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Abstract. A new-style transplanter’s planting mechanism was designed, which
was composed of Planetary Gear, Planetary Carrier, Connecting rod, Groove
cam and Planting arm. Built the kinematics model and determined the main
parameters which influenced the Plant-arm’s locus by analyzing of the
Kinematic model. Created the 3D Model in PRO/E and imported it into the
Kinematics simulation software ADAMS, analyzing Groove-cam’s offset angle,
Connecting-rod’s length and its impact on the Plant-arm’s kinematics locus.
The effect laws of the structural parameters on the Plant-arm’s locus were
obtained through analyzing the Plant-arm’s locus, which got by changing the
groove cam’s horizontal offset angle ranging from 0° to 20°, the sum of
Connecting-rod’s length ranging from 130mm to 150mm, and the subtract of
Connecting-rod’s length ranging from 15mm to 25mm. The analysis results are

of theoretical significance to the dimension synthesis and optimization design.
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Plant-arm’s kinematics locus

1 Introduction

Raise seedling and transplant can increase crop production in every unit area, and
make upgrowth ahead of time, which can withstand gale, harmful rain, low

temperature, and other nature disaster. Besides, it also saving seed. Seeds are usually



grown under the film by farmer in many place, because it is useful to improve the soil
temperature, keep moisture and restrain weeds.

The nacelle-type and dibble-type transplanting mechanism are good mechanism for
transplanting film, but they are not convenient and safe to directly drop seedling and
they are easy to leave out seedling when the machine are operated and their work
efficient are low when seedling are transplanted over the larger areas. Now a simple
and credible type of transplanting mechanism was designed, which was easy and
convient to be operated and adjusted. the efficiency of the machine was much more
greatly improved. There was less seedling to leave out in work progress. The three
dimension model of the transplanting mechanism was establish in pro/e software. The
relationship between the planting arm’s locus and structural parameters was analyzed

by the mechanical simulation software ADAMS in this paper.

2  Kinematic analysis of the planting mechanism

2.1 Structure and working principle of planting mechanism

1. central gear 2.planetary carrier 3.planetary gearl 4. Planetary gear2
5.connecting rodl  6.connecting rod2 7.roller 8. Groove cam  9.planting arm

Fig.1 planting mechanism structural chart



A transplanter’s planting mechanism was shown in Figure 1, which was composed of
planetary gear, planetary carrier, link, groove cam and planting arm. The numbers of
sun-wheel’s teeth was twice times that of the planetary gear’s teeth. The cam groove
was divided into two parts and a angle-off between the two part. Planting arm, fixed

on the connecting rod 2, moved with the connecting rod 2.

2.2.Transplanter’s planting mechanism kinematics equations

The initial position of planting bodies was shown in Figure 1. The Cartesian named
xO,y established as shown in fig.1. The Coordinate equation of the planetary gear’s

center O, is:
Xo, =, cos(a, + at)
Yo, =l sin(a, + at)
The Coordinate equation of the connecting rod’s endpoint A is:
Xp =Xo, + l, cos(f3, + wt)
Ya=VYo, + |, sin( S, + wt)
The Coordinate equation of planting arm’s endpoint B is:
Xg = X, +1,cosy
Yg = Yatlisiny

The Coordinate equation of planting arm’s endpoint D is:

Xp = Xg +pcos(6’+%—;/)

. T
Yo =VYe —,OSln(l9+E—}/)
The rate equation of the planetary gear’s center O, is:

Vi, = ol, sin(e, + wt)

vy, = o, cos(a, +at)

The endpoint A of the connecting rod 1 rate equation is:



Vi, =V, + ol, sin( S, + wt)

X

Vy, =V, F ol, cos(f, + ot)

The rate equation of the planting arm’s endpoint B is:
V,, =V, t@,lysiny

V, =V, tol;cosy

The rate equation of the planting arm’s endpoint D is:
X

Ve, =V, —a)zpsin(6?+%—7)

T
v, =V, +a@,pcos(d +5— 7)

w, =y

op—the initial angle between the planetary carrier and the horizontal
Bo the initial angle between connecting rod 1 and the horizontal

vy —the angle between connecting rod 2 and the horizontal

6 —ZCBD

Il

the length of the planet carrier

|2

the length of the connecting rod 1

I3

the length of the connecting rod 3

® the angular velocity of the planet carrier

3.Virtual Prototype Model of the Planting mechanism

The planting mechanism’s three-dimensional model was established and assembled in
the pro/e and then transmited it into the mechanical simulation software Adams. The
Planting mechanism’s Virtual Prototype Model was established in the mechanical

simulation software Adams as in Fig.2.



Fig.2 The Planting mechanism’ s Virtual Prototype Model

4.Kinematics simulation

4.1.Planting mechanism’s simulation in different structural parameters

The shape of the planting arm’s locus was the chief factor to effect the function of the
transplanter. The groove cam’s horizontal offset angle, the sum of Connecting-rod
length and the subtract of Connecting-rod length were the main factors to effect the
Plant-arm’s locus by analyzing the transplanter’s planting mechanism kinematics
equations. So we built the Virtual Prototype Model of the Planting mechanism in the
different structural parameters of the groove cam’s horizontal offset angle, the sum of
Connecting-rod length and the subtract of Connecting-rod length. The Planting arm’s
locus were got by the different Virtual Prototype Model’s simulation as in Fig.3, Fig.4
and Fig.5. Structural parameter values in Table.1.



Table.1 Structural parameter

A
B C
(groove cam’s
(sum of (subtract of
horizontal offset
Connecting-rod length) Connecting-rod length)
angle)
1 0° Omm 120mm
2 5° 10mm 130mm
3 10° 20mm 140mm
4 15° 30mm 150mm
5 20° 40mm 160mm

Fig 3, Fig4 and Fig 5 is the planting arm’s locus in different structural parameters

respectively.
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4.2 The simulation results of planting mechanism were analyzed in different
structural parameters

The shape of the planting arm’s locus was determined by the width of planting
arm’s locus, the height and the deflection angle. So we selected the width of planting
arm’s locus, the height and the deflection angle as the evaluation criteria of planting
arm’s locus in this paper. The locus of the planting arm’s was got by the simulation of
the planting mechanism’s virtual prototype model was in different structural
parameters. Shown in Table.2.

a—the width of planting arm’s locus. The planting distance was influenced by the
value of a.

b—the height of planting arm’s locus. The Planting Depth was influenced by the
value of b.

c—the deflection angle of planting arm’s locus, It was the angle between the
horizontal and the line connecting the lowest point and the highest point of the locus.
The stability of catching seedling were influenced by the value of c.

Table.2 Simulation results analysis

Structural Results Indicator value
parameters Fig. Width(a) Length(b) Declination( 6 )

A1B3C3 93 276 0°
A2B3C3 97 281 0.6°
A3B3C3 Fig.3 97 292 3°
A4B3C3 96 315 4.4°
ABB3C3 98 335 7.9°
A3B1C3 25 315 4.5°
A3B2C3 49 300 1.9°
A3B3C3 Fig. 4 97 292 3°
A3B4C3 138 326 9°
A3B5C3 183 336 12°
A3B3C1 94 256 4.5°
A3B3C2 93 286 5.8°
A3B3C3 Fig. 5 97 292 3°
A3B3C4 93 330 4. 4°
A3B3C5 94 360 5.6°




As is shown in Table 2, Fig.3 shows a set of curves of a width of about 97mm, a
height ranging from 276mm to 335mm and a declination angle ranging from 0° to
7.9°. Fig.4 shows a set of curves of a width ranging from 25mm to 183mm, a height
ranging from 292mm to 336mm and a declination angle ranging from 1.9° to 16°. Fig.
5 shows a set of curves of a width of about 94mm, a height ranging from 256mm to

360mm and a declination angle ranging from 3° to 5.6°.

5. Conclusion

(1) The width of planting arm’s locus depends on the subtract of Connecting-rod
length. With the subtract of Connecting-rod length increasing, the width of planting
arm’s locus became wider and wider.

(2) The height of planting arm’s locus depends on the sum of Connecting-rod length,
the subtract of Connecting-rod length and the groove cam’s horizontal offset angle.
With the sum of Connecting-rod length, the subtract of Connecting-rod length and the
groove cam’s horizontal offset angle increasing, the height of planting arm’s locus
became larger and larger.

(3) The deflection angle of planting arm’s locus depends on the groove cam’s
horizontal offset angle and the subtract of Connecting-rod length. With the groove
cam’s horizontal offset angle and the subtract of Connecting-rod length increasing,
the deflection angle of planting arm’s locus width of planting arm’s locus became

wider and wider.
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