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Abstract: In this study, an automatic accumulating equipment for a roller-type onion pot-seeding
machine was developed. The developed accumulating equipment accumulates the pot trays that
complete the seeding in multiple stages using a conveyor belt and elevator plate, and can be easily
attached to the existing roller-type onion pot-seeding machines as it is fabricated as a module.
The components were selected to meet the conditions required for the accumulating equipment.
A factorial experiment was performed by setting the transport speed of the conveyor belt and
the one-time operating time of the actuator as test factors. Through the experiment, appropriate
operating conditions to minimize the seed bounce rate in the accumulating process were derived. If the
developed accumulating equipment is applied to a roller-type onion pot-seeding machine, the labor
force and labor load required for seeding will be reduced.

Keywords: accumulating equipment; roller type; module; onion; pot-seeding machine

1. Introduction

A need for ergonomic design is emerging to prevent occupational musculoskeletal diseases
that occur owing to the uncomfortable working postures and repeated motions of workers [1,2].
In particular, agricultural works are often performed in harsh conditions such as high temperatures
and dusty environment. Thus, studies to reduce the labor load and increase work efficiency of the
workers are required [3].

In the case of the roller-type pot-seeding machine used for onion seeding, the work efficiency is
high, and the economic efficiency and durability are excellent [4]. However, pot trays that complete
the seeding process must be carried one at a time by workers as there is no pot tray accumulating
equipment. The labor load of the workers is very high because they have to repeat the uncomfortable
posture of bending their backs to pick the pot trays until the end of the seeding work. Therefore,
the development of an equipment to accumulate the seeded pot trays in multiple stages and carry
them at once is required.

Kang et al. [5] developed accumulating equipment for wood to reduce the labor intensity and to
shorten the time required in the wood packaging process. Chang et al. [6] developed a high-efficiency
accumulator suitable for cabbage-accumulating work through a mechanical and kinematic analysis.
Park et al. [7] developed equipment capable of accumulating up to three pot trays for the automation of
the seedling raising process in plant factories. The accumulating equipment used in the seedling raising
area can be classified into the round bar type, angle beam type, and flat plate type depending on the
element that lifts the pot trays. The round bar type and angle beam type have high power transmission
efficiency and relatively low production cost because they use simple mechanical components such
as chains and gears. These types, however, cannot be used when the flexibility of the pot trays is
high because the contact area between the lift element and pot tray is narrow. For the flat plate
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type, the production cost is high and the structure is complicated because hydraulic devices such
as actuators are used. However, it is not significantly affected by the flexibility of the pot trays
because the contact area between the lift element and pot trays is wide [8]. As the pot trays used
for onion seeding can be easily bent owing to their high flexibility, the flat plate-type accumulating
equipment is required to reduce the bending of the pot trays, thereby minimizing the seed bounce in
the accumulating process [9].

In this study, flat plate-type accumulating equipment for a roller-type onion pot-seeding machine
was developed, and appropriate operating conditions to minimize the seed bounce in the accumulating
process were derived.

2. Materials and Methods

2.1. Structure of Existing Roller-Type Onion Pot-Seeding Machine [10]

A roller-type onion pot-seeding machine consists of an autofeeding device, hoppers, rollers,
a seeding device, and a power source. Their major specifications and shapes are shown in Table 1 and
Figure 1. As for the operation of the machine, pot trays are supplied and transported in constant speed
by the autofeeding device. Seeding work is performed in pot trays by the following operation: bed
soil input by hoppers 1 and 2, bed soil compression by the rollers 1, 2, and 3, seeding by the seeding
device, and covering soil input by hopper 3. For the roller-type onion pot-seeding machine, work is
completed with two bed soil inputs, one seeding, and one covering soil input, and there is no separate
accumulating equipment.

Table 1. Specifications of existing roller-type onion pot-seeding machine [11].

Classification Contents
Length x Width x Height 3477 mm X 510 mm X 975 mm
Total weight 165 kg
Operation capacity 360 pot trays/h
Number of cells in pot trays 448

Hopper-1 Hopper-2 Power source Seeding device Hopper-3
Storage and Storage and Direct current Storage and input Storage and
input the soil input the soil motor the seed input the soil

Auto feeding Roller-1 Roller-2 Roller-3 Roller-4
device Compressing Compressing Making the place Compressing
the soil the soil for seed the soil

Figure 1. Picture of existing roller-type onion pot-seeding machine.

2.2. Requirements for Accumulating Equipment

Based on the purpose of the accumulating equipment, components must be selected by considering
the following.
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A.  Manipulation must be simple for the convenience of the worker.

B.  The system must be constructed so that the impact occurring in the accumulating process can be
minimized and pot trays can be accumulated in a safe manner.

C.  The equipment must be easily attached to and detached from the existing roller-type pot-seeding
machine in order to increase its usefulness.

D.  If pot trays are over accumulated, their weight may result in excessive pressure on the bottom
pot tray. Therefore, workers must be informed regarding the accumulating degree in order to
prevent excessive accumulating.

2.3. Details of Developed Accumulating Equipment

The main components of the accumulating equipment are the conveyor belt, elevator plate,
limit switch, pneumatic-type actuator, stopper bracket, alarm bell, control box, and connecting bracket.
Their characteristics and functions are as follows:

A. Conveyor belt: This transports the pot trays, which pass through hopper 3 of the existing
pot-seeding machine, and complete the seeding work, to the accumulating plate (Figure 2). The conveyor
belt operates using a motor installed in the lower portion of the supporting frame as a power source.
It can adjust the transport speed from 0.03 to 0.3 m/s using the speed controller. The speed controller
has 10 stages, and the speed of the first stage is 0.03 m/s. The speed increment for one stage is 0.03 m/s.
To transfer the pot trays to the elevator plate, two pairs of conveyor belts are installed with a spacing of
approximately 285 mm.

(b)

Figure 2. Shape of conveyor belt: (a) picture and (b) 3D model.

B. Elevator plate: This lifts and accumulates the pot trays transported by the conveyor belt.
It moves up and down by a pneumatic-type actuator with air compressor. The area of the elevator
plate was designed to be almost identical to the area of a pot tray so that it could support in a stable
manner any pot trays that are easily bent owing to high flexibility (Figures 3 and 4).
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(@) (b)
Figure 4. Shape of pot tray: (a) picture and (b) 3D model.

C. Limit switch: When pressed owing to a contact situation, the limit switch stops the conveyor
belt by sending a stop signal to the motor. The limit switch operates the pneumatic-type actuator at the
same time by sending a start signal to the air compressor. Located on the supporting frame behind the
elevator plate, the limit switch is pressed by the end of a pot (Figure 5).

(a) (b)

Figure 5. View of limit switch: (a) noncontact situation and (b) contact situation of limit switch with
pot tray.

D. Pneumatic-type actuator: Located at the bottom of the elevator plate, the pneumatic-type
actuator performs a stroke movement using the air compressor as a power source. Upon receiving a
start signal from the limit switch, the pneumatic-type actuator performs a one-time ascent and descent
of the elevator plate with the pot tray through the stroke movement. The stroke time can be adjusted by
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changing the air supply rate of the air compressor through the timer. The stroke time can be adjusted
between 0.1 and 3 s. The shape and specifications of the pneumatic-type actuator are shown in Figure 6
and Table 2, respectively.

Figure 6. View of pneumatic-type actuator.

Table 2. Specifications of pneumatic-type actuator.

Classification Contents

Model TPA2BN50-125

Manufacturer, Nation TPC Mechatronics, Republic of Korea

Stroke 125 mm

Fluid Pneumatic type
Working pressure Max 1.0 MPa
Min 0.05 MPa

Piston velocity 50-500 mm/s

E. Stopper bracket: As a key element in accumulating pot trays, the stopper bracket consists of
a bracket, guide, and spring. The bracket enables only an upward tilt by up to 90°, thus it does not
block the motion when the elevator plate with a pot tray is raised. After passing of the elevator plate,
the bracket returns to the original position by spring force. The side part of the pot tray is placed on
the bracket when the elevator plate descends. The side length of the elevator plate is designed to be
slightly shorter than that of a pot tray, and thus it does not touch the bracket when it ascends and
descends (Figure 7). Therefore, during the one-time ascent-descent motion, the elevator plate returns
to the original position, and only the pot tray is supported by the bracket (Figure 8).

Figure 7. Cont.
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Figure 8. View of stopper bracket: (a) bracket, (b) guide, and (c) spring.

When the first pot tray is fixed by the stopper bracket, the elevator plate with the second pot tray
rises and pushes the first and second pot trays at the same time. When the elevator plate descends,
the two pot trays are supported by the stopper bracket. The third and fourth pot trays are accumulated
onto the stopper bracket in a similar sequence. In this instance, the first pot tray is located at the top.

A total of six stopper brackets are located on both sides of the elevator plate so that the pot trays
can be supported at six points. Through this, bending of the pot trays can be minimized.

F. Alarm bell: When the buzzer is pressed owing to a contact situation, the alarm bell operates
to inform the workers for the accumulation situation. Located at the side of the top of the guide,
the buzzer is designed to get pressed when an elevator plate with four pot trays ascends. More than
five pot trays make it difficult to move at once, and excessive deformations occurred by its self-weight.
Therefore, the bell sound reminds the workers that four pot trays have been accumulated (Figure 9).
The number of pot trays that operates the bell can be adjusted by changing the height of the alarm bell.

G. Control box: Equipped with a motor speed controller, air compressor timer, accumulating
equipment power on/off switch, and emergency stop switch, the control box allows the worker to
control the overall operating conditions of the accumulating equipment in one place (Figure 10).
The control box was installed on the front of the accumulating equipment considering the workers’
movements, and it was approximately 950 mm above the ground so that workers can operate it without
bending significantly at the waist.
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(b)

Figure 9. View of alarm bell: (a) noncontact situation and (b) contact situation of alarm bell with
pot tray.

| Emergency stop switch External Internal
view . T view

| Motor speed controller

Automatic accumulating
equipment on/off switch

Air compressor timer

Figure 10. View of control box.

H. Connecting bracket: This is used for connecting the accumulating equipment to a pot-seeding
machine. There are two connecting brackets on the steel pipe (pipe 2) located at the front side of
accumulating equipment. The hole diameter of connecting bracket was designed to fit with the
diameter of steel pipe (pipe 1) located at the end of the roller-type pot-seeding machine. The developed
accumulating equipment could be easily attached to and detached from the existing roller-type
pot-seeding machine through the fastening of connecting bracket (Figure 11).

‘RBIIEtype
pot-seeding

Figure 11. View of connecting bracket.

The operation method of the accumulating equipment is as follows. The pot tray that completed
the seeding is transported to the elevator plate by the conveyor belt. When contact occurs between
the end of the pot tray and the limit switch, the limit switch sends a stop signal to the motor to
stop the conveyor belt, and simultaneously sends a start signal to the air compressor to operate the
pneumatic-type actuator. In this instance, the pot tray and the elevator plate ascend and then descend
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owing to the stroke movement of the pneumatic-type actuator. The elevator plate returns to the original
position as it descends, but the pot tray is accumulated onto the stopper bracket. When the elevator
plate returns to its original position, the conveyor belt operates again to accumulate the second and
third pot trays onto the stopper bracket in sequence in the same manner (Figure 12). Figure 13 shows a
flowchart of the accumulating process.

Figure 12. Operating process of automatic accumulating system: (a) start of operation — (b) ascending
of elevator plate by pneumatic-type actuator — (c¢) maximum height of elevator plate (maximum
stroke of actuator) — (d) descent of elevator plate (return of actuator stroke) and pot tray accumulating
on bracket.

START

CONVEYER BELT
OPERATING

CONVEYER BELT
STOP

ACTUATOR
ASCENDING

ELEVATOR PLATE
ASCENDING

ACTUATOR
LIMIT SWITCH
=0n?

Yes
ACTUATOR
DESCENDING
ELEVATOR PLATE
DESCENDING

POT-TRAY
LOADING

FOWER
SWITCH
= OFF?

Yes

Stop

Figure 13. Flowchart of automatic accumulating equipment process.

The developed accumulating equipment has a simple configuration and can be easily attached
to or detached from a roller-type pot-seeding machine by a worker. The control box provides very
convenient operation. Moreover, pot trays can be supported and accumulated in a stable manner using
six stopper brackets, and the information on the degree of accumulating is confirmed by the alarm bell.
Therefore, the developed accumulating equipment meets all conditions required for the accumulating
equipment. Figure 14 shows the overall shape of the developed accumulating equipment.
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CONNECTING || CONTROL ALARM ELEVATOR STOPPER LIMIT
BRACKET BOX BELL PLATE BRACKET SWITCH

CONVEYER SUPPORT STOPPER PNEUMATIC-TYPE || CONVEYER
BELT FRAME BRACKET ACTUATOR BELT

@)

CONNECTING || CONTROL ALARM STOPPER CONVEYER LIMIT
BRACKET BOX BELL BRACKET BELT SWITCH

CONVEYER STOPPER PNEUMATIC-TYPE SUPPORT ELEVATOR
BELT BRACKET ACTUATOR FRAME PLATE
(b)

Figure 14. Shape of the automatic accumulating equipment: (a) picture and (b) 3D model.

2.4. Factorial Experiment to Derive Appropriate Operating Conditions

If the operating conditions of the accumulating equipment are not appropriate, the seed bounce,
in which the seeds in the pot tray cells are thrown out by the impact occurring in the accumulating
process, may occur (Figure 15).

The operating conditions that affect the seed bounce are the transport speed of the conveyor belt
and the elevator plate ascending/descending time (one-time operating time of the actuator). If the
transport speed of the conveyor belt is faster than the proper speed, a large impulse occurs when the pot
tray and the limit switch collide, thus causing the seed bounce. Moreover, if the ascending/descending
time of the elevator plate is shorter or longer than the proper time, the seed bounce occurs owing to
the impulse generated when the pot tray and the stopper bracket collide or owing to the deformation
generated from contact with the stopper bracket. Therefore, a factorial experiment was performed to
minimize the seed bounce that occurs in the accumulating process.
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Figure 15. Empty cells of pot tray by seed bounce from inappropriate operating condition.

The transport speed of the conveyor belt and the one-time operating time of the actuator were
selected as test factors. The pot tray movement speed of a roller-type onion pot-seeding machine is
0.075 m/s [12]. To smoothly accumulate the pot tray that completed the seeding, the speed of the
conveyor belt must be higher than the movement speed of the pot tray. Also, through a preliminary
test, it was confirmed that excessive seed bounce occurred when the speed of the conveyor belt was
higher than 0.3 m/s. As the transport speed of the conveyor belt can be adjusted from 0.03 m/s to
0.3 m/s in 0.03 m/s increments, it was set to seven steps of 0.09, 0.12, 0.15, 0.18, 0.21, 0.24, and 0.27 m/s
in the factorial experiment. Through the preliminary test, it was confirmed that excessive seed bounce
occurred when the actuator operating time was shorter than 0.7 s or longer than 1.6 s. Therefore,
the actuator operating time was set to eight steps of 0.8,0.9,1.0,1.1,1.2, 1.3, 1.4, and 1.5 s. This leaves a
total of 56 conditions (7 X 8) for the conveyor belt speed and the actuator operating time in the factorial
experiment. Three repeated tests were conducted for each test condition, resulting in a total of 168 tests.

The developed accumulating equipment was attached to the existing roller-type pot-seeding
machine to accumulate the pot trays that completed the seeding. After accumulating of pot trays,
the number of seeds thrown out of the pot tray cells owing to impacts occurring in the accumulating
process was measured. The seeding rate of the pot tray after the seeding device was checked before
the tests, and the results showed 100% seeding rate (Figure 16). Thus, the empty cells of pot trays are
due to the accumulating process.

Figure 16. Measurement of the seeding rate by the seeding device.

The results of each test condition were analyzed using the average values of the three repeated
tests as representative values. For the bed soil and seeds used in the tests, products commonly used in
South Korea were applied.

3. Results and Discussion

3.1. Results of Factorial Experiment

Figure 17 show the pot tray cells from which the accumulated seeds were thrown out.
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Figure 17. Empty cells of pot tray for each actuator operating time and conveyor belt speed.

Figure 18 shows the number of empty cells according to the pneumatic-type actuator operating
time. As the operating time increased, the number of empty cells showed a tendency to increase.
Under all operating time conditions, the number of empty cells was lowest when the conveyor belt
speed was 0.09 m/s and highest when it was 0.27 m/s. It appears that the number of empty cells
increased as the conveyor belt speed increased because the impulse generated from the contact with
the limit switch increased.

16
15 - = -0.09m/s 0.12m/s
g 14 — & -0.15m/s —@—0.18m/s
8 13 »
--- 0.21m/s ——0.24m/s
T — A
o) = 0.27 m/s s
£
o 9
5 8 %
5 )/
Pel 6
= 5
3 4
Z 3
2
1
0
0.80 0.90 1.00 1.10 1.20 1.30 1.40 1:50

Actuator operating time [s]

Figure 18. Number of empty cells according to pneumatic-type actuator operating time.

Figure 19 shows the number of empty cells according to the conveyor belt speed. As the conveyor
belt speed increased, the number of empty cells showed a tendency to increase. Under almost all
conveyor belt speed conditions, the number of empty cells was lowest when the operating time of the
pneumatic-type actuator was 1.0 s and highest when it was 1.5 s.

16
15 —®--0.80 sec 0.90sec —e— 1.00seC --M--1.105eC — ® =1.205eC —&— 1.305eC — A— 1.405€C ==& --1.50sec
14
13
12
11
10

Number of empty cells

P NWPAUOO N O

0.09 0.12 0.15 0.18 0.21 0.24 0.27
Conveyer belt speed [m/s]

Figure 19. Number of empty cells according to conveyor belt speed.
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Given the operating time of the pneumatic-type actuator, the number of empty cells was high
when the time was too short or too long. When the operating time was too short, it appears that the
number of empty cells increased because the movement speed of the elevator plate increased, and thus
the impulse generated when the pot tray was placed onto the stopper bracket increased. When the
accumulating time was too long, it appears that the number of empty cells increased because the
movement speed of the elevator plate decreased, and thus the deformation owing to the contact with
the stopper bracket increased as the pot tray ascended (Figure 20). Since the relative motion or contact
with the stopper bracket causes empty cells, most of the empty cells occurred at the edge of the pot tray.

o i

Figure 20. Deformation of pot tray by (a) dynamic impact and (b) contact.

To verify whether the conveyor belt speed and operating time of the pneumatic-type actuator
had a significant impact on the seed bounce rate, an analysis of variance (two-way ANOVA) was
conducted (Table 3). It was found that the conveyor belt speed, operating time of the pneumatic-type
actuator and their interaction had a significant impact on the seed bounce rate at the 5% significance
level. Therefore, the conveyor belt speed and operating time of the pneumatic-type actuator can be
judged as major factors that affect the seed bounce rate.

Table 3. Two-way ANOVA table for conveyor belt speeds and operating times of pneumatic-
type actuator.

Source Sum of DF Mean F Value Pr>F
Squares Square

Conveyor belt speeds 486 6 81 144.766  <0.0001

Actuator operating time 1745.048 7 249.2925 4455441  <0.0001

Conveyor belt speeds x actuator operating time 100.2857 42 2.387755 4.267477  <0.0001

3.2. Derivation of Appropriate Operating Conditions

Table 4 lists the empty rates under each test condition. The empty rate is defined as the ratio of
the number of empty cells in the pot tray to the number of total cells in the pot tray expressed as a
percentage, as shown in (1). The condition with small empty rate means good operating condition

having small seed bounce rate.
100 X Ng
Es= ——— 1
= e M
where E; = empty rate of the pot tray cells, %, N; = number of empty cells in the pot tray, N. = number
of total cells in the pot tray.
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Table 4. Empty rate of pot tray cells (unit: %).

Conveyor Belt Speed Pneumatic-Type Actuator Operating Times (s) Average
(m/s) 08 09 10 11 12 13 14 15 &
0.09 037 015 0.07 015 022 030 067 171 0.46
0.12 045 037 007 022 045 052 097 268 0.72
0.15 052 022 015 030 067 089 179 260 0.89
0.18 037 045 022 045 067 074 186 246 0.90
0.21 052 067 045 067 089 112 186 290 1.13
0.24 067 052 022 112 097 112 193 290 1.18
0.27 1.04 126 126 149 156 179 231 327 1.75
Average 056 052 035 063 078 092 163 265

As aresult of analyzing the average empty rate, it decreased as the conveyor belt speed decreased.
For the operating time of the pneumatic-type actuator, the empty rate was lowest at 1.0 s, followed by
0.9,0.8,1.1,1.2,1.3,1.4, and 1.5 s. For individual conditions, the empty rate was lowest at 0.07% when
the actuator operating time was 1.0 s and the conveyor belt speed was 0.09 m/s or 0.12 m/s. Although
the empty rate was the same under the two conditions, a faster conveyor belt speed leads to higher
work efficiency. Therefore, the actuator operating time of 1.0 s and conveyor belt speed of 0.12 m/s were
judged to be optimal operating conditions considering both the seed bounce rate and work efficiency.

4. Conclusions

In this study, accumulating equipment for a roller-type onion pot-seeding machine was developed,
and the appropriate operating conditions were derived through factorial experiments.

The developed accumulating equipment was a flat plate type. Its main components were a
conveyor belt, elevator plate, pneumatic-type actuator, stopper bracket, limit switch, control box,
alarm bell, air compressor, and connecting brackets. The accumulating equipment operates as follows:
when the pot tray that completed seeding is transported onto the elevator plate by the conveyor belt,
the operation of the conveyor belt stops and the operation of the pneumatic-type actuator starts by the
signal from limit switch. The elevator plate returns to its original position after being raised and lowered
by the pneumatic-type actuator, but the pot tray is accumulated onto the stopper bracket. When the
elevator plate returns to the original position, the conveyor belt operates again and accumulates the
second and third pot trays on the stopper bracket in sequence in the same manner.

Factorial experiments were conducted to derive the appropriate operating conditions of the
developed accumulating equipment. The experiments were conducted while the conveyor belt speed
was varied from 0.09 to 0.27 m/s and the operating time of the pneumatic-type actuator varied from 0.8
to 1.5 s. The seed bounce was measured under each condition. As a result, a conveyor belt speed of
0.12 m/s and actuator operating time of 1.0 s were found to be the appropriate operating conditions for
the lowest seed bounce rate and high work efficiency.

Factorial experiments were conducted under the conservative conditions that the seeded pot tray
was not covered. Therefore, if there are no seeds to be thrown out in this experiment, there will be no
empty cells in pot tray in the real seeding work.

The application of the derived operating conditions to the developed accumulating equipment is
expected to reduce the labor load and increase the work efficiency required for onion seeding.
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