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ABSTRACT The Federal University of Technology, Akure, Ondo State, Nigeria was
established in 1981. In line with the motto of the University, “Technology for self reliance”
the University had developed indigenous machines and equipment. The University also has a
mandate to accelerate agricultural production and to have impact in the immediate
community and the country at large. A below floor level outdoor soil bin facility for the
evaluation of full-scale tillage and other soil engaging machines is being developed for soil
tillage research at the University. It consist of the soil bin itself, the soil processing unit and
the instrumentation system for the measurement of soil forces and soil disturbance, soil and
machine test equipment and a control unit. The facility will also enhance studies in the areas
of precision farming, design and manufacturing of machines, waste engineering and
compaction studies. The University will also extend knowledge to other establishments via
training, workshops and extension services. The paper therefore presents the construction
details of a below floor level soil bin for the evaluation of full scale tillage implements at the
University. The facility will enhance the generation of data for the design of indigenous soil
engaging implements for local soil conditions.

Keywords: Development, Soil Bin, Soil Tillage Dynamics, Implements, Federal University
of Technology Akure

INTRODUCTION:

The need for development of indigenous machinery for mechanised farming in Nigeria:
The ever increasing population of the inhabitants in Nigeria and consequently, the rise in
food demand, the need to reduce poverty as well as to improve rural livelihoods, income and
food security has made it imperative that agricultural production must increase. The
Millenium Development Goals (MDG) address issues such as the eradication of extreme
poverty and hunger and ensuring environmental sustainability. These goals are laudable and
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imperative. However, they can neither be easily achieved nor sustained given the current
technological and environmental constraints militating against their achievements. To achieve
these goals, it will be necessary to promote the production and uptake of technologies and
policies that will contribute to poverty reduction, improve rural livelihoods and income and
food security and ensuring environmental sustainability. It is also necessary to increase
agricultural productivity through expansion in hectarage and technological interventions
(mechanized agricultural and improved agronomic practices).

It has been stated that much of the defects and failures of agricultural mechanization in
Nigeria may be traced to the near total dependence on imported machinery and equipment,
which are generally unsuitable to the local soil, climate and farming systems due to their
complexity, sophistication and very high cost (Odigboh, 1997).

Many policies of successive governments of Nigeria towards self-sufficiency in food production
including the Accelerated Food Production Programme (AFPP), Operation Feed the Nation (OFN),
Integrated Rural Development (IRD), Green Revolution (GR), Agricultural Development Programme
(ADP), Directorate of Food, Roads and Rural Infrastructure (DIFFRI) and the National Agricultural
Land Development Authority (NALDA) have not succeeded because of many factors (Ogunlowo,
2003). One major factor is the indiscriminate influx of machineries and equipment into the farms
resulting from the implementation of these agricultural policies. There is therefore the need to evolve
our own indigenous technology to address the issue of food security in Nigeria. Many authors have
reported on the need to develop indigenous technology for engineering the various aspects of our
agricultural operations (Ademosun, 1997; Agbetoye, 2003; Ademosun et al., 2003).

Furthermore, because the machines were not designed based on our local soil and climatic
conditions, there results frequent damage, ineffectiveness, difficulty and high cost of
maintenance and obtaining spare parts, and general under-utilization of their capacities. It has
therefore been deduced that for successful mechanization of Nigerian agriculture, innovative
development of indigenous machinery and equipment for performing the various field
operations ranging from primary tillage to harvesting, post-harvest handling, processing and
storage must be performed (ljioma, 2000; Odigboh, 1997; Onwualu, 2001; Ademosun,1997;
Achukwu, 1987; Agbetoye, 2003). This will prevent frequent damage and ensure low cost of
procuring machinery (due to local sourcing of materials. It will also allow for easy training of
operators via extension services. Local investors will therefore be able to commercialize such
machines developed.

The need for a standard soil bin facility at the Federal university of Technology, Akure,
Nigeria: Soil bin investigation of tillage tools is essential for the development and
improvement in the performance of tillage implements. Soil bin systems enable tests to be
performed under controlled or specific soil conditions. In developed countries, soil bins with
adequate instrumentation for force measurements have been developed. Such facilities
include those at Silsoe College, Cranfield University, United Kingdom and the National
Tillage Machinery Laboratory (NTML) at Auburn, USA (Kepner et al., 1978). In Nigeria,
most of the previous works on soil and tillage research have been concentrated on static state
and material properties (Manuwa, 2002) with few research in the area of soil tillage dynamics
(Ademosun, 1990; Oni, 1991; Onwualu and Anazodo, 1989) thereby creating a dearth of
relevant design parameters for indigenous tillage tools and implements for our soils. Works
on soil disturbance mechanism in relation to tropical root crop harvesting have been studied
(Agbetoye et al., 1998 and 2000). Presently, very limited information on the development of
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tillage machinery laboratories for soil dynamics research is available (Ademosun, 1990; Oni,
1991; Onwualu and Anazodo, 1989; Manuwa, 2002).

The Federal University of Technology, Akure, Ondo State, Nigeria was established in 1981.
It has a full fledged Department of Agricultural Engineering (Twenty eight years old), that
offers B.Eng., M.Eng. and Ph.D. degrees. Postgraduate degrees are offered in Agricultural
Power and Machinery among others. Soil tillage dynamics research has been initiated by
Ademosun (1990). He reported the design and operation of a soil tillage dynamics equipment
consisting of a small wooden-box soil bin. It also comprised a mini-track laying tractor (with
hitch) which was pulled by a 1.5 kW 1420 rpm three-phase electric motor, supplied with
variable diameter Vee-pulleys for speed variation. The facility enabled scaled-down models
of tillage tools to be evaluated for performance in terms of draught and soil disturbance. The
facility was utilized by Ademosun and Agbetoye (1995) for evaluating the performance of
digging blades for cocoyam harvesting. Manuwa (2002) increased the dimensions of the soil
bin and also incorporated some soil levelling blades and compaction rollers to enable the
investigation of some tillage parameters using model tillage tools. There is need for a larger
soil bin facility in the University to enable tests using field size equipment, and adequate
instrumentation for the measurement of soil forces. Presently, only the horizontal force
component (draught) can be measured due to inadequacy of instrumentation facility.

A soil bin facility for the evaluation of full-scale tillage and other soil engaging implements
was developed for soil tillage research in the University. It is probably the first of its kind in
Nigeria. It consist of the soil bin itself, the soil processing unit (levelling blade, rollers,
excavator etc), instrumentation system for the measurement of soil forces and soil
disturbance, soil test equipment and a control unit.

Present Status of soil bin facility elsewhere in the world: Existing designs of soil bin range
from large-scale bins of NTML at Auburn, USA where full scale implement testing is carried
out to small automated soil bins similar to that described by Siemen and Weber (1964). These
bins do not meet all the design requirements in that they either require high investment in
specialist machinery or where this is not the case, they do not permit the testing of full size
equipment. The NMTL has nine out-door and two in-door soil bins in which full size wheels,
tracks vehicles and tillage tools may be incorporated. Rails on the walls between soil bins
support the wheels of all soil fitting and test units. Godwin et al. (1980) designed a versatile,
adjustable width soil bin suitable for studying and testing full scale and model agricultural
implements. Early work on the development of single wheel test units was reported by Gill
and Vanden Berg (1967).

A glass-sided soil bin for in-depth investigations based on video recording techniques of the
interactions between soil and simplified tillage tools such as studies of the effect of tillage
tool cutting edge, soil failure process investigations and tillage force modeling under quasi-
static or low speed conditions has been reported (Burge, 1998a). Similarly, a continuous 2 m
wide outdoor soil bin or tillage test track has been reported (Burge, 1998b). The 250 m long
track comprises two 50 m long straights joined by 50 m diameter curves. Two trolleys on
rails are pulled by a 80 kW self steering tractor at speeds of up to 12 km/h. The first trolley
fully reworks the soil, which is then levelled by a grader blade followed by one or two 3 tone
roller(s) for soil re-compaction to high densities. The second trolley is used to record the
force performance of the tillage tools being evaluated. Soil moisture content is maintained
against evaporation by regular addition of water. A fully instrumented soil bin facility with
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semi-automatic controlled hydro-static drive carriage is also being used in the Agricultural
and Agquatic Systems Engineering Laboratories of the Asian Institute of Technology,
Thailand.

Measurement of soil forces and soil displacements is an important aspect of soil dynamics
research. Tillage forces are measured by elastic force-to-deflection transducers (e.g.
extension force transducers, spring-type dynamometers and ring type transducers), bonded
strain guage transducers and hydraulic transducers). A dynamometer is an instrument for
determining power, usually by the independent measurement of forces, time and the distance
through which the force is moved. If the prime mover is replaced by a dynamometer, and the
weight of the tool is appropriately considered, soil forces on a tillage tool can be measured. A
dynamometer must not only be able to measure the forces between itself and a tool, it must
also be able to hold the tool in position so that the tools depth, width and orientation do not
change during operation.

One of the early recording tillage tool dynamometers was developed at Rothamstead
Experimental Station in England. Most of the early dynamometers were hydraulic units, but
many of these have been replaced by units employing electric resistance strain gauges. With
the advancement of technology, strain guage force transducers have been developed and now
are being used extensively by several agricultural experiment stations (Baloch et al., 1986).
When one particular component or portion of a tool is being studied, it is often desirable to
isolate the component and measure only the forces acting upon it (Kepner et al., 1978). A
direct-connected strain guage on a vertical shaft supported by two ball bearings in such a way
that the gauges sense only the draft components of the pull is also available.

One of the most common methods used to measure specific forces on tools is the Extended
Octagonal Ring Transducer proposed by Godwin (1975). This transducer allows for the
measurement of forces in two directions and the moment in the plane of these forces. Godwin
and Spoor ((1977) used the extended octagonal ring transducer to measure forces applied to
narrow tines in the soil bin. Owen et al. (1989) also proposed a wide variety of
instrumentation systems using the extended octagonal ring transducer for the measurement of
forces on various tillage tools and even on specific parts of tools. Owen el al. (1987) also
used the octagonal ring transducer to measure horizontal force, vertical force and the moment
about the plane of these two forces on one tine. The displacement of the soil during tillage
study is often determined in the vertical direction using Linear Variable displacement
Transducers LVDT). The angular displacements are determined by variable transformer type
inclinometers.

MATERIALS AND METHODS

Design Concept and Considerations: The plan of the researchers was to develop a multi-
bin system similar to what is obtained at the National Soil Dynamics Laboratory at Alabama,
USA. Six soil bins were proposed, supported by a soil laboratory, offices, car park, and
security post and instrumentation/control room. Therefore, a two hectare piece of land was
acquired from the Federal University of Technology, Akure, Nigeria. The research was
approved for funding by the University Research Grants Committee on 3 March 2006 up to
the tune of One million, five hundred and ninety-six thousand Naira (N1,569,000). The
project obviously could not be completed with the amount of money that the University
approved. Therefore, additional source of funding was sought to organisations such as the
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Education Trust Fund of the Federal Government of Nigeria in 2006 (for the establishment of
Centre of excellence). We did not succeed in this, but luckily the World Bank through the
Science and Technology Education Post-Basic (STEPB) Project of the Federal Ministry of
Science and Technology awarded the University about US$475,000 for the “Design and
Evaluation of Machine Systems for Industrial Production of Tractors and Mechanisation of
Agriculture” in 2009. Through this project, more funds were available for the development of
the soil bin facility.

;i

Figure 1: Existing indoor soil bin in the department of Agricultural Engineering, FUTA.

It was also desirable to be able to evaluate the performance of full-scale implements in the
soil bin, using indigenous soils that are predominant in the locality. It was also expected that
design data especially for the development of soil engaging implements specifically for use in
Nigeria would be generated from the facility.

Components of the soil bin facility: The soil bin facility includes the following;
I. The soil bin including the railings
ii. The Implement carriage sub-system
iii. The tool carriage sub-system
iv. Compaction roller
V. Spiked roller
Vi. Instrumentation system

The soil Bin: Two soil bins have so far been constructed. The first one which was constructed
more or less by manual method has a total length of 25 m, width of 1.5 m and depth of 1.2 m.
The bin has both base and top slabs of thickness 120mm. Its walls are adequately supported
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by reinforced concrete columns (Figure 2a). The second soil bin has a total length of 48 m, a
width of 1.5 m and depth of 1.2 m (Figure 2b). The construction was facilitated by utilising
an excavator procured from the STEP-B project fund. The walls were made of concrete
blocks, with the inner walls supported by steel panel of 8 mm thickness. This was done in
order to improve the surface finish from the one that was manually constructed. Both soil
bins are equipped with steel railings of size 150 mm x 150 mm x 10 mm, on which mounted
implements could traverse up and down the soil bin.

a. Soil bin constructed by manual excavation b. Soil bin Constructed by using excavator
(before installation of railings)

Figure 2: The completed soil bins

The Implement Carriage Sub-system: The implement carriage sub-system was fabricated
from Rectangular Hollow Section Steel (RHS) of size 100 mm x 100 mm, and it has four
wheels (Figure 3). The wheels were spaced in such a way that they allow the movement of
the mounted implements on the soil bin carriage at uniform depth without deviating from the
direction of motion. It was designed to carry other soil bin equipment such as the compaction
roller, spiked roller or any other soil engaging implement being investigated in the soil bin.

The Tool Carriage System: The tool carriage system was also fabricated from RHS tubular
frame of sane dimensions as the implement carriage (Figure 4). It was fitted to the implement
carriage sub-system for the purpose of attachment of any soil engaging implement. It is
detachable from the implement carriage subsystem. The tool carriage has a rake angle
adjuster for varying the rake angle during experiments. It also has a tool bar made of 50 mm
x 50 mm solid bar on which any tine or blade could be mounted.

Compaction Roller: The compaction roller has a diameter of 700 mm and width of 1200 mm
(Figure 4). It contains ballast in order to increase the weight appreciably. The compaction
roller was designed to be coupled to the implement carriage sub-system. The function is to
compact the soil in the bin in layers during field tests.

Spiked Roller: The spiked roller has the same dimensions as the compaction roller (Figure 5).
It has spikes of length 20 mm and diameter 20 mm. The function of the spiked roller is to
puncture the soil during experimentation for the purpose of maintaining the soil structure
after sprinkling water on the soil.
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Figure 4: Compaction roller Figure 5: Spiked roller

Instrumentation System: The instrumentation system being developed for the soil bin is such
that soil forces in three orthogonal directions will be measured. Load cells of different
capacities (both tensile and compressive) have being acquired for the research. The load cells
will be installed in designated places on the implement carriage and tool carriage systems as
well as on the different soil engaging tools in order to sense deflections due to the soil
engaging tool. Other accessories that have been procured as part of the instrumentation
system are strain guage amplifiers, data loggers and laptop computers. Soil profile meter and
planimeter have also been acquired for the purpose of evaluation of soil disturbance by the
various soil engaging tools.

ON-GOING ACTIVITIES: The next stage of the research includes the following activities:

e Loading of soil of known physical and mechanical characteristics into the constructed
soil bins. The soil textural classification, angle of shearing resistance, cohesion etc are
some of the characteristics of the soil to be determined.

e Installation and calibration of the instrumentation system for measurement of soil
forces and soil disturbance
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e Construction of the control room and soil test laboratory (specifically for the soil bin
facility)

e Installation of the soil bin processing units on the prime mover (tractor).

CONCLUSION: A below-floor level outdoor soil bin facility for the evaluation of full-scale
soil engaging implements has been developed for use at the Federal University of
Technology, Akure, Nigeria. Two out of the six bins have been constructed. Furthermore,
necessary machines to enable the utilization of the facility including implement carriage sub-
system, tool carriage subsystem, compaction roller, spiked roller and some instrumentation
devices have been developed. The different components of the soil bin facility are being
integrated together for its proper functioning. The facility is already being used for the
training of both undergraduate and postgraduate students.
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