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SUMMARY

Development of Precision and High Speed Seeding Robot System

1. Introduction

The sufficient condition of vegetable seeding machine to compete in world
markets is that the machine have the seeding performances of precision and high
speed.

This study was consisted of three sub—projects. The first one of sub—projects
was to study on the optimal structures of each unit machines and equipments by
which consist the seeding robot system for vegetable plug seedling. The second
one of sub—projects was to study on the automatic equipments of the seeding robot
system. The third one of sub—projects was to develop the seeding robot system
such as commercial level with precision and high speed performances.

The results are summarized as follows.

2. Study on the optimal structure of each unit machines

A. Investigations of the optimal structures of each unit machines

1) Results of survey

a) For deciding the direction of developing the seeding system, the related
references and the commercial seeding system were surveyed. It was
considered that the optimum seeder for plug production could be seeded each
grain of one by one in the cell of plug tray in use of the needle tip with
vacuum pump.

b) Few studies of optimum operation conditions of a automatic seeder with nozzle

were reported that the seeding rate(the number of cells put into only one seed



per total cells a tay) was depending on the change of the inner diameter of
needle, the distance from the needle tip to the bottom of seed hopper,
absorbing pressure, the pressure of vibrating the seed hopper and seeding
speed. But the optimum vibrating conditions of seed hopper for best seeding
performances was not reported by studies.

c) At present, the larger scale of seeding system was supplied widely in Korea.
This large scale system equipped with automatic seeding processes such as
mixing medium materials, filling medium in plug tray, doing to dibble,
sowing, covering and irrigating. Now a days, the larger scale of seeding
system was stable in manufacturing techniques but it was needed to have
precision and high speed performances to compete in world markets.

d) For this competition, it will need to raise seeding speed up to over 1.5 times
of present system, to change as automatic operation of many of manual
works which are the works of putting each plug tray on belt line, collecting
the medium soil exceeded from filling it in the plug tray and in all seeding
process, refill for consumption seeds in seed hopper, re—sowing a seed in
seeding failing cell of plug tray and stacking of the plug tray finished

seeding for moving to germination room.

2) Effect of the seed hopper vibration on the vacuum nozzle seeder

The seeding rate of the vacuum nozzle seeders are affected by vibrating jump
height of the seeds on the seed hopper. This study was performed to investigate
optimum vibration condition of the seed hopper on the vacuum nozzle seeder for
improving seeding rate. Experiments were carried out such factors to determine the
vibration conditions of the seed hopper as air pressure and eccentric weight, and to
optimize the seed—pickup performance to each nozzle as suction pressure,
respectively.

As the result with the vibrating seeding hopper, the fluctuations of the jump
height of the seeds were showed above amplitude 0.4 mm and frequency 42 Hz,

and instant jump heights of the seeds exceeded these limits were varied with



higher range than those of the conditions. The impacts of the frequencies were
stronger than those of the amplitudes on the vibration of the seed hoppers. The
space density of the instant jump heights of the seeds were displayed on the
higher ranges, with the lower frequencies and the lower mean instant jump heights
of the seeds.

With the results of the seeding rate experiments, the best seeding rate of the
seed hopper was revealed 98% on the 300—seed cell, when the conditions of the
seed hopper were pickup air pressure at 94.6 kPa—abs., amplitude and frequency of
the vibration were at 0.57 mm and 43.6 Hz, respectively.

The optimum vibrating conditions of the seed hopper were analyzed as the

frequencies were 43.6—43.8 Hz and the amplitudes were 0.61—0.62 mm.

3) Establishment of the optimal structure of each unit machines

Optimal structure of each unit machines of precision and high speed seeding robot
system was established by using the results from review of studies, surveys in
seedling production factories and experimental test for insufficient technical
information. These optimal structures were offered to devise and draw master
design of each unit machines which are plug tray supplying machine, medium filler,
medium dibbler, seeder, consumption seeds refill device, re—seeding machine, water

irrigator, medium top dresser and plug tray stacker.

B. Master design of each unit machines

Master designs of unit machines of precision and high speed seeding robot system
was performed and was offered to manufacture of the each machines. These design
works was considered that the newly developing precision and high speed seeding
robot system could have 600 tray/hr seeding speed and seeding rate over 95% by one
man operator. But conventional seeding systems had 400 tray/hr seeding speed by

three men operator. The each machines manufactured by offering of master design



were tested and the machines had not sufficient performances were continued to
investigate other optimal structure. The machines treated in this part study were
automatic plug tray feeder, medium filler, automatic dibbler, precision and high
speed seeder, consumption seeds refill device, enclosed type top dresser, automatic

irrigator and automatic tray stacker.

3. study on the automatic equipments

The nozzle type seeder has limited characteristics of its seeding rate not reach
to 100%.
Usally the seeding rate is less or more 90% regarding to working condition.

It is possible that seeding rate increasing to 99% by using additional seeder.

4. Development of prototype of the seeding robot system

At this R&D project, we have done target as belows
o Precision Seeding Rate : up to 99%
o High Speed productivity : 600 trays/hr

o Saving man power : 133 trays/hr/man — 600 trays/hr/man

5. Manufacturing of test machine

(1) Auto tray feeder

o One packing unit of tray is 100 trays

o Loading from up to down by 1Box (100 trays)

o Separating one by one at bottom level

o working speed is 6sec/tray

o If using special made tray, success rate is 100%
(2) Flat Filler

o Handy Mixer attached by require of market



o

To supply enough medium space, spreading, pressing and sweeping device was

installed at separated space.

o

(3)

[e]

using

(4)

(6)

(7)

It is possible more than 600 trays/hr

Auto Dibbler

It is essential to be installed pressing roller before and after position of Dibbling for
re—use plastic tray which is not even of its shape.

It is possible more than 600 trays/hr.

Regarding the tray sorts, changeable dibbling bar and dibbling knob.

Precision and High speed seeder

It has dual (A & B) needle bar (manifold)

So when A is sucking B is seeding, by this method, any time sucking, any

time seeding.

For precision, it needs enough time to sucking and for high speed in short time
cycling of working.

Productivity : possible 60,000 cells/hr

Accuracy : more than 95%

Auto seeds refill device

Using non—shaft spring revolving device, the refill seeds come out from hopper.
Regarding to seeding work speed, it is necessary to refill seeds in proportion to
consumption.

Accurate refilling is possible by revolving speed control.

Monitoring of seeding work result

Between from seeding needle to cell of tray, there is [drop guide] .

At the both side of drop guide, there is photo sensor. When the seed go down to
cell, it operates and monitoring by LED lamp and LCD Monitor.

When the system operates at full speed, it is hard to check the result by eye.
There is PC, collecting all in formations from sensor, and stocking, analysis and
showing by original program.

Auto additional Seeder



(9)

There is many needle at one needle bar. But each needle operates or not is separate
not at same work. By information of PC, each needle works seeding or not.

Also the additional seeding cell is decisioned by PC.

There is show window before and after seeding rate.

Auto Top Dressor

If running by high speed, there is many surplus dressing materials.

So re—covering the materials and re—using is very important.

There should make problem by its dust.

So it is essential to make closing device, not open on air.

Re—covering hopper at under space and by Re—filling Devide by screw conveyor,
it is possible to make closing device.

Auto Irrigator

After seeding before top dressing, it is very good to give irrigating device because
not moving of seeds when dressing.

Also the seeds may attach at medium closely, its result good condition for good
germination.

There is proportional Liquid Mixer at optional part to give convenient when using

functional watering.

(10) Auto tray stacker

o

At the end of conveyor line, it comes out One tray by 6—seconds.

It is very difficult to handling by labour. So, it stacks 5—trays to be one—block.
When making one—block, it goes out to conveyor.

So all logistic is not one tray but one—block.

It is possible to using high efficiency of germination chamber.

May be 3~5 times higher.
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Fig. 1. Dimension of the experimental pepper

seed.

Table 2. Dimensions of the experimental pepper seeds

Items . . .Param.eters .
Major diameter | Minor diameter Thickness
Maximum (mm) 4.4 3.7 0.8
Minimum (mm) 3.7 3.1 0.6
Average (mm) 4.2 3.3 0.7
Standard dev. (S) 0.2 0.2 0.05

) Ad A
(1) A WA ZH FA

a9 28 AYEow A aFFare] whlASs 54 AXolth A= dFvE
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TA7E Hibe] FE3HY] Aol AYE AYSAS Y] Aste] PVCHe 1 m @99

EEe BARGoM, ndsbes 1FFA7 Afdatetel Awst FEGE YA
sl Bs] Al AA wFAE AFE 22 e el Folex A
CEEE e

D&EI e CrbEE Al 25 AF8-3har, )l 512x4809 A, 29 1,000 2d A 7HA] &
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(a) Schematic drawing (b) Photograph

Fig. 2. Measurement equipment for restitution coefficient.
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Table 3. Specifications of the PC for controlling the high—speed camera

Item Specifications
Computer Intel Pentium 4 — 3.2, RAM 1GB
0S Windows XP
Monitor LCD monitor(1280x1024)
(2) A5 54 A
2AT ol BAE A1 FARS AEAD ©, FAR Fae AEHE B2
7 9lal ngbere Agetgth, nEsbets FA WAAS 54 FA)A AHg
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Table 4. Specifications of the high—speed camera

Lens mount C mount

Imaging sensor Progressive scan 1/3—inch CCD, square pixels

Recording media IC memory (SD—RAM)

Recording capacity | 128MB: 543 full frames, 2.2 seconds

Full frame: 30, 60, 125, 250 fps

Framing rates -
Partial frame:| 500, 1000 fps

Full frame: 512X480 pixels

Pixel resolution ) 512X240; 256X240; 256x120 pixels
Partial frame: .
128x120; 128x80; 128%34 pixels

Monochrome: 8 bits (256 steps)

Gray scale . .
Color: R, G, B 8 bits each (24 bits color, 256 steps)

Playback rates 1, 2, 4, 8, 15, 30 fps

1/frame rate; 1/500; 1/1000; 1/2000; 1/3000; 1/5000;

Electronic shutter
1/10000 second

Power From the PCI bus (+3.3V; +5.0V; —12V)

Ambient temperature| 0 to 35C (32 to 95°F), no condensation

Power consumption | +3.3V: 2A; +5.0V: 2A; —12V:0.5A (32.6W)

. . Camera head: 160W X 330D X 180H mm
Dimensions

PCI board: 312W X 106H X 16T mm

Camera head Weight| 1.1kg(2.41bs) (including 6—meter camera cable)
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Fig. 4. Program of Photron FastCAM Viewer.
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Fig. 5. Processed seed hopper for taking pictures.
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Fig. 6. Arrangement of filming devices for oscillating movement

Fig. 7. SD—1800W automatic seeder used on experiment
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Fig. 8. Schematic of seeding part of the SD—1800W.
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Fig. 9. Details of the seed oscillating part.
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Eccentric

(a) Schematic drawing (b) Photograph
Fig. 10. Air vibrator.

Center of
gravity

¢ o

EWA1 EW2 EW3

(a) Schematic drawing (b) Photograph

Fig. 11. Eccentric weight for oscillation of the seed hopper.

Table 5. Specifications of the eccentric weights for oscillation

Parameter
Item
EW1 EW2 EW3
Thickness (mm) 15 14 13
Mass (g) 2.84 2.66 2.49
Center of gravity (r) 4.8 mm
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Table 6. Experimental results on eccentric weight at 2.49 g

300

8.5

8.2

5.3

7.6

6.8

6.0

200

8.0

7.2

4.8

6.4

5.8

100

7.6

6.8

43.8144.6 | 44.843.7 |44.2 | 44.5|44.6 | 43.5|44.0 | 44.5|44.6 | 44.7

0.7010.79]0.86 | 0.63 | 0.69 | 0.80 ] 0.89 | 0.58 | 0.67 | 0.74 | 0.83 | 0.88

5.8

0.4510.58]0.65|0.44|0.52|0.61]0.63|0.41{0.47|0.55]0.63|0.68

Seeds per a cell

Air pressure (kPa—g) | 78.5(80.9 | 83.4 | 83.4 [ 85.8 | 88.3|90.7 | 85.8 | 83.3]90.7 | 93.2 | 95.6

Frequency (Hz)

Amplitude (mm)

Loaded height of seeds

in seed hopper (mm)

Average Height (mm)

Standard dev. (S)

of height
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Table 7. Experimental results on eccentric weight at 2.66 g

Seeds per a cell 100 200 300

Air pressure (kPa—g) | 78.5(80.9 | 83.4 | 83.4 [ 85.8 | 88.3|90.7 | 85.8 | 83.3]90.7 | 93.2|95.6

Frequency (Hz) 43.5(44.344.5|143.5|44.1|44.2|44.5|43.3|43.8|44.3|44.5|44.6

Amplitude (mm) 0.6410.72]0.83|0.61|0.67|0.76 | 0.86 | 0.56 | 0.63 | 0.73 | 0.81 | 0.86

Loaded height of seeds

, 4.0 4.8 5.3
in seed hopper (mm)

Average Height (mm) | 5.5 | 6.5 | 75 | 5.6 | 6.3 | 6.9 | 7.8 | 5.7 | 6.7 | 7.5 | 8.0 | 8.4

Standard dev. (S)

. 0.46 | 0.55]0.64(0.42]0.50|0.57|0.63|0.40 | 0.46|0.54|0.62 | 0.66
of height

Table 9. Experimental results on eccentric weight at 2.84 ¢

Seeds per a cell 100 200 300

Air pressure (kPa—g) | 78.5(80.9 | 83.4 | 83.4 [ 85.8 | 88.3|90.7 | 85.8 | 88.3|90.7 | 93.2 | 95.6

Frequency (Hz) 43.2144.1 |44.4143.3|43.8|44.1|44.3|43.1|43.6|44.0|44.3|44.5

Amplitude (mm) 0.61]0.70 ] 0.80 | 0.56 | 0.62|0.73]0.84 ] 0.53 | 0.61 | 0.71]0.78 | 0.84

Loaded height of seeds

. 4.0 4.8 5.3
in seed hopper (mm)

Average Height (mm) | 5.3 | 6.4 | 73 | 55 | 6.0 | 7.0 | 7.6 | 5.8 | 6.6 | 7.4 | 7.8 | 8.2

Standard dev.(S)
0.46 [ 0.56 | 0.64]0.42]0.49]0.59]0.62]0.40[0.47|0.52|0.61]0.65

of height
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