plane. O is the arc centre of wave crest. R is the arc radius of wave crest.

From Fig. 7, it can be seen that the angle between the crestal plane of corrugation and the horizontal

plane y is:
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2h
y = arctan " (4)

Earthworm, as a soil organism, has excellent anti-adhesion property. This paper uses bionic
earthworm to determine the corrugation configuration parameters.

According to the characteristics of earthworm skin shape, the ratio of wave height h to wave width b is
1:3 (Ma et al., 2014). Take h=9 mm (Wei et al., 2017), b=27 mm, and substitute them into Equation (4) to get
y = 34°,

Considering the requirements of stamping process and reducing operation resistance, the wave crest
needs to be chamfered, and the radius of chamfering arc R is:

b .
R=—sIn 5
>N (5)
Substituting b=27 mm, y ~ 34° into Equation (5) yields R=7.55 mm.

The structural parameters of the modified-wavy coulter are compared with the original coulter, as
shown in Table 1. The comparison of the physical drawing is shown in Fig. 8.

Table 1
Parameters of wavy coulter
Cutter diameter Wave height Wave width Corrugated surface
Structural style
(mm) (mm) (mm) Form
Original-wavy coulter 400 15 30 Cambered type
Modified-wavy coulter 400 9 27 Plane type

(a) original-wavy coulter (b) modified-wavy coulter

Fig. 8 - The Physical drawing comparison

Improved Design of Seeding Depth-limiting Device Based on Systemic-Functional Analysis

The function of the seeding depth-limiting device is to carry the operating weight of the seeding
monomer and to control the depth of the furrow opener cutting into the soil. In this paper, the systemic-
functional analysis in TRIZ is used to analyse the functional structure of the depth-limiting device, identify
critical defects, and search for improved scheme on solving the problem of soil adhesion.

Name of system: seeding depth-limiting device.

Function of system: control the depth of seeding.

Object of system: soil.

Components of system: seeding monomer racks, double-disc furrow opener, integrated gauge wheel,
support arm, depth-adjusting handle, scraper on seeding furrow opener, scraper on gauge wheel
circumference.

Components of super-system: whole machine racks, sticky soil.

The functional relationships among functional objects, system components and super-system
components are analysed, and the systemic-functional model diagram of seeding depth-limiting device is
established (see Fig. 9).
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Fig. 9 - Systemic-functional analysis of depth-limiting device

From Fig. 9, it can be seen that the seeding depth-limiting device has five critical defects. The
integrated gauge wheel is a key component to solve the anti-adhesion problem of seeding depth-limiting
device. Therefore, conceptual scheme 3 is proposed to improve the structure of the integrated gauge wheel
and its manner of supporting and fixing.

Improved Design of the Structure of Gauge Wheel

(1) Integrated Gauge Wheel Structure of the Original Model

The structure of the integrated gauge wheel of the original model is shown in Fig. 10. The hub and
spokes are formed all-in-one by stamping steel plate, and the wheel body is covered with three lug holes.

|

i
\

amt N

(a) Physical model (b) Cutaway view

Fig. 10 - Structure of integrated gauge wheel
1. tire; 2. wheel hub; 3. lug hole; 4. wheel spokes; 5. bearing

(2) Force Analysis of Integrated Gauge Wheel during Operation

When operating on sticky and wet soil, the position of clay soil of the integrated gauge wheel is located
between the furrow opener and gauge wheel, and the maximum extrusion force of clay soil on the hub of the
gauge wheel is formed at the maximum soil-separation position of the furrow opener (see Fig. 11a.).

In order to balance the maximum extrusion force, a pair of equilibrium moments around point O are
generated at the connection points A and C of the gauge wheel. After decomposition and transmission, radial
extrusion force is formed on points A and C, and axial extrusion force is formed on points B and D. The force

analysis is shown in Fig. 11 (b).
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(a) Position of soil extrusion force  (b) Force analysis of connection position

Fig. 11 - Soil-adhesion position and force analysis of integrated gauge wheel
1. double-disc furrow opener; 2. integrated gauge wheel; 3. clay soil; 4. connecting parts; 5. lug hole; 6. Bearing; 7. integrated hub

A, B, C, D are the four force points. O is the centre of deflection torque. E is the action point of extrusion force. s is the soil extrusion
force. Fa; is the radial force at A. Fau is the deflecting force at A. Fgz is the axial force at B. Fg; is the radial pressure at B.

Fem is the deflecting force at C. F; is the radial-deflecting component force at C. Fp; is the axial force at D.

Assuming that the fixed axis of the gauge wheel is absolutely rigid. Set the distance between OE as
L, OC =0A as L,, the following relationship can be obtained from Fig. 11(b).
FEL=FamL =FwmL (6)
According to Fig. 11(b) and Equation (6), the forces acting on each local contact position can be
obtained as follows.
Radial force at point A:

FL

Fa; = cos o (7)
Lo
Axial force at point B:
L .
Foy == sing (8)
2
Radial force at point C:
L
Fe) = L (9)
Lo
Point D axial force:
L .
Foz = B Gine (10)
2

As can be seen from Fig. 11 (a), the extrusion force of sticky soil is generated by the small area of lug
hole on the gauge wheel and the weak dredging ability of sticky soil, which in turn forms the deflection torque.
As shown in Fig. 11 (b), since the bearing hole of the integrated gauge wheel spoke is in local contact with
both ends of the bearing, deformation occurs at the fit of the two ends under the extrusion force of constantly
changing size and direction, resulting in a larger aperture at the fitting location, as well as making the gauge
wheel detach from the fixed support arm.

From Equation (7) to Equation (10), it can be seen that the harmful extrusion forces on the integrated
gauge wheel and the fitting location of bearings are all formed by the conversion of the extrusion force F; of
sticky soill.

Through the above analysis, it can be clear that the following weaknesses are supported to be improved:
(D) the fitting forms of the depth-limiting spoke and bearings need to be improved to enhance the connection
strength. (2) the form of the lug hole of the gauge wheel needs to be improved to enhance the dredging ability
of sticky soil, hence reduce or eliminate the extrusion force Fs .
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(3) Structure of Split Gauge Wheel

The structure of the improved split gauge wheel is shown in Fig. 12. In view of the two weaknesses
mentioned in the previous section, the gauge wheel spoke and hub adopt split structure. The hub and spoke
are joint by bolt groups to maximize the area of the lug hole. According to Newton's Third Law, as the area of
the lug hole increases, the obstruction to clay soil decreases. Therefore, no clay soil can be formed between
the gauge wheel and the double-disc furrow opener, and no extrusion force on the gauge wheel can be
generated, thus the stability of the depth-limiting device in the operation of sticky and wet soil can be improved.

\5

(a) Physical drawing (b) Cutaway view

Fig. 12 - Structure of split gauge wheel
1. tires; 2. hubs; 3. spokes; 4. bearings; 5. bolts

Improved Design of the Overall Structure of Seeding Monomer
The improved 3D model of the seeding monomer is shown in Fig. 13(a), and the physical prototype is
shown in Fig. 13(b). The weight of the seeding monomer is 160 kg, and the boundary dimensions are 1580

mm x 1127 mm x 343 mm.
B~

(a) 3D model (b) Physical model
Fig. 13 - Improved seeding monomer

For the improved seeding monomer, the configuration and parameters of the wavy coulter is changed,
and a cambered scraper to remove the sticky soil on the disc surface is added. The integrated gauge wheel
of the depth-limiting device is improved into a split gauge wheel, that is, the spoke and hub of the gauge wheel
adopt a split structure, while the contact area between the mating hole of spoke bearing and the outer-ring of
bearing is increased to improve the strength of the connection support. The area of the lug hole is increased
to reduce the obstruction of sticky soil, and the independent regulation of left and right gauge wheels is
changed into an integrated linkage mode.

Conditions for Trials

In April 2022, the verification trial was conducted in the experimental field of Devo Group, Shuangcheng
District, Harbin City, Heilongjiang Province (126°52', 45°53'), China. The original and improved seeding
monomers were hooked up to the 2BMQ-2 no-tillage maize planter at the same time, and field trials were
conducted in designated areas of the experimental field.
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Method for Trials

Due to the different functions of each soil-contacting part, different experimental methods should be
adopted. A comparative trial is carried out on the seedbed collating device. The two improved schemes of
modified-wavy coulter as well as modified-wavy coulter and dirt scraper are compared with the original model,
and the clay weight of the wavy coulter for three schemes are recorded.

A mixed orthogonal test with three factors and three levels is used for the seeding depth-limiting device,
with 17 sets of tests for each device. Each group of tests is operated continuously for one hour. After collecting
the residual clay soil inside the gauge wheel hub, the weight statistics are made. The improved performance
of seeding depth-limiting device is evaluated according to the weight of the residual clay soil.

The seeding depth-limiting device takes the clay amount y1 inside the wheel hub as the test index. The
relative water content of soil A, the operating speed B, and the lug hole area of gauge wheel C are selected
as the test factors. According to agronomic requirements, the range of relative water content of soil is from
15% to 25%, so the level of test factor A is proposed to be 15%, 20%, and 25%. The speed range of field
operation of 2BMQ-2 no-tillage maize planter is from 6 km/h to 8 km/h, so the level of test factor B is proposed
to be 6 km/h, 7 km/h, 8 km/h. The current gauge wheel is mainly no-lug hole or integrated semi-open lug hole
structure. The improved split open-lug hole is designed in this paper, whose area is 5x10* mm?, so the level
of test factor C is proposed to be 0 mm?2 (no-lug hole), 2.7x10 “mm? (lug hole area of the original model), 5x104
mm?Z. The level coding of test factors is shown in Table 2.

Table 2
Coding table of factor levels
Level 1 2 3
Water content A/ (%) 15 20 25
Operating speed B/(km/h) 6 7 8
Lug hole area C/ (mm?) 0 2.7x10* 5x10*

Test method of test index: Take the amount of soil-adhesion as the test index. After each test, use a
soil-spade to clear and collect the clay soil at the inner side of the gauge wheel hub, then use spring scales to
weigh separately. Each group of tests should be repeated three times to get the mean value.

RESULTS
Trial Results

The results of comparative trials of seedbed collating device are shown in Table 3. The results show
that the amount of soil-adhesion adopted by scheme of modified-wavy coulter and dirt scraper is reduced by
57.5%, compared with that of original model.

Table 3
The clay amount of seedbed collating device
Time/h 05 1 15
Modified-wavy coulter combination scraper/ (g) 708 787 852
Modified-wavy coulter /(g) 721 973 1250
Original- wavy coulter / (g) 924 1632 1978

The results of comparative trials of gauge wheel of the depth-limiting device is shown in Fig. 14.

1000 —T—TT T T T~

Limit the amount of clay on the
inside of the deep hub (g)
Limit the amount of clay on the
inside of the deep hub (g)

(a) Lug hole area is 5x10*mm? (b) Lug hole area is 2.7x10*mm?

Fig. 14 - Response surface diagram of clay with different lug hole areas
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The results show that when the lug hole area of the gauge wheel is 5x104 mm?, the amount of soil-
adhesion decreases by about 10%, compared with 2.7x104 mm? of the original model.

CONCLUSIONS

Regarding soil-adhesion problem of no-tillage maize planter in black soil area of China, a reformed
design of seeding monomer of no-tillage maize planter was constructed with minimum cost and support of
TRIZ analysis. In contrast with original version planter, the level of soil adhesion decreased 57.5% in seedbed
collating device and 10% in seeding depth-limiting device. This result fulfils the prerequisite for seeding in
sticky and wet soil.

The main contributions of the current research can be concluded as follows.

(1) Aiming at the problem that the soil-adhesion of wavy coulter leads to an increase in the disturbance
of soil and a loss of crushing function on the surface soil, a self-cleaning seedbed collating device is designed
based on Su-field analysis of TRIZ. In the design, a small wavy coulter is used, and a scraper is added on the
surface of blades. The parameters of wavy coulter are determined by combining bionic earthworms and the
force analysis of soil particle in motion. The results of field trials demonstrate that the modified coulter with
scraper has the least amount of clay soil.

(2) Focusing on the problem that the depth-gauge wheel loses its function due to the accumulation and
extrusion of clay, the spoke and hub are designed in a split type based on the systemic-functional analysis of
TRIZ and the force analysis of the depth-gauge wheel operation process. The depth-gauge wheel of the
structure increases the area of lug hole to reduce the adhesion and compression of the soil and changes the
independent regulation of the left and right gauge wheels into an integrated linkage mode. The results of field
trials show that the most significant factors affecting the soil-adhesion of gauge wheel are the water content of
soil as well as the area of lug hole, and the improved split large-lug hole gauge wheel has the least amount of
soil-adhesion.

Field trials demonstrate that, the designed self-cleaning seedbed collating device and large-lug hole
gauge wheel, can effectively improve the operation performance of no-tillage maize planter, which has market
promotion value in the black soil area of northeast China, and also has been recognized by the vast number
of customers in China (Qingdao) Agricultural Machinery EXPO. However, China has a vast territory with large
land differences and low degree of large-scale agricultural mechanization. The future research and
development of no-tillage maize machines and tools are supposed to be closely related to soil conditions in
various regions, which will certainly bring great challenges to the product versatility of agricultural equipment
enterprises. The author will further study the generalization, modularization and adaptation of equipment based
on the agronomic differences of soil and maize seeding in different regions.
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