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Abstract

In order to improve the quality of pricking hole and reduce throwing soil as merering the field, this paper
presents a method of off-centre embedded pricking mechanism operation. Established a mathematical model of
pricking hole mechanism, preparation of computer aided analysis platform by using VB software, and the
simulation effects are buried and the effects of the eccentricity, rocker arm length, pricking hole connected with
the handle, the swing rod length, length the pricking hole angle and swing arm and the connecting rod handle
parameters related to the initial position. One group of optimization parameters: radial eccentricity SOmm,
pricking hole arm length 220 mm, connecting handle length 135 mm, pendulum length 120 mm, pricking hole
arm and the connecting handle 55 degree angle, pendulum hinge rotation center end and rocker wire length 130
mm, connecting with the horizontal angle of 5 degrees. Through the verification, pricking hole mechanism after
optimization has been a significant improvement in reducing throwed soil problems and improve the pricking
quality.
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1. Introduction

At present, no-tillage planter was parted into mechanical and pneumatic according to the operation mode.
Because ditching devices are assembled in the front of metering device in traditional tools. High resistance
operation that sources from the interaction between ditching devices and soil will increase the traction energy
consumption and equipment vibration (Yuexia, 2003), moreover, the metering pipeline of seed-outlet often clogs
up with soil. These problems always affect the seeding quality, thus impediment the development of seed
metering mechanism and the improvement of operation mode. This paper aimed at above problems and based on
the principle of crank-rocker mechanism, put forward a type of pricking mechanism with off-centre embedded
seed metering device operation mode (Fei et al., 2016; Hongxin, 2017; Jinwu et al., 2015). Optimize the pricking
motion trace by using VB programming software. Furthermore, improve structure parameters and installation
angle of pricking mechanism, and verify its applicability to overcome the main disadvantages of the traditional
seed metering device, that within high resistance and large power, and solve the phenomenon of soil plugging.

2. Mechanism Composition and Principle
2.1 Mechanism Composition

Its working principle is: when it works, the power output connecting hole on the off-centre concave hole wheel is
a power input, and the off-centre concave hole wheel driven by rotating principal axis eccentricity. Inside the
off-centre concave hole wheel, embed a non-circular concave slideway. The return spring loaded in the piston
chamber of pricking arm shell. Slideway and spring both drives the piston whose end loads in bearing to take
linear recipro-cating motion in the piston chamber, which is in the pricking arm shell. At the same time, the
off-centre concave hole wheel drives the pricking arm shell to take reciprocating rotation; when the pricking arm
shell is rotated close to the ground, the piston out from the piston chamber into the soil and prick a hole under the
function of the non-circular concave slideway. When the piston moves upward under the function of return
spring which is compressed, seeds are thrown out from the seed metering chamber of the pricking arm to the
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piston chamber, and then they are thrown out from the connecting port at the lower end of the piston chamber to
the hole. This is a continuous and integrated operation by prinking hole and seed metering. (Chinese Patent No.
201710007400.9,201710007398)
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Figure 1. 3D model of the off-centre embeded pricking hole metering mechanism

Note. 1. Pricking arm shell; 2. Off-centre concave hole wheel; 3. Piston; 4. Return spring; 5. Swing rod; 6.
Principal axis; 7. Mounting shaft; 8. Piston chamber; 9. Bearing.

Because the piston intalled inside the pricking arm shell, it only exist relative motion with pricking arm shell.
This paper focuses on optimization design for composition parameters and penetrating trace of pricking
mechanism. The motion principle skeleton of the mechanism is shown in Figure 2. It mainly consists of the
rocker, the pricking arm, the connecting handle and the swing rod. The point O is the rocker rotation center, and
equipped with coaxial on mounting rack. The point C is the hinge point between the end of the swing rod and
mounting rack. The distance of Line OC is L4, and the angle between horizontal plane and OC is y. The angle
between the rocker and the connecting handle is 8. The rocker and the connecting handle are hinged on the point
A. The connecting handle and the swing rod are hinged on the point B. The point D is the prickly endpoint.
When the pricking mechanism operates, the rocker takes circular motion around the point O and drives the
pricking arm to swing periodically, thus cause the change of the trace of pricking cusp. By adjusting the
parameters, we get the absolute motion trace that meets the working requirement of the pricking mechanism to
achieve that the angle between the returned line of the pricking cusp and the entered line of the pricking cusp
limited in 0°-10°, accordingly, reduce the phenomenon of soil digging.
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Figure 2. The principle skeleton of mechanism

Note. 1. Rocker; 2. Connecting handle; 3. Swing rod; 4. Fixed beam; 5. Pricking arm.
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3. Establish Mathematical Mode

Pricking mechanism kinematics analysis as shown in Figure 2, as known constant L;, L,, L, L;o, Loa, L3¢, Xc, Yo,
0, as known variables .

Establish vector equation of mechanism
OA +0B=0C+CB
Transform as analytic form:
(o 0
xg = Xc t Ljcosa; = x4 + Lycosa,

{ Y =Yc t Lssinog =y, + L,sina, @

Simplify Equations (2):
(Xc = Xa)* + (Yo — ya)’ = L3 + L3 + 2L3[(xc — x4)c0s05 + (yc — ya)sinoz] = 0

For formula:

L;: The length of Rocker OA, mm; L,: The length of connecting handle AB, mm; L;: The length of oscillationg
bar BC, mm; o,: The rotation angle of Rocker OA, (°); a,: The intersection angle of connecting handle AB and x
axis, (°); az: The intersection angle of oscillationg bar BC and level, (°); &;: The palstance of Rocker AB, rad/s.

Set the intersection angle between the AC line and the x axis as B, then.

tanf = (ya — yo)/(Xa — Xc) 3
Simplify the two formulas above:

B)- L3+ (xa-x¢) +(y ~ve) - 13 @

ZLSJ (xax0) + (va - ve)’
As o3 — B is an inner angle of AABC, a3 — 3 belongs to O~n (Yun, 2005). Thus a3 can be figure out.

cos(cx3 -

OA rod centroid coordinate:

X = Ll()COS(ll
{ Y =L;psinoy ®)

The coordinate of AB rod centroid:

{ Xy =Xu + Lyscosa, ©)
y2 = yA + LZASinaz
From the formula above:
tanay = (yg — ya)/(Xs — Xa) @)
The coordinate of BC rod centroid:
{ X3 =X + Lsccoso; )
y3 = yC + L3CSinU,3

For formula:

L,o: The distance from OA centroid to O, mm; L,,: The distance from AB centroid to A, mm; Lsc: The distance
from BC centroid to C, mm.

3.1 The Displacement Equation of Pricking Cusp

Relative motion displacement of pricking cusp D:

®

{ Xp = Xp T Lapcos(ay + asp)
Yp =Y T Lapsin(os + ozp)
For formula:

Lap: The length of pricking limb AD, mm; o,: The angle between connecting handle AB and x axis, (°); axp: The
angle between pricking limb AD and x axis, (°).
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Absolute motion displacement of pricking cusp D:

{XD.=XD—(11H/360 (10)

Yo =Yp
For formula: H: Corn spacing in rows, mm
3.2 The Velocity Equation of Pricking Cusp

If the pricking hole mechanism possess horizontal forward speed v; = 0, the relative velocity equation of the
pricking cusp D would be:

Xp =Xa — (0 T asp) Lapsin(ay + aap)

Do 2 (11)
Yp =¥, T (0 +axp) L, ycos(oy + aap)

If the pricking hole mechanism possess horizontal forward speed v, # 0, the absolute velocity equation of the

pricking cusp D would be:

{ X].J' = X‘D - Vi a

._..a (12)
Yo = ¥p
4. Parameter Optimization

In this paper, by using VB software, writing a program optimizes the structure parameters of the pricking hole
mechanism. Depend on the scale method, the coordinate is transformed into cartesian coordinates that is
convenient to actualize the programming (Xiaohuan et al., 2011; Chunxiang et al., 2016). The program is mainly
uesd to optimize the structure parameters of pricking hole mechanism. The settings interface of parameter
directly placed on the right side can be conveniently debugging each parameter value. Meanwhile, in the main
interface, all kind of traces which is related with pricking arm cusp can be observed and the reliability of various
data also can be analysised.
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Figure 3. Absolute motion trace of pricking mechanism

In order to impel the pricking hole into soil smoothly, and without holding and lifting up soil, the trace of
pricking cusp should fulfil: (1) Pricking hole into soil with zero speed, the angle between the returned line of the
pricking cusp and the entered line of the pricking cusp is less than 10°. (2) The trace of hole is limited to the
range of 12~20 mm (Jinfeng et al., 2010). (3) The depth of hole is limited to the range of 30~50 mm. (4) The
hole distance is limited to the range of 200~300 mm. In order to enhance the quality of pricking hole and
improve the dynamic characteristics of pricking hole mechanism, set the target of optimization parameters: L,
L,, L3, Ly, Ls, v, 6 and so on. By adjusting the parameter values, the trace of pricking arm cusp can be
dynamically adjusted. Using real-time coordinate positioning methods selected the optimal trace to satisfy the
conditions above as shown in Figure 3. For the value of the parameters: L; = 50 mm, L, = 135 mm, L; = 120 mm,
Ly = 130 mm, Ls = 220 mm, y = 5°, § = 55°. With the optimal results, the angle between pricking cusp and the
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horizontal plane is limited to 65°~75° when pricking into soli, the depth of pricking hole is 44.6 mm, the
lengthwise length of hole is 13.8mm, the hole distance is 245 mm, satisfy the design requirements.

5. Velocity Analysis

On the basis of the optimal parameters of the VB program, draw the 3D model perfectly. According to the
simulation of Adams which is a kind of dynamic analysis software, the relative velocity simulation curve of
pricking arm cusp D can be obtained, as shown in Figures 4 and 5.
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Figure 4. The axial velocity curve of the D point at the cusp of pricking arm for relative motion

el
S

> 1.0

Dos

£ 0oL~ — |
2 90° 180°  270° 360"

The angle of prickingarm / (° )

Figure 5. The total velocity curve of the D point at the cusp of pricking arm for relative motion

As shown in Figure 3, analysis the D point speed curve from X direction, when the rocker arm angle is rolled to
the range of 70°~190°, the pricking hole mechanism is in the return process. Analysis the D point speed curve
from Y direction, when the pricking cusp is divorced from soil, the pricking arm owns biggish speed so that the
lifting action can be rapidly completed; when the rocker arm angle is greater than 190°, the mechanism gets into
the process of pricking hole; when the rocker arm angle is about 250°, the pricking hole mechanism is closed to
the ground. According to Figure 5, the maximum speed of the pricking arm cusp D is up to 0.52 m/s, which can
ensure a perfect effect to prick into soil. As shown in Figure 4, when the rocker arm angle is limited in the range
of [280°, 360°] and [0°, 35°], the motion of pricking arm cusp is in soil, which is metering process. As shown in
Figure 5, the motional velocity of pricking cusp is gentle and decreasing, which is conducive to improve the
stability of metering in the hole and to reduce the soil disturbance. It satisfies the design requirements.

6. Conclusions

Put forward a kind of off-centre embedded type crank rocker motion principle of pricking hole seeding operation
mode. through the establishment of mathematical model and using VB software platform for dynamic simulation
(Chuanyu et al., 2008; Ge et al., 2000), determine the pricking hole mechanism parameters: rocke is 50 mm,
connecting handle is 135 mm, swing rod is 120 mm, fixed beam is 140 mm, pricking arm is 220 mm, the angle
between horizontal plane and fixed beam is 5°, the angle between the rocker and the connecting handle is 55°.
We get the speed variation of D point by relative motion simulation of 3D model based on Adams software,
and analyzes the adaptability of pricking capability and metering performance. Verify the optimized parameters
of pricking arm cusp that the return trace and unearthed penetrating trace is less than 10°. Meet the requirements
that reducing the phenomenon of soil disturbance. Furthermore, lay the theoretical foundation for the further
design of metering mechanism.
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Appendix
Appendix A. The parameter optimization platform based on Visual Basic (Chinese button)
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Appendix B. Dynamic simulation and its trajectory by ADAMS

Last_Run Time= 00010 Frame=0011

Appendix C. Velocity analysis gragh of by ADAMS
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