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1 e Ex
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BEXED 220 6. | 21.3 | T1,1338 10 | 1. 06 T B 14. 1
248 28

15 BE DI RORMABREZIC L KRS FHEICHBIAE L., BREB~OND
i ERc B DO T, EERERZEZ L L,
3)E T K O I B
KaLt X B i B 2/ A0 K 2 XK 6 — 10, I HE G
BEOERZR6-1Ie 3T s BOREDZEZER I & B

%610 &£ & # &
A H 19894 6 F27, 28H

% K K
R < 53 | 5 A H

a | K| K| K
HATIX | 4,22 37. 1 100 13.5 100

e
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i 1l 0.66 m 0.45 m

B oW R 50, 0004 /ha 70, 0004 /ha

73 i 0.303 m 0.317 m

W B K 800 m 200 m

fF & 8 0.9 m/s 0.6 m/s

[al 17 W R 134 s/l CEFERERLD) 134 s/Inl (REERERLD)

WA R 370 s/l CREEBRERED) 370 s/l (RA%RERLY)
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I = =78 0T 2
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DEVELOPMENT OFF A CHAIN POT AUTOMATIC TRANSPLANTER
by

Tetsuo NAMBU

SUMMARY

Sugar beet is grown around the world in a total area of about 8.7
million ha. In Japan, Hokkaido is the only place where this crop is
grown and the cultivated area covers a total of 72,000 ha. The
cultivation method used widely in Hokkaido 1is the paper pot
transplanting method. This makes Hokkaido very different from other

countries where direct seeding method is used.

The transplanting method has some advantages over the direct
seeding method in such aspects as reducing the time for sowing,
thinning and cultivation. On the other hand, the transplanting method
requires more time for such labor intensive operations as seed bed
preparation at a seeding center, seeding into the paper pots, raising
seedlings and finally, transplanting. To deal with this disadvantage,
efforts have been made in this studies to reduce the amount of labor
required. As a result, the transplanting method now requires only as
much time as the direct seeding method. In this studies transplanters
were improved so much that working hours have been reduced by 50 %.
The existing transplanters however, are still semi-automatic, which

requires human labor to feed the seedlings to the planting mechanism.

= e




Unfortunately, complete automation can not be achieved unless there is

a radical technical innovation in seeding mechanism.

Therefore, the problem of complete automation was studied both
[rom the aspect of both the paper pot structure and the transplanter
itself in order to change the seed feeding process which is currently
mannual to an automatic operation, this way, the goals of complete
automation will be achieved and transplanters speed increased. As a
result, continuous paper pots(chain pots) and a device to separate
these paper pots at a high speed into individual seedlings were
designed. Furthermore, a new planting device was designed to use a
drop chute method, which matches the ability of the separating device.
It is an easy mechanism to operate and is suitable for high-speed
planting. Next, a tractor-mounted 2-row transplanter and a
tractor-trailed 6-row transplanter were designed. Both were equipped
with these new devices and experimental planting was successfully

conducted. This confirmed that these devices are not only labor saving

but also highly practical.

I. Automatic Transplanting Mechanism with Chain Pots (Chapter 2)

1) Former chain pot automatic transplanters had a fundamental defect,
that is, the tendency to misjudge the distance between each pot. This
defect was taken care of by increasing the speed of the transplanter. A
way was searched for to separate the pots without an excessive amount
of force and without increasing the speed of the transplanter. It was

realized that this could be done by putting a slit, called a
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separation-guide-portion between the pots, and connecting the top of
the pots at a few places. The separation force was then concentrated on
the first joint while holding the separation-guide portion, and cutting
the joint one after the other. Based on these ideas, a separating
device was designed to combine the new chain pots and high-speed

processing rollers.

2) The speed of planting aspect of the process with a drop chute
mechanism which has no underground movable parts increased. There is
also the possibility of further automation and increasing the speed in

conjunction with the abilities of the separating mechanisms.

The former mechanism, however, did not have the pot's inertia,
accompanied by the transplanter's movement, therefore, planting was
unreliable. In practice, this limited the transplanter to the use of
short and big-round potted seedlings, which extremely limited the
traveling speed of the transplanter. It was assumed that it would be
necessary to satisfy the following two conditions to increase the speed
of the transplanter; (a) the pots should fall at a designated angle into
a designated position. (b) the position of the plant hole, which appears
behind the furrow opener, should be uniform. The new planting
mechanism was designed to be based on the believe that it was possible
to meet the two conditions by: (a) creating a curved surface on the
backboard of the furrow opener based on the falling path of the slower
pots, and control the posture and position of the slower pots at this
curved surface, (b) set the length of the furrow opener at its widest
point, and control the flow of the soil with the side wall of the furrow

opener.
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Il. Practical Application of the Chain Pot and the separating Mechanism

(Chapter 3)

A basic experiment was carried out on separation of the chain pots
to acquire some fundamental data for designing chain pots. At the same
time, several Kkinds of chain pots were designed and fabricated. An ex-
perimental device which allows separation of the pots at high-speed
was also designed and fabricated. The practical application of the chain
pots and the separating device was investigated. The results are as

summarized below:

1) The strength of the joint of the chain pots has to be between 8-14N,
matching the length that seedling rows were pulled out. For practical

use, the safety factor must be considered in deciding the strength.

2) From an experiment with a single joint it was clear that it is
desirable for the length of the separation-guide-portion to be 30 mm or
more. It was also discovered that the separating force with the
separation-guide-portion could be reduced to 1/3-1/5 of that used for
the pots without one. Also the length of the joint should be less or

equal to 3 mm for normal separation to occur.

3) In an experiment with multiple joints, similar results were obtained
as in the experiment described in 2). The separation force can be
reduced by 1/5, by tearing apart the joints and separating the pots

gradually using the separation-guide-portion. It was proved that the
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separation-guide-portion is a very advantageous innovation.

4) Using the results of the above experiments, experimental chain pots
were manufactured with 3 mm long joints, four connected spots and with
three different lengths of separating-guide-portions. An experimental
device was also manufactured which the ability to separate pots contin-
uously. The separating velocity ratio and angle of the separating
roller and its capacity for seedling pots were examined. The highest
allowable limit and the most stable separation occurred with a
separating roller angle of 12-15 degrees with a separation velocity

ratio of 6-7, and separation-guide-portions of 30 mm.

. Drop Chute Type Transplanting Mechanism (Chapter 4)

A theoretical investigation of the mechanism for the drop chute
type transplanter was carried out. At the same time, fundamental data
of the mechanism were collected through experiments for the purpose of

prototype fabrication. A brief summary of the findings is as follows:

1) Since the plant holes behind the furrow opener occur steadily as the
furrow opener proceeds, pots will eventually reach the bottom of the
furrow if they fall along the side of backboard of the furrow openers.
It was observed that the plant holes refilled as time passed, and the
soil, which refilled the plant holes, gradually restrained the pots. The

pots were stabilized when their inertia and the soil's retention force

were equal.




2) To drop the pots along the backboard of the furrow opener, the
optimum velocity and the angle at which the pots are to be released
from the drop chute pipe was selected. To determine the velocity, there
was a need to figure out the necessary hight of drop to achieve the
required velocity by calculating the coefficient of dynamic friction
between drop chute pipes and the pots. Through the experiments a
relational formula was derived to calculate the coefficient of dynamic
friction that is applicable for a practical transplanting mechanism. The
pots, when released from the drop chute pipe describe a parabola,
therefore formulae were derived to calculate the release angle, the
release velocity and the landing angle, which are necessary for the

pots to fall along the backboard of the furrow opener.

To modify the experimental transplanting mechanism into a
practical one, the shape of the furrow created as the furrow opener
travels needed to be regulated. Therefore, an experimental
semi-cylindrical furrow opener was made and the change (depending on
the size of the semi-cylinder, operating speed and the type of soil) in
the shape of the furrow behind the furrow opener was observed. The

results are as follows:

a) The length of the furrow varies proportionally with an increase in

traveling speed, and the rate of increase differs with soil type.

b) Within the same soil type, moisture content of soil has very little

influence on the length of the furrow.

¢) Formulae were derived to calculate the boundary curves of the
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furrow for volcanic and alluvial soil.

Using the above findings for the purpose of controlling soil flow
at the furrow, furrow openers with boundary curves and ones with a
straight shape were manufactured. As expected, satisfactory
performance was achieved with both shapes, which made it possible to

regulate the shape of the furrow.

IVv. Investigation of the Practical Application of the Transplanting

Theory (Chapter 5)

The findings mentioned in the previous chapter were used during
the manufacture of an experimental planting device. The conditions and
the accuracy of planting were investigated and data for building

working models were collected. The results obtained are as follows:

1) Each furrow opener's planting angle kept decreasing as the traveling
speed increased. The rate at which the angle decreased with relation to

the increase of traveling speed was about 4-5 degrees per 0.1 m/s.

2) As the backboard angle decreased, the planting angle increased. The
backboard angle and the planting angle had an inverse relationship.
The rate of increase in the planting angle to the decrease in the

backboard angle is about 1-2 degrees.

3) There was no much difference in planting angles for different soil

moisture contents, and there was almost no relationship between them.
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Also no much difference in planting angles for volcanic and alluvial

soils.

4) The standard deviation of planting angles is within the range of 3-7
degrees. This is equal to that of existing transplanters, which shows
the suitability of the new transplanter is very for practical use. Also,
the standard deviation of the planting depth is within the range of 2-6
mm, and this demonstrates that the transplanter has a very high

planting accuracy.

5) Using the findings outlined in this chapter and the previous one, a
traveling speed that enabled the design of the planting device was
established. The following points were considered: (1) the angle and the
width of furrow openers, (2) flattening furrow openers and their length,
(3) the thickness of furrow openers, (4) the height and angle of drop
chute pipes from furrow openers (5) the release speed of pots and the
position of the end of the drop chute pipes in relation to the furrow

openers, and (6) the length of drop chute pipes.

V. Performance of the Experimental Transplanters (Chapter 6)

The data collected and summarized in chapters 3-5 were used to

manufacture chain pots, 2-row and 6-row transplanters so that their

performance and utilization were investigated. The resulls are as fol-

lows:

1) Tractor-mounted 2-row transplanter was manufactured as reported
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earlier and its planting accuracy in volcanic loamy and heavy soil
fields was tested. The soil type did not affect planting accuracy. The
standard deviation of planting angles was 6.9 degrees, which is a little
more than the one in experiments explained earlier. The operatling
speed of the upright planting device was 0.7-0.8 m/s and was different
from the design value of 0.95 m/s. This is probably due to the difference
in the physical properties of the experimental soil, which was
subjected repeated use, and the soil in an actual field. Therefore, it is
necessary to decrease the adaptive speed of the furrow opener's
backboard by about 0.15-0.20 m/s when designing the working models. The
variation of intra-row spacing was equivalent to that of the existing

models that use rubber discs. The effect on cultivation was acceptable.

2) Experiments were conducted over a period of 5 years at 24 farms on a
total area of 42.1 ha. As a result, it was confirmed that the new models
are highly practical, having reduced labor more than the existing
models and showing high tolerance for different transplanting

conditions.

3) To accommodate larger fields in European countries and America, a
tractor-trailed 6-row transplanter was manufactured. A trailed type was
employed, so that the machine will stay in a straight line as it proceeds
and maintain a stable planting depth. Also, a semi-mounted mechanism
was also employed to reduce the turning radius at headlands. The field
efficiency was 0.54 ha per hour, and the planting accuracy was as good
as that of the 2-row transplanter. To use bigger machines more

efficiency, a formula to calculate the operating efficiently for the

machine was derived. The main factors determining the efficiency are




row width, field length and operational speed. Therefore, it is
important to take into consideration these factors before operating the

machines.

IFrom the above data it was concluded that the experimental
machines displayed the expecled capabilities and that the chain pots,

the separating device and planting devices proved highly useful.
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