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Abstract
A conventional chisel plow was modified by adding two rotors behind

the chisels blades. The rotors were provided with harrowing blades to
pulverize the soil clods created by plowing operation of the chisel blades.
Both rotors rotate when the modified plow in operation. The rotors were
fixed behind each other and their depth can be changed relative to the
plowing depth.

The experiments were conducted on the modified and the conventional
chisel plows to determine the advantages gained by the modification carried
out on the plow using different operating depths, 15, 20 and 25cm and
forward speeds 0.35, 0.5, 0.88 and 1.1m/sec.

The results showed that the draft force increased for the modified and
conventional plows as the operating depth and forward speed. However the
modified plow surpassed marginally the conventional plow in draft force
requirement by only 1.5 to 2.5kN for one and rotors respectively. This small
increase in the draft force of the modified chisel plow accomplished by great
increase in soil pulverization expressed by Mean Weight Diameter (MWD)),
which decreased from 65cm for the conventional plow to 40 and 27cm when

it was provided with one and tow rotors respectively.
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The forward speed increased the draft force of the modified and
conventional plows; however the draft force of the modified chisel plow was
higher by 0.8 to 1.5kN and 1.4 to 1.17kN for the lower forward speed
(0.3m/sec) and higher forward speed (1.1m/sec) respectively. The soil
pulverization (MWD) of the modified chisel plow improved clearly, MWD
decreased from 73 to 55 and 42cm and from 65 to 42 and 20cm for one and
two rotors for forward speeds of 0.3 and 1.1m/sec respectively.
Keywords: Modified chisel plow, Conventional chisel plow, draft force,
Mean Weight Diameter
1.0 Introduction

The chisel plow is widely used to cultivate the soil. But it has many
drawbacks render the plow less popular than the other plows such as
moldboard and disc plows [6]. Among those drawbacks are it leaves the soil
surface rough and the soil pulverization is limited which is in possible
sewing the seeds directly with out harrowing the soil. The soil harrowing can
cause soil compaction and some time retains the soil bulk density to its value
before the plowing operation when the soil clods requires more passes on the
soil surface by the implement to break them up. The other drawbacks are the
limited ability in mixing the plant residual with soil and it leaves the plants
remains on the soil surface. To overcome or at least to reduce these
drawbacks of the conventional chisel plow it was modified. The
modification includes changing the forward angle of the chisel plow leg to
reduce the draft force and providing the foot of the chisel plow by 8cm wide
wings to increase the volume of the soil manipulated by each shank. Two
rotors were added to the plow. Each rotor was provided with 10 groups of

pulverizing blades. Each group contains three blades which fixed at



Basra J. Agric. Sci. (2009) Vol.(22). No.(1)
alternative position to neighboring groups and at alternative position with
groups at the rear rotor. The depth of the two rotors can be changed relative
to each other. The front rotor fixed at 35cm distance from the chisels plows
while the rear rotor was fixed behind the front rotor by 40cm.
The conventional chisel plow draft force depends on the soil strength; it
increases as the soil strength increases. It also depends on the soil type and
the moisture content of the soil; it is higher in the heavy soil, solid and
plastic soils than in the light and friable soils [1]. The chisel plow required
higher draft force than moldboard plow [3,5] and it required draft force
between 15 to 35kN in the heavy soils [3,7,8].

The draft force of the chisel plow increased as the operating depth
increased, Davies at el [6] found that the draft force increased from 15kN to
30kN when the operating depth increased from 20 to 25cm, the same result
was found by [7, 8], the draft force increased by 50% when the plowing
depth increased from 15 to 25cm. Riethmiller [9] found that the draft force
of the chisel plow increased linearly with operating depth. The increase in
the draft force with operating depth was related to the increase in the volume
of the soil manipulated by the plow and the moisture content [2].

The chisel plow draft force is considerably affected by the forward speed,
it increased by 100% when the forward speed was increased from 0.2 to
0.9m/sec [10]. The same percentage of increase was found when the forward
speed increased from 0.2 to 2.5m/sec [5] and it increased from 17.5 to
20.4kN when the forward speed increased from 0.26 to 0.67m/sec [3].

The modified chisel plow and the conventional plow were tested in heavy

soil to evaluate the field performance of the modified plow compared with
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that of the conventional using the draft force and the Mean Weight Diameter
(MWD) parameters for comparison. The modified plow was used with one
rotor and two rotors. The two types of plows were tested at three operating
depth (15, 20 and 25cm) and four forward speeds (0.3, 0.5, 0.88, 1.1m/sec).

2.0 Materials and methods
2.1 The modified chisel plow
The modified chisel plow was developed and manufactured in

mechanization department, Agriculture College, Basra University (Fig.1a).
The modified chisel plow consists of a frame 189cm long and 196cm wide.
The frame is made of angled iron bars of 10x10cm with thickness of 0.5cm.
Five tines were fixed on the frame in two rows. The tines on the two rows
were fixed alternatively to disturb the soil cross the width of the plow. The
lateral distance between the tines on each row was 80cm while between
them on both rows was 40cm. The forward angle of the tine leg was 60°. The
tines were provided with winged foots. The width of the wings was 10cm.
The attack angle of the front of the foot was 30°. The modified chisel plow
was provided with two rotors. Each rotor consists of a cylinder both ends
were provided with a shaft to be fitted in a bearing to let the cylinder rotates
freely during the plowing operation. Ten groups of blades were fixed on the
cylinder. Each group consists three blades. The blades of the neighboring
groups were fixed at alternative positions to ensure there are some blades
working in the soil all the time when the plow is working the soil. The
groups of the blades on both rotors are also fixed alternatively to ensure
pulverizing all the soil across the plow width. The lateral distance between
the groups on the same rotor was 18cm. The blade
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length, width and thickness were 10, 7 and 0.8cm respectively. The distance
between the two rotors was 54cm.

2.2 The conventional chisel plow
The conventional plow used to conduct the field experiments was the

chisel part of the modified chisel plow after dismantles both rotors and
leaving the five shanks. Using another chisel plow would cause difficult
comparison between the results of the modified plow and the conventional
plow. The working width of the plow was 1.96m.
2.3 Soil properties

The soil properties such as the soil texture, moisture content, penetration
resistance, cohesion and angle of internal friction were measured. The soil
texture was measured by the pipette method. The moisture content was
measured across the field of the experiments for depths of 0-10, 10-20, 20-
30cm using the core sample method and the measurements were repeated
three times for each depth. The soil penetration resistance was measured by
a hydraulic penetrometer for the same previous depths. The soil cohesion
and angle of internal friction were measured by annuls ring. The results are

shown in table (1).
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Table (1): soil mechanical and physical properties

Angle of
Depth | Moisture | Bulk Cohesion | Angle of | Cone friction
(cm) content | density | (kN/m? |internal | Index Adhesion | between

% (ton/m°) friction | Cn Co soil and
(D) (KN/m?) [ (kN/m?) | metal

d
0-15 12.61 1.18 8.25 34.12 11951.62 | 0.65 28.44
0-20 12.28 1.27 12.50 33.62 |2243.20
0-20 17.62 1.30 16.70 29.10 |3326.50

3.0 Results and discussions
3.1 Draft force

3.1.1 The effect of the operating depth on the draft force
The draft force of the conventional and modified plows increased as the

operating depth increased (Fig. 2). It increased by 10, 8.0, 9.5cm for CP+2R,

CP+R, CP respectively when the operating depth increased from 15 to

25cm. This increase can be related to the greater volume of soil manipulated

by both plows as the operating depth increased as well as the increase in soil

strength due to higher moisture content. Also the grater volume of the soil

manipulated by the plows changed the soil movement of the disturbed soil

from upward to the soil surface to forward movement causing higher

resistance on the disturbed soil from the undisturbed soil existed in the plow

path of movement. This acting resulted in accumulation of grater volume of

soil in front of the plow which required greater draft from the plow to this
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volume of soil. However, adding one rotor or two rotors increased the draft
force by only 2.0kN which it is not grater enough to give the conventional
plow any advantages on the modified plow. This additional draft was due to
the requirement of the blades which working in the soil for pulverization.

The results showed that using two rotors required only 0.53kN higher
than one rotor and this increase is small compared with gain in soil
pulverization when two rotors were used. The reason  of the low draft
requirement of the second rotor was due to that the first rotor (front rotor)
breaking the big soil
colds to smaller sizes while the second rotor (rear rotor) required less effort
to complete the soil clods breaking up.

The results also showed that the depth required greater draft force than
the rotors of the modified plow. When the operating depth increased from 15
to 25cm the draft force of CP, CP+R, CP+2R, increased from 26, 27.5 and
28kN to 36, 37.8 and 38.5kN respectively. However, the draft force
requirement of one rotor and two rotors is 1.5 and 2.0kN at operating depth
of 15cm and 1.8 and 2.5kN at operating depth of 25cm. The reason of the
low draft force requirement of the rotors was because they were working in
disturbed soil and at shallow depth.
3.1.2 The effect of the forward speed on the draft force

The draft force of the modified and the conventional plows increased as
the forward speed increased (Fig. 3). For the three plow combinations (CP,
CP+R, CP+2R), the draft force increased by 6.8, 7.2 and 7.2kN when the
forward speed increased from 0.3 to 1.1m/sec respectively. The higher
forward speed increased the soil clods acceleration and the collision between

soil clods resulted in greater draft force. However, the draft force
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requirement of the rotors is marginally increased with the forward speed of
the plow; it was 0.8 and 1.5kN at forward speed of 0.3m/sec and 1.4 and
1.7kN at forward speed of 1.1m/sec for one and two rotors respectively.

The results showed that the draft force requirement of the conventional plow
(CP) required greater draft force at higher forward speed than the modified
plow (CP+R, CP+2R) at lower forward speed. At forward speed of
1.1m/sec, CP required greater draft force than CP+R by 3.7, 4.7 and 5.7 and
than CP+2R by 4.7, 5.6 and 6.5 for forward speeds of 0.3, 0.5 and 0.88m/sec
respectively. The plow required greater draft force to cut and to move the
soil at higher forward speed due to the high soil strength at depth and the
throwing of the soil away from the plow.

3.2 The Mean Weight Diameter
The Mean Weight Diameter (MWD) (Soil Pulverization Index) is

regarded the best parameter to evaluate the field performance of the
modified chisel
plow because the addition of the rotors to the conventional chisel plow were
to increase its soil pulverization ability. MWD is the distribution of the
different volumes of soil clods.

The effect of the plow operation depth and the forward speed on the
MWD will be discussed as follows:
3.2.1 The effect of the operating depth on MWD

The ability of the modified chisel plow in pulverizing the soil improved
considerably when one or two rotors were added to the conventional chisel
plow (Fig. 4). MWD decreased from 60mm (for CP) to 38 and 31mm for
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CP+R and C+2R respectively. The last value of soil pulverization made the
soil soft enough for seeds sowing with out needing for further pulverization.

The operating depth increased MWD for CP, CP+R andCP+2R by 13,
11 and 7mm respectively and that was because the collusion between the
soil clods reduced due to the reduction in the movement of the soil because
the greater volume of the soil manipulated by the plow. Also at deeper
operating depth the action of the rotors limited to the surface layer.

3.2.2 The effect of the forward speed on MWD
The plow forward speed had considerable effect on the MWD for chisel

plow combinations CP, CP+R, CP+2R it decreased as the forward speed
increased (Fig. 5). The reduction in MWD was due to the self breaking up of
the soil colds during plowing operation. The clods collide with each other
causing self pulverization to the soil. For example, increasing the forward
speed from 0.5 to 1.1m/sec, MWD decreased by 14, 22 and 25mm for CP,
CP+R and CP+2R respectively. This means using one rotor and two rotors
decreased MWD to 29 and 20mm which can drill the seeds directly in the
soil.

Conclusions

The following conclusions can be drawn from this work:

(1) The draft force of the modified chisel plow increased slightly compared
with that of the conventional chisel plow (unmodified), only by 1.5 to 2kN
for operating depths of 10, 15 and 25cm.

(2) The weight diameter (soil pulverization index) decreased from 65mm for
the conventional chisel plow to 40 and 27mm for the modified chisel plow

provided with one and two rotors respectively.
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(3) The draft force of the modified chisel plow was also higher than that for
the conventional chisel but only by 1.3 and 1.5kN.

(4) The mean weight diameter of the conventional chisel plow of 73mm
decreased to 55 and 42mm for the modified chisel plow provided with one
and two rotors respectively for forward speed of 0.3m/sec.

(5) The weight diameter decreased from 65mm for conventional chisel plow
to 42 and 20mm for the modified chisel plow provided with one and two

rotors respectively for forward speed of 0.1.1m/sec.

Notation:

CP= Conventional Plow

CP+2R= Conventional Plow and two Rotors
CP+R= Conventional Plow and one Rotor
MWD= Mean Weight Diameter
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Figure (1A) : The modified chisel (side view)
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Figure ( 2 ): The draft force versus the operating depth for three chisel plow
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Figure ( 3) :Draft force versus forward speed for three plow combinations
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Figure (4): Plow operating depth versus mean weight diameter for three chisel
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