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Abstract - Although it is simple to use artificial planting method in greenhouse, it is easy to cause
fatigue and damage to growers after a long time of work. In order to improve the efficiency of
transplanting seedlings in the greenhouse and reduce the labour amount of growers, this paper
makes an innovative design based on the study of the traditional inserter, and makes a finite
element analysis of the main stress parts. The results showed that, when the simple hoe was
subjected to the maximum working force, the maximum stress generated was 84.53MPa, which was
far lower than the yield limit of the material 530MPa, and the maximum displacement was 0.44mm,
which was very small for the deformation of the whole part. The design of the simple hoe could
meet the normal working needs of the handy seedling inserter. The handy seedling inserter
designed in this paper has certain reference significance and value for reducing manpower and
improving labour efficiency.
Keywords: Inserter; Finite Element Analysis; SolidWorks; Stress; Displacement.

1. Introduction
In ancient times, China had the practice of cultivating
various crops through various protective measures,
and it was also the first country to plant crops in
greenhouses, as shown in Figure 1. In the 1970s and
1980s, people applied plastic technology to facility
agriculture, and modern greenhouses officially
appeared in front of people [1-3]. Since then, with
the rapid
economic
development, China's
greenhouse has made a great leap in both quantity
and quality. By 2019, China's greenhouse area has
far exceeded that of other countries.

potted seedlings by the robotic jaws. In 2001, CHOI
et al. designed a clamping mechanism based on a
linkage and clamping fingers, which controls the
movement of the clamping fingers through the
movement of the linkage to complete the action of
seedling picking. In 2003, Yingshi Lv et al, Taiwan,
China, designed an adjustable transplanting
mechanism for cavity tray seedlings. In 2011,
Bingliang Ye et al. of Zhejiang University of
Technology designed a rotary clamping device based
on a mechanism made up of different types of gears.
In 2015, Gaohong Yu et al. designed the clamping
mechanism by constructing a non-circular gear
curve based on the gear ratio function [4].
For the vast majority of farmers who plant crops
in greenhouses (as shown in Figure 2), the seedling
transplanting machinery on the market at this stage
is often very expensive and has low economic
benefits. Based on the above situation, it is urgent to
design an energy-saving, labour-saving, economical
and handy seedling inserter.

Figure 1: Application of ancient greenhouse
In 1987, Kutz et al. at Auburn University in the
USA designed a clamping finger based on pneumatic
actuation. In 1990, HAKLI et al. manually transferred
the potted seedling trays to the seedling feeding
mechanism, pushed the seedlings out of the trays by
the top bar mechanism and finally picked up the
28

Figure 2: Monotonous and repeated transplanting
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2. Overall Design of Handy Seedling
Inserter

1

falling when transplanting seedlings according to the
planting requirements.
(3) It has high production efficiency.
(4) The appearance of the handy seedling
inserter shall be reasonable and beautiful, and the
size parameters shall be reasonable to facilitate the
operation and use of workers.

2.3 Structure and Working Principle
2
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1. Handrail, 2. Seedling inserter body, 3. Seedling
storage box, 4. Transplanting device, 5. Transmission
device, 6. Hoe device, 7. Wheel
Figure 3: Handy seedling inserter

The handy seedling inserter is mainly composed
of seedling inserter body, hoe device, transplanting
device, handrail, transmission device, seedling
storage box and wheel, as shown in Figure 3.
During the transplanting work of the handy
seedling inserter, the seedlings are artificially fed
into the transplanting device, and then the workers
push the handrail to make the transplanting machine
move forward, and the transmission device drives
the hoe device to rotate and dig out the seedling pit.
When the transplanting device reaches the position
of the seedling pit, the seedlings fall into the seedling
pit, and the transplanting operation is completed.
Then the seedling inserter body builds up the loose
ridges again to complete the planting.

2.1 Analysis on Working Environment

2.4 Main Parameters

The handy seedling inserter designed in this
paper mainly works in a greenhouse with
appropriate temperature and humidity. The soil is
relatively soft, which can reduce the stress on the
hoe of the hoe device when digging the seedling pit.
In the outdoor where the soil is relatively hard, the
seedling pits with equal spacing can be planed
manually, and then the hoe device can be removed
and the transplanting device can be used for
planting.

Main parameters of the handy seedling inserter
are shown in Table 1.

3
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5

2.2 Design Requirements
The handy seedling inserter in this paper is
mainly used to dig seedling pits on the built soil
ridges in the greenhouse. The height of transplanting
soil ridge is generally 9-11cm, the upper width is 1520cm, the lower width is 30-37cm, the spacing
between two ridges is 8-15cm, the pit depth in the
ridge is 3-5cm, and the maximum seedling is about
10cm. Therefore, the overall operation of the handy
seedling inserter shall have the following
requirements:
(1) The handy seedling inserter can complete the
whole workflow, including digging seedling pits,
transplanting seedlings, consolidating the soil
monopoly and so on
(2) It is multi-adaptable, and can adjust the
spacing of seedling pits and the spacing of seedling

Table 1. Main parameters of the handy seedling
inserter
Parameter
Value
Body size/mm

1331×655×1118

Handrail/mm

1000

Inner wall radius of
seedling barrel/mm

30

Height of seedling
barrel/mm

70

Maximum number of
seeding barrels

18

Height of seedling
barrel above the
ground/mm

130

Hoe handle length/mm

140

Hoe blade/mm

130×50×6
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3. Design of Key Parts
3.1 Hoe Device

3.1.1 Design of Hoe Device
The hoe device consists of a simple hoe and a hoe
wheel, among which a simple hoe consists of a hoe
handle and a hoe blade, as shown in Figure 4. The
simple hoe is installed on the hoe wheel and is the
most stressed part of the machine. While the
machine moves forward, the hoe wheel makes a
circular movement to drive the simple hoe to dig the
seedling pit. The simple hoe is provided with
multiple scales to meet the needs of different
environments.

duckbilled type [5-8]. The handy seedling inserter is
mainly aimed at crops such as tomatoes, corn and
peanuts, so it is unnecessary to consider the
verticality of transplanting. Due to the function of the
hoe device of the handy seedling inserter, the impact
of depth in the process of transplanting is relatively
small. Therefore, through comparative analysis, it
can be found that the flexible disc inserter is the
most suitable for the characteristics of simple
structure and high stability required by the handy
seedling inserter in this paper.
1
2

1
3

2
3

4
5
1. Hoe handle 2. Hoe wheel 3. Hoe blade
Figure 4: Hoe device
6

3.1.2 Force Calculation of Hoe Blade
The linear velocity calculation equation is as
follows,
(1)
Where, V represents the linear speed of hoe
blade, m/s; R represents the distance from the hoe
blade to the centre of the hoe wheel, m; n represents
the speed of hoe device, r/min.
The power calculation equation is as follows,
(2)
where, P represents the mechanical power, kW; F
represents the traction force on the hoe blade, N; V
represents the linear speed of hoe blade, m/s.
According to the actual measurement, R=0.2m.
According to the relevant literature, n=17.5r/min,
P=0.7kW. The traction force F on the hoe blade
obtained by substituting equation (1) and equation
(2) is 1909.86N.

3.2 Transplanting Device
At present, the mechanism types of inserters are
mainly divided into clamp type, flexible disc type,
hanging-basket type, seedling-guiding tube type and
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1. Seedling transplanting barrel 2. Transplanting
runner 3. Retaining rod 4. Seedling barrel frame 5.
Seedling barrel 6. Seedling barrel bottom plate 7.
Spring
Figure 5: Transplanting device
The transplanting device is one of the main
working parts of the handy seedling inserter, which
is composed of a seedling transplanting barrel, a
transplanting runner, a seedling barrel frame and a
retaining rod, as shown in Figure 5. The seedling
transplanting barrel is composed of a seedling
barrel, a seedling barrel bottom plate and a spring,
as shown in Figure 5. The transplanting device is
mainly responsible for transplanting the seedlings in
the seedling transplanting barrel to the seedling pits.
When the seedling transplanting barrel reaches the
top of the seedling pit, the bottom plate of the
seedling barrel is blocked by the retaining rod,
resulting in the separation of the bottom plate and
the seedling barrel, making the seedlings fall freely,
so as to achieve the planting effect. When the bottom
plate of the seedling barrel reaches the critical
position, it is separated from the retaining rod, and
the bottom plate of the seedling barrel is pulled back
to its original position by the spring.
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3.3 Seedling Storage Box
In the actual work process, when the
transplanting device runs for a week, it just
completes the planting of a soil ridge, it may be
necessary to take seedlings back and forth, wasting
time and energy. Therefore, a seedling storage box is
set behind the handy seedling inserter, as shown in
Figure 6, which is used to temporarily store
seedlings and reduce the time of carrying seedlings
back and forth. At the same time, considering the
subsequent transformation of the handy seedling
inserter, the motor can be placed at this position in
the later stage for the semi-automatic upgrade of the
machine.

4.2 Calculation and
Transmission Device

Verification

of

4.2.1 Calculation of Gear Parameters
The calculation of spur gear parameters takes
the calculation of gear 1 and gear 2 as an example.
Gear 1 is a driving wheel, made of 40Cr, quenched,
with a hardness of 241HB-286HB. Gear 2 (idler gear)
is a driven gear, made of 45 steel, quenched, with a
hardness of 240HB.
The pinion diameter d1 is preliminarily selected
as 60mm and the transmission ratio i is 6.
(1) Determine centre distance.
(3)
(2) Select modulus.
(4)
Take the standard value, mn=3.
(3) Determine the number of teeth.

Figure 6: Seedling storage box

4. Design
and
Calculation
Transmission System

(5)
(6)

of

4.1 Design of Transmission Device

According to the equation (5) and the equation
(6), z1=20, z2=120.
(4) Calculate the diameter of reference circle.
(7)

Figure 7: Transmission device
Compared with the outdoor field environment,
the greenhouse environment is better, and the gear
transmission can be adopted. The seedling inserter
body has good sealing, which can effectively reduce
the damage of the external environment to the gear.
Therefore, it is convenient for the seedling inserter
to adopt the gear transmission to transmit power.
The transmission device and transmission diagram
are shown in Figure 7 and figure 8 respectively.

Figure 8: Gear transmission diagram

(5) Calculate the addendum height ha and the
dedendum height hf.
(8)
(9)
(6) Calculate and check the bending fatigue
strength of dedendum.
(10)
Where, K represents the loading coefficient,
K=1.5; T1 represents the pinion torque, T1=9.55×
106×P/n1=2.23×105N·mm; b represents the gear
engagement width, b=∅d·d1=60mm, take ∅d=1; d1
represents the reference circle diameter of pinion; YF
represents the tooth form factor; YS represents the
stress correction coefficient; Yε is the coincidence
coefficient, Yε=0.25+0.75/ εt=0.68.
The allowable contact fatigue stress can be
calculated by the following equation,
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(11)
Where, σFlim1 represents the dedendum bending
fatigue limit, σFlim1=700MPa ； SF represents the
bending fatigue safety factor, SF =1.25. After
calculation, [σF]=560MPa.
Substitute the tooth form factors and the stress
correction coefficients into equation (10),

According to Equation (7), the reference circle
diameters of the large ends are calculated as follows,

The cone distance is calculated as follows,

The average reference circle diameters are as
follows,

Therefore, the bending fatigue strength of
dedendum meets the use requirements.
4.2.2 Calculation of Bevel Gears
At the initial design stage, the tooth width of the
bevel gear is 12mm and the transmission ratio is 1.5.
The calculation equation of normal modulus is as
follows,

(12)
Where, T1 represents the torque of small bevel
gear, T1=5122N·mm; z1 represents the tooth number
of small bevel gear, z1=50; ΦR represents the tooth
width coefficient, ΦR =0.3; K represents the loading
coefficient, K=1; YF represents the tooth form factor,
YF1=2.41, YF2=2.312; [σ]F represents the allowable
bending stress, according to [σ]F=YNσFlim/SF, the
bending fatigue limit stress σFlim1=σFlim2=360MPa,
take SF=1.25, YN1=YN2=1.0, then,

4.2.3 Shaft Verification
For a circular section shaft that only transmits
torque, its strength condition is calculated as follows,
(14)
Where, τ represents the torsional shear stress,
MPa; T represents the torque, N· mm; WT represents
the torsional section coefficient, mm3, for a circular
section shaft, WT=πd3/16≈0.2d3; P represents the
transmitted power, kW; n represents the speed,
r/min; d represents the diameter of the shaft, mm;
[τ] represents the allowable torsional shear stress,
MPa.
The allowable torsional shear stress in the above
equation is appropriately reduced to compensate for
the influence of bending moment on the shaft. Bring
the reduced allowable stress into equation (11) to
obtain the calculation equation for the minimum
diameter of the transmission torque shaft section.
(15)

Therefore,

It can be calculated from equation (12) that m≥
1.04, therefore, the normal modulus of bevel gear m
can be selected as 2.
The dimension parameters of bevel gears are as
follows.
The tooth number of large bevel gear z2 is 30.
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The shaft is made of 35 high-quality carbon
steel, which is subject to quenching and tempering
treatment.
The allowable torsional shear stress of shaft I is
30MPa, the rotating speed n is 17.5r/min, the
transmitted power P is 0.7kW. By substituting into
equation (15), the minimum diameter dImin of shaft I
is 40mm. According to equation (14), [τI] = 2.98MPa
≤[τ], so the torsional strength of shaft I meets the
use requirements.
Similarly, the minimum diameter dⅡmin of shaft
Ⅱ is 25mm, [τⅡ] = 4.48MPa≤[τ], and the minimum
diameter dⅢmin of shaft Ⅲ is 20mm, [τⅢ] = 11.93MPa
≤[τ], therefore, the torsional strengths of shaft Ⅱ
and shaft Ⅲ meet the requirements of use.
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5. Finite Element Analysis of the Key
Parts of the Handy Seedling Inserter
5.1 Influence of Loads on the Element
When the hoe enters the soil under the action of
external force, the soil will produce a reaction force
on the hoe. The greater the reaction force, the
greater the stress on the hoe, and the greater the
wear and deformation of the hoe. Therefore, in order
to make the hoe work under normal wear and
deformation, it is necessary to conduct finite element
analysis on the hoe.

Step 5: Apply the force in the working process. In
the actual working process, the hoe is mainly
subjected to the force of the hoe blade [9]. According
to the calculation in 2.1.2 and the analysis of the
actual working environment, the force set by finite
element analysis is 1909.86N, as shown in Figure 11.

5.2 Finite Element Analysis on the Hoe
Hoe device is one of the most important parts of
the machine. As a key part of the hoe device, the
simple hoe plays a vital role in the working process
of the whole machine. In the whole working process,
the hoe device is the most important bearing part in
the whole machine, and also the most bearing part.
Its performance and quality have a great impact on
the quality and efficiency of seedling insertion, so it
is necessary to carry out static stress analysis on the
simple hoe [9-13].
Step 1: Start the SolidWorks software and open
the 3D model of the simple hoe, as shown in Figure 9.

Figure 11: Load application
Step 6: In order to avoid generating extreme
stress in individual areas of the model during the
analysis process, resulting in element distortion,
which makes it impossible to complete the stress
analysis, the model should be meshed before the
stress analysis, as shown in Figure 12.

Figure 12: Grid division
Figure 9: 3D model of simple hoe
Step 2: Select the analysis type. This study is the
static analysis of the simple hoe, so the calculation
type is the static stress analysis.
Step 3: Select the material. The material of the
hoe in this paper is AISI 1045 steel, namely No.45
steel. The hoe is made of the same material as a
whole, and it is cooled by water immediately after
tempering. By contrast, the handle is not quenched.
Step 4: Select the appropriate fixation scheme.
According to the actual situation, the hoe handle is
selected as the fixed part, as shown in Figure 10.

Figure 10: Selection of fixed surface

Step 7: Run the example. The stress analysis
diagram and displacement analysis diagram are
shown in Figure 13 and Figure 14 respectively.
This static analysis is mainly to examine the
rigidity of the simple hoe, which refers to the ability
of the object to resist elastic deformation when it is
deformed by external forces. Through the static
stress analysis of the simple hoe, the stress analysis
diagram and the displacement analysis diagram
under the working load were obtained. According to
the stress analysis diagram, when the simple hoe
was subjected to the maximum working force, the
maximum stress generated was 84.53MPa, which
was far lower than the yield limit of 530MPa.
According to the displacement analysis diagram, the
maximum displacement was 0.44mm, and the
maximum deformation was very small for the whole
part. The analysis showed that the displacement and
stress produced by the simple hoe were within the
elastic range, the material could restore its original
shape, so the design of the simple hoe could meet the
needs of the normal operation of the handy seedling
inserter.
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Figure 13: Stress analysis diagram

Figure 14: Displacement analysis diagram

6. Results and Analysis
An Experiment was carried out to test the
effectiveness of the equipment and the experimental
results showed that the handy seedling inserter had
an insertion efficiency of 315 plants per minute. The
clamping mechanism based on the linkage and
clamping finger designed by CHOI et al. abroad had a
low efficiency of 30 plants per minute. In contrast,
the planting efficiency of the adjustable
transplanting mechanism for cavity tray seedlings
designed by Yingshi Lv et al. in Taiwan, China, was
675 plants per hour. Therefore, compared with the
home and abroad, the planting efficiency of this
handy seedling inserter was significantly improved,
which was of great reference and value for practical
production.

7. Conclusions
A kind of handy seedling inserter was designed, the
parts of its transmission system were calculated and
checked, and the key parts of handy seedling inserter
were analysed by finite element method. The
calculation and finite element analysis showed that
the designed handy seedling inserter could meet the
work needs.
Compared with the home and abroad, the planting
efficiency of this handy seedling inserter was
significantly improved, which was of great reference
and value for practical production.
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