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Study on the Dynamic Balance of the Power-tiller Plow System

Song, Hyun Kap
N & R *
Summary

A study was investigated to find out the mechanical optimum conditions of power
tiller-plow system on both paddy field and upland.

Mathematical model was developed for the theoretical analysis of this system and
the experimentation on the field was carried out with two different sizes of 5 PS and
8 PS power tiller equipped with rubber tire.

The results of the theoretical and experimental analysis may be summarized as
follows;

1) The relationship between the plewing depth and draft resistance of the power
tiller-plow system was a quadratic function.

2) The minimum point of the specific draft resistance of the 5PS plow was found at
the smaller plowing depth than that of 8 PS plow, therefore we can find that the
curved surface of 5 PS plow bottom should be imporved for the effective plowing
operation,

3) As the improvement of the mechanical balance by the desirable change of the
curved surface of plow bottom, the relative position of hitch point and dimension of
plow beam would be realized, the 5 PS power tiller could be used to plow deeply
(about 16-17cm).

4) The virtual acting point of the total draft resistance on the plow bottom approa-
ched to the landside as the plowing depth increased.

5) The resultant of vertical reaction force R, on the landside was increased with the
plowing depth, while the vertical reaction force R, on the wheel was decreased as the
slope angle of the body of power tiller increased.

6) For the effective plowing operations;

a) The slope angle of the body should be as small as possible.

b) The diameter of the wheel should be as small as possible.

¢) The horizontal and vertical distances /,, %, between the wheel axis and plow
bottom should be as large as possible.
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7) To use the 5 PS power tiller as the major unit of agricultural machinery, the
curved surface of the 5 PS plow bottom and the mechanism of attachment between the
power tiller and the plow should be changed as the indications of this study, and in
addition to these, the new cperation method of the field work should be developed.
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Fig. 1. Schematic diagram of forces exerted
on the power-tiller plow system.
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Fig. 2. Schematic diagram of force balance-
of power-tiller plow system.
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Fig. 3. Schematic diagram of forces on x—y
plane of power-tiller plow system.
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LIST OF SYMBOLS

R, : vertical reaction force between soil and:
wheel (kg)

R, ; vertical reaction force between soil and land
side of plow bottom (kg)

R, : rolling resistance (kg)

P : driving force (kg)

D : resultant draft resistance (kg)

Dy, : horizontal component of draft resistance(kg)-

D, : vertical component of draft resistance (kg)

W, : weight of power tiller (kg)

W, : weight of plow (kg)

1, : horizontal distance between hitch point and
virtual acting point of draft resistance (cm)

I, : horizontal distance between wheel axis and
acting point of R, (cm)

Iy : horizontal distance between wheel axis and.
gravity center of plow (cm)

1: The distance between the left and right driv-.
ing wheels of power tiller (¢m)

hy . vertical distance between hitch point and
virual acting point of draft resistance (cm)

a : horizontal distance between wheel axis and
gravity center of power tiller (cm)

b : horizontal distance between wheel axis and
hitch point (cm)

¢ : vertical distance between wheel axis and hitch
point (cm)

d : vertical distance between wheel axis and
gravity center of power tiller (cm)

¢ : eccentric distance of rolling resistance (cm)

7, : real radius of driving wheel (cm)

0 : side slop angle of power tiller (degree)

B : the angle between resultant draft resistance

and horizontal component of draft resistance
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(degree)

P, : plowing depth (cm)

S : travel reduction (%)

K : specific draft resistance(g/cm?)

v : plowing speed (m/sec)

A :contact area between the soil and wheel
(cm?)

R, . vertical reaction force on the left driving
wheel (kg)

R,p : vertical reaction force on the right driving
wheel (kg)

¢ : angle of internal friction of soil (radian)

t: eccentric distance of plow from the center
position (cm)

M : torque of the power tiller-plow system (kg-
m)

-C, : cohesion of soil

b, : width of rubber tire (cm)

5—R~—F ; 5PS-Rubber wheel-dry field

5—R—P : 5PS-Rubber wheel-paddy field

8—R—F : 8PS-Rubber wheel-dry field

8—R—P : 8PS-Rubber wheel-paddy field

5—R—F—R, : 5—~R—F—Vertical reaction force
between soil and wheel (kg)

5—~R—P—R, : 5—R—P~—Vertical reaction force
between scil and wheel (kg)

5—R—F—R,: 5—R—F—Vertical reaction force
between scil and land side plow (kg)

5—~R—P—R, : 5—R—P—Vertical - reaction force
between soil and land side of plow (kg)

S—R—F—'R1 : 8—R—F—Vertical reaction force
between soil and wheel (kg)

-8—R—P—R, : 8BR—P—Vertical
between soil and wheel (kg)

8—R—~F—R, :8—R—F—Vertical reaction force

reaction  force

between soil and land side (kg)
8—R—P—R, : 8—R—P Vertical reaction force
between soil and land side (kg)
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Fig. 4. Instrument of experiment.

Fig. 5. Dynamic strain amplifier system.
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Table 2. Dimensions of power tiller (5PS and 8PS) and power tiller-plow system

N

T

Size of power tiller
Dimensions
Items

5PS 8PS

iAir-cooling, 4 stroke

Water-Cooling, 4 stroke

Gear sets

Foward 1,2,3 Foward 1,2,3,4,5,6

Type single cylinder single cylinder
Engine Normal output power (ps/rpm) ‘ 5~6.5/1,800 ) 8/2,200
Fuel l Kerosene Diesel
Power tiller only (kg) . 163.6 1 363.6
Weight Ballast (kg) J 25.8 ] 25.8
Plow and gauge system (kg) “ 90.5 ; 100. 2
Actual radius of wheel 7, (cm) ’ 25 \ 30
Driving wheel
Air pressure (kg/cm?) I 1.5 ‘ 1.5
a(cm) } 19.7 l 19.5
g
7 b(em) | 30.5 ] 59.0
. c(cm) | 13.0 | 22.5
(=]
& I, (cm) ’ 71.8 l 88.9
[*]
g Iy (cm) | 120 l 170
b
£ I, (cm) | 81.5 ' 122
[=9
- B, (cm) | 3947 [ 45. 2~ 18.6
2 |
g t (cm) ‘ 0 ; 7.5
2 §
S I (em) , 68 J 77
a d (cm) ' 10.5 | 17.8

Reverse 1 Reverse 1,2
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(D Compression load cell @ Roller bearing @
Contact roller with the plowing soil & Conne-
cting bar of indicating pen @) Indicating pen
of plowing depth @ Main paper roller 3 Foll-
owing paper roller Gear box (@ Driving
sprecket @ Hitching part of power tiller @
Hitching part of plow @ Tension load cell.
Fig. 6. Measuring gauge system composed of
compression load cell, tension load cell
and plowing depth gauge.

Table 3. Soil properties . f the test field

It [ I

Fig. 7. Example of oscillographs to measure
the plowing depth, the horizontal
draft resistance and the force by
bending moment.

1 A€ lomz she 3 b HHBEs, old
FEERY BEREE —ENA 37 B3t
#TE AHE =3 EITH S AEBRY BH
EE> fARE F 2oy, ERRE R 2 8
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&& Table 49} Fc},

T Item Particle size distribution Moisture |[Wet soil iBulk
S ten ensit densit
. \ Gravel Sand Silt Clay ‘ Texture Content | ety 4 ensity
Field ~ (%) (%) &) | @ | @ |
Paddy field | 7.8 | 458 | 893 | 149 | Loam | 193 . 176 | L6
. Silty N
Dry field | 45 | 116 | 522 | a2 Py fam | 222 | s | 14
\ Ttem 1 Three phase PL L | pr|Ccefficient cf friction
o Solid | Liquid | Ai ) . . . [Rubber-
Field { (%) (q/u) " (%) (%) (%) S:ecl-soil soil
Paddy field | §5.0 | 281 | 169 9.2 | g | 42| 05| om
Dry field ‘ 54.8 , 42.3 [ 23.0 ‘ 34.7 J 1.7 ‘ 0. 64 i 0.53
Table 4. Combinations of the experimental variables
Field I Power-tiller | Plow Plown(lcgm\;mdth l Plaw(lgri\dcpth
5PS ‘ plow for 5PS ’ 25 % 2~14
Paddy field
8PS j plow for 8PS | 30 ( 222
5PS l plow for 5PS J‘ 25 l 2~18
Dry field
8PS | plow for 8PS ‘ 30 | 4~20
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