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Abstract. Tillage tool shovels with different geometry designed to perform a soil bed preparation by rotary
or sweep action which performs a loosening and steering the soil .The Soil condition with its physical
properties such as Soil Structure, texture, moisture, resistance, cone index like influencing parameters are
creating a demand of different shapes of tillage tool geometry as the operational parameters needs to be
optimized by studying a Soil Vs tillage tool interface. Furrow parameters such as furrow bottom, soil
throw, soil disturbance in vicinity of tool in relation to speed and depth of operation are affected by tool
parameters like shape, size. In this paper effect of tool shape and depth and speed of operation on soil
disruption of shovels and sweeps for tractor drawn cultivator is discussed .The experiments were
conducted in sandy loam soil using two commonly used shovels and sweeps at four forward speeds (0.97,
1.25, 1.53 and 1.81 m/s) and depths (0.04, 0.08, 0.12 and 0.16 m) at soil moisture content of about
10.5 per cent (db) under controlled soil bin conditions.
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1. Introduction

The growth of agricultural mechanization has been rapid during last four decades The mechanization of
Indian agriculture has assumed importance in increasing agricultural production, productivity and
profitability by timely farm operations, saving Cultivator is one of the most important tillage tools used by
Indian farmer (Yadav et al.2006). Even many organic farmers say that a pass with the cultivator has the same
effect on the crop in dry weather as a half inch of rain (Klaas and Mary-Howell Martens, 2005).

Reversible shovel and sweep are primarily used for loosening and steering the soil. These are used in
seed drills for opening the furrow for placement of seeds. They do not usually have an inverting effect and
penetrate more easily in hard grounds because of less upward soil reaction (Chen et al., 2004).Both soil
condition and soil physical characteristics like structure and texture demand different shapes of soil working
tools as well as operating conditions. Hence, soil-tool-tillage complex need to be studied for a given location
and tool geometry and is to be optimized for better tool performance and energy (Yadav et al., 2006).

A good seedbed is generally considered to imply finer particles and greater firmness in the vicinity of
seeds. In arid and semi arid areas with high average soil temperature and dry spells, there is a need to break
the soil, which becomes very hard. A pointed tool like chisel or bar point are used on country plough to
break soil without inverting or disturbing crop residue, in order to collect and store rain water and reduce
wind erosion and evaporation losses. Under such conditions list plough, rigid tine cultivator, duck foot
sweeps and other similar equipment are useful and can be operated for one or two passes. One of the
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important parameters for performance evaluation of these tools is soil disruption. This depends on type of
soil, depth, speed of operation and design of tyne on which they are mounted (Raper and Sharma, 2004).

The study of soil profile and soil redistribution by tillage has progressed slowly due to its complexity
which involves many factors, such as soil types and properties, types of tillage tools and their operational
parameters. Furrow parameters such as furrow bottom, soil throw, soil disturbance in vicinity of tool in
relation to speed and depth of operation are affected by tool parameters like shape, size and spacing,
operating parameters such as speed and depth of operation and soil parameters like soil type, moisture
content, compaction etc and are studied by various researchers (Dowell et al., 1988, Raper and Sharma, 2004,
Raper, 2005, Darmora and Pandey, 2006, Godwin and O’Dogherty, 2006, Liu and Kushwaha, 20086,
Manuwa and Ademosun, 2007).

The Objectives were set to consider all above constraints for studying the influence of Shovel geometry
at Soil Vs Tillage tool interface by affecting parameters such as sweep angle ,speed and depth of cut like
parameters due to which soil disruption occurs..

[ Different Types of Shovel Geometry (Sweep and Reversible)

2. Materials and Methods

The experiments using RBD design were conducted in indoor circular soil bin filled with locally
available sandy loam soil at College of Technology and Engineering, Udaipur, Rajasthan, India. It had an
outer diameter of 5520 mm, inner diameter of 3490 mm and a depth of 900 mm. Thus annular width of 1010
mm was available for operating the tool frame. A DC variable shunt wound motor of 20 hp was coupled to
worm gear for speed reduction in the ratio of 5:1.

The vertical powered shaft was clamped to the horizontal beam of 3150 mm length and 65 mm diameter.
A pneumatic wheel was provided at the outer end of the horizontal beam outside the soil bin for continuous
support during operation. A rectangular tool frame was clamped to the horizontal beam at 2420 mm distance
from center. A control panel consisting of electrical switch, voltmeter and a regulator was used to increase
or decrease the rpm of motor for obtaining the desired operating speed of the shovels. The forward speed of
the tool was calculated as:

V=yxr(l)
where, V is forward speed of tool (m/s), ¥ is angular velocity of horizontal shaft (rad/s),
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r is radius of rotation (m).

A MS cylindrical roller of 310 mm diameter and 610 mm length was hinged to the tool frame by metal
strip. The purpose of roller was to maintain uniform compaction and soil level through out the test to
simulate the soil conditions observed in the field having average cone index value 1160 kPa. It was measured
up to a depth of 0.15 m by field scout digital cone penetrometer (ASAE standards, 1998 and Wilkinson et al,
2002).Soil moisture level of 10.5 per cent (db) was maintained during the experiments as agricultural
operations are usually performed at this moisture level. Four types of commonly used shovels and sweeps in
tractor drawn cultivator in the region were selected for the experiments (Fig 1). They are :

1. Shovel 1 (Reversible shovel) 2. Shovel 2 (Spear shape shovel) 3. Sweep 1 (Duck foot sweep)
4, Sweep 2

These Shovels and sweeps were clamped on the shank (Fig. 2) which was mounted on the tool frame.
The selected cultivator sweeps are normally used for tillage sowing and intercultural operations. Keeping
these three operations in view the experiments were conducted with in the range of 0.04m to 0.16 m depth
and 0.97 m/s to 1.81 m/s speed of operation. These operations are normally performed within this range.
Experimental parameters of the study are given in Table 1.

2.1. Parameters Measured During the Experiment

2.1.1 Soil disruption

The surface soil disturbance or spoil is a measurement of the amount of soil displaced above the original
soil surface by the tillage process and subsurface soil disruption or trench is the area that is disrupted below
the soil surface (Raper 2005). Soil disruption was measured with the help of soil profilometer (Fig 3). The
profilometer was fixed across the trench and the main scale was adjusted with knobs and spirit level to keep
it horizontally leveled. With the help of plum bob the vertical depth or height of the soil surface was
determined at every 2 cm horizontal distance on the main scale. Replicated observations of soil disruption
were recorded for each of the tillage tools..

The performance of sweeps were compared on the basis geometric parameters of spoil and trench
profiles (Fig 4) and their areas of disruption. The data were statistically analyzed using SPSS software.

3. Result and Discussion

The tool shape, speed and depth of operation and their interactions affected spoil and trench area
significantly as shown by ANOVA.

3.1. Effect of Tool, Speed and Depth of Operation on Soil Disruption

In the study the soil disruption is a measurement of the amount of soil displaced above the original soil
surface (spoil) and below ground level (trench) by the tillage process (Raper and Sharma, 2004 and Raper,
2005).

3.1.1 Effect of tool, speed and depth of operation on soil profile of shovels

Figures 4.1 to 4.2 show spoil and trench profiles created by two shovels at different speeds and depths. It
is clear from the Figs. that spoil furrow width and spoil furrow depth increased with increase in either speed
or depth for both the shovels. This may be attributed to increase in tillage speed and depth which resulted in
tossing of more soil and redistributing it in a wider length outside the trench. Similar findings are also
reported by Liu and Kushwaha (2006).

3.1.2 Effect of tool, speed and depth of operation on soil profile of sweeps

Figures 4.3 to 4.4 show spoil and trench profiles created by two sweeps at different speeds and depths. It
is observed from the Figs that spoil furrow width and spoil furrow depth increased with increase in either
speed or depth of operation for both sweeps. Similar reasons as that of shovels may be postulated for this
behavior.

It was observed that at lower depths and speeds of operation sweep 1 resulted in8.45 per cent higher

crescent height than sweep 2 (0.0355 m). This value increased to 46.66 per cent of sweep 2’s crescent height
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(0.0225 m) when speed increased up to 1.81 m/s. A similar trend was observed at higher depth of operation
where sweep 1 resulted in higher crescent height values of 0.074 m and 0.061 m as compared to that of
sweep 2 (0.0715 m and 0.06 m) respectively. It suggests that low crescent height is observed at higher depths
and higher speeds respectively.

3.1.3 Comparison between shovels and sweeps

Both shovels and sweeps have similar increasing trends with depth and speed for spoil furrow width and
spoil furrow depth whereas reverse trend was observed for crescent height which decreased with increase in
speed of operation. The data revealed that sweeps gave more spoil furrow width and depth at all speeds and
depth of operation except at higher depths where spoil furrow depth was about 45 per cent less than shovels.

The effect was more dominant at higher speeds and depth of operation especially in the case of spoil
furrow width where larger size of sweep as compared to that of shovel resulted in more spoil furrow width.
Also about 4 per cent less crescent height was observed for sweeps at higher depths whereas at lower depths
they gave about 24 per cent higher crescent height than shovels. This may be attributed to the less force
transferred to the soil particles by sweep than shovels which reduced the soil throw and resulted in lower
spoil furrow depths and higher crescent heights at higher depths.

3.1.4 Effect of tool, speed and depth of operation on spoil area

ANOVA shows that the tool, speed and depth of operation and their interactions affect the spoil area
significantly (Table 4.1). Figure 4.5 shows that spoil area increased with increase in depth and speed of
operation for both shovels and sweeps. However, sweeps resulted in more spoil area than shovels at all
depths and speed of operation. Between shovels, shovel 1 gave 2.48 per cent more spoil area than shovel 2
whereas sweep 1 resulted in highest spoil area (0.01607 m2) among all the tools tested (Tables 4.2 and 4.3).

Sweep 1 operating at a depth of 0.12 m at forward speeds of 0.97 m/s, 1.53 m/s and 1.81 m/s resulted in
non significant change in spoil area as compared to sweep 2 operating at 0.08 m depth and 1.25 m/s forward
speed and 0.16 m depth at 0.97 m/s and 1.53 m/s forward speed respectively. Similarly at 0.04 m depth of
operation shovel 1 and shovel 2 resulted in non significant spoil area operating at a forward speed of 1.53
m/s and 1.25 m/s respectively (Table 4.3). This suggests that the similar spoil areas can be obtained for
different tools through specific combinations of speed and depth of operation.

3.1.5 Effect of tool, speed and depth of operation on trench area

ANOVA shows that the tool, speed and depth of operation and their interactions affect the trench area
significantly (Table 4.4). Figure 4.6 shows that trench area increased with increase in depth and decrease
with increase in speed of operation for both shovels and sweeps. Sweeps resulted in more

trench area than shovels at all depths and speed of operation (Tables 4.5 and 4.6).

4. Conclusion

1)  Spoil furrow width and depth increased with the increase in depth and speed of operation
whereas reverse trend was observed for crescent height which decreased with increase in speed
of operation for both shovels and sweeps.

2)  Spoil area was directly proportional to depth and speed of operation whereas, trench area
decreased with increase in speed of operation for both shovels and sweeps. It was depth of
operation which affected more the spoil and trench area than speed of operation. Sweep 1 gave
highest spoil area (16.0745 x 10-3m2) and trench area (17.45 x 10-3 m2) among all the tools tested.
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Fig 3 Schematic view of profilometer for measurement of sail disruption
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Fig 3.9 Shovels and sweeps used in the experiment
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Fig 4 Geometric parameters used to determine soil profile after tillage
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