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Fundamental Study on Oscillating Tillage
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—Model Test on Draft Force, Torque, Power and Moment

Y.H.Kim, S.T.Kim, W.]J.La, Y.B. Min, S.K.Lee.

Summary

A laboratory mode! test was carried out with a newly designed model to figure
out the vibration characteristics of the vibratory tillage tool according to the method
of forced vibration, i.e., horizontally and vertically forced vibrations.

The results are summarized as foliows:

1. The reduction ratios of the draft force of the vibratory blade were 14 2—42,69%
for the case where the vipration was forced parale! to the travelling direction of
the blade,and 15—54. 59 for the vertically forced vibration. And it was thought
that the method of vertically forced vibration was preferable to the reduction of
the draft force.

2. The ratio of the draft force of a vibratory blade to that of a static one could be
represented as a function of V/Af.

It was found to be possible to reduce the draft force by taking a lower value of
(V/Af) and this meant that the effictiveness of tillage practice using the vibratory
system would be limited.

3. The torgue to the main rotating shaft to vibrate the model blade increased frequ-
ency and amplitude. This tendency varied according to the physical properties of
tested soil. In case of horizontally forced vibration, the torgue was 8~34% less
than in case of vertically forced vibration.

4. With the increase of frequency, the total power requirement increased linearly,
and also the portion of oscillating power requirement in the to:al power tended
to increase. The magnitude of the total power requirement was 1,4—13 times gre-
ater than that of a static one for the case of horizontal vibra:ion, and 1.5—15
times greater for the case of vertical vibration.

1t was thought that the horizontal vibration of the blade was preferable to the
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vertical vibration in view of the power requirement.

5, A linearity was found between the amplitude of moment oscillogram and magnitu-

de of oscillating acceleration. Only positive values of moment occurred when the

blade was forced to vibrate vertically, but negative values occurred in rarity in

the case of amplitude A; when the blade was forced to vibrate horizontally.
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Horizontal vibration system

(5) Pin

(6) Balance weight
(7) Pickup

(8) Lug

{1) Eccentric shaft
(2) Main shaft

(3) Connezting rod
(4) Vibratory blade
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Vertical vibration system
(1) Eccentric shaft (5) Pin
(2) Main shaft (6) Balance weight
(3) Rocker (7) Pin
(4) Vibratory blade (8) Pickup

Fig. 1 Side view of coscillating model.
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(1) Free V. S. moter
(for soil bin)

(2) Free V. S. moter
(for main shapt)

(7) Vibratory blade

(8) Accelerometer
{for vert, vibr.)

(9) Accelerometer

(3) Chain (for hori. vibr.)
(4) Proving ring (10) Rocker
(5) Pickup (11) Soil bin

(6) Eccentric shaft
(for hori. vibr.)

(12) Stopper

(13) Slip ring
(14) Strain gage
(15) Main shaft

(for vert. vier.)
(16) Main shaft

(for hori. vibr.)
(17) Frame
(18) Rail

Fig 2. Plane view of experimental apparatus.
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Table 1. Specifications of the experimental apparatus.
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Itera ‘3 Spacification

Remark

I
Vibratory blade and shank {

77 X70%6, 196x40x6
Main shaft - ¢ 25.4
Free V.S.moter (for soil bin) | 3aps, 1 : 4
Free V.S.moter (for main shaft) 2 PS, 1:4

Compactor 120Kg, 30cm, dtimes

Balance weight{counter weight) 1.13—2. 24ke

Smr

0.6—24. ‘mm

Soil bin | 1,810(L) X 376(W) x 305(H)

diameter (mm)
power, ratio of spsed variation
174 14

weight, falling height, no. of
compaction

mass, eccentric distance, See Fig.!

Side walls are made of transparent
plastic plate,
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Table 2. Specifications of measuring irstruments.

Item Specification Remark

Accelerometer | 120A-10H, CAP. =104, for horizontal and vertical
. KYOWA CO. vibrations

Torque transducer i RBE-4A, CAP. 4, KYOCWA CO.{
Proving ring | ¢100 ‘
Pickup . MP-910, GNO SOKKI CO. electromagnetic type
Dynamic strain amplifier : DPM-¢E, KYOWA CC. 6 channels
Rapicordor i RMV-530A, KYOWA CO.
Tachometer { HT-330, ONO SCKKI CO. digital type
Cone penetrometer f 6=30°, A=6.45cm*® strain gage system, portable type
Direct shear stress apparatus ; D=éCmm, H=2Cmm "

Table 3. Physical and mecharical soil properties.

Specific Grain size(%) Passing percent(%) Coefficient of
avi - . ] . .
gravity gravel sand silt clay | Zmm C.05mm 0.035mm Uniformity
|
2,43 —— 7.9 754 16.7 ‘ 100 §2.1 15.7 | 7
| i . |
Cla:,«xflcatlon g‘ I\101<Lurc Bulk ‘1 Direct shear test f Cone
| content éensity | Cohesion Angle of inte-  index
symbol method " (%) sm*)  I(kg/cm®) rnal friction {kg/em?)
S.L. (silty Triangle ‘ . e ’ 0. 35 oo R
loam) Coordinate | i7.2 1. 45 ! . O3 Y o

Table 4. Experimental conditions of vibraling equipment.

Ttem

Condition

]
1
|
Direction of forced vibration ! pavallel or perpendicular to the travelling direction of
blade, i.e. hori. & vert.
Frequency (Hz) [ foo 705 f0 s, fy 22 8, f o0
A 4 A8, Ay e
Voi00h v, 0,25, Vo
i
|

1i5(average)

Amplitude (mm)
Travelling speed(m/sec)
De pm of tillage(mm)

3 R Y EE T=0.012-¢ kg mj--- EHE
(2) Moment;M=0.074-¢ Kg-m!

(4) Acceleration;ay=0.003164 ¢ g’
ay=0. 003496 -e{g) -1
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frequency.
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Fig. 6. Values of draft ratio{oscillating dra-
ft/non-escillating draft) for various
incremental ranges of V/A£ when the
vibratory blade was forced to vibrate
horizontally (A) and vertically (B).
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Table 5. Summary of research works reported on cscillating tillage tocls.

Field; F Draft;D
Lit. Inves igator Real;R So.il'S Soil gggfcre’%e Remarks
Model; M bin Increase;In
1 Alexandyan ‘ R. - . . Db4%Re | . »
' 1963 i Subsoler F stony ‘ P324%Re - Eccentric
r -
Boyd, et ai. M ity
2 067 ! Blade ‘ S Silty sand
3| Brixus, et al. ' M s Artificial soil | D50%Re Eccentric
Chancellor R i, , Y Inertial
4 1973 Subsoiler F Yolo loam Dé4z Re propulsion
Dubrovskii R 5
s 1962 Mole plow ’ D50%Re
Dubrovskii 7 I_{ ) “ o |
S s Ditcher Foo P3S%Re
Dubrovskii . .
o 1960 Mole drainer F D50%Re l
7 Dubrovskii R n D57 % Re l Eccentric
196G Drainage plow - P34 Re | shaft
8 Dubroviski M ; g 3
1957 Blade :
9 Dubrovskii R,full scale | F Moist sand
1956 M, cultivator ‘ S Heavy loam
10 Dychenko, et al. R “ P
1965 Cultivator |
1 Dzyuba R i P D49 —55%Re
1963 plow ‘ P In
1
Dzyuba R N [ . D ic
12 1961 Harvester F | Sandy loam Eccentric
Eggenmiiller ! : | B
o e ) . ”
13 1%59 Cultivator i F Loamy sand D7o%R
Eggenmiiller R . . : "
14 1958 Ridger F Sandy loam i D80% Re
Eggenmiiller R | ‘ D8Y%Re Eccentric
15 ‘ 1958 Plow . F Loamy sand | p;o”s05Re | ring
Eggenmailler R N | D70%4Re Eccentric
161 "Hose Hoe F Sandy loam | 5357000 Re | ring
17 Eggenmiiller M S Sandy loam D30%Re |
1958 Blade Sandy & |
{ Gunn, Tramontini| R . D60%Re : .
18 1955 Subsoiler F Silt loam P  Reln L Crank
" Hendrick, Buchel | M . D35%Re .
19 ‘ 1963 Blade S Sandy stony P40__50¢Re Solenoid
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Table 5. Continued
Lit. Investigetor Model:R Sb(iﬂ g Soil Reducé;Re Remarks
Incerease;In }
Johnson, Buchele , ' . B
20 1969 Cultivator F Clay loam I Crank
Johnson R potato o | Eccentric
21 1973 harvester F D50%Re . shaft
22 Kaluzhie, et al. R F ' ‘ Electromag-
19¢4 Plow i netic device
1 . T T i’i :
23 J Ki%rélgtz’ et al. 1}}low F t Clay loam D50%Re i
. o _
|
© Kitani R ‘ B Eccentric
26 ’ 1955 Cultivator S , Clay loam ring
i Panagiotopoulos R ‘ Re
8 ] 1962 Subsoiler B Py
L ) B n
Shkurenko M o Eccentric
30 1958 Blade S ‘ Clay loam D607 Re vibrator
41 | Smirnov, et al. | Crank
1964 M S ran
| . |
32 J Sn;;g*; et al. M do S | Silt loam P70%In Sgr‘?nznd
1 Sr]l';;tgtava %/Ilade S Clay loam géO%Ilie Sonic
Tezuka, Endo
34 1062 Subsoiler F Clay loam Crank
| Totten, et al M f D60%Re
35 1969 Full scale j F Clay loam P70%Re Cam
g | Venter R ; D46%Re Cam and
1968 Plow P4A1.7%Re spring
37 Yaremenko MFurrow plow| S Textured
1957 Drainage plow, loam
Zonenberg M River sand :
39 1968 Blade 5 loam clay Hydraulic
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