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Development of a Moldboard Plow to Invert Furrow
Slice at the Same Position
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ABSTRACT

On the basis of design theory of soil inversion, two types of moldboard plow with secondary soil mover was designed
and constructed to invert furrow slice at same position with furrow bottom. A series of soil bin experiment was carried
to investigate the performance of prototypes.

First prototype of new concept plow showed two kinds of problems during the preliminary experiment. For the
plowing depth of 6cm, the prototype did not invert the furrow slice, instead it just cut furrow bottom and the furrow
slice returned to the original position. For the plowing depth of 8cm, there was soil clogging problem at the rear part of
plow. From the above results it was concluded that the first prototype can not be used for the inversion of furrow slice
at same position with furrow bottom.

Second prototype could invert furrow slice at the same position with furrow bottom, but the performance was affected
by soil moisture content, soil hardness and plowing speed very much. For the higher soil moisture content, for the higher
soil hardness and higher plowing speed, the prototype showed higher soil inversion performance. For the second prototype
the inversion ratio was almost 100%, inversion angle was in the range of 90 to 100 degree and side displacement was
less than 4 cm. But the furrow slice was not continuous, it was cut in the length of 30 to 40 cm. The reason why the
furrow slice was cut in that length is blamed for the design of moldboard surface. The specific draft of prototype was in
the range of 37.24 KN/m’ to 42.14 kN/m’, this value is a little higher than that of the conventional plow, or from 30.38
kN/m’ to 33.32 kN/m’. But the difference was not so big.

The inversion performance of the second prototype for the field experiment was much better than that of soil bin
experiment due to the better soil and operational conditions. Sticky and compacted soil conditions, and higher plowing
speed was suitable for the plowing operation of the second prototype

Keywords : New concept plow, Soil inversion, Inversion performance, Specific draft.
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Fig. 2 Helicoidal moldboard surface.
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Fig. 3 Inversion step of furrow slice for new con-
cept plow.
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Fig. 7 View of second prototype.

Table 1 Specification of prototype plow
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Load angle | Setting angle (degree) | Cutting angle H L Shear length
Implement L/H
(degree) shear wing (degree) (mm) (mm) {mm)
NC Plow 1 13 108 40 11 105 480 4.57 195
NC Plow I 5 110 6 6 80 490 6.12 170
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Table 2 Test soil
fication

properties by USDA classi-

Composition
Sand(%) Silt(%) Clay(%)
53.5 37.1 94

Texture

Sandy loam

Fig. 8 Test carriage with second prototype.
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Table 3 Specification of Instruments
Item Manufacturer / Model Specification
Microcomputer IBM PC gfo[ik Ig;lﬂfgg’sé
Channel : 6
Strain amplifier KYOWA / DPM-311A Gain : 1, 2,5, 10, 20, 50, 100 x 100pe
Output-V : +5V (5k@ load)
Load cell Tension x compression Maximum : 4,900 N
Resolution  : 12 bit
Input channel : 16 SE or 8 DI
. Input range
A/D converter Yoi Auto System / AX-5412 Unipolar : 125, 2.5, 5, 10 V
Bipolar : +1.25, 25,5, 10V

A/D Conversion time : 94s
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Table 4 Soil physical properties of experimental field
Cone index Internal Cohesion Soil-metal Soil-metal Composition(%)
friction friction adhesion Texture
(kPa) angle( °) (kPa) coef. (kPa) Sand | Silt | Clay
874 52.4 12.8 0.35 2.82 513 | 243 | 244 | Sand clay loam
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first prototype.
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Table 5 Number of soil processing carriage and cone index for different soil conditions

Soil condition Operation Rotary tilling Levelling Surface roller o oneAI‘;eé:%?kP 2)
I 2 1 2 316
1l 2 1 4 379
I 2 1 6 427
Table 6 Side displacement, inversion angle and inversion ratio of furrow slice for different soil
condition.
Soil condition Operation Average side displacement (cm) Inversion angle (degree) Inversion ratio (%)
I 4.56 9 ~ 95 74
I 492 90 ~ 100 100
445 90 ~ 100 100
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