Study on the Tractive Characteristics of the Seed
Furrow Opener for No-till Planter
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INTRODUCTION

For centuries the moldboard plow has Dbeen
the basic tool of agriculture breaking and turn-
ing the soil as the first step in the series of
operations collectively known as tillage. It is
known that in the U.S.A. more than 250 billion
tons of soil are estimated to be stirred or turn-
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ed each year. To plow this soil once requires
500 million gallons of gasoline or diesel fule,
costing over $ 100 million(10).

In recent years there has been increasing int-
erest in minimum-tillage sytsems or no-tillage
systems as a means of reducing row-crop produ-
ction costs and improving soil conditions(29),

Recently, in the U.S.A., on alarge and growing
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:area of farmland, the plow is being displaced
by a system of farming that involves either no
tillage or a greatly reduced amount of it(31).

In Korea, Pyeon et al. (24) conducted an expe-
riment on soybean production using the method
of no-tillage system. Kim et al. (11) conduceed
an expriment on the modification of the regular
planter for no-tillage soybeans.

The objective of this study was to investigate
the tract‘w: characteristics of furrow opener
which can be attached to the planter fcr no-till
age soybeans and so to obtain the data cn how
to reduce the draft and how to select suitable
type of openers. For this study, two models of
furrow opener, hoe and disc trpe, were tested
on the artificial soil stuffed in the moving soil
bin.

REVIEW OF LITERATURE

Triplett, Jr. et al. (31) reperted that in no-
tillage system the seeds for a new crop are sim-
ply planted in soil that remains covered with
the residues of the old crop. The control of
weeds, which is a prime objective of tilling, is
achieved mainly by the application of herbicides
but partly by the fact that the old corp cuis as
a mulch, stifling the growth of unwantcd plants,
And the main advantages of the new methods
are that they reduce the labor cost of farming
and be predicted that within a few years much
of the crop land in the U.S. will be planted wi-
thout a moldboard plow and in most conditions
planting without tillage (but with herbicides)
can save labor, energy, water, and soil.

The 1973 ASAL year book defines no-tillage
planting zs a procedure whereby a planting is
made directly into an unprepared seedbed. It is
also called chemical fallow. The advantages of
no-tillage are listed as early planting cf a follo-
wing crop, reduced labor and machine cost, redu-
ced danger of soil blowing, and soil and water
conservation. Insect buildup is controlled by the
application of chemicals (29). In Korea, Kim

and Pyeon carried out a study on no-tillage sys-

tem on scybean (11, 24).

Abernathy ct al. (1) reported that furrow
area tended to be least for openers with small
vertical angles and the largest furrows were
made by openers with medium vertical angles
and large wedge angles, and the lift and drag
forces acting on furrow openers increased with
increasing vertical face angle and with increasing
wedge angle. Kim et al. conducted an experim-
ent on the comparison of hoe and disc-type fur-
row opener and concluded that continuous studies
were needed on the diameter, disc angle and
weight of seeder, and experiments using planters
precisely manufactured were necessary. Many
theses were reporied on the characteristics of
various parts of planters, but the study on the
draft resistances of furrow openers of hoe and
disc, and the comparison between them has not
been carried out yet in Korea.

Many studies were reported on dynamic char-
acteristics of artificial soils (2, 5, 6, 18, 21,
22, 23, 25). Research results from tillage impie-
ment experiments are affected by soil characte
ristics as well as by implement design. Natural
soils, both in the field and in the laboratory,
have been found to vary widely in their mec-
hanical characteristics. Major sources of variati-
on have been thcse of moisture content, moist-
ure distribution and tension hysteresis, and agg-
regation and aggregate-size distribution. To
ascertain changes in implement performance
with variation in implement design, it would be
desirable to have a laboratory material with mec-
hanical characteristics similar to natural soil, but
with properties which could be maintined unif-
orm over long periods of time and with repea-
ted mechanical working.

The most important fact is that artifical soils
simulate natural soils in tillage studies(25) but
have thc advantages in that the variances of
physical properties are very small according to
the change of temperature and humidity, and
various types of soils are available by manufac-

uring them and the reproducibility is very good



Fig. 1, The overall system for model furre-

wing studies.

and sufficient strength is chtained

natural soil.

Artificial soils may be compounded using moi-

stening agenis such as

which do not evaporate rapidly and thus permit

mzintenence of given

over an exiened period of time. Artificial

compounded from clay, core sand and

glycol have stength p
of natural soils.

In tillage studies,

were usually carried out, but they

Instead of them,

e.hylene glycol

soil strength

rameters similar to those

the outdoor

recently, indoor

Fig. 2, The openers being tested.

to simulate are widely carried out using soil bins(5, 13, 16

17). Indcor experiments on tillage studies have

much advantages compared with outdoor experi-

or oil, ments. Field testing of soil-machine systems is

difficult, time consuming, and costly. Controlling

conditions soil conditions for {icld-testing purposes is almost
soils impossible. These difficuitics suggest the use of
ethylene models in a latoratory where soil conditions

could he controlled. Controll of test conditions,

cconomics, and convenience are factors which

eXperiments make a model tillage laboratory desirable. The
irotblesome. atory makes
experiments installations to

Table 1. Specifications of the experimental 2 atus.
Experimental apparatus Dimensicns Remarks
disc opener (angle,”) 8, 16 DA is simpler form for disc angle in
” (cm) $20, 25, 30, 33 the fellowing figures.
hice opener (lift angle,”) 20, 49
i (wedge angle,®) i6
& (em) 121X 3 4W X 14H

szil bin (em)

speed of soil bin (ecm/szc)
roller (cm,kg)

scarifier (no. of tines)
strike-off blade (cm)
capacity of load cell (kg)

electric motor (p.s.)

480L K45V X 3¢D

2.75, 5.63 S-1, S-2 are simpler forms fcr 2, 75em
¢Z7 X 40W, 60 /sec, 5.63cm/sec in the following fi-

9 gures.

40W X {5H D-3, D-6 are simpler forms for depth

200 3cm, Gem in the following figures.

2
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Table 2. Blcasuring instruments.
items Diynamic strain amplifier Rapicorder Scxl‘ Eardness
tester
manufactarer ¥yowa Electronic Instrument Kyowa Electronic Imstrument Xiya Seisakusho
Ce. Co. Ltd.
model DPM-Gi RMV-33N Yamanaka
channel 6
dimensions{mm) 236X 307 X 150 325X 210X 494 330X 200L
Takle 3. Physical properties of artificial soil.
Sieve analysis Properties
. . . . Absolute soil
) . Loso, Oil content(%)  Wet unit Cohesion Angle of internal
Sand(f‘ Bentonite(%) (SAL 10w) weight (g/em®) (kg/cm?) {riction(deg.) k(llifr(}rcl;sas)
48.10 39.35 12.55 1.51 0.10 30 5.27
perform research on soil machine systems. The

laboratories could be small cnough to be enclosed
in a controlled environment and large enough
or performing valid tillage and traction resear-
ch. But, in Korea, no study has been done on

soil bin and artificial soil yet.

EQUIPMENT AND METHODOLOGY

1. Experimental spparatus, measu-
ring instrament and artificial
soil

The equipment used for this study was a mo-
ving secil bin in which the artificialsoil was stu-
ffed.

The overall system is shown in Fig. 1 and the

openers being tested in Fig. 2.

Specifications of the experimental apparatus
and measuring instrumen: arc shown in Table 1
and 2.

Physical properties of artificial soil are shown
in Table 3.

The gradation curve for the mixture of sand

snd bentonite is shown in Fig.8.

2. Mothodology

To measure the cil content, a soxhlet appara-
tus was used to extract oil from the artifical
soil (7). The bin carriage were accelerated to
the desired speed and moved past a fixed bar at
a uniform speed by an electric motor. After the

0
. —
50

I

pmmey t

i
769.52

0
001,002 006.009 019.037.074.149 0.42 2.0 4.

Didmeter of particie in millimeters

Fig. 3, The gradation curve for the mixture

of sand and bentonite.

bin passed the tool bar, the drive motor was
turned off andthe bin decelerated to a stop.
Furrowing tool was attached to a mounting
frame equipped with vertical and horizontal
screws for close adjus-tment of tool position.

The uniformity of soil hardness in the soil bin
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was maintained by the method that the entire
experiment was repeated after tilling the soil
once by scarifier followed with the strike-off
blade and then with roller passes of 4 times, and
ending with measurement of soil hardness at 8
locations in the bin by Yamanaka-type soil
hardness tester.

Each of the two types of furrow openers was
operated at two kinds of speeds in one type of
artificial soil. Drafts on the openers were recor-
ded by oscillographic equipment connected to a

force transducer.

RESULTS AND DISCUSSION

1. Relationship between the dizmeter
of discs and draft

To find out the diameter of disc that required
least draft in the case of disc type, the draft
was measured according to the various sizes of
diameters. As shown in Fig. 4, there were an-
alogous tendencies regardless of working depths
and disc angles, and the diameter of disc which

required the least draft was about 28cm.

2. Relationship between the working
depths and draft

As shown in Fig. 5, the variations of draft

according to the various working depths showed

almost linear changes irrespective of working
speeds and disc angles within the scope on this
experiment. In the case of plow, Song(30) repo-
rted that the draft resistance was increascd with
increased depth of plowing and the specific
draft resistances »vére decreased with depth to

a certain poiat above which depths they were

increased.

As shown in Fig. 4, there were general tende-
ncies at both working depths, 3cm and 6cm, that
total draft showed the minimum with the disc
diameter of about 28cm; and specific draft sho-

wed it with the disc diameter of about 30cm

regardless of disc angle and working speed, as

shown in Fig. 7.
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It was thought to be desirable that the furr-
owing be controlled by the adjustment of disc
angles and disc diameters rather than by work-
ing depths with the end in view of reducing
the draft requirements of the planter because
the variaticns of working depths affect the
draft requirements in higher degree than other

factors under the same condition of experiment.

draft,

disc angle, and working speed

3. Relationship among the

As shown in Fig. 6, there were general tend-
encies that the draft increased with increasing
disc angle and with increasing working speed.

Shibano(27) reported that the ridging resista-
nce increased when the wedge angle was larger
on every conditions. In general, increased for-
ward speed increases the draft with most tillage
implements, mainly because of the more rapid
acceleration of any soil that is moved apprecia-
bly. Scil acceleration increases draft for at least
two reasons-first, because accleration forces inc-
rease the normal loads on soil engaging surfaces,
thereby increasing the frictional resistance, and
second, because of the kinetic energy imparted
to thesoil (10, 19, 28, 29).

As shown in Fig. 6, in the case of optimum
disc diameter of 30cm, the rates of increased
draft by the variations of disc angles and wor-
king speeds were compared to find out by which
the draft is affected more. In the condition of
speed, 2.75
cm/sec, the drafts were about 6.2kg and 7.7kg

working depth, 3cm and working

in the case of disc angle, 8° and 16° respectiv-
but 7.2kg and
and 16°,

respectively, at the working speed of 5.63cm/sec

ely, showing little differences;

9.8kg in the case of disc angle 8°

and same working depth as above; which show
that draft is affected more by working speed
than by disc angle. It was thou-ght to be
desirable that the working speed of planters
be reduced a little than that of ordinary tillage
of draft

implements from the standpoint

requirement and precision planting.
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necessary to be attached beiween them in actual

14y )
i furrowing operatoin in the field.
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A) Furrow opened by disc type.

Fig. 8, Specific draft of hoe-type furrow

opener.

4, Comparison between hoe and

dise-type openers

For the purpose of comparing the darl(t of

these two types of opener, the specific drafts

of hoe type openers were compared with those of
disc type openers with the disc angle of 16.° As
shown in Fig. 7 and Fig. 8, the specific draft

of disc type opener with the diameter of 30cm was

0.25~0.5kg/cm? while 0.71~1.02kg/cm® in the
casc of hoe type with the lift angle of 20° wh-
v & B) Furrow opened by hoe type
ich is 2 times as much as that of disc type in
average value. Fig. 8. The furrows epened by the two types
The movement of soil during furrowing operati- of opener.

ons were compared between the two types. With

the bin level, or at zero slope, the artificial soil The degree of artificial soil adhesion on the
was furrowed, and there remained equal banks opener was greater in the case of hoe type than
on both sides of the furrow opened by both ty- of disc type, and soil adhesion is not desirable
pes. But the degree of crack of removed because it causes the increase of friction between
artificial soil to both banks of furrow was gre- soil and metal face of opener.
ater in the case of hoe type than of disc type So, considering the conservation of moisture
(Fig. 9. content, draft requirement and soil adhesion, it
Choking of artificial .soil bLetween the two was thought that furrow opener of disc type
discs was beside the question during the experi- would be more suitable furrow opener of planter
ment, but it was thought the scrapers would be than that of hoe type.
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Summary

This study was carried out to obiain basic
date for the type selection of {furrow openers
for the no-tillage soybean planter trailed by the
two-wheel tractor {from the standpeint of mini-
mum dralt and gocd performance of furrowing.
For this studv, two models of furrow opener,
hoe and disc type, were tested on the artificial
soil stuffed in the moving soil bin. The results
obtained were as follows.

In the case of disc furrow opencr, the drafts
were measured according to varicus diameters of
discs under the condition of disc angle 8° and
16°, working depth Scm and 6cm, working speed
2.75cm/sec. Minimum draft appeared when the
diameter of disc was about 28cm and the drafts
increased as the diameter of discs became larger
or smaller than this diameter. Specific draft sh-
owed aimost same tendencies as above but sho-
wed the minimum when the diamecter was about
30cm.

For the purpose of controlling the sceding de-
pth, the relationships between draft andworking
depths, 3cm and 6em, were tested. The variati-
ons of draft concerning the various working
depths showed linear changes and werc affected
in higher degrec by depths than other factors.

There were general tendencies at both working
depths, 3cm and Gem, that total draft showed
the minimum with the disc diameter of about
28cm and specific draft showed it with the disc
diameter about 30cm regardless of disc angle and
working speed.

For the purpcse of controlling the working
width and spced, the relationships among drafts,
disc angle and working speed were investigated
and therc were general dendencies that the draft
increased as the angle and speed were increased
and the draft was affected more by speed than
by angle.

To compare the hoe-type with disc-type open-

er, the specific drafts of hoe openers were com-

ared with those of disc opener of 16° angle and
30cm diameter. The specific draft of disc-type
opener with the diameter of 30cm was 0.35~0.5
kg/cm?, while 0.71~1.02kg/cm® in thec case of
hoe type with the lift angle of 20° which is 2
times as much as that of disc typec in average
value. And the furrows opened by disc opencrs

were cleaner than those opened by hoe openers.
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