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Basic Studies on the Automatic Control of Vibratory Tillage

Osamu KITANI*, Kimyung LEE**, Tsuguo OKAMOTO,
Kyoshiro MIURA*** and Kunio MORIMOTO****

Abstract
Osamu KITANI, Kimyung LEE, Tsuguo OKAMOTO, Kyoshiro MIURA and Kunio
MORIMOTO : Basic Studies on the Automatic Control of Vibratory Tillage, Tech. Rep.
Inst. of Agric. Mach., No. 19:1—18

In order to develop a tillage device which automatically search for optimum vibratory condi-
tions, this study was conducted. A hydraulic vibratory test device was constructed at first, and a
series of tests revealed that the draft was minimum at the vibratory frequency of twice the soil
shearing frequency. A small soil bin test equipment was then constructed, and soil stress and
strain under various conditions were measured to find the effects of soil texture and moisture as
well as cutting angle and depth. The hydraulic vibratory tillage device was connected with a
computer and blade vibration was controlled in three control modes : 1) minimum draft mode,
2) minimum power mode, and 3) shearing frequency mode. In the shearing frequency mode the
blade was vibrated at the frequency twice the soil shearing frequency which was obtained from
FFT computation of the draft. This mode was superior to the others in control stability on the
basis of test results and computer simulations.

1.  Introduction

Vibratory tillage sometimes drastically reduces draft in the tilling of soil. Rate of draft
reduction, however, differs according to the soil conditions and vibratory devices used. Simultaneous
reduction of the power and draft is difficult since considerable power is required for idling vibration.
Therefore, the aim of this study was to develop an automatically controlled vibratory tillage system
which determines the optimum vibratory conditions for a given soil, and achieves the minimum
draft and power.

This study was conducted when the first author was Guest Researcher with the Institute of
Agricultural Machinery and most of the research was done there.

Some of the study, however, such as those in Chapters 3 and 5 were conducted at the La-
boratory of Agricultural Power, Energy and Machinery of the University of Tokyo with a financial
aid of a Special Research Project Grant for Energy from the Ministry of Education, Science and
Culture.

2. Conditions for draft reduction

2.1 Object of study

It has been reported that the draft reduction of vibratory tillage varies from 10 to 90%

according to the soil and vibratory conditions?»!0,%0, However, the optimum conditions for a

*  TFaculty of Agriculture, University of Tokyo
#%  Faculty of Agriculture, University of Tokyo (at present ; College of Agriculture, Kyungpook National University,
Korea)
###  ]st Research Division (at present; Farm Technology Division, National Tohoku Agricultural Experiment Station)
kkE Jst Research Division
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given soil to achieve the minimum draft are
not really known. In this study, experiments Velocity ratio Dimensionless loeus of blade
and analyses were conducted to determine the i 05 1 |
relationship between vibratory conditions and
soil behavior and to learn the mechanism of B 10 1 & |
draft reduction.
2.2 Kinematics of the vibratory blade L 20 1 o o % ° o i
It has been reported that the wave pattern
of vibration has little effect on the draft”. In L 40 - 0_% -
this study a sinusoidal vibration was assumed.
The movement of the blade can be expressed L 6.0 L QM .
as follows ; the displacement in x-direction X is,
X =A cos 0 sin ot +wvot (1) o——o 30° (One cycle locus is indicated by a
Forward velocity v is, small circle for every 30°)
v=A o cos 0 cos ot +vo 2) Fig. 1 Dimensionless locus of blade in
Then the acceleration « is terms of the velocity ratio
a=—A o cos f sin of ©) ——» Divection of travel
where, A : amplitude, @ : angular velocity, 10 . } Ag_g wh, e |B ;
6 : direction of vibration in degree, vp: sl AN . | T © t2 l
travel velocity. IR | ‘. ~Contact distance ratio
If we make the equation of the dimensionless blade (:é 06r -
displacement Xdless, it is expressed as follows *g 0‘4: ~~~~~~~~~
by a function of velocity ratio 2 which is defined L 0z | Contact time rafio
as the ratio of the maximum velocity of the CRW-(L%ti
blade to the travel velocity ; ¢ 010, 2;0 A3:'o 10 50 60
2= A o cos 02, @ Vibratory velocity ratio A
Ydless= X — 2 sin ot +of ®) Fig. 2 Relation between velocity ratio
20/ @ and contact ratio
Carriage
Speed -
<
> Reoter el 020 ﬁQZQ
T T I
Force transducer \ ‘m_"j
k4 \mm
Function Servo- Selﬁvo‘ 4
generator amplifier cylinder
? Potentiometer

Fig. 3 Schematic diagram of experimental equipment

for vibratory tillage
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Figure 1 shows a one-cycle orbit of the vibrating blade. As known from equation (5), the orbit
is a function of A. If 2 < 1, there is no backward movement of the blade. If A > 1, backward
movement occurs; in this case the contact time ratio varies. This ratio is defined as the forward
moving time divided by the cycle period. The contact ratio as the function of velocity ratio
decreases with the increase of A, as indicated in Fig. 2.

Vibratory pitch Pv is defined as the forward travel distance in one cycle, and expressed by
the following formula;

Pyv=uvy/f (6)
where, f=w/(27).

Vibratory pitch and velocity ratio are the main parameters controlling vibratory tillage as reported
in existing papers!®;3%,%),

2.3 Experimental device and method

(1) Experimental device

The test device consisted of a vibratory blade with a hydraulic oscillator (Fig. 3). The
frequency and amplitude of the vibratory blade were controlled by a servo-amplifier, servo-valve
and a hydraulic cylinder. Blade direction was controlled by changing the setting angle of the
hydraulic cylinder. The resistance force to the blade was measured by an elongated octagonal
force transducer!”, The force components were recorded on a data recorder through strain-
meters. Displacement of the blade was measured by a potentiometer attached to the hydraulic
cylinder, Tests were conducted in a soil bin (length: 8. 2m, width: 1.3m, depth: 0.5m).

(2) Experimental method

Tests were conducted under constant soil conditions (texture, moisture content and hardness
of soil A in Table 1), and travel speed (0.2m/s) ?as well as a constant cutting-depth (15cm),
-width (20cm) and -angle (80°). The vibratory velocity ratio, vibratory pitch and direction of
vibration were varied. Draft measurement was carried out for each test, and non-vibratory
tillage test was made and compared with each vibratory test.

2.4 Experimental results and discussion

(1) Soil failure in vibratory tillage

Three types of soil failure have been reported in soil cutting ; shearing type, flow type and
crack type!®, Test results revealed that all of the soil cutting in this experiment belonged to
the shearing type. The shearing pitch Ps could be defined as travel velocity »o divided by

shearing frequency fs; Ps=v/fs (7)

The variation coefficient of the shearing pitch =~ 10 o

was defined as the standard deviation of Ps gfg ° o

divided by the mean of Ps. The frequency ratio vg% 05 Non-vibratory i ____0_ _____ o

fr was calculated by the blade frequency fo §§ ©

divided by the soil frequency fs. Figure 4 shows E‘g §

that variation coefficient was minimal when ol 5 4 5 10 %30
the frequency ratio fr was 2.0, implying that Frequency ratio

the blade movement matched well with soil Fig. 4 Relation between frequency ratio
shearing action at f»=2.0. In the other and variation coefficient of soil
vibratory conditions the variation coefficient shearing pitch

became greater (Fig. 4), because the blade movement did not match the shearing action of the soil
and the shearing became unstable. This kind of phenomenon was also reported in metal cutting.
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Fig. 5 Power spectrum density of tillage draft curve

The soil shearing frequency was obtained by transforming the draft curve with a Fast Fourier
Transformation (FFT) into power spectrum density (PSD); Figure 5 is an example of the power
spectrum on a logarithmic scale. Non-vibratory test of No. 102 in Fig. 5 indicates that at the
maximum PSD shearing occurred. In contrast, the maximum PSD of the vibratory tillage of No.
102 (bottom) corresponded to the blade frequency, and the second peak matched the shearing
frequency. This was also true with the higher frequency of test No. 108.

(2) Draft of vibratory tillage

Figure 6 indicates the draft reduction in terms of the shearing pitch and vibratory velocity ratio.
The reduction here was defined as the rate of the draft of vibratory to non-vibratory tillage.
A-lines in Fig. 6 correspond to a vibratory pitch of 20mm. The draft reduction increased to velocity

301
R
- 28
X [N
S 60 A 5T o°,
= ., e 40 o© § \\ o
S V7 787 a7 @ < AN .
S 40 W 2T 3.0 = N o
S S AR XXX ¥ 4 10F ~ e
g AR 7T 7 20 & &7
4 20 )4 & 0
1 ¥ 10 _»
A ) A}\o\
0 0 ' 1 S S Y A T W) : !
0 20 40 60 80 100 1 2 3 45 7 10 200 30
Vibratory pitch (mm) Frequency ratio
Pig. 6 Draft reduction in terms of Fig. 7 Relation between frequency

vibratory pitch and velocity ratio ratio and draft reduction
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ratio of 4.0, and no peak appeared within this range.

B-lines of Fig. 6 correspond to a velocity ratio of 1.5. This curve reached a maximum draft
reduction of 279% at the vibratory pitch of 80-90mm, which corresponded to half of the soil shearing
pitch of 160-180mm.

When frequency ratio fr (the ratio of blade frequency to shearing frequency) was changed,
the draft reduction reached a minimum point at f,=7, and attained the maximum value at fr=
2.0 (Fig. 7). fr=2.0 also corresponded to the minimum point of variation coefficient of the
shearing pitch as previously mentioned.

(3) Energy requirement of vibratory tillage

The power required for vibratory tillage L is defined as follows ;

L=voFo+~;—A-B-m sin ¢ ®)

where, Fo: mean draft, B: amplitude

of draft curve, ¢ : phase angle between

no
Y
L.
<
°

draft curve and blade movement.
Power ratio was also defined as the ratio %18 30,8

IR i = S AL T A
of power required in vibratory tillage to that 8 A VAVAVA & Y 2.0
. . . . 314 7 PRBT S o &
in non-vibratory tillage. Figure 8 shows that o 7l 1'0@&

. AY

the power ratio was minimum at the vibratory 561 5680 100 0
pitch of 80-90mm and the velocity ratio of 1.5. Vibratory pitch (mm)
This corresponded to the same point of the Fig. 8 Power ratio in terms of vibratory
maximum draft reduction ratio or the minimum pitch and velocity ratio

draft in Fig. 6 as pointed out earlier.

3. Deformation, stress and failure in soil cutting

3.1 Purpose of experiment

In a comparatively large soil bin such as in the test of Chapter 2, it is difficult to change
soil texture and moisture content. In this chapter, soil cutting tests were required which were
carried out under various soil- and cutting-conditions, and the draft as well as soil deformation
and stress were measured in a very small soil bin. Special interest was focused on the soil shearing
process under various conditions.

3.2 Experimental equipment and method of measurement —

(1) Experimental equipment

Figure 9 shows a schematic view of a small

soil bin test device. The soil bin (length : 80cm,

width : 15cm, height: 25cm) was placed in a

frame, and the bin walls were coated with teflon

so that soil did not stick to the walls. The front ]
wall was made of glass. A plane blade cut I \@ \g

the soil through a manually driven screw @ @
shaft. Draft was measured by an octagonal 1 Frame, 2 Soilbin, 3 Blade, 4 Soil with grating
force transducer which was attached behind

the 15cm wide blade. Cutting angle of the blade Fig. 9 Schematic diagram of experimental

could be varied ;between 30° and 45°. The dis- equipment
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placement of the blade was measured by a revolving sensor attached to the driving screw shaft.
(2) Soil stress meter
The soil stress meter in Fig. 10 was deve-

A A-AlTHE
loped based on earlier works!¥,29, To measure T
the two principal stresses and their directions, o— &
three pressure sensors were attached to the { = e 00 Y }
I 1

meter at the angle of 120°. An inclination -
1 Weight of inclination sensor, 2 Beam of inclination sensor,
sensor, which was Composed of a Weight and 3 Strain gage, 4 Oil damper, 5 Soil stress sensor, 6 Lead wire
beam with strain gages on it, was also Fig. 10 Soil stress meter
attached to the meter to measure its angular displacement in soil.
(3) Soils

Textures and physical properties of the soils in this test are tabulated in Table 1. Soil A

was used in the test of the previous chapter. Soil B was added in this test.

Table.1 Physical properties of the tested soils

Cases Sl A B
Clay 15.0% 9.0%
Soil Silt 48.5 19.5
texture? Fine sand 26.5 54.0
Coarse sand 10.0 17.5
Soil type? Silty loam Sandy loam
Plastic limit 28.1% 20.9%
Liquid limit® 46.1 29.5
Plastic index 18.0 8.6
Specific gravity 2.69 2.71

1) International method
2) Fall-cone method

(4) Method of experiment

Moiré method was used for the measurement of soil deformation. After packing soil in the
bin, the front glass wall was removed from the soil bin. Then a grating was painted on the soil
using a grating mask and water paint. Photographs were taken during the soil icutting process
by a motor-driven camera.

The deformed soil grating photographs were projected on a semitransparent screen with master
gratings of U- and V-field, and the Moiré fringe (Fig. 11) appeared on the screen. Soil defor-
mation and strain were calculated from these fringe patterns. Stress sensors buried at three
different soil depth picked up the soil stress during the cutting process.

Tests were conducted under various conditions of cutting depth (100, 75 and 50mm), cutting
angle (30° and 45°), moisture content (18,3, 21.0 and 27.4%) and soil texture (SiL and SL).
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b. V-field

Fig. 11 Example of Moiré fringe

«— (0.2 tensile strain

—— 0.5 comp. strain
X X
N el )
glr R A 1 30°

<« 20 kPa tensile stress

—— 50 kPa comp. stress

- -

w
s X 30°

PPy e a. SL, W=21.0%
S B I P o P
. -~ P I X X
- 0, o
b. SL, W=21.0% P . o 30°
. S XX AA b. SL, W=21.0%
gll- - - xxx )
B Y. 20° - - - -~ -~ X %
5% S -~ - - P-4 ks
c. SL, W=210% T 2 30°
c. SL, W=21.0%
—_
- - - s /X *
‘_8_' -~ s S A - - - s X ”
- s LK § - P
d. SL, W=21.0% LN A
%K d. SL, W=21.0%
R T S S %
§ - - - A T A Y - - - 14 b4
S s x % % A0 gl - - - - x =
. . P 30"
e. SL, W=18.3% i
v e. SL, W=18.3%
&
[ P S S / //
r% N P /// N -~
R T Ay ¢ / 30° 2 P A ’
X L A 30
- o aas
f. SiL, W=27.4% f. SiL, W=27.4%
300 300
SL : sandy loam, SiL : silty loam, SL : sandy loam, SiL : silty loam,
W : moisture content W : moisture content
Fig. 12 Distribution of principal Fig. 13 Distribution of principal

strain in furrow slices
under various experimen-

tal conditions

stress in furrow slices
under various experimen-

tal conditions
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3.3 Test results, analysis and discussion
(1) Soil deformation in the cutting process

For the Moiré analysis of the fringe patterns the following equations were used”.%;

horizontal strain ex=PON/0x 1
vertical strain gy=PON'/0y 9)
distorsional strain 7’my=P(6N/8y+0N’/6x)I

principal strains 81,2‘—:“12‘ [(eatey) =4/ (Ba—ep)it Tav/2)P] (11)
where, P grating pitch, N, N’:t Moiré fringe numbers in U- and V-fields respectively.
Figure 12 was the principal strain distribution obtained in the Moiré analysis. This strain
distribution was measured when the blade cut as far as 20cm into the soil. Conditions of each test
are tabulated in Table 2. The direcfions of the principal strains did not vary greatly under the
different soil- and cutting-conditions. As the cutting depth deepened and the cutting angle increased,

soil deformation was more prevalent. The soil strain in front of the blade became greater up to

Table 2 Experimental conditions

Test conditions soil Moisture Cutting Cutting
texture content depth angle
Cases 9 (mm) &
a Sandy loam 21.0 50 30
b ” 21.0 70 30
c ” 21.0 100 30
d ” 21.0 100 45
e ” 18.3 100 30
f Silty loam 27.4 100 30

a certain depth., Within this test range, the maximum principal strain increased with higher
moisture of clay content.

(2) Soil stress in cutting

The principal stress was calculated from the measured values of the soil stress sensor (da, 0p,

oy) and inclination of the sensor ¢ by using the following formulae;

maximum principal stress g1=0¢+7
minimum principal stress Oa=0¢—7 [ih)]
direction of principal stress w=¢—0 [
Ga—0o 20
-1
where,  do=3 (Getopton) %Sin"’—l:- (opg—o0p)
«/? 2 2 l 0 = V37
=7§«/ (0a—00)2+ (05 —00)*+ (07 —00) { Ca—00< 0 3
o 1 1
90° —-sin V37 (o0g—0y)

As shown in Fig. 13, the directions of principal stresses did not greatly vary, and showed a
tendency similar to the strain directions. The maximum principal stress became greater as the
cutting depth increased, but there seemed almost no effect of cutting angle. As the soil moisture

and clay content became greater, the maximum principal stress increased. The stress distribution
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50 kPa comp. stress
«—— 50 kPa tensile str.

. 500 kPa
- - ;(’ P 1501 4250 kPa
B - -
- g
a. Vibratory tillage é 100 5
= o
i
B
, £ 5o
- o
A4 // 2
2 )()'// 2
= - I 0 \ , ,
L 0 50 100 150
400 [ Cutting depth {mm)
b. Non-vibratory tillage K
Fig. 14 Comparison of principal stress Fig. 15 Relation between depth of
distributions in furrow slices tillage and pitch of soil
between vibratory and non- shearing in terms of soil
vibratory tillage methods hardness

according to the soil depth was more or less equalized when the clay content was higher.
Using the test device in Chapter 2, the same stress measurements were made and an example of
results is presented in Fig. 14. The vibratory conditions were 10Hz in frequency and 4. 8mm in
amplitude. As the measured stress fluctuated, the mean was calculated from the recorded oscillo-
gram. The results of vibratory cutting were compared with non-vibratory cutting, and the direc-
tion of principal stresses and general stress

distribution tendency of the two were almost E 200

the same. However, the magnitude of the max- Z§ 150 o

imum principal stress of the vibratory cutting gf; 100

was smaller implying less shearing resistance. Eg 50
(3) Shearing characteristic "o 2'0 2!2 o 216
The test results in Chapter 2 indicated that Moisture content (%)

the soil shearing pitch was an important factor Fig. 16 Relation between moisture content

for minimizing draft and energy. Therefore, a and shearing pitch of soil

a. Forward process b. Backward process

Fig. 17 Soil deformation in cutting process



10

BEBBRATFRT R EGEL S A8

series of tests were made examining the effect of cutting depth and soil moisture on the shearing
pitch. Figure 15 shows the effect of cutting depth on shearing pitch. At two levels of soil hard-
ness, the pitch increased proportionally with the cutting depth.

The relation between shearing pitch and moisture content is shown in Fig. 16. In a range of
moisture content of 21 to 27%, the shearing pitch increased linearly with the moisture content.
However, it decreased again when the moisture content became much greater and, as a result, soil
hardness also decreased. Figure 17 illustrates soil deformation in a forward cutting process. A
tensile crack is detected near the edge point in the backward process.

4., Experiments on the automatic control of vibratory tillage

4.1 Purpose of experiments

The optimal vibratory condition in which minimum draft and power are achieved is automati-
cally computed and a blade is then vibrated in this condition. It was the aim of this experiment
to develop this kind of automatic control system. Experiments were carried out combining the
hydraulic vibratory tillage device in Chapter 2 with a computer, and three kinds of computer
algorithms were developed for the control system. Almost no other effort is known of on the
automatic control of vibratory tillage.

4.2 Experimental devices

The hydraulic vibratory tillage device was modified and connected with a computer (MELCOM
70) as shown in Fig. 18. Optimum vibratory conditions were determined through an A/D converter
and a computer from the resistance force components which were picked up by an octagonal
force sensor and a strain meter. Based on the results of computation, vibratory frequency and
amplitude were controlled by a D/A converter, a function generator, a servo-amplifier and a
servo-valve.

4.3 Control modes

Three control modes as shown in Figs. 19-21 were used in the tests. Figure 19 is a flow-chart
for the achievement of the minimum draft. The control steps are as follows; 1) Initial values aré
given, namely initial frequency F, increment of frequency DF, veldcity ratio VR, travel velocity
Vo and amplitude A. The amplitude is calculated by the definition A=VR ¢ Vo/F. 2) The blade

Carriage
=1 ] B

Computer Strain Hydraulic
(MELCOM70) meter % pump
D/A § ‘ Mumj i

? 7

Servo-
cylinder

Potentiometer

Function Servo-

generator amplifier

i

Fig. 18 Schematic diagram of experimental equipment

for the automatic control of vibratory tillage
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START START

Initial value set Initial value set
F,DF,VR,Vo,A=VR*Vo/F F,DF,VR,Vo,A=VR-Vo/F
Control Control

FA F,A

Measure Measure
FX(DT=5ms,N=600) FX,V(DT==5ms,N=600)
Compute Compute

MFEFX,DFX NPow,DPow

] F=F+DF ]
-
Yes
STOP STOP
Fig. 19 Flow-chart of automatic Fig. 20 Flow-chart of automatic
vibratory tillage control vibratory tillage control
for minimum draft for minimum power

is oscillated according to the initial data. 3) Tillage resistance in the first control stage is
measured. Measurement is carried out for 600 points with a sampling interval of 5 ms. 4) Mean
draft value is calculated and the differentiation in terms of the previous stage DFX is obtained.
At the end of the first control stage, however, the frequency is given as F=F+DF, since there
is no differentiation yet. 5) If the differentiation of the draft is less than 5%, the same vibratory
conditions are used for the next stage. If the draft differentiation is greater than 5%, the frequency
of the next stage is given by F=F—DF, and if less than —59%, the frequency is given by F=F
+DF.

Figure 20 shows a flow-chart of the control to minimize the power. This is similar to the
minimum draft mode, but the measurement of blade velocity is added for the calculation of power.
The control steps are as follows; 1) and 2) are the same as the minimum draft mode. 3) The
blade velocity is obtained by V=Vo—dX/dt, where the blade displacement X is measured by a
potentiometer and the differentiation with respect to time t is achieved. 4) The mean power MPow
as the product of draft FX and velocity V is obtained, and the differentiation in terms of the
previous stage DPow is computed. 5) The vibratory conditions are controlled on the basis of 5%

DPow in the same way as the minimum draft mode.
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Figure 21 shows a flow-chart of the control mode in which

shearing frequency of soil is obtained and the blade is vibrated START

at frequency twice as large as the soil shearing frequency. This

is based on the test results in Chapter 2. The control steps are ?,i:;i,:le,‘::ij’R-Vo JF
as follows; 1) Initial values of frequency F, velocity ratio VR,

travel velocity Vo and amplitude A are given. 2) The system is

controlled by these initial values. 3) The wave form of the draft g?gtrd

is measured at 128 points with a sampling interval of 35ms. The ‘l
sampling interval was obtained from a preliminary test in which Moasare

the minimum travel distance and time were pursued. 4) Soil FX(DT=35ms,N=128)
shearing frequency Fs is obtained from the power spectrum dencity l
through the Fast Fourier Transformation (FFT) process. 5) Then Compute

the blade is vibrated at a frequency twice the soil shearing Fs(FFT),F=2Fs
frequency derived through the FFT, and minimum draft and

power are achieved. No @
4.4 Method of experiment
Tests were conducted in the soil conditions same as in Chapter Yes

2. The tillage depth was 15cm, cutting width 20cm, cutting angle STOP
30° and travel velocity 20cm/s. Vibratory direction was kept  Fig. 21 Flow-chart of auto-

horizontal. Velocity ratio was kept at 1.5 based on the test matic vibratory tillage
results of Chapter 3. Comparisons were made of the three control control by means of soil
modes under the conditions above stated. shearing frequency

4.5 Test results and discussion

Figure 22 shows blade vibrations of the Contral . ) ) . 5
Cont- stage
three control modes in each stage. The soil rol mode
shearing frequency mode in which the blade {Sﬁea"’“gr \VAVAVAVAY
) ; . requency | F 600Hz | 3.25Hz | 2.78Hz 2.78Hz | 3.125Hz
was vibrated at twice of the shearing frequency mode A 800mm| 15.36mm | 17.92mm | 17.92mm | 15.36mm
started with a vibratory frequency of 6Hz. The Minimum /N \/\/\/\ /\/\/\/\/\
draft
. . F 400Hz | 440Hz | 400Hz | 3.60Hz | 3.20Hz
amplitude A was 8mm. This was computed from mode A 1200ma | 109t | 1200ma | Doz | e
A=VR e« Vo/F, where VR=1.5 and Vo=0. 2m/s. Minimum \/\/\/\/\/\/\/\/\/\/W
In control stage 2, frequency was altered to power F 440Hz | 480Hz | 400Hz | 360Hz | 3.20Hz
. . . mode 10.91mm | 10.00 12,00 1333 5,
3.125Hz which was twice of measured soil A 109tmm o i mm_| 15.00mm
shearing frequency in the previous control stage. Fig. 22 Blade vibration patterns for
Soil shearing frequency was obtained from the various control modes

FFT process of the measured vibration of the blade. The frequency and amplitude were controlled
in the same way in the following control stages.

As shown in Fig. 23 (Line A), the vibratory condition was well controlled at the optimum
level in all the control stages except the first. However, if the soil condition is not constant, this
soil shearing frequency control mode may encounter some trouble; this problem will be analyzed
in the following chapter on system simulation.

The minimum draft control mode was started with a frequency of 4.0Hz and an amplitude of
12. 0 mm. Starting frequency was decided in consideration of the comparatively short length of

the soil bin. In control stage 2, a frequency of 4.4 Hz was given, which was "determined by the
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formula F2=F1+DF=4.0+0.4=4.4Hz. This cont-
rol stage showed an increase in draft. Therefore,
the frequency of the third stage was given as
F3=F2—-DF=4.4—0.4=4.0Hz. In this control
stage, the draft was decreased. In stage 4, the
frequency was F4=F3—-DF=4.0—0.4=3.6Hz
and the draft was further decreased. In stage 5,
the frequency was F5=F4—DF=3.6—0.4=3.2
Hz and the draft converged to the minimum.
The minimum power control mode started
with F=4. 4Hz, A=10.91mm. In control stage 2,
frequency F2=F14+DF=4. 4+0.4=4.8 Hz, but
since the power was increased, a new frequency
of F3=F1—~DF=4.4—0.4=4.0Hz was given to
the following stage and the power was decreased.
In control stage 4, frequency was given by F4
=F3—DF=4.0—0.4=3. 6 Hz. The power became
stable or converged to stage 5, where the fre-

quency was given as F=F—DF,
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=
[N

Power ratio

=
[l

o
o

w
<

)
S

e
i=3

Draft reduction (%)

Control stage
Control mode
A : shearing frequency mode
B : minimum draft mode
C : minimum power mode

TFig. 23 Comparison of draft reduction
and power ratio in terms of

control modes

The draft reduction (rate of draft at vibration/draft at non-vibration) of each control mode is

illustrated in Fig. 23. Line A represents soil shearing frequency mode. From control stage 2 on,
the drart reduction exceeded 209%, and the power ratio (power at vibration/power at non-
vibration) approached 1.0. Line B indicates the minimum draft control which is over 20% of the

draft reduction and less than 1.1 of the power ratio, only from control stage 4. It converged

to the final stage in control stage 5. Line C of
the minimum power mode shows a tendency
similar to the minimum draft control mode.
Thus the soil shearing frequency mode reached
the final state much quicker than the other
two control modes.

5. Simulation of vibratory tillage

5.1 Objectives of the simulation

The tests reported in the previous chapters
were conducted in a soil bin with soil conditions
which were quite stable and homogeneous. How-
ever, in an ordinary field, soil surface is more
or less irregular and soil moisture and soil
hardness are also changeable. As a result the
change of draft and power due to the change
of vibratory conditions is not the same as in a
soil bin. It was, therefore, the purpose of this
simulation to examine the performace of this

control system under diverse soil conditions.

START

Selection of soil bin pattern

Bin : 3 groups, 15 patterns

!

Make soil bin
L, UL, MC, VMC, TD, VSD

b

Selection of control method
Method : 2 modes

!
i 1
Control M@sutre and
F A comp.u e
Ps,Fi,SE, FXnv,FXv,FR

I l

STOP

Fig. 24 Flow-chart of simulation in

vibratory tillage
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Ttems Draft reduc- Square error
tion ratio of frequency
Control
mode
Soil pattern SFM | MDM SFM MDM
Type O[T e
P 100 E ‘ 263 | 232 | 057 | 448
/\ |
150 [
N | ) 962 | 198 | 061 | 1452
U S pes B
M| oo F 263 | 232 | 079 | 447
150 [
Ll {00 T 260 | 233 | 096 | 4.94
150 F
Random ) )0 (b ™ U] 5y | 99 | 252 | 7.04
surface
Moist | %0
o5 [ 954 | 191 | 173 | 1054
/\ 20 L
D-
v ] w1 | 18 | 242 | 20
\/ |2}
Moist
25 b T 249 17.5 2.53 10.59
1] af
Dry
25 E'—L_.__—J—— 24,4 16.8 5.78 20.69
Ly |2}
R
i | o i | o | s | s
com&““*’ w 194 | w8 | 1512 | 1593
Composite
B 24.2 20.7 5.34- 10.90
Composite
pt ==l 262 | 234 | 097 | 485
Composite ]
D ___1__J— 24.3 19.1 6.13 13.04
Composite -
E 26.6 24.8 1.83 4,79
Average 249 20.4 3.52 10.97

SFM : shearing frequency mode, MDM : minimum draft mode. In

the soil pattern, upper curve : soil surface, lower curve : moisture,

Fig. 25 Results of simulation in terms of control mode
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5.2 Method of simulation

Simulation was carried out as shown in the simulation flow-chart of Fig. 24. Surface irregu-
larities were modelled in five patterns with a constant soil moisture. Change of mositure content
with a flat surface was symbolized in the five patterns and the composite effects of both surface
and moisture were also examined with these patterns.

Each pattern corresponded to a test field or a hypothetical soil bin of 11 m in length; unit
length for a vibration control process was 0.6m at a travel velocity of 0.2m/s and the data
sampling period was 3 seconds. It was assumed that within each unit length the soil surface and
moisture content remained constant. Standard moisture content was 24%, and unit variation was
assumed+2.5%. Standard tillage depth was 125 mm, and unit variation of the surface level was
-+25 mm. The soil shearing frequency mode and the minimum draft control mode which had a
tendency similar to the minimum power mode were used.

Measurement and data processing were coducted in the same way as indicated in the previous
chapters. The assumed process was; soil shearing pitch Ps was measured, the optimum vibratory
frequency F and the squared error SE were obtained. The draft of vibratory tillage FXv and non-
vibratory tillage FXnv as well as the draft reduction were computed.

5.3 Results of simulation and discussion

Figure 25 shows the results of simulation for 15 patterns of various soil conditions. In soil
shearing frequency control mode, the draft reduction was large and the squared error of frequency
was small. The draft reduction in the shearing frequecy control mode averaged 24.79%, whereas
in the minimum draft control mode it was 20.4% on an average. The squared error of frequency
was 3.52% for the shearing frequency control mode and 10.979% for the minimum draft control
mode.

Thus simulation showed that the soil shearing frequency control mode was superior to the
minimum draft control mode, because the former was less susceptible to external disturbances
such as soil moisture and irregurality of the field surface.

6. Conclusions

In order to develop a vibratory tillage device which automatically searches for optimum
vibratory conditions, the authors constructed a hydraulic vibratory tillage test divice. Experimental
analyses on soil failure, soil resistance and required power were carried out, and the following
results were obtained.

(1) The soil in vibratory tillage failed in the same manner as in non-vibratory tillage; the
average shearing pitch of the soil remained almost unchanged.

(2) The optimum vibration frequency was twice the shearing frequency to the soil with
constant velocity ratio. Under this vibratory condition the movement of the blade matched the
soil and the shearing pitch became constant, resulting in minimum resistance and power.

As the second step, a small bin test device for Moiré analysis and soil stress meters were
designed and constructed to clarify the deformation, stress and failure pattern of the soil. From
a series of experiments using these devices the following conclusions were made.

(38) The Moiré method made it possible to analyze the soil deformation under an orthogonal
cutting. The cutting conditions affected the soil deformation range, and soil conditions affected
the magnitude of the principal strain of the soil.

(4) The cutting and soil conditions had considerable effeét on the magnitude of the principal
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stress as well as the stress distribution along the shear plane. Vibratory tillage reduced the soil
stress on the shear plane in comparison to non-vibratory tillage; this resulted in less shearing
force. )

(5) The shearing pitch increased proportionally with the cutting depth and soil hardness
within a soil moisture range of 21-27%.

In the final step, computer-controlled automatic vibratory tillage test equipment which attained
minimum draft and power was developed. Three control program modes were developed and
tested with this equipment. A computer simulation investigated the control performances of the
above modes with the following primary results,

(6) All of the three control modes converged to the same steady state when the velocity
ratio was kept constant.

(7) The control mode in which the blade frequency was twice the soil shearing frequency
(frequency control mode) showed optimum control with minimum draft and power, and also had
greatest velocity convergence. ‘

(8) Results of the simulations showed the frequency control mode to have achieved the best
control performance. The fluctuation of the draft reduction was less than 10% at various

cutting depths and soil moistures.
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Fig. 6 Measuring apparatus for milk yield of

cow by use of the recorder jar
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Fig. 7 Diagram of the attached sensors for

measuring the milk yield
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Fig. 8 Schematic drawing of the accuracy test method by water
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Table 1 Tixed conditions in the experiment; the vaccume pressure, the

water flow rate and the water quantity

% E HE 2 E (kPa(mHg)) —38(—285) , —40(—300) , —44(—330) , —50(—375)
B WK EE (kg/min) 1 , 3 , 5 , 7.5
w ol oK E (kg) 5 , 75 , 10 , 125 , 15 , 17.5 , 20

£2 PRIFAEHOME (») LRHE (y) & oMEBEGREREERGAR Gk 8a)
Table 2 Correlation coefficients and the regression coefficients

between measured values and actual water quantities

AV B2 c¥
OB R O 0. 99996 0. 99992 0.998
a 0. 9941 0.1988 0.1635
EIFFREC
b 0. 0769 0. 0658 -11.77
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Table 3 Results of the accuracy test of the new milk meter using water
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Table 4§ Means and standard deviations of error(kg) and accuracy(%)

of the graduated scale of the new milk meter tested, using

water
OB F W R B % ke
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T Bl R B A B C
s a=0. 9941 a=1 a=0.1988 a=0.1635
Ik E ~ b =0, 0769 b =0 b =0. 0658 b=—11.77

0.000. 05 --0.050. 05 0.020. 04 —0.05=0. 37

5 (ko)
0.003=1. 00 ~0.99+0. 99 0.30=£0. 86 —0.96+7. 37
0.01=0. 04 —0.020. 04 —0.01=£0. 06 —0.040. 31

7.5 )
0.15=0. 51 —0. 25+0. 51 —0.06+0. 74 —0.554.13
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10 ()
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Table 5 Results of the accuracy test of the new milk meter

using water, when the meter was inclined
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Fig. 9 Schematic drawing of the actual

milking test in dairy barn
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Fig. 10 Test in dairy barn
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Table 6§ Means and standard deviations of
error(kg)and accuracy(%)of the
load-cell type milk meter tested
in dairy barn and distribution of
the individual accuracy
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Table 7 Correlation coefficients and the

regression coefficients between

measured values and actual milk

yields wusing the load-cell type

milk meter
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Table § Results of actual milking test
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BRI | o g 0041 | a=1 a =0.1988
THRASREL & b=0.0769 | b=0 b =0. 0658
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H B R 0. 9998 0. 9998 0. 9998
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Fig. 11 An example of the milking curve (1)
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Fig.12 An example of the milking curve(2)
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No. (kg) (min) (kg/min) | (kg/min)
1 7.8 5. 00 2.0 1.6
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14 9.6 7.33 2.1 1.3
15 6.0 3. 00 3.1 2.0
16 6.1 7.58 1.2 0.8
17 7.6 4.67 2.3 1.6
18 7.1 6. 00 2.6 1.2
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Summary

Research on Methods of Measuring Milk Yield of Cow by the
Use of a Recorder Jar in the Milking Patlor Pipe-Line System
Isao FUKUMORI, Naocaki DOSHU

It is indispensable to measure the net milk yield of each milking cow for the rationalization

of cow management and the increase of milk yield.

The measurement of milk yield by a recorder jar is commonly accepted in the milking

parlor pipe-line system. However, foams occurring in the recorder jar prevent accurate measure-

ment, and visual readings of milk yields are somewhat bothersome.

Therefore, for the purpose of solving the above problems of recorder jar, two new type

milk meters which can be attached on the recorder jar were investigated. Those are (1) Pressure-

head type and (2) Load-cell type.
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In the pressure-head type milk meter, milk yield of cow is calculated by measuring the
hydraulic pressure of milk in a recorder jar with the pressure-head which is equipped at the
outlet pipe of the recorder jar.

A series of tests on this type milk meter was conducted by using water to examine the
measuring accuracy. The results showed that there were some problems in the stability of the
pressure-head, and the accuracy of measurement was not high, particulary when affected by the
inclination of recorder jar.

In the load-cell type milk meter, weight of the recorder jar containing milk is measured
by three load-cells which are equipped at the supporting parts of the jar. Then net milk weight
is obtained by eliminating tare weight in electric circuits.

The tests carried out with 18 milking cows on this type milk meter indicated that the
standard deviation of measured values was in the range of 0.59-0.67%, and the correlation
coefficient between measured values and actual milk yields was 0.9998, and this accuracy of
measurement was not affected by the inclination of recorder jar within the limit of five degrees.

In addition, it was shown that the milking curve could be obtained by the use of the load-
cell type milk meter and pen-recorder.

As the results of this investigation, it is concluded that the load-cell type milk meter will
be able to be used in the milking parlor pipe-line system practically with minor improvements in
view of its cost, etc.

Tech. Rep. Inst. of Agric. Mach, 19 : 19—30 (1985)
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Fig. 3 Side view of prototype 2 (PR-1)
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Fig. 5 Measuring method for bare ground area ratio (Low hop clover)
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Fig. 6 Soil hardness (left) and soil shear resistance (right) of experi-
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Table 2 Assignment of experimental plots

No. BOE 4 y oz - F ¥ M R
1 L
5 b 1) -
2 Hod 15cm
3 a1 L
4 L
HHH e
5 HHY 9em
6 n1l? 7L
7 L sl R

W) D AEESHCEE, AE 9 10en
2) A X bigdk ok B AR
3) Vx—B4388/m (EKESTY)
4 AHC X b O E A BREERE YR B

Whamx 6m) o< b, PR-0%22kW (30PS) o 2
iRERED b 5 7 218 UCEERRBREE L (1979,

10.4,8: M7 2. BEETIIF—F+— V2752 (%
BE BV, BEE 3.5ke/10a & L, {FEEEET
0.42~0.45m/s T, {EHEXITIEHERIIE15cm CRo13em,

E7 PR-0IXA{EERNR
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Fig. 9 Relationship between soil row spacing and soil hardness
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type : single edge)
HOAIE W

(kgf/em?)
20

1
(MPa)
1.0 2.0

COm
O #H WA
A KO3 B

12 Rz o Lk

Fig. 12 Soil hardness of experimental plots
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Fig. 15 Tillage blade (Rectangular type)
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2, DTFSHLRANETES) TH5S,

TFHGEEE « (BN OITIAS Y » %5 (fREkE
0.69 m/s, TR v F 4. 4~4.5em) & UCTEHH,
ERNS I ORIBEELRATC X 2HER %A 2
TVIA 7T AR T HEE L (1981. 9. 17, 21),
TEVERIFRIL15mT, fEEHROBIE IV TR Hl2enT i
Bole TOREE, TEEFTIE23.3kW (31.7PS), &
A C23. TkW (32, 2PS), [SIBZA & A KN T21. 7kW
(29.5PS) &7nh K&k - o, BT 5HiEE
Zhz B REREERN> B> RNESH S AN
Lisotee Eie, U 2 —ZDFBIH B HO L BEILE
WHASTERHAS RRSEALEATERD, U 2 —550F
REHBHOL LRI VHEECEELE L TWA L
EBrbhic, chboz &inn, KRR THAVSEE
FHEEAELR AT R LN S hic,

ZEALEATY PR-1 KR L, FENOITIARE v 20
F D BB N RIs T 8y AE L (1981.9.18), 7t {
FBIEERRRE20em s U, (FEE SIT10emc e Uiz, Bt ) ST SO ST S
RSB0 HEFEE R RITE, RS EY R8I L i 05 o 09 1L 13

PEEEER SIS —F (0.7m/s) & LicBa, % fF 3 B B m/s)

Yy FAREL LB ONTHEGNIEI L, Ay H18 ITiA v » F LFTEBHQ)
v F2.20mD & X5 40 kW (54PS) Thotod Dy, #T Fiz. 18 Tilling pitch and power required (1)

(PS)
3
]
(kW)

PTO Bh-FHRTEES 71




40 BB B ORR Mk BF %2 T S

& % 19 %5 (1985)

B9 RN (FALRAN A
Fig. 19 Tillage blade (Equiangular spiral ty-
pe : single edge)

A ¥y F5. 5em TIXFI4D20.6 kW (28PS) & 75wt
RS EE L EHE IR TV s e d i HEEE L
bbb, BEELCED CoFEYHELLEE XD
BVCHTEBRIOMEIELN TS EHE S h b, L
L, ik (4. 3) OfRExRLEEIT AR B & 44kW
(60PS) DLED 157 2% T HHIRAY » 5 5 cnfijfk
AT, EEEHEO. 5~0. Tm/s TOERILTEE T
Wi EEL bR D, it L, BEL LB TR
21T T e R LB S\ ETRE L B D, B
BB O B DR TR, FEBECHE S
SHBREIMZ D UNEND B,
EBIEELET S 5 — 20BN ER & LTH
B OISR H B9 EDEL,hD, IBEEADR
BEELEAN (K19 2REL, 38 (Mo 2%
) OFEBAC X Y L8 L o BEMEES LOFNER O
WRTE SR 2 B e s 8% 3 L 7o (1982, 9.
22)o HR LB 2B R K20 R T, M2l
HADFEALREANC X HTEBNONERHRETH B,
TEEIRRD 2O EENC LA EFH HOEITIT LA L
SN ol THIZKIBSA LY AT L ETFRR
ETHER LT ER DRI DOWE OSSR, EEL
DEEBEIS DR el LI X B L DTl L &
BBz bhb, VEERMFE0mD » — & V) ENCH H 3 X OH

VNI S Wi
0 (kef/cm?) 15
i ¥ Ll I
0 QE@ 15
1 T 1
10
g
=
50 20 |-
g
e U
ol Ak
60.6%
40 % —

(420 fEEzE o g

Fig. 20 Soil hardness of experimental

grassland

(kW)

g 50, VMg 15cm
Hry 107
= 30
g‘ 3 p=>5.5cm ?
o a0k
B ITAE v F p=9.3cm
g q?ﬂ
s |82
=
(= /
. 105
@ m F ()
O m ¥ (xiE)
0% 0. L ! | | ) ) | .
0.4 0.8

L 4

1.2
(m/s)

B2l #HAAR Yy LFTEHHE)
Fig. 21 Tilling pitch and power required (2)



Wi - BN B - e BRI ORIERR GE 130 41

(M%) (FH)

B122 XN OEZ
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Table 8 Power required for renovation
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Table 10 Results of small scale soil erosion

test
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Summary

Development of a Rotary Tilling Type Pasture Renovator
(Part 1)

Nobuki YAMANA, Tomohito TAKIGAWA, Kazutomo OKUI
and Makoto KITAMURA

To recover the productivity of deteriorated grassland with an easy operation economically
without interrupting forage production, a PTO powered grassland renovator, which performs
broadcasting of grass seeds and tilling (ditching) to make narrow furrows in one trip, was
designed and improved through a series of field tests.

The machine is a three point hitch type, which bases on the frame of a rotary cultivator,
and consists of a grass seeder, a tillage device and press rollers. The machine seeds just in front
of a tilling device which opens furrows of 2cm wide and about 10cm in depth at an equal spacing
between each furrows with straight tillage blades. The sown seeds are covered with fine soil
particles thrown up by the tillage blades and then pressed by the rollers.

The purpose of the tillage to the depth of 10cm is to obtain covering soil for the seeds as
well as to improve of soil physical conditions by softening and aerating.

Prototype 1 (Fig. 1, named PR-0) was designed and made in 1979.

After the effect of the PR-0 to recover deteriorated grasslands was recognized, prototype
2 (Fig 3, PR-1) was developed in 1980.

Improvement of the PR-1 was continued for the following 4 years through a number of field
tests at various grasslands in Japan.

Following results were obtained by the tests.

(1) A test to renovate an experimental meadow in the Insitute of Agricultural Machinery was
carried out using the PR-0 in 1979. In the experiment, broadcasted seeds were found to be covered
with tilled soil to a proper depth irrespective of differences of grassland surface condition such
as with or without litter. While satisfactory seedling establishment was not obtained by limited
tillage and broadcast done by hand, the sufficient number of normal seedling was observed in the
plot renovated by the PR-0.

(2) However, only a quite few seedlings were observed on the furrows, because the seeds which
had been sown there were splashed by the tilling blades. Therefore, when the furrow spacing is
narrow, the number of furrows and hence the total area of the furrows become large, and it results
in an increase of bare ground area remaining on the fields.

(3) On the other hand, narrow spacing between furrows brought about better soil softening and
an increased depth of covering soil for seeds. (Figs 9 and 10)

(4) From these test results it was concluded that the adequate furrow spacing for the machine
was about 20 cm.

(5) The measurement of power required by the PR-1 showed that the tractor power needed for

its smooth operation was over 44 kW (60 PS).
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(6) To reduce the power requirement, two types of blades which have different shapes were
designed. (Fig. 16) But the significant power reduction could not be obtained by changing the
shape. (Fig. 21).
(7) In the grasslands having strong root mats and intensively compacted soil, the straight ti-
llage blades could not throw up enough amount of soil over the sown seeds. However, the seeds
were covered with sufficient volume of tilled soil by using the straight blades together with cli-
pped L shape blades and/or slightly angled blades. (Figs 31 and 32)
(8) An additional drill seeder was attached to the PR-1 to sow seeds onto tilled furrows in 19
82. (Fig. 4) The field test by the use of reformed machine showed a satisfactory seecling emer-
gence on the furrows.
(9) A small-scale soil erosion test was carried out on a bare slope of 15 degrees. The result
indicated that the renovation by the PR-1 along the contour was effective in preventing soil ero-
sion caused by run off.
(10) Rate of work of the PR-1 was measured, when tractors of 50-59 kW were used. It was in
the range of 40-60 a/h.

On the basis of these field tests, it is considered that the machine will be able to be used
for practical grassland renovation.

For further study, the following problems are left.
(1) Reduction of power requirement.
(2) Reduction of propelling force acting on tractor during renovating operation.
(3) Confirmation of soil erosion preventive effect by field test.

Tech. Rep. Inst. of Agric. Mach. 19 : 31—51 (1985)
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after intertillage by two types of
trial cultivator.
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Table 2 Specification of Type OC-40.
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Table 5 Required power of Type OC-40.
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Table 6 Soil hardness in dwarfed-apple

orchards.
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Fig. 11 Measurment of soil surface flatness. Fig. 12 Area around a trunk remaining
) untilled after intertillage.
6.3.1 FAEE

PPEEOTEERILCRT X o, [Pl BokiEs
# i A B 35emfRE R HICEME L, KHERR D BRI &
TOBBEMEMAYIE Lico FAEIXR CHHT TR &8
o 2 EfF\, B BRI F - T10emfE
TRCHE L, FHHMOREDCEIC, LOROKMERD
X Ahe TR U SR BE R AT, RO R
H TR be TKERYR UB S CRE L. #
P, hEMAO L TERE &R L 2 b 25,
50, 75cm D H TR &R A TRIE Lico

* 70, o R, TR ITIA A K EE76m
OO EL A CicBEHi ok & 2%l » 7,

6.3.2 FHACKEE

PR DFERER O—PINER T TH Do FAAALILHE
HOET, r—2 ) HEERBOKRCTHD, 2O

TIRETE, $HEORELEDTRIFTH » 7o LD
L, # 7%y FERAHICX - Te —2 VBEHRCH
B F oA L, F120 fHRESS A o o
Ihd 2~3mfElfrwnic, LT, ZOBRKIHEY
BT B EELWEAND - ZOBEMFHOE
B HEY ¥ 20 3 EHITEZT Thiwas, Bo
BHEhE, tEveRFeTs L SBRBIR
BEED—DTH 5o

F 7z, BT OWTIERIRRT X 51IE, (§iE40emx
80emDFEH T NTGIR TH o T & OEHI O TR
F Ui sMEEMEE (CHELLI HO-063) & (2 2
EDLDTH ol fFEFRIC R — 2 Y 73— 23T fik
N o LS R e Y, L b AR
VRESREE R TERT B Todichy, RBE b - CEEHEL

#7 HREEOBHTEROPR

Table 7 Soil surface flatness before

and after tilling, and the tilling depth.

Bt & OFERE .

(e 0 10 20 25 30 40
KEEMSD R OB R 32.5 34.0 35.0 — 34.0 35.0
EEPERE () B B & 32.5 34.0 34.0 - 33.5 34.5
#h R (em) 2.0

50 60 70 75 ) 90 100 110 120
35.0 35.5 36.0 — 37.5 36.5 37.5 38.0 36.5
33.5 34.5 36.0 —_ 35.5 34.5 37.0 37.5 36.5
3.0 3.0

) e SO0, 10, 110, 120emOHSEREHE TH %,



SEH - RA NI bR Y v e s L SR AREREE O RIEPE (8 18D 63

BB LR Tille bicle Lot o TR oS I
ZOREOEINIET bien b o LB SR, L
L, COWSEFEETHS CLicinsiod, 555758
BEND T2 FERBH LTV LBLEL B S,
6.4 Mk

AR TRL 157 2083 K v FRERT
A7y b ECHERN51300mTH B WEIT
DA 72y tETHEPLEE CEENTR CH - o
Dy FHCRCAIER S BHEE, AR — 2 N ORE

KR8 AEFARBRONE

Table 8 Items of year-round tests,
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Table § Percent of damaged trees crashed by
the tilling unit of Type OC-20.
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Fig. 13 A soil layer used for examning root
distribution.
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Table 11

average yield per tree.

Growth increment of dwarfed-apple trees during a period of three yeares and
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Summary

Development of the Offset Type Orchard Cultivator for
Dwarfed-Apple Orchards (Part 1)

Kozo HIRATA, Tsukasa NAGAKI, Mikio OGAWA

The sod culture system has been the most popular method of soil management in orchards

in Japan, because this method is effective in controlling soil erosion, supplying organic matter and

especially in saving labor for soil management.

Recently, the dwarfed-apple culture by the use

of dwarfing rootstocks has been increasing in area in Japan, and as a result it becomes difficult

for ordinary machines to carry out intertillage efficiently under the dwarfed-apple tree crown.

The purpose of this study is to design and develop a cultivator which can be most effectively

and efficiently used for the intertillage under the dwarfed-apple tree crown. This study has been
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carried out since 1979 and is still in progress. However, we report here the results obtained by 1982.

During this period, the authors developed three types of orchard cultivator, i.e., Type OC-20
(Fig. 1), Type OC-30 (Fig. 3) and Type OC-40 (Fig. 4). After repeated tests on the Type OC-20
and OC-30, the Type OC-40 was designed. On the bases of a series of field tests, it was concluded
that the Type OC-40 could be adopted for practical use in dwarfed apple orchards.

The outline of the Type OC-40 is as follows. The machine consists of a tilling unit and a
hydraulic moving device mounted at the three-point hitch of a tractor. The tilling unit is a rotary
tiller supported by the flame having a wheel at the each three ends of it. As the tilling unit runs,
following the uneven soil surface without being interfered by the attitude of the tractor, tilling
depth can be kept constant.

And there is a sensing arm having a microswitch at the front end of the flame. When this
arm touches a trunk of apple tree and is pushed backward by the trunk, the moving device shifts
the position of the tilling unit to avoid the crash of the tilling unit to the trunk (Fig. 9). After
passed by the tree trunk, the tilling unit returns to the original position.

In this way, by controlling automatically the distance from the tractor outside to the outer
end of the tilling unit, this machine can perform intertillage between each tree in a row under
the dwarfed-apple tree crown. An electric-hydraulic system is adopted for this automatic moving
mechanism,

Tield test on the Type OC-40 were carried out in dwarfed-apple orchards, and the results
were as follows :

(1) The optimum tilling speed was 0.39m/s, and the rate of work was 23.4 minutes per 10
a in the fields where the inter-row spacing was 4m.

(2) When the tilling depth was about 3em, the required power was 3.7-5. 4kW.

(3) The stability of tilling depth and the flatness of soil surface after tilling was almost
satisfactory for practical use.

(4) The area around each tree trunk, about 80cm in length and 40em in width, was remained
untilled (Fig. 13).

(5) Some skill is needed to operate the tractor, because the tilling unit is rear-mounted as
an offset to the tractor,

Tech. Rep. Inst. of Agric. Mach., 19:53—66 (1985)
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