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Abstract

Sugarcane plantation is of agricultural tasks susceptible to the occurrence of severe
soil compaction. This is because of intensive use of agricultural machinery throughout the
production process particularly in harvesting and the transport.of sugarcane between fields
and the factories. A tractor-towed trailer can be a useful mean of sugarcane transport even
in moist soil, this is, however, can leads to soil compaction. Subsoiling is therefore a
rudimentary practice to reduce the soil compaction. Conventional subsoilers typically
consist of safety bolts to prevent mechanical damage when subjecting to an excessive load.
However, the safety bolts are often damaged due to obstacles in soil. The objectives of the
present research were therefore to minimize the effects of agricultural machinery on
sugarcane plantation as well as to develop an efficient soil preparation implements. The
study was divided into two sub-projects: (i) a study on the effects of the tractor usage in
sugarcane harvesting on soil compaction, and (i) a develop-rr;ent of an auto-trip subsoiler
using leaf spring.

In the first study, the influences of tractor traffic when towing two types of trailers,
i.e. tandem two-axle and three-axle (one on the front and tandem on the rear) trailers, were
studied. The result showed that soil bulk density after the trailer passage was significantly
increased then slightly "decreased after one week. Measurement of the penetration
resistance across the profile of the furrow indicated that the compaction was greatest in the
middle position of the furrow. Passage of the trailer increased the penetration resistance to
a value greater than 3 MPa while decreased the water infiltration rate. Theses effect of
vehicle passage could reach a depth deeper than 45 cm, and increased as the axle load
increased. Analysis of the soil stress indicated that the soil had subjected not only to the
compression stress but also the shear stress, especially for the tandem two-axle trailer by
which the shear stress beneath the tractor’s rear wheel was obviously greater than that
induced by one pulling the three-axel trailer. Experimentation in a soil bin confirmed that
the soil bulk density, penetration resistance, and the sinkage increased with the number of
passage as well as the drawbar force. The model was applied to predict soil compaction
and found that field soil has a high risk of compaction under the two-axle trailer with
loading capacities of 20 tons for all studied depths. On the other hand, the compaction risk

from the three-axle trailer with the same loading capacity did not appear for all tested

depths.



In the second study, two types of auto-trip subsoiter using leaf spring have been
developed for three-point hitch of a category Ii-tractor. The first type of the subsoiler
consists of three shanks, i.e. one front and two rear shanks arranging into flipped V shape to
reduce draft force. A leaf spring was installed and worked together with force supporting
mechanism in order to resist the force at shank tip. The shank can be lift up to maximum
displacement of 50 cm. The interval between shanks was adjustable between 45-75 cm.

Field experiment has been carried out on a compacted sandy clay loam soil with the
penetration resistance greater than 4.0 MPa, using four types of shanks including 120°C-

shape, straight, inclined, and 155° C-shape. The results demonstrated that 155° C-shape
required the lowest draft force of 32.97 kN and a draft power of 33.20 kW at a speed of 3.6
km/h. The draft force to disturbed soil area was 45.62 kN/m? and the draft power to
disturbed area 45.94 kW/mz. The working capacity was 2.58 rai/h at a fuel consumption rate .
of 5.29 Urai, and the field efficiency of '70.9%. The second type of the subsoiler was similar
to the first type but additionally incorporated with a set of coulters in front of the shanks.
The maximum uplifting displacement was 45 cm, and the shank span could be adjusted

between 60 and 75 cm. Testing in a sandy loam soil with a penetration resistance of 3.0

MPa, using the 155°C-shape shanks showed that the shanks were able to lift and trip over
the obstacle. The performance test indicated the required draft force of 23.04 kN, upward
vertical force of 2.39 kN, and draft power of 20.91 KW. The draft force to disturbed area was
54.02 kN/m? and the draft power to disturbed area was 51.02 kW/m?. The working capacity
was 4.20 rai/h and the fuel consumption was 2.81 Urai. This type of subsoiler provided a
field efficiency of 79.92% at a speed of 3.42 km/h. Engineering economic analysis of the first
type subsoiler at selling price of 120,000 bahts, subsoiler lifetime of 10 years, working
performance of 2.58 rai/h, fuel consumsion of 5.29 Urai, working period of 60 day/year at 8
hour/day, tractor maintenance cost of 6,000 baht/year, the subsoiler maintenance costs of
7430.4 baht/year and subsoiling cost at 450 baht/rai resulted in that fixed cost was 11,295
baht/year and variable cost was 188,648.9 baht/year. Consequently, break-even pomt was

37.9 rai/year and payback period was 20 working days or at 415.9 rai of working areas.
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Abstract

In Thailand, a tractor-towed trailer is commonly used in sugarcane transport in the
plantation area during the harvest. Intensive traffic of these trailers results in soil compaction
which in turn adversely affecting the sugarcane growth in subsequent seasons. The objective
of the present study was to investigate the causal mechanism and behavior of soit
compaction in sugarcane fields subjecting to two types of trailers, i.e. two-axle trailer with
capacities of 20 and 30 Mg and, three-axle trailer with a capacity of 20 Mg. In this research,
both in situ and laboratory experiments have been conducted.

In field experiment, the dry bulk density, penetration resistance, and water infiltration
rate of the soil were observed before and after the passage of the trailer in order to
evaluate the degree of compactness. Dynamic soil stress state was measured using stress
state transducers embedded at depths of 15, 30 and 45 cm. The results showed that the
soil bulk density significantly increased after the passage of the trailer, and then slightly
decreased after one week. Measurement of the penetration resistance across the profile of
the furrow indicated that the compaction was greatest in the middle position of the furrow.
Passage of the trailer increased the penetration resistance to a value greater than 3 MPa
while decreased the water infiltration rate.

Analysis of stress state showed that the vertical stress was generally greater than 100
kPa. The stress inducted by the two-axle trailer propagated deeper than 45 cm and the
stress increased with axle load. The principal stresses Oy, 0, and O3 demonstrated that the
soil under the trailer loading subjected not only to compression but also tension.

Furthermore, analysis of the octahedral stresses O, and 7,, indicated that the soil had

been influenced by shearing action rather than compression for all depths and testing
conditions. The octahedral stress ratio (OSR) suggested that this shearing action increased
with depth. The stres's distribution under the tractor rear wheels was obviously greater when
pulled the two-axle trailer because of weight transfer, differing from when pulling the three-
axle trailer. .

An experiment in a soil bin has been carried out to observe the compaction behavior
of soil as loaded by a pneumatic tire under the draft force of 24525 and 735.25 N. In
addition, a triaxial compression test has been performed to establish a relationship between
the octahedral stresses and the dry bulk density. A pneumatic tire of the same pattern with
that used in the real tractor was tested in the soil bin. A sandy loam soil was prepared at
12% moisture content and pre-compacted to achieve an initial bulk density of 1.4 g/cm3.
The SSTs were placed at depths of 15 and 30 cm. The soil stress state, dry bulk density,
penetration resistance, sinkage, and slip were recorded from the first to tenth tire passage.
The results showed that the dry bulk density, penetration resistance, and the sinkage
increased with the number of passage and draft force. Increase in draft force resulted in an

increase in the principal stresses 0y, 0, and O3, as well as the octahedral stresses O,, and

Xl



T - The major principal stress o, was greatest, indicating the soil in which direction had
been compacted. The o, was more or less constant throughout the period of tire passage.

The 053 was in the opposite direction of the o and o, indicating the direction in which the

soil is subjected to tension. For all test conditions, the 7,, was greater than O,

demonstrated that the soil had been exerted by shearing rather than compression.
A soil compaction model has been developed based on triaxial compression test

according to the orthogonal loading mode. The soil with moisture content of 12% at the
initial bulk densities of 1.2, 1.3 and 1.4 g/cm3 was tested under the initial O, of 300, 400

and 500 kPa until reaching its maximum density of 1.89 g/cm3 as pre-determined by
modified proctor test. A multiple non-linear regression was applied to determine the
coefficients of the compaction model for describing the relationship between the stresses
and the bulk density. The model was applied to predict soil compaction and found that
field soil has a high risk of compaction under the two-axie trailer with loading capacities of
20 tons for all studied depths. On the other hand, the compaction risk from the three-axle

trailer with the same loading capacity did not appear for all tested depths.
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Abstract

The present research on the development of an auto-trip subsoiler using automotive
leaf spring aimed at solving soil compaction problem induced by intensive use of agricultural
machines. Since compacted soil can causes substantial reduction in crop yield, subsoiling
every 3-4 years has’ been therefore of common practice. Subsoiling is a heavy task which
requires high draft force and power, especially in a field that contains underground
obstacles such as stones, tree roots, or stubbles. Conventional subsoilers usually consist of
safety bolts to prevent mechanical damage when the subsoilers encounter excessive load.
The use of such a conventional subsoiler may therefore inconvenient for the operator when
changihg the damaged safety bolt is needed. Some illiterate farmers even replace with a
larger safety bolt or fixing the shank with the frame by welding which might cause severe
damage to the implement. The objective of this study was to develop a subsoiler which is
capable of uplifting when encounter an obstacle and return when the load is released. The

low-cost automotive leaf spring has been used instead of the safety bolt.

In the present study, two types of subsoilers have been developed. The first type of
the subsoiler consists of three shanks, i.e. one front and two rear shanks arranging into
flipped V shape to reduce draft force. A leaf spring was installed and worked together with
force supporting mechanism in order to resist the f;vrce at shank tip. The shank can be lift up
to maximum displacement of 50 cm. The interval between shanks was adjustable between
45-75 cm, and the loading threshold to trigger the shank uplifting can also be adjusted. The
performance test showed that the subsoiler shank was satisfactorily able to lift when
encountered the obstacle. Experiments was carried out in a compacted sandy clay loam soil
with the penetration resistance greater than 4.0 MPa, the moisture content of 11.54%, and
the bulk density of 1.66 ¢/cm3 in average. Four types of shanks including 120° C-shape,
straight, inclined, and 155° C-shape have been tested. The 120° C-s.hape shank required

highest draft force of 45.23 kN, followed by the straight, inclined and 155° C-shape which
required draft force of 41.44, 39.04, and 32.97 kN respectively. The draft force to disturbed

soil area as arranging in decreasing order were 67.13 kN/m? for 120° C-shape, 55.71 kN/m?
for straight, 52.01 kN/m? for inclined, and 45.62 kN/m? for 155° C-shape shanks. The draft

power to disturbed area as arranging in decreasing order were 63.97 kw/m? for 120° C-



shape, 52.14 kW/m? for incline, 51.12 kW/m? for straight, and 45.94 kw/m? for 155°C-shape
shanks. All of the four types provided a working capacity of 2.25-2.58 rai/h, the fuel
consumption of 5.29-6.56 Urai, slip of 12.54-17.28%, soil disturbance per shank of 0.2408-
0.2501 m?, field efficiency of 69.1~72.8%, and the speed of 3.30-3.63 km/h.

The second type of the subsoiler has been developed by adding a set of coulters in
front of the shanks. The maximum uplifting displacement was 45 cm, and the shank span
could be adjusted between 60 and 75 cm. Testing in a sandy loam soil with a penetration

resistance of 3.0 MPa, moisture content of 14.22%, and a bulk density of 1.92 g/cm’ using

the 1 55 °C-shape shanks showed that the shanks were able to lift upon tripping the
obstacle. The performance test indicated the required draft force of 23.04 kN, upward
vertical force of 2.39 kN, and draft power of 20.91 kW. The draft force to disturbed area was
54.02 kN/m? and the draft power to disturbed area was 51.02 kW/m?. The working capacity
was 4.20 rai/h and the fuel consumption was 2.81 Urai. The slip was 7.84% while the soil
disturbance per shank was 0.1358 m?. This type of subsoiler provided a field efficiency of
79.92% at a speed of 3.42 km/h.

Engineering economic analysis of the first type subsoiler at selling price of 120,000
bahts, subsoiler lifetime of 10 years, working performance of 2.58 rai/h, fuel consumsion of
5.29 Urai, working period of 60 day/year at 8 hour/day, tractor maintenance cost of 6,000
baht/year, the subsoiler maintenance costs of 7430.4 baht/year and subsoiling cost at 450
baht/rai resulted in that fixed cost was 11,295 baht/year and variable cost was 188,648.9
baht/year. Consequently, break-even point was 37.9 rai/year and payback period was 20

working days or at 415.9 rai of working areas.



