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ABSTRACT

This research work involves the development of an Animal waste collector
affordable to the peasant farmers.

The material chosen for investigation is the cowdung, which can bc
composed into manure. Cowdung is readily available at Abattoirs and Fulani
settlements.

The engineering properties of cowdung which included bulk density.
angle of repose. co-efficient of friction and specific volume were used as design
parameters for selection of different components that makes up the machine.

Results obtained included angle of repose (43"), co-efficient of friction
0.93. Bulk density 801.9 kg/m’, specific volume of 0.001246m’/kg.

The machine was tested and the following results were obtained. work
rate 9.6 tons/ha, field capacity 0.275 ha/hr, efficiency of collection as 84.5%.

The total length of the machine is 216cm, total height 110cm, transport
width 214cm and working width of 66cm. The machine is operated from the

tractor PTO drive of 540rpm and at a tractor speed of 1.505m/sec.
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CHAPTER ONE
INTRODUCTION

Organic matter is by far the most important soil component. The content of
organic matter, including humus, in arable layer of different soils varies widely.
The organic portion of the soil represents a complex combination of various
organic substances that can be divided into two groups namely: -

1) non humified organic substances of plants or animal origin.

2)  Organic substances of a specific nature: humus or mull.

Organic matter is a major source of nutrients for plants. It contents almost
all of soil nitrogen, a sizeable portion of phosphorus and sulphur, and small
amounts of potassium, calcium, magnesium, and other nutrients.

Under constant cultivation, Nigerian soils are losing organic matter faster
than it can be replaced. The total amounts on nutrients in the soil and the content
of their available forms as well as the rate of nutrient transformation from the
un-available to available state and vice-versa are the major factors of
determining the nutrition, condition of plants and their requirement of fertilizers.

Organic and inorganic fertilizers enrich the soil with nitrogen and ash
elements and also considerably intensify the mineralisation processes in it.
Introduced with organic fertilizers are organic substances stimulating the
activity of micro-organisms plus a highly diverse microflora (e.g. with manurc)
speeding up decomposition of the organic matter in the soil.

With the rapidly increasing cost of chemical fertilizers in Nigeria and new
federal, state environmental laws has focused renewed interest in the old
practice of adding animal manures to cultivated land. Given their low cost.
simplicity of use and multiple soil benefits, the use of organics should bc
strongly encouraged especially for limited resources farmers. However. with

current state of suitable organic technologies, there are many third world areas



where it is still not possible to become totally reliant on organic fertilizers for all
crops.

Waste disposal from cattle barns is among the most tiresome of drudgeries in
any dairy operations. It is unthinkable even to consider using human labour for
the handling of wastes from modern large cattle feedlots.

This is the reason, developing countries like Nigeria abandon the use of’
animal manure which 1s laying waste in many abattoirs in the major cities and
Fulani settlements.

The selection of systems for the collection, storage and transport of cattlc
wastes is affected by the type of housing and by the concentration of animals.
The concentration of animals determines the quantities of wastes which in turn
determine the size and type of equipment to be used. The type of housing system
determines if solid (mixture of excrements and bedding) or slurry handling
equipment will be used.

The basic waste handling methods can be divided into stationary and
mobile systems. Mobile systems have the advantage of servicing several barns
and also of being used for other tasks while the stationary systems havc
advantages such as requiring little time to start, less maintenance and offering
good possibility of automation and programming.

Local manure handling and application machinery must be developed in
Nigeria. It is an effort to bridge this gap that the design and construction of a

simple animal waste collector is being embarked upon.

1.1 Objective Of The Project

The following objectives are expected to be achieved with the design of the

animal waste collector: -

a)  To design a simple and affordable animal waste collector



b)  To construct the machine using, locally available materials

¢)  To test the performance of the machine

1.2 Justification Of The Project

The rising need to be environmentally friendly and the increasing cost ol
chemical fertilizer has made it increasingly paramount to source for alternatives
tobinorganic fertilizers.

To justify, therefore, the development of a simple animal waste collector it
should: -

a)  Be easily affordable to peasant farmers

b)  Reduce labour requirements involved in animal waste collection

C) Improve the sanitary conditions of our dairy farms and manure

dumping sites such as abattoirs, Fulani settlements, cattle grazing

ranches etc



2.0

2.1

CHAPTER TWO

LITERATURE REVIEW

Animal Manure

Organic manure is a well known source of supply of hums, playing an
important part in the fertilization of the soil and in erosion control. Ther¢
are four kinds: - green manure, compost, farmyard manure and slurry.

Farmyard manure is a bulky substance produced by animals and
mixed with straw or other materials, the moisture content varies between
70 to 80%. Farmyard manure is very sensitive to climatic conditions and
it may be possible that one third of nitrogen content is lost in 4 or 5 days
after the manure has been spread on the field. Therefore, tillage has to bc
carried out within a short time after spreading.

The rapidly increasing cost of chemical fertilizer and new federal
and state environmental laws have focused renewed interest in thc
centuries-old practice of adding animal manures to cultivated land. The
most pragmatic means of disposing the massive quantity of manure is by
additions to the soil, where its nutritive value can be utilized by growing
plants. Cattle manure (dry basis) average 3 percent N, 0.8 percent P (1.8
percent Pg), 2 percent K (2.4 percent K,0), 25 percent organic carbon.
plus varying amounts of other elements essential for plant growth.
Although they contain a low percentage of nutrients, manures when added
to soils in large quantities of many tons per hectare; supply considerablc
quantities of controlled release nitrogen. phosphorous and sulfur plus
some chelates and micro nutrients. If widely used, manures are good

source of fertilizer. (USDA, 1978)



2.2

2.3

Composition Of Animal Manures
Variations in composition of animal manures are the result of differences
among kinds of animals and the kinds and amounts of feeds thes
consume. In comparison with chemical fertilizers, all manures suppl
relatively small quantities of plant nutrients per unit of dry weight. Onc
comparison not usually made is the content of micronutrients in manures.
which is usually higher in manures than in chemical fertilizers to which
micro nutrient fertilizers have not been intentionally added.
Manufactured fertilizers have a high salt content (some are 100
percent soluble salt), as do manures (from 6 to 15 percent total solublc
salt in dairy cattle manure). Salt (sodium chloride) is fed to most classes
of livestock to increase appetite and to reduce kidney stones, much of it is

voided in the manure.

Types And Physico-Mechanical Properties Of Organic

Fertilizers.

Bosoi et al (1988) stated that manure density (ph) and its specific volume
(Vh) depend on the degree of its decomposition and moisture and arc

characterized by the following data: -

Manure:  Fresh phT/m’ Vh m*/T
Loose 03 -04 2.5-33
Compact 0.5-0.7 1.4-2.0
Semi-decomposed 0.7 — 0.8 12-1.4
Humus 0.8 1.3



2.4

2.5

On an average, the co-efficient of friction of manure with steel, wood. and
rubber 1s 0.9 — 1.0. Depending on the degree of manure decomposition.
the angle of friction (repose) varies from 50° — 38°.

Peat is used for bedding under cattle, for preparation of peat
organic and mineral composts or directly as manure. The quantity of peat
depends on its degree of decomposition; for top peat it varies between 2¢)
and 40%. Peat density depends on its composition, degree of
decomposition and moisture. Thus, density of top peat at a moisture of 40
— 86% varies between 0.30 and 0.98 kg/m’ while the density of lowland

peat at the same moisture is 0.27 — 1.02 kg/m’.

Application Of Organic Manure

A good way to apply manure is to spread it evenly over the bed and work
it thoroughly into the topsoil before planting or transplanting. Fresh
manure should ideally be applied 1 — 2 weeks in advance of planting or
transplanting and thoroughly mixed with the topsoil to avoid the
possibility of plant injury. Fresh or composted manure applied at 6 — 12
litres/sq metre per crop planting should provide enough nutrients for good
vields. This rate also supplies enough organic matter to achieve at least

some improvement in soil physical condition. Meck et al (1974)

Environmentally Safe Applications

For centuries, manures have been applied purposely to soil to aid plant
growth. The complications of modern developed civilizations arc
resulting in applications of manure to soil for a different reason just to get
at rid of it. The question that needs to be answered is: how much can bc
applied to various soils without causing damage to plants growing in thesc
soils. either from reduced yields or from toxic concentrations of various

substances, most notably nitrates, salts and boron? Even if plants are not



2.6

grown on soils that is used for manure or sewage sludge disposal. how
much of the manures can microbes in the soil decompose, without large
amounts of nutrients and salts leading into groundwater or surface water:

In spite of these potential hazards, relatively few cases of pollution
occur. All the nitrogen in all manures is estimated to be only 2 percent of
all current total nitrogen fertilizers used. Even if all sewage is included the
total nitrogen is only about 4 percent of the amounts applied as
manufactured fertilizer nutrients.

For greatest environmental integrity, manure should be spread dailv
on unfrozen or nearly flat land. Since this is frequently impossiblec.
storage in lagoons (ponds) is common. The pond may become anaerobic
when not artificially stirred but aeration reduces odour, hastens

decomposition and reduces pathogens. Sutton (1974)

Importance Of Organic Manure

All the systems of organic manuring serve to put the soil in better shape
for growth. The organic matter acts as a stabilizer of yield, protecting the
plant against violent fluctuations of moisture content, structure or tilth.
some degree against the effects of overdoses of inorganic fertilizers or
changes in soil reaction. Dung is far from being a standard product, its
composition varies widely according to the foods fed and management
adopted. in fact any of the main constituents can vary in a ratio as wide as
1 : 2. under these circumstances average analytical figures are little more
than a general guide. This raises the question of the effect of a dressing of
farmyard manure on the returns to be expected from chemical fertilizers.
It would be expected that farmyard manure would reduce the need for

chemical fertilizers and this is certainly so in respect of potash; for dung is



an excellent source of this constituent and it also probably holds true for
phosphate.

According to Messimen (1992), there can be problems with over
intensive use of artificial fertilizers. For example, on an intensive vegetal
gardens growing a small range of plants, the use of only artificial
fertilizers can result in soil sickness. This can result in the plant roots
becoming less and less effective, as the fertilizer is increased in amounts.

The reasons for soil sickness are: -

a) Biological; with necroses and root galls being caused by fungi.
nematodes, primary parasites and parasites which are usually
unimportant but which become damaging due to their accumulation
and the absence of organisms to compete and control them.

b) Rapid disappearance of organic matter, which the high rates ol
artificial fertilizers have helped to rapidly decompose.

¢) Specific phenomena in certain soil types. Examples include excess
acidification of ferrallitic soils caused by ammonium sulphates and
low availability of phosphates in vertisols in which even solublc

superphosphate are blocked by calcium ions.

Mechanisation Of Manure Handling

COLLECTION: Culpin (1975) stated that, until 1945 both mechanical
loaders and spreaders were regarded as something of a luxury. Today.
with moderately priced equipment available to increase a man’s output
about twenty fold while eliminating all the hard manual work, moving
manure by hand fork should be regarded as a misuse of labour and
unnecessary even on small farms. It does not follow. of course, that every

small farmer can justify having his own loader and spreader.



Though there are other methods, such as use of a dozer blade on a
tractor, the equipment now most widely used for handling farmyard
manure is a hydraulic loader and a trailer type self emptying spreader.
There are, however, many variations in types and capacities and there arc
circumstances where a hydraulic grab or rear loader rather than a front
loader is chosen. Advantages of the more expensive hydraulic grab
include less wear on the tractor clutch, gearbox and tyres and less cutting
up of the ground surface.

Machines for the application of organic and organo-mineral
fertilizers produced are intended for transportation and continous
spreading for manure, peat, compost and other organic fertilizers.

Bosoi et al (1988) stated that the main types of spreaders arc
bunkers with a spreading device for fertilizers on the field. The hitch
spreader main mechanisms consists of two spiral feed drums mounted on
the body back rim, the transporter located on the body bottom with a
reduction unit, a crank-and-connecting rod assembly together with a
ratchet wheel gear.

The machine is driven from the power take off shaft through a cardon
shaft and reduction unit. The lower spiral feed drum is put into a rotary
motion by the reduction unit of the left shaft through a chain drive. The
upper drum receives rotary motion from the lower drum shaft through a
chain drive on the right side of the machine. Rotary motion 1s transmitted
to the shaft of the transporter from the reduction unit right shaft through
the crank and connecting rod assembly and the ratchet wheel gear. The
speed of the transporter is determined on the basis of the fertilizer fed per

second. The mass (kg) of fertilizer thrown on the field per second is:



q = Uy Hly
where U, = speed of the transporter m/s

= fertilizer layer height m

.
il

length of spiral feed drum m

= volume mass of fertilizer kg/m’

Vopyan (1982) stated that manure handling in developed countries is
mechanized and in some instances automated in order to minimize human
labour and drudgery. The basic waste handling methods can be divided
into stationary and mobile systems. The most widespread stationar
equipment for straw manure is the circulating endless chain cleaner
equipped with paddles. Principally, it is a chain conveyor placed in the
center or shallow concrete gutters, running the full length of the gutter

behind the cattle stalls.

STATIONARY SOLID HANDLING SYSTEMS.

The most widespread stationary equipment for straw manure is the
circulating endless chain cleaner equipped with paddles. Principally. it is
a chain conveyor placed in the center of shallow concrete gutters, running
the full length of the gutter, behind the cattle stalls. In one or two opposite
corners there are gears with electric motors driving the chain. In the
remaining corners or deflection points the chains are led by pulleys. At
least one of them is sliding ad facilitates the tightening ot the chains. The
fall-through aperture is usually is usually situated in the corner near the
drive unit. Manure falls through the aperture on to a conveyor or stacker
which conveys the manure out of the building. The power requirements ol
such gutter cleaners are about 3h.p with a capacity of 3tons/ha. Velebil

(1982)



The chain and padde cleaner is supplemented with a conveyor for
loading manure on trailers or for stacking manure in layers on the
tarmsted manure heap. In large barns with minimal bedding, bars with

flaps may be used to move manure out.

2.7.3 STATIONARY SLURRY HANDLING EQUIPMENT

The use of reciprocating barn cleaners to remove slurry from beneath
slotted floors results in excessive corrosion and frequent malfunctioning.
The so called towed cleaners are preferred. They consist of pushing bars
or cables with hinged flaps on one or both sides. When in operation the
flaps of the cleaner lean against the walls of the gutter, pushing the
manure out.

The design of the pushing bar with flaps is simple and otfers high
operational reliability. Pushing bars with flaps have been founds
satisfactory for gutters up to Im in width. Improvements are being madc
which would permit the use of such cleaners in 3m wide gutters.

Pushing bars with flaps have been used in gutters under the slatted
floors; economic advantages are proved when using them as surface units

on dunging areas.

2.7.4 HYDRO MECHANICAL WASTE REMOVAL

Velebil (1982) stated that the first practical hydro mechanical systems of
slurry removal have been the flushing systems. The excrements are helped
up in the gutter for upto 3 days and are then flushed either by clean watcr
or by recycling the supernatant from a sedimentation tank following the
tflushing operation.

All flushing systems require initial discharge of the head of the
gutter of sufficient quantities of water to ensure an average velocity of at

least 1m/sec in the channel. This is the minimum botton velocity

11



necessary to scour manure solids on the floor. However, the flow in the
channel should also be of sufficient depth, preferably 5 — 8 cm, so that the
flow has the capacity to carry with it the waste load. A bottom velocity of
Im/sec is capable of moving gravel 30mm in diameter.

Flushing frequency is determined by the type of operation and by
what is necessary to prevent high odour levels in the building. Flushing
devices used in cattle operations are dosing siphons, tipping buckets or

trap door tanks.

2.7.5 TRANSPORT OF WASTES

The method of transporting feedlot wastes from their point of generation
or storage to disposal sites or to treatment units is determined by the
solids content of the wastes. Generally, solid methods of transport arc

used for wastes with solid exceeding 20 percent.

a)  Solid Waste Transport
The most common method of handling solid dairy manurc
containing straw is with the conventional type manure spreader.
The usual capacity of large conventional spreaders is 10 — 15 m’ or
about 20 tons. They are either tractor drawn or mounted to lorries.

Spreader mechanisms include paddles, flails and augers.

b) Liquid Manure Transport
Dairy manure usually contains sufficient quantities of fibrous
materials which must be chopped before pumping in order to avoid
pump clogging. Manure pumps are usually equipped with chopper
attachments yet can maintain a pumping rate of 4 — 10 m’/min
when total dynamic head does not exceed 5 — 6m and manurc

slurries contain less than 20 percent total solids. These pumps arc

12



2.8

also equipped with a movable agitation pipe which can be swiveled
in any desired direction so as to agitate the tank contents. The typc
of pumps used are mainly PTO driven submerged centrifugal
pumps. Piston, helical rotor, and diaphragm pumps can also be used

provided the solid contents are chopped or the solid contents is low.

Tank wagons for the transport of cattle slurries may vary in size from 2m’
to 40m’. the latter are used in beef cattle feedlots of 10,000 cattle and
more capacity for dairy cattle operations, the size is in the range of 4 — 10
m’. although vacuum — type wagons have been used for cattle wastes, the
most commonly used tank wagons are pump loaded and gravity
unloading. Some tank wagons operate agitating during transport for

uniform field operation.

Soil Fertility

The total amount of nutrients in the soil and the content of their available
forms as well as the rate of nutrient transformation from the unavailablc
to available state and vice-versa are the major factors determining the
nutrition conditions of plants and their requirements for fertilizers. Oncce
applied, fertilizers undergo diverse transformations in the soil with the
result that the solubility of the nutrients they contain changes along with
their mobility in the soil and availability to plants. Vopyan (1982)
Organic matter is a major source of nutrients for plants. It contains
almost all of soil nitrogen in a sizeable portion and phosphorus, sulphur.
small amounts of potassium, calcium, magnesium and other nutrients.
Organic substances are involved in adsorption processes, improving soil
structure, its moisture capacity, water and air permeability and thermal

regime.



2.9

Early agriculturalists and present ‘organic farmers’ regard thc
return of organic matter to soil as a basis of permanent soil fertility.
Conventional farmers also consider the use of organic residues as wisc
management. Both groups recognize the enhancement of soil as growth
medium when increased organic levels are maintained by regular
moderate additions of crop residues and other suitable organic materials.
Organic farmers emphasize the value of ‘natural’ and ‘organic’ materials
and warn against the use of systhetics or chemicals produced by modern
science. Oclhof, (1978)

Urea can be made commercially but the same urea exists naturally
in animal excreta and is recommended for use. The urea from either
source will be changed by the soil enzyme urease to NH4+ and can then be
absorbed by plants. In either case, the organic nitrogen form excreta or the
chemical nitrogen both end up as inorganic NH4+ before the plants absorb
them.

Perhaps the major advantages of soil organic matter as a nutrient
source are its conservation of nutrients against leaching losses and its
continual release of nutrients. Because only small portions of organic
matter decompose in a few days, heavy rainfall or irrigation is able to
leach small amounts of solubilized nutrients.

Possible Advantages Of Organic Fertilizers
d) Organic like compost and manure are generally free or very low
cost for most farmers.
¢) Organic fertilizers take relatively little skill to use properly
) Plant or animal derived organics like manure not only supply plant
nutrients but also organic matter which improves soil physical

condition, stimulates beneficial soil micro-organisms.



g) Much of the nitrogen and phosphorous in organics is in a slow-
release, organic form. This is a plus for nitrogen which is
susceptible to leaching when supplied by chemical fertilizers.

h) The phosphorous in organic fertilizers is less prone to soil tie-up
than that from chemical fertilizers, 'making it more available to
plants.

Possible disadvantages of organic fertilizers include most plant derived
organics like compost and manures are low-strength fertilizers; this means
very large amounts must be applied to supply enough nutrients for crop
growth and to add enough humus to benefit soil physical condition.

The exact nutrient content of most organic like compost or manure
varies a lot and also takes a good deal of labour to apply most organics or
to make compost because of the large amounts needed. Leonard (1986)

Overuse of chemical nitrogen fertilizer over the years have been
linked to nitrate contamination of rivers, lakes and wells due to leaching
and runoff of the excess nitrogen. Excessive nitrate levels in leal
vegetables like spinach, tomatoes are converted to nitrites which are toxic
in themselves but can also further be changed into nitrosamines which arc
strongly linked to stomach cancer. Compost and well rotted manurc

release their nitrogen slowly enough to avoid this problem.

Leonard (1986) stated that analysis has shown that overly high rates of
chemical nitrogen fertilizers markedly lower the vitamin C content ol
leafy vegetables like lettuce and Chinese cabbage. Heavy applications ot
compost and well-rotted manure don’t have this effect because the)
release nitrogen slowly.

Given their low cost, simplicity of use and multiple soil benefits.
the use of organic manure should be strongly encouraged especially for

limited resource farmers. However, since many small farmers are not



likely to have enough organic fertilizer to cover all their land, they arc
better off using what is available on their smaller plots which are usually
used for vegetables. This will enable them to apply a high enough rate 1o
supply a beneficial amount of nutrients and organic matter. If enough is
available, 1t can also be applied to the larger fields which are typically
devoted to staple cereals and pulses such as maize, sorghum and cowpeas.

Messimen (1992) revealed that there are protestations from
ecologists over the heavy dosage of chemical fertilizers:

a)  Nitrate pollution of the ground water

b)  Wastage of energy for industrial nitrogen fixation
c)  The solubilisation of phosphates

d)  Purifying of potassium salts.

The intensive use of chemical pesticides may appear even morc
disturbing than that of artificial fertilizers. The most important danger is
in the eftects that they have on the organisms or biological processes that
are not their main target.

Various soils differ in composition of the inorganic portion, content
and composition of the organic matter. Therefore, the content of basic

nutrients in various soils differ too.

The total content of nitrogen in soils is in direct proportion to the
amount of humus; there 1s also more phosphorous in soils if they are rich
in organic matter, while the potassium content is determined primarily by
the texture of the inorganic portion of the soil. In most soils, the overall
content of nitrogen, phosphorous and potassium is rather high, tens and
hundreds of times exceeding the amount of these nutrients removed by «
crop. However, the major part of nutrients is present in the soil in the
form of compounds completely or almost unavailable to plants. Nitrogen

is present mainly in the form of complex organic compounds (humus
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substances. proteins etc.) most of phosphorous forms part of difticulty
soluble inorganic compounds and organic substances and most of
potassium is found in insoluble aluminosilicates.

The overall content of nutrients in the soil merely characterizes its
potential fertility. To evaluate the effective fertility, that is the actual
capacity of the soil to ensure high yields of farm crops, it is extremels
important to take into account the content of available nutrients. Plants
can take up the nutrients that are present in the soil in the form ol
compounds soluble in water and weak acids as well as in the
exchangeable state. The mobilization of nutrients in various soils
proceeds at different rates, depending on their nature, climatic conditions.
soil properties and the agrotechnical level. If no fertilizers are applied, the
soil often lacks the available forms of nutrients, necessary for high yields.
that emerge in it during the vegetation period. Therefore, to enhance the
effective fertility of soils and crop yields, application of organic and
inorganic fertilizers is of paramount importance.

The content of available forms of nutrients as a function of type of
soil, its cultural state and other factors, may differ not only from one farm
to another, but also from field to field at the same farm. This is why agro
chemical soil analysis carried out to determine the content of mobilc
forms of nitrogen, phosphorous and potassium in combination with field

tests are extremely important for correct application of fertilizers.
2.10 Engineering Properties Of Manure

The following properties of manure were considered as they are necessar)

for the design of the manure collector.
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b)

d)

Angle of repose

Mohsenin (1978) defined angle of repose as the angle with the
horizontal at which granular material piled. This angle is influenced
by size. shape, moisture content and orientation of particles.

Bosoi et al (1988) stated that the angle of repose for manure ranges
between 38° to 50° depending on the degree of decomposition.
Co-efficient of friction.

Co-efficient of friction of a material as given by Mohsenin (1978)
is equal to the tangent of the angle of repose and according to Bosoi
et al (1988) the co-efficient of friction of manure ranges from

0.9 to 1.0.

Bulk density.

Bulk density of a material is the total weight of that material
including the weight of air per unit volume (Sidney 1963).

The bulk density of manure ranges between 0.0013kg/m’ to
800kg/m3 depending on the moisture content. (Bosoi et al. 1988)
Moisture content.

The moisture content of a material is defined as the ratio of the
weight of water to the weight of the dry solid in the same volumc

expressed in percentage basis (Sidney. 1963).

To obtain the angle of repose for steel, Mohsenin (1978) method

was adopted.

Materials: Manure sample, tilting table, steel plate protractor,
compass.

Method: A sample of the material (manure) was placed in a
heap on a tilting table of a steel plate. This table was

then tilted until the material starts to glide. the angle ol



b)

tilt is then measured. This process is then repeated to

obtain a number of readings.

Result:

Average angle of repose obtained = 43°

Co-efficient of friction is given as the tangent of the angle of reposc

of the material. For this material (manure) the angle of repose () is

43°.

Co-efticient of friction (pH)

tan 43
0.93

Angle of repose = 43° and co-efficient of friction = 0.93 both of

these results are within the range recommended.

Bulk density: Using a platform scale method the bulk density of the

material (manure) was determined as presented by Mohsenin

(1978)
Bulk densitypn, W/V where w = weight
V = volume
Readings recorded shows that
Bulk density (PH) 0.5046
6.292x 10

pH =

Specific volume Vy =

Moisture content (MC%)=

Weight of sample (moist)
Weight of oven dry sample
Weight of water removed

- MC%

801.970kg/m’.

6.292 x 10"
0.5046

= 0.001246m’/kg

welght of water x 100%

Weight of dry sample

= 0.500kg
= 0360kg
0.140kg

Ww x 100
Ws
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= 0.140 x 100 = 38%.
0.360

2.11 Animal Waste Collector

A variety of machines are available for both the loading of manurc
and the spreading of it. Generally, loading is carried out by the use of a
fore-end loader which is hydraulically operated, but other methods of
loading can be used. For example, engine-driven elevators used in
conjunction with a mechanically moved fork, and there is also a rear
mounted hydraulically operated loader. In most modern farms. the
collection of animal waste (especially from dairy farms) has been fully
automated using chains and slats to scrap these waste. Shippen et al
(1973).

In developing countries, such as Nigeria there is a gap between the
tvpe of housing used for our animals and the technology of manurc
collection; the idea to develop the animal waste collector is to fill this gap.
From Appendix A, there is a good distribution of animals in Nigeria that

makes the development of this machine a worthwhile undertaking.
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3.0

3.1

3.2

CHAPTER THREE
Y
METHODOLOGY

Design Consideration.

The main factor that was considered in the adoption of the present

concept is the properties of manure. It was revealed that manure could

best be handled when the decomposing process must have commenced.

Under this condition, the manure can easily flow under gravity. The

following points were kept in mind while designing the machine:

a)  The machine should match the power available to the farmer.

b) It should be simple to operate and maintain even by the farmers
who do not have formal education.

c) [t should be meant for farmers who finds it difficult to meet the cost
of chemical nitrogenous fertilizer.

d) It should be able to reduce the labour requirement and drudger

involved in traditional method of manure collection.

Material Selection
The strength and durability of farm equipment or machines depend
largely upon the kind and quality of materials used in building it.
According to Bosoi et al (1988) the choice of materials for u
machine determines its reliability which is the property of a machine to
fulfill the given function, preserving its operation indices within given
limits during the required time interval.
Basic engineering design considerations such as power
requirements, sweeper speed, machine capacity, the physical and
engineering properties of manure were combined with the cost of the

machine to achieve the desired objective of the development.
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3.3

T;le animal waste collector has the following components such as power
transmission unit, a sweeping unit, a conveying unit, a hopper a towing
bar and transport wheels.

The materials selected for the construction of the machine are mild

steel, rubber, cast iron and fibre brush.

Bevel Gear Selection
Bevel gears are the most common means of transmitting power and
motion between intersecting shafts.

In solving any gear design problem, the usual practice is to make «
rough preliminary draft design before proceeding to finalise the design
data consisting of the finer aspects of the art of gear design. The design
involves such considerations as the types and magnitudes of stresses
which the gear is likely to be subjected to, an estimate of the approximate
gear size keeping the space and weight restrictions in mind, the power

rating to meet the requirements and other operational parameters.

3.3.1 Material

3.3.2

Selection of proper material depend mainly on the requirements of space
and weight and overall price of the gear drive. Cast iron is good enough

for ordinary purposes but steel offer better strength. Cast iron is chosen.

Number Of Teeth.

The number of teeth of the pinion and the gear are to be so chosen that a
minimum value of 1.1 for contact ratio is assured. Guidelines for thc

selection of minimum number of teeth of pinion are given below: -
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Table 3.1  Minimum number of pinion teeth.

( Type of service Minimum number of teeth
’ Heavy duty and high speed 16

Medium speed 12

Light duty and low speed 10

3.3.3 Transmission Ratio

If the transmission ratio is high, a multi stage gear set is used to avoid

unnecessarily big gears.

In general, the transmission ratio per stage is given by:

a)
b)

d)

i < 7 for general purpose drive
= 10 for maximum value in special cases
= 4 for maximum value for change gear sets.

Transmission ratio selected = 4.

Design Requirements

Speed ratio = 3.1:1
Speed of driver gear = 540rpm
Horse power transmitted = 29.1kw

Gear material is cast steel having minimum tensile strength of 55
kg/cm’

Tensile strength for steel 1s 20,000 kg/cm?

Modulus of elasticity of steel is 2.06 x 10° kg/cm’

Ratio of cone distance to face width = 3

Designed tensile strength for cast steel is 5500kg/cm”

Gear module = 8
Torque transmitted = kw x 9550
rpm
= 514.64Nm.
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3.3.4 Pitch Circle Diameter (PCD)

The final value of pitch circle diameter will depend on many different

factors. Only broad outlines can be given for initial calculations.

Pitch Circle Diameter = d, > 1.5 x shaft diameter of pinion shaft
1.e. when the Pinion and the shaft are

made from one stock.

Shaft diameter = d(mm) = 160 | Puf kw) .......... (3.1)
n;(rpm)

= 160 x 0.3777

= 60.434

= 60.4 mm.

. PCD =d; >1.5x60.0 mm
> 90.65 mm
3.3.5 Module

Small modules permit noiseless running. The limiting factors comprise
strength of tooth root, quality of bearing and manufacturing constraints

and the PCD and number of teeth.

PCD = d| =ZIM (32)
m = d,
ZI e (3.3)
where d, = pitch center diameter

z; = number of teeth of pinion
m = module.

Given that d; =90.65mm and z; = 12
m = 90.65/12

Il

7.554 8.

[
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m

PCD

&mm

zm =12x8=96mm

Pitch cone angle (shaft angle is equal to 90°)

Tan 9,

Given d,
Tan 51

d
Tip circle diameter

d,

dy

cone distance

d,
face width = bpax =
whole depth = h
m = 8§mm
Addendum = h,di
m
Dedendum = hyd]

= 4 (3.4)
d
96mm, d, = 384mm
9% = 025
284
14°
dic = dy +2mcos oy ......... (3.5)

96mm, m = 8mm, 6; = 14°

96 +2 x 8 x cos 14

96 +15.526
111.52mm
R = _d
2s8ind; el (3.6)
96mm, &, - 14°
= 9% = _9%
2 sin 14 0.4838
= 198.42mm
R (3.7)
198.42 = 66.14mm
3
2m+0.2m (3.8)
=2.2m
22x8 = 17.6mm
haqo M (3.9)
Emm
hgar = (1.2)m ... (3.10)
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= 1.2 x8=9.6mm.

Addendum angle = tan Oy, = m/R ... (3.11)
m = &mm, R = 198.42mm
tan Oy, 8
198.42 = 0.0403
Oha = 2°30°
Dedendum angle = tan B4 = 1.2m/R ... (3.12)
= 12x _ 8
198.42
= 0.04838
= 2°76° ~  3°
Crown height = CH d, -msing, ... (3.13)
2
d;=96mm, m = 8mm, 0; = 14°
CH = 96 - 8xsinl4’
2
= 48 - 1.935
= 46.065mm
Back cone distance =R.q=Rtand; ...l (3.14)
R =198.42 6,=14°
Regg = 198.42tan14°
= 49.47mm

3.3.6 Force Analysis For Bevel Gears
For force analysis of a pair of mating bevel gears, it is assumed that thc
total force (fN) acts on the pitch point P at the middle of the tooth width.
The mean tooth force (fN) is resolved into three mutually
perpendicular components — the tangential force or transmitted load ft, the

radial force fr and the axial force, fa.
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Tangential force = Fncosa ... (3.15)

This force is calculated from the torque and is given by

o= 2L = T
dm, 19110 I (3.16)
where T| = pinion torque in Nm = 9550 Py/N,..... (3.17)
P, = pinion power in kw
N; = pinion speed in rpm
Radial force Fry, = Ftanocosd;  ....oiiiiiiiinl (3.18)
Fr2 = Ftanacosd,; ool (3.19)
Axial force Fa; = Ftanosind, ... ...l (3.20)
Fa, = Fitanasind, ...l (3.2
If the shaft angle is 90°
Then Fa; = Fr, (3.22)
Fa, = Frp, (3.23)

3.3.7 Bevel Gear Bearing Loads

For the determination of bearing loads in case of bevel gears in mesh, it is
convenient to analyse first the forces acting n the bearings in two
mutually perpendicular planes and then add the partial bearing loads
vectorially to arrive at the resultant load on each bearing.

Three forces which act on a bevel gear tooth are tangential force I
radial force f,, and axial force F,.
We have in X — Z plane.

Fyxl = F,(L,+L)whence Fyx=F " "V

Fpix = FtU/L ............ (3.25)

Similarly in Y — Z plane, we have
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Faiy = O, +L)-Fm (3.26)
L

Fpiy = FL-Fom (3.27)
L
Lo L |
X J/FBIX ’ X -7 PLANE
{ 7
_____________ 7
7z
% Bearing Bearing
Bl T BII
Fiin
Y Faiy Y - Z PLANE
[ 7 z

§

=

Fig 3.1 Bevel gear bearing loads.

The resultant values of the bearing loads on bearings Bl and BII are:

Fa =  V(Fex)+Fey)’ (3.28)
Fpu = v (FBIIX)2 +Fany)® (3.29)
3.3.8 Bending Moments

The shaft will be subjected to bending besides torsion and the axial thrust.
F, by which the bearing will be loaded. Normally, F,, can be neglected
without any significant effect in final calculation. The bending moments
(B) are calculated for the points P and mid point of BL.

They are given by
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BP = Farm

Bp. = Fgul

Given that p =29.10kw, n = 12, m = 8mm

2 =90",a=20"9, = 14°, distance between bearings L = 100mm

overhung distance = 50mm.

To find bearing loads and bending moments

T=9550"/, = 9550 X29.10
540
d=mz =  8x12 = 96mm
R=%s =  198.42mm
b=R4 = 66.14mm
dm=d-bsino, = 80mm
FEo= Yoo = 514.6x 1000
31 =
F, = F, tan20°co0s14° = 5861.3N
F, = F,tan20%in14° = 1461.25N
Fa =  16600(50 + 100)
100 = 24900N
FB”\ = 16600 x 50
100 = 8300N
Fgy =  5861.0 (50 +100)~ 1461 x 31
100
Fae = 5861 x 50 — 1461 x 31
100

using Eqs 3.28 and 3.29

Il

Fp
= 26259N
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v (24900)” + (8338.59)°

514.6Nmm

16600N

8338.59N

2477.59N



Fpu = v (8300)° + (2477.59)°

= 8661.89N = 8662N.
Bending moments at P and for the mid-point BI at

P = Bp = Fom ... (3.32)
= 1461 x 31/1000

= 45.29Nm.
atmidBI = Bg, = FpyL ol (3.33
= 8662 x 100/1000
= 966.2 Nm.

To determine the output shaft diameter the formula below is used.

&= M v (kM) + (KT v (3.34)
whered = diameter of shaft (mm)
ky, = combine shock and fatique factor applied to

bending moment
kr = combine shock and fatique factor applied to

torsional moment

M = maximum bending moment

T =, Maximu torsional moment

SS = allowable stress for steel = 40MN/m’
S = S a0k 10° V(1.5 X 514.639) + (1. x 866.2)°

= 0.000000127 ¥ 292919.92 + 750302.44
= 0.000000127 X 1160.268



d = 3\/0.000147354

= 0.0528m = 52.8mm.

3.4 Belt Selection

A V-belt consists of an endless flexible belt that transmits power by
contacting and gripping the sheaves which are keyed to the shafts of the
driving and driven mechanisms. The primary reasons for using a V — bell
drive are its simplicity and low maintenance costs. In addition the
elastometric V — belt is able to absorb moderately high shock loads and
miligate the effects of vibrating forces. Krutz et al, (1984)

Because of its obvious advantages, V — belt was selected for power
transmission in the machine under design. The following method was

used for belt selection.

a) Determining the designed horse power hp (kw)
V — belt manufacturers publish service factors for belts used in
various applications. Table below shows service factors for V —belt
drives.

Table 3.2:  Service Factors For V — belt drives.

Typical machines Type of service Service factor

Domestic washing Light 1.0-1.2
machines, ironers, small
fans and blowers etc.

Fans and blowers (heavy Medium 1.2-14
rotors) centrifugal pumps,
workshop machines

Reciprocating pumps and Heavy 1.4-1.6
compressors, drill presses
and grinders, machines for
industrial use
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Design horsepower for the belt is found by taking the product of the rated

horsepower of the device driven by the belt and the service factor

b)

b)

Power from tractor = 29.1kw

Service factor = 1.4

Designed power = 29.1x 14
= 40.74kw

Determining the belt speed

The belt speed of agricultural V — belt drives ranges from 0.5m/s to
more than 30m/s. generally, the drive is designed so that the belt
speed is in the range of 5m/s to 20m/s.

The expression belt speed is

\Y = mpmxPD (3.35)
19100
Where vV = belt speed (m./s)
rpm = shaft speed (rpm)
PD = pitch diameter of sheave (mm)

With shaft speed at 1710 rpm and pitch diameter of sheave 320 mm

Vo= 1710 x 320 = 28.6
19100

29 m/sec.

Determining the length of the belt
The length of an open belt drive is calculated by

= 2C + @ (PD,+PD,)+(PD, +PD,)

2 2
where L = length of belt (mm)
PD, = pitch diameter of larger sheave (mm)
PD, = pitch diameter of smaller sheave (mm)
C = center to center distance between the two
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d)

Shafts (mm)
With C = 680mm, PD; = 30mm and PD, = 250mm
L =2x680+3.142 (320 + 250) + (320 — 250)?

2 4 x 680
= 1360 + 895.35 + 1.801
= 2257.15mm
the length of closed belt drive is calculated by
L = 2C+ n (PD;+PDy)+(PD, +PD,)
2 4C
with C = 520mm, PD; = 30mm, PD = 150mm
L = 2X520+1.57(320+105) + (320 + 150)*
4 x 520

= 1040 + 737.9 + 106.20
= 1884.1mm.
Determining the arc of contact

the arc of contact is given by

B® = 180-60(d; =d,) (3.37)
C
Where B® = arc of contact (degrees)
d = large pitch diameter (mm)
d, = small pitch diameter (mm)
C = distance between shaft centers (mm)
B = 180 — 60 (320 — 150)
520
= 180 -19.615
= 160.38°

From Appendix [, the calculated length of belt (2257.15mm) is nearest to

the standard belt recommended 2266mm for open belt drive. For closed

belt drive, the calculated length of 1884.1mm is nearest to 2012mm.
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35

Therefore, 2266mm and 2012mm are chosen for a HC cross

section.

Sweeping Mechanism Shaft Design

In the design of the sweeping mechanism, several options werc
considered. They range from fibre brush by belt drive to wire brush by
chain and sprocket. Since a sweeping action is desired with minimum
lifting of the topsoil; fibre brush was selected to be mounted on flat steel
bars. The total mass of the sweeper unit is found to be 18.98kg that is a
weight of 186.19N.

186.19N v
— il

700mm 300mm

Fig 3.2: sweeping mechanism bearing design.
To determine the radial load acting on a shaft, the power transmitting by

the drive is:

F =  kwxl19.1x10°xk
PDxRPM (3.38)
Where F = radial force on the shaft, N
Kw = power transmitted, kw
PD = pitch diameter of sheave, mm
rpm = speed of shaft, rpm
k = drive tension factor; 1 = chain drive

and 1.5 for belts.

The radial force on the shaft from the V — belt is
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Fvbcll =

29.1x19.1x10°x 1.5
250 x 346

9638.3N.

load from the V — belt at bearing B

FB -

load from the V — belt pull at bearing A

FA =

load from the sweeper unit at bearing A

Fsa =

load from the sweeper unit at bearing B

Fsg =

9638.3 x 300 = 430.7N
700

9638.3 x 1000 = 13769 N
700

186.19 x 350 x 700 = 130333N
350

186.19 x 350 x 700 = 152055 N
300

combining the two loads at each point =

FSA_FA

Fsg + Fg

Therefore ,the load at

= 130333 -13769
= 116546N

= 152055 +4130.7
= 156185.7N

Bearing B would be used to select the

appropriate —sized bearing because it is greater than the load at

bearing A. From Appendix F ,Bearing of basic design no SKF/FAG

6234 was selected.

Determination of Reaction at A and B.

Taking moments about A

ZMRA= 0;
RAXO+ 186.19X .7X..35-4130.7X..7+9638.3X ]
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=45.59+9638.3-2891
=6792.89N
Summation of vertical forces
ny:O,
RA +RB-W,-W,_0
RA +RB W, + W,
RB =W;+w,; -RA
=180.19+9638.3 —6792.89
=3031.6N.
700mm B 300mm C

49638

...
Il

Fig 3.3: Shearing force and Bearing moment diagrams.
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3.6 Flight Conveyors

Flights conveyors are used for moving granular, lumpy or pulverized
materials along a horizontal path or an incline. A conveyor steeply
inclined should have closely spaced flights so that the material will
not avalanche over the tops of the flights. The capacity of a given
conveyor diminishes as the angle of slope increases.

Spirakovsy (1985) said the type of pick-up member is the
principal element of these conveyors and depends on the properties of
the transported materials (lump size, abraisiveness etc.) and the

required through put capacity of the machine.

Table 3.3  Capacity and size of lumps of flight conveyors.

Approx capacity at
Flight width and depth | Quantity of material 0.5m/s with
800kg/m’metri

Mm M’/min Tonne/ha.
300 x 150 0.037 54
380 x 150 0.06 66
460 x 150 0.052 76
610 x 200 0.108 158
76 x 250 0.149 218
910 x 300 0.223 327

Spivakovsky et al (1985”)4
The capacity of an inclined conveyor is found by multiplying

the capacities in table 3.3 by the following factors.

Angle of inclination (deg) 20 25 30 35 andabove
Factors 09 08 07 0.6
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Determining the load rating for the two bearings supporting the shatt
of the conveyor.

& ﬁ»
| 600mm 250 mm
850mm

!VE j

Fig. 3.4 Bearing Design for conveyor

The radial force on the shaft from the belt drive is calculated using
equation 3.38

F, belt = 29.10x19.1x10°x 1.5
270 x 600
= 5146.38N
At bearing A
Load from V — belt pull
= Fr = Foexb = 516.38 x 250
a 500
= 2144.32N
At bearing B
Load form V — belt pull
= Fp = Fren x C = 5146.38 x 850
a 600
= 7290.70N

The loading at bearing B which is greater will be used to determine

the size of bearings.



3.7 The Hopper

The hopper is the container that holds whatever is swept and conveyed.

This hopper is constructed using a 2mm (gauge 14) thick metal sheet. It is

made up of rectangular and trapezoid shapes joined together by welding.

1000mm
Omm ~
~
A\
500mm
\
X
\
300mm

Thickness of metal sheet

Density of mild steel

a) Area of the rectangular box

Mass of the material

Fig 3.5 Manure collection hopper

2mm (gaugel4)
7850kg/m’

length x breadth.. (3.43)
1000 x 600

600000mm”

0.6m’

Area x thickness ....... (3.44)
0.6 x0.002

0.0012m’

volume x density ...... (3.45)

0.0012m’* x 7850kg/m’
9.42kg



_b)

d)

for the trapezoided shape
Area of side A =

Both sides =

Volume of material =

mass of material =

Area of side B =

Both sides =
Volume material =
Mass of material =

Area of hopper bottom =

Volume of material =
Mass of material =

Total mass of hopper material

mass of rectangular section
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Yo(a+b)h
Y4 (1000 + 600) 300
240000mm’
0..24m2 x2=0.48m"
Area x thickness
0.48 x 0.002
0.00096m’

0.00096 x 7850kg/m’
Ya(a+b)h

Y5 (600 + 200) 300
120000mm” = 0.12m’
0.12m* x 2 = 0.24m’

Area x thickness

0.24m* x 0.002m

0.00048m’

0.00048m’ x 7850kg/m’
3.768kg

length x breadth

600mm x 200mm

120000mm
0.12m’
0.12m’ x 0.002m
0.00024m’
0.00024m’ x 7850kg/m’
1.884kg.

—  9.42kg



mass of trapezloided section = 7.536 + 3.768kg
= 11.304kg

mass of hopper bottom = 1.884kg.

Total mass of hopper = 942+ 11.304 + 1.884

| = 22.608kg

Volume of hopper (rectangular section) =1 x b x h
= 1000 x 600 x 500 -
= 300,000,000mm"
= 0.30m’

Volume of hopper (trapezoidal section) = ¥4 (a + b)h x L

= 145(600 +200) 300 x 1000

= 120000mm" x 1000mm
= 0.12m’
Total volume of hopper = volume of rectangular + volume of trapezoidal
= 0.30m’+0.12m’
= 0.42m’
Mass of manure = Bulk density of manure x Volume of hopper
= 800kg/m’ x 0.42m’
= 336keg.
Weight of hopper and material =
Weight of hopper material + weight of manure
= 22.608kg + 330kg
= 356.608kg.
3.8 Hopper Frame
The hopper frame is constructed using a square hollow stecl section of
- 80m x 80m with a cross sectional area of 14.9 x 10"m” with Smm
thickness. It was joined together by fillet welding. Since the hopper frame

will be acting as a load relieve plate for the hopper, the strength of the

o
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frame will be such that it would be able to withstand the compressive

torce due to the weight of the hopper when fully loaded.

3.8.1 Analysis Of Deflection Of Main Frame.

The main frame has a length of 1000mm and a width of 700mm
constructed by 80 x 80 x 5 hollow steel section.

In analyzing the frame for failure, it is assumed that the frame is
tixed to its attachment points. In this case the frame might fail by
deflection over the years. It is also assumed that the load acting on the
frame is uniformly distributed. The allowable deflection for the fixed =

frame is given as:

6all = S[gan
360

where span = length of the beam in mm.
The maximum deflection (dmax) which can occur along the length of the

frame is thus given by:

dmax = S5WL?
384FEI (Singh, 1982)
where W = uniformly distributed load (KN/m)

L = span length of frame (m)

= elastic modulus of material (GN/m?)
I = moment of inertia (m")
dmax = SWL®

384EI

= 5 x 4440 x 1°’m>
384 x207 x10°x 139 x 10

= 22200
11048832

0.002

= 2mm
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The available deflection for the 1000mm span main frame length is:

Oat = 1000 = 2.78m
360

Since dmax is less than &, the main frame is considered safe.

3.8.2 Analysis Of Buckling For Conveyor Support Bars.

3.9

The vertical members of the conveyor frame are of equal length. They
may fail due to the weight of the conveyor and weight of the manuré. To

ensure safety, the critical load is determined using the Euler’s formular as:

P, =  47°El
L: (3.47)
Where P, = critical load (N)
E = elastic modulus of the material (GN/m?)
I = moment of inertia of the material (m*)
L = axial length of the material (m)
Py =  4x3.142°x207x10°x7.86 x 107
0.400°
= 4.014 MN

" The calculated load is much more than the load supported by the bars and

so the design is safe.

Universal Joints

Krutz et al (1984) stated that the primary use of the universal joint is to
connect intersecting shafts to transmit power and motion, the kinematics
of motion of a joint is unusual. When the joint operates at an angle, the
motion of the yoke does not follow the motion of the input yoke in

angular displacement, velocity and acceleration. The variation between



the input and output motions depends on the operating angle between the

two shafts.
\
pi
\\ \ ,
S ’
N 7/
.
P \ cosf
7/ N
/ \
ivi i ‘ i A
Driving yoke ~ Driven yoke ¢ \ N

Fig. 3.6 Joint operating angle relationship

The operating angle is assumed constant with time and should not exceed
60°. The maximum angular velocity ratio is

W, = cos6 = 1
I —sin’0 cos® . (3.48)

By differentiating above equation wrt time, the angular acceleration is

Ay = w2cos0 sinzesin2j]
(1-sin’0sin’ B1)° ... (3.49)

Maximum acceleration is
(a;)m = wsin? B,
- The relative rotational positioning of the yokes on the connecting shaft so
that the output motion is nearly uniform with the input motion is termed

phasing.
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(b)  Phasing.

Fig 3.7: Driveline arrangement with all shafts in common plane.

To determine the torque of shaft S, shown above, given that the torque of

input is 514.6Nmm, 6 = 20°, B = 90°

T51W1 = T52W2 .................. (350)
Or T51W] = T52W]COS 0
TS, = 514.6
cos 20

Tsy, =1547.625Nsmm.
To avoid the tractor going into the manure material the machine needs to

be phased or offset to the tractor.

3.10 Tool Bar Design.

The tool bar is used for the coupling of the machine to the tractor draw
bar .The length of the tool bar is guided by the standard recommended by
the ASAE. The location of the drawbar hitch and the implement input
connection shaft shall be in relationship as stated in ASAE S203, S204
S217. It is recommended that the regular drawbar position is 350mm from
the tractor PTO shaft while the implement input connection shaft is
further 356mm away from the hitch point. This distance however

" increases per every 5° degrees increase of implement input connection
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point above the drawbar .The total length of tool bar should not exceed

2184mm.

V///4

R
8—35 - R \ 5DEG MIN

Clearance T
Plane

oMl VA7 77 ///77/// \l
“]

a2

Fig 3:8 POSITION OF LI.C FOR TRAILING IMPLEMENTS

Table 3.4 Relation of Implement Input Connection for Trailed Implement.

T
1}23;; Regular position +1 O?)]mm R \
Drawbar (mm)
1 350 356
SEE . Equal to
2 400 4_00 ASAE Or greater
3 500 500 5482 Than R
ASAE S203

The tool bar normally subjected to tensile force by the tractor pull at one
end and the weight of the implement resisting the pull from the other end.
The ratio of unit stress to the unit strain of the material in tension is
called Young’s Modulus (E). for many common engineering materials,
the Young’s Modulus in compression is very nearly equal to that found in

" tension.
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Using Euler’s equation the critical load on the bar can be
determined .The bar is a solid steel bar of 80mm X 30mm nominal size

and length of 950mm.

Euler’s formula = Pcr= 7°El
7

L

Where Pcr = Critical tool (N)

E = Young’s modulus (GN/mz)
I = Moment of the inertia (m4)

L = Length of the member (m)

I =  bh I= 008 X003 =1.28 X10%m*
12 _ 12
9 2
E = 207X10 GN/m
L = 09m.
- 9 6 4
Per = 3.142X207 X100 NX1.28X10°%m
0.952 m2 X m2
= 922MN.

3.11 Tyre Selection.

Generally, tyres used on the farms fall into three categories namely

traction , steering and implement tyres. Implement tyres in addition to

o

ease mobility, also are designed to support the weight of the machine. _

Implement tyre are this selected for this machine .

Tyre size are designated by its cross sectional diameters and the
diameter of the rim (Smith and Wilkes. [980) For example tyre size
designated as 13.6-36 means that the tyre has a cross sectional diameter
of 13.6cm and a rim diameter of 38cm.

The total weight of a machine to be carried on the wheels determines the

size of the wheels to be used.
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Bosoi et al (1988) gave the formular for determining the service

(total) mass for such machines as follows:
Mg, = My, +m, + me+ m, + m; + my
Where M,, = service (total) mass of the machine
Mun, My, me, myp, m;, my are the masses of machine. fuel. water,
lubricants, instruments filling materials such as seeds, seedlings,
fertilizers etc.

For this machine, the formular is modified as:

My = my+mg +mg+m,

m, = total mass of machine

m, = -mass of hopper and manure
My, = mass of sweeper unit

My, = mass of conveying unit

m, = mass of drive transmission unit

The weight are computed as:  m,, = 356.608, m,,, = 18kg, m, = 38kg,

m, = 40kg.
SM = 356.608 + 18 + 38+ 40 = 452.608kg
Force due to this load = 452.608 x 9.8 m/s’

4440N
The total weight to be supported by both wheels is 452kg, which

i

means each tyre size will support a weight of 226kg. ASAE (1998)
" recommends that tyre size 6.00 X 16 be used for tire load of 465kg

maximum ,for inflation pressure of 170kpa

3.12 Design Principles And Theory Of The Sweeper

The Animal waste collector is designed on the principle of the rotary
tiller. It is to be powered by a small internal combustion engine (tractor)

and only a small earthing up enough to remove sticky waste materials
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will be done .This is to keep the draft requirement at a minimum as the
. design is intended for small/medium sized farms .

Fig 3.9 is the sketch of a rotary sweeper with a set of brushes
denoted as A;, A;, An, A, .The sketch shows the mechanism of
operation of the brushes. The radius of brush, R ,and the depth of sweep is
denoted by a. Let V,, and o be the forward speed ot the machine and the
angular velocity of the sweeping brush respectively . So the implement
moves forward a distance of V,,T while the brushes rotates through an
angle ot to assume the position A/I_ A/z, A’y A, . The co-ordinates of

A\ is hereby referred to as x and y-axes and given by:

X =Vput +Rcosot ... (3.51)

Y =R(I1-Sinot) oo (3.52)

3.12.1 Condition For Sweeping Off The Waste Material
The equation given above 3.51 and 3.52 describe the absolute motion of
the brush to trace the locus of A'l over time as sketched .Odigboh et al
(1979)
Let us say, A; .O denote the position of A, .as it begins to sweep
through the soil .The depth of sweep, a, the angle through which A
rotates to get to A1.Qis given by 8o which equal to w, such that.

Sin9, =1-a/R (3.53)
As Alstart to penetrate the soil at A, .O its direction of motion is vertical

down. Afterward its motion will be opposite to the direction of implement
forward travel as it sweeps off the waste material. This means that there is
a point of inflexion in the locus trace by A, at which the absolute velocity _

of the brush in the x direction is zero and given by equation.
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dx = Vp-Ro Sind = 0 -~ 3.54
dt
and Sin 8o = Vm/Ro = /A —emeeee 3.55
Which defines A as
A = Ro/V,
from equation 3.53, A could be given as
Sing’ = A = 1-a/R= R/(R ~-a)  ----3.56

= /(1 -m)

Where m is the ratio of a/R

The expression of 3.54 and 3.55 give the condition for a good sweep of

the soil .If the relative magnitudes of the peripheral velocity of the

brushes , Rw, and the machine forward speed Vm are such that dx/dt has

the same directioﬁ as the implement travel then the brushes withdraws

from the soil without scooping the materials . This condition is further
_ illustrated by possible paths of the brush through the soil for various

values of A (fig 3..11) Ié’shows that scooping most ot the animal waste

material will be possible only when A 1s greater than unity . Therefore, for

any good sweeping to occur with the animal waste collector the ratio

R®/Vm must be greater than unity.

3.12.2 Forward Travel By Scoop
The distance denoted XZ (FIG 3.9) between two consecutive point of
contact of two adjacent set of brushes ,Al and A2 with the soil surface at
A'1.0 and A2.0 respectively is called the forward travel per scoop. -
Since the time of one revolution of the sweeper is 2n/o the forward

. travel per revolution of sweeper given by;



Xrey = VmQIUo) =  QORY A (3.57)

Taking the number of brushes on the sweeper as Z and the forward travel
per scoop is given by ;

X, = 2RMAz (3.58)
In fig 3.10, the thickness of the slice is designated by omax and may

computed as;

dmax =  AL0AL0COSH, =  XyCo80y  vevvernn.... (3.59)

From above it can be deduced that apart from the effect of the number of
brushes the soil slice can be decreased by increasing the radius of the

- brush, R, and decreasing the depth of sweep, a.

3.12.3 Determining The Value Of A.

The waveform of the surface of swept by the animal waste collector can
be traced as shown in fig 3.9 The value of the amptitude of that wave
denoted as h is influenced by the value of A. Theretore choosing the value
is desirable in order to keep the finished surface to a desired form. To

determine the A as a function of h, the co-ordinate of the wave peak at B

_ is givenas
Xp = -thl + Rcosmt, . 3.60
Yh = h = R(1-sinoty) .. (3.61)

Replacing it by ¢,/® and wt by ¢;-
Xh = (R/A)d4 + Rcosd;, ... (3.62)
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Yh = h
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From fig 3.10
Xh:X1 + X2 /2

Since X, is the x — co-ordinate of A; when it has rotated through ot equal

to m/2; X, may be computed as

X)=Va(m20) = (Ra)(2)).

Recalling that X, equal (27R)/A,, X; may be re-written as
1
Xo=(@RA) (N + /)
But from equations 3.62 and 3.64 it can be deduced that

n(l/g '*‘l/z) = o) +Acosd, . (3.63).

While from equatibn 3.63
Sing; =1- "/g
¢; =sin’'(1 —h/R)
Cosd; = (‘/r) @Rh — k%)Y
Substituting the value of 61 and cosO1 into (3.65) yields an cxpression of

A as a function of h thus;

o= In('fy + Yy —sin (1 = R)]
[(7O@Rh-B)%E] (3.66)

Expression (3.66) is useful in determining the value of 2 which will give

" adesired value of h and therefore desired finished surtace ot worked area.
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Since the machine is pto —driven it is necessary that the drive train
arrangement ensures that the ¥pm of the sweeper satisfies the condition,
Rw/Vy, > 1.The drive line goes through a gear box which consist of 38
teeth crown gear and a 12 teeth pinion gear. The out put shatt from the
gearbox continues to a drive pulley which in turns drive the rotary
sweeper. The value of A will depend on the forward speed of operation

and the rotational speed of the sweeper through the driveline.
Therefore the ratio of forward speed /pto rpm gearbox ratio and the

drive pulley ratios are to be selected to give the desired value of A.



(a)

NN -
locus of A, ..

e, o e e

PRRSORRR UUREEDUL SR N SIS

locus of A,

.

N
soil surface .

’7(\\%\)&%@‘;"\ T

\I q v
>\, \‘ h

A x o o
B s ot

P

Fig 3.9 Machintu of Operstion of Swesping brush,.



(p) '

iocus of A

soxl surfoce

AV”Q7§5RK7V7§ZTT

worked surfcr

p.—w

Fig 3.,10: Parsumeters of Seil Slice Sceap}'

55



A<

Fig 3.11s Lloocus of brush st different values of



4.0

4.1

CHAPTER FOUR

MATERIAL

SELECTION,

PRINCIPLE OF OPERATION.

The production of this machine has its cost elements in terms of material

cost, labour cost and miscellaneous cost.

Material Cost .

CONSTRUCTION AND

The material costs are the amount spent in purchasing the materials

termed as standard. The table below shows the cost of materials.

Table 4.1: Costing of Materials for construction.
No | Material Specification Quantity | Rate | Amount
1 | Metal steel Gauge 14 2 sheets | 2200 | 4400
2 | Hollow steels section 80 x 80 x5 1 3000 | 3000
3 | Angle iron bar 50x50x3 1 1200 | 1200
4 | Flat steel section 60 x 80 x3 1 800 | 800
5 | Bicycle wheel rim 40cm Dia 2 400 | 800
6 | Fibre brushes 250 x 50 12 230 12760
7 | Solid shaft 100 x 250 1 800 | 800
8 | Gear box Standard 1 9000 | 9000
19 | Belt pulley @ 320 | 950 |950
10 | Belt pulley d 250 | 600 | 600
11 | Belt pulley @ 150 I 450 450
12 | Conveyor belt Standard ! 8000 | 8000
13 | ‘U’ shaped steel section 80x60x3 i 850 | 830
14 | PTO shaft Standard (6splines) | | 7500 | 7500
15 | Ram cylinder 100 x 40 1 5000 | 5000
16 | Hydraulic hose Standard (10m) i 2500 | 2500
17 | Tyre 6.00 x 12 2 1500 | 3000
18 | Tube 6.00 x 12 2 750 | 1500
19 | Bearings FAG 6234 4 350 | 1400
20 |V —belt HC 2266 ! 850 | 850
21 | V —belt HC 2012 I 550 |550
TOTAL =N=55,910.00
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4.1.1 Labour Cost

This is the cost of the labour put into the production of the machine. It is
recommended that 30% cost of materials should be considered as labour
cost. The total cost of material was found to be =N=55.910.00 therefore

labour cost is

30 x  55,910.00
100 -

=N=16,773.00
4.1.2 Miscellaneous Cost
' This is the cost incurred which does not fall into either material or lab

our cost. Such costs includes transportation; purchase of electrodes,

Hacksaws photographing etc.

Table 4.2 Additional cost of production.
S/No. Item Amount )

1 Purchase of electrodes (2 pkts) 1,500.00

Purchase of hacksaw blades,

2 1,400.00
grinding stones and emery paper

Payment for cow dung and

3 1,800.00
transportation
Photographs of machine
4 1,600.00
construction and testing.
TOTAL =N=6,300.00

The total cost of producing the machine is the sum of material, labour and
miscellaneous costs.
Total cost = 55,910 + 16,773 + 6,300
= =N=78,983.00
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Fig 3.12:

The Assembled Machigme,
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4.2 Construction Of Components

With the design of all components completed and the materials for the

construction sourced, the fabrication of the machine was done in a

standard workshop. Some of the components were

ol a standard -

specifications and such components were purchased directly tfrom the

market. Table below (Table 4.3) gives the breakdown of components,

materials, and operations involved in the construction of the machine.

Table 4.3: Materials and Components of Construction.

Components Materials Operation carried ouit
Hopper Mild steel Metal The metal sheet was marked™

sheet out and welded into shape

Gauge 14 (2mm) 1000mm x 600mm x 700mm
Main frame Square hollow steel | The section was cut and drilled,

Section-mild steel | Welded into a rectangular

80 x 80mm x Smm | Mainframe of 1000mm x 610mm
Conveyor Flat steel section The iron bar was cut into equal
support Mild steel. Halves of 450mm ot length each.
Bars S50mm x 50mm x A hole was drilled mnto one side in which

3mm the conveyor is hinged.

Flat steel section
0mm x 3mm

Collecting unit

The section was marked and cut
Into sizes of 600mm in length

Fibre brushes with rods welded into the rims to
250mm length. form wheel spokes. Brushes were
Bicycle rims 2 No | then connected unto the bar to form
' a sweeping mechanisms
Collection Solid shaft This shaft was machined to the
wheel 25c¢m diameter Desired diameter and length of
Spindle 25mm x 650mm. It will carry the

drive sprocket from the gearbox
to the collecting unit.

4.3 Description Of The Machine

The animal waste collector was built to the specifications outlined. The

wheel of the sweeper is made up of two bicycle wheel rims (400mm dia)
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Joined together by a common shaft, with the bicycle spokes replaced with
6mm diameter mild steel rods for greater strength. Flat bars ¢f 80 x 60 x 3
were welded on the rims to connect the two wheels as a unit. (Table 4.3)

Fibre brushes of 250 x 50 were then attached unto the flat bars by
use of bolts and nuts (1 7mm). The bicycle wheel now revolves round
carrying the brushes round its circumference. The axle of the sweeper
wheel also provides attachment for the drive pulley.

Sweeping takes place as the wheel carries the brushes round its
circumference.

The machine has an endless conveyor belt of 400mm wide, which
was converted from a disused YRSA-matic pneumatic tertilizer spreader.
The conveyor unit is carried on two angle iron bars which is hinged on
two support bars to allow the whole unit to be lifted in transport position.
These angle iron bars are set at an angle of 50° inclination. '

Vertical slats of 70mm high are attached unto the conveyor belt by
use of bolt and nuts. These slats are provided to prevent the avalanche of
the material as they are being conveyed.

A ram cylinder is attached to the head section (sweeper and N
conveying unit) of the machine which raises the section during transport
and/or when a heap of materials is to be worked upon.

A hopper, which collects all materials swept, was provided at the
back of the machine. The conveyor belt discharges all materials conveyed
into the hopper. The power line is taken from the tractor PTO at 540 rpm
through a gearbox to the various components. The drive to the sweeper
unit is by an open belt drive at a belt speed of 29m/sec with a power
rating of 3.24kw. (Appendix H)

The machine is trailed on two transport wheels of 6.00 x 16. the
wheels are provided mainly to take up the weight of the machine and also

transport the machine.
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4.4 Principle Of Operation

The sweeping wheel is rotated at a speed of 346 rpm carrying fibre
brushes on its circumference. The brushes sweeps any material on its path
onto a collection platform which forms the base of the sweeping unit.
From this platform, the material is picked up by the revolving conveyor
belt (with the help of flights provided) and carried backwards t'o be
discharged into the collection hopper.

The materials are off-loaded by gravity through a duct provided at
the back of the hopper.

During transport, the whole of sweeping unit is lifted by the use of .
a ram cylinder provided. |

The drive train consist of tractor PTO drive (340rpm) coupled
directly to a 3.1:1 speed reducer which in turn drives a two stage belt

arrangement to further reduce the speed. The second stage belt drive is a

close type used to drive the conveying unit.
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PLATE 1: TOP VIEW OF THE MACHINE AT CONSTRUCTION
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PLATE 2: SIDE VIEW OF MACHINE AT CONSTRUCTION
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THE ASSEMBLED MACHINE

PLATE 3



PLATE 4: MATERIALS OF INVESTIGATION (MANURE)
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3.0

5.1

5.2

CHAPTER FIVE
TESTS, RESULTS AND DISCUSSION '

Two main tests were carried out on the machines namely mechanical

performance test and field performance test.

Mechanical Performance Test

After assembling the machine and coupling to a MF tractor Pto, it was
then made to run for 30 mins to test the performance ol the various
components that makes up the machine. During the test a couple of faults
was observed.

a) The conveyor belt was running in the wrong direction.

b)  The flights attached on the conveyor was flapping the hopper

The anomalies above resulted in the conveyor belt being severa into two
during the first test run. These faults were, however, corrected and smooth

operation of the machine was achieved.

Field Performance Test

Field efficiency is the ratio betwéen the productivity ot a machine under
field conditions and theoretical maximum productivity. Field
efficiency/performance accounts for failure to utilize the theoretical
operating width of the machine, time lost because of operator capability
and habits and field characteristics. Field efficiency is not a constant for a
particular machine but varies according to the size and shape of the field,

material yield and crop/material conditions.
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PROCEDURE FOR TESTING

1 . 75kg of animal waste was obtained and applied over a distance of

100 meters
2. The machine was then operated over the test plot
3. Five runs was made over the distance.
4. The materials gathered was collected and weighed the following
results were obtained.
: Table 5.1: Field Test Result
ok
Distance traveled Time taken Quantity collected
Runs :
(m) (sec) (kg)
1 100 66.45 ~63.0
2 100 66.5 65.5
3 100 66.41 64
4 100 66.36 62
5 100 66.41 63
Average 66.43  63.5
. Work Rate = QK (ASAE S341)
LW
Where Q = weight of material collected (kg)
K =. constant (10,000)
W = effective width ot sweep (m)
L = distance traveled (m)
Work Rate = 63.5 x 10,000

00.66 x 100
9621.2 kg/ha

= 9.6 tons/ha.

Il
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The field capacity of a machine is the rate at which it will cover an area

performing its intended function, expressed in ha/hr.

=  SxW  (Hunt, 1972}

C
Where C = tield capacity (ha/hr)
S = speed ot operation (km/hr)
W = width of operation (m)
Speed = distance traveled = 100 /6/ X
Distance taken 6643 /o€ <
= 1.505m/sec
width of operation = 6/_6cm =0.66m
c = (1.505”’5’5 109%0) X ( 0.66\ %/
60 x 60! = 10
= 4.18 x0.0066 = 0.027588ha/hr.
Sweeping effect test

This test tries to find out the degree of sweeping uniformity by the
machine. The distance traveled (100m) was segmented into Sequal plots.
The test material was the applied over each of the plots and the test
carried out. The material gathered was collected and weighed.

Table 5.2: - Sweeping Test Result.

No|Xi | X |Xi-X!|(Xi<X)
1 12.0] 12.58 | -0.58 | 0.3364
2 13.0 ] 12.5810.42 0.1764
3 12.4)12.58 | 0.18 0.0324
4 12.9112.58 1 0.32 0.1024
5 12.6 1 12.58 ] 0.02 0.0004
Standard deviation = S(Xi —X)?
N-1
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Cv. = SD x100

X

= ' - 0.4846 x 100
12.58. = 3.85

Sweeping efficiency

The efficiency of the machine was determined by collecting all unswept

materials while operating on the test plots.

. The quantity of materiel applied on plots = 75kg
The quantity of material collected = 63.5kg
Efficiency = the quantity of material collected X

The quantity of material applied 1

= 635 X 100
75 1 = 84.66
= 84.6%
The four parameters determined during the testing are as follows: -
1) Work rate 9.6 tons/ha
i1)  Field capacity 0.275 ha/hr

iii)  Uniformity of sweep 3.85
iv)  Efficiency 84.6%
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5.3

TECHNICAL DETAILS
Working width - 66cm
Transport width - 214cm
Total length - 216cm
Total height - 110cm
Work rate - 9612 kg/ha
Drive - PTO 540 rpm
Hopper capacity - 336 kg
Speed ratio (gear box) - 3.1 -1
The time taken to fill the hopper - 4 mins.
Distance travel to fill the hopper - 550 m.

Discussion Of Results.

During the construction of this machine various options of conveying
methods was considered. The belt type was chosen due to the fact that it is
recommended as best when lumpy materials is being handled. Secopdly,

chemical reaction of the manure material on rubber is very negligible as

~ compared with chain and slats.

The total length of the conveyor belt determines the angle of
inclination and this should not exceed 70° when handling lumpy
materials. One of the major handicap of this project is the short length of
the conveyor used. This increased the angle of inclination to 50° and its
resultant effect is that some quantity of manure material is left
unconveyed on the collection platform. During mechanical performance
test, the conveyor belt was severed into two halves. Reducing the volume
of the hopper by cutting away some part of the hopper solved the

problem. This should be an area for improvement in future development.
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The work rate of the machine is 9.6 tons/ha, achieved at a speed of 1.505 _
m/sec. This work rate can be affected with a change in tractor forward
speed and also the degree of fibrous content in the manure material.

Two types of sweeper were used depending on the situation. Fibre
brushes was used when the material is dried, powdery and/or fresh. Angle
iron sweepers are also fixed on the sweeping unit when a very fibrous
material was to be collected in a heaped situation. Angle iron sweepers
are better suited for material with high fibrous content. ‘

The efficiency of the machine of 84.6% falls within the
recommended efficiencies for agricultural implements. There is, however,
room for improvement to achieve a smoother operation of the machine.

Chain and sprocket drive line for the conveyor unit should also be tried n

comparison to the belt drive used.
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6.0
6.1

6.2

CHAPTER SIX
CONCLUSION AND RECOMMENDATION.

Conclusion

The objective of developing an animal waste collector locally has been
achieved in this research. The machine was tested and the results of field
capacity of 0.275 ha/hr, rate of sweeping of 9612 kg/ha and efficiency of
84.6% is encouraging. There is, however, room for improvement. The
machine is simple to operate and affordable to our farmers at

=N=78,983.00, considering the elimination of an additional tractor needed

" for the same job. .

Recommendation

1) Further work is recommended to improve the performance of the
machine such as changing the drive system from belt to chain and
sprocket, to avotd belt slippage when conveying huge capacity.

2)  The off loading of material is by gravity and this can be improve
upon by incorporating an agitator or an auger especially when
fibrous material is handled.

3) A bigger working width of operation should be tried. using a longer
conveying unit. This will reduce the angle of inclination thereby

improving the conveying efficiency.
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APPENDIX A

DISTRIBUTION OF ANIMALS IN NIGERIA
| No | State Caitle Sheep Goat Donkeys | Horses | Carmels | Pigs
‘ L | Ak/bom 7000 576000 816000 - - - 89000
? 2. Anaibra | 64000 426000 | 1,4670000 - - - 62000
5. | Bauchi 1732000 | 2811000 3463000 96000 | 13000 - 536000
( 4. | Benue TOL6000 | 864000 | 20432000 - - <TTTI03000”
s | Bendel ! 47000 737000 1,248000 - R - 180,000
6. Bomo [ 2727000 2,424000 3, 183000 181,000 85000 27000 76000
‘” u J 0,060 {17000 351000 - - - 68000
-5 Gomgola | 1305000 1,324000 1,97000 50,000 | 10,000 - 476000
v | o £3000 495000 | 1281000 | - - - 8.000
0 %K;xduna 998000 441000 866000 15000 2000 - 229000
, i }Kuno 999000 | 2,039000 2,490000 106000 | 23000 7000 -
L 12| Katsiua 625000 | 1,553000 2,009000 153000 | 23000 7000 -
i3 Kwara 563000 843000 1,152000 26000 1000 - 80,600
e Tagos 3000 | 57000 158000 . : ; 25000
{13, | Niger 1,163 732000 969000 26000 3000 - $1000
} 16. | Ogun 27600 340,000 505000 i - - 150,000
| 17| Ondo 5000 589000 1,747000 - - -1 291,000
18, | Oyo 296000 863000 1,859000 1000 - - 178,000
‘ Plateau | 1,054000 ; 904000 1,865000 28000 3000 -1 336,000
- 20 | Rivers | 3100 | 509000 67000 - - 43000 66000
. 21 'Sokolo | 1769000 | 2,546000 2,449000 247000 | 24000 87000 21000
| Totul | 13761000 | 33867000 925000 1 200000 | 336700

21,230000 |
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HOLLOW SECTIONS

3t

SECTIONS

o TBLE 93 SQUARE HOLLOW

o A ; X \
| t !
t
[ .
’ v DIMENSIONS AND PROPERTIES
! Dusignation . Torelonnl
' e fdinsl  Atoa Momem Nodlus Llaatle Plusiic cunsianis
] . T'l piokges |29 ot ol ol modulus | modulus
Gty A . b
oy i e n?‘unu suction ineriie yyration J c
]
i’ ne 1’ i ku cm umd Gin cms cin® om+ oin¢
s = T T .
- . . . ]

20 4 20 I 2x 112 4,42 076 0713 0,70 0,00 122 1.07
o2 1,499 1,78 .09 0.70 0.00 110 1.44 1.2
| ‘ ” :

Jook A0 ] 28 .0 2.2 A9 1.4 2,33 2.08 6.66 3.30 .
| J.2 206 3.3 4.00 1.09 2.07 . 3.37 0.40 3.76
| .

S0 % A0 2.6 3.03 J.u0 §.94 1.62 4.47 6.30 14,0 0.41

! H 3.2 3.00 4.00 10.4 1.0 .22 040 1046 7.43
! I 4w 446 | 6.u8 123 1.4¢ 6.07 7200 1 106 8.60_
] » .
6K 50 | 4z | 466 | 694 21.0 1.91 8.02 10.4 33.8 12,4
T Lo 40 6,72 7.20 26,6 1.07 10.2 12,6 40.4 14.6
f 5.0 . 18,97 4.00 2!{.0 1.83 11.9 14.9 47.0 106.2
| - . _ v

60 % 60 | U2 5.67 7.22 38.7 2.3 12,9 16,3 00.1 10.6
| 40 697 | ©8.08 46.1 2,28 15.4 10.6 72.4 221
f 6.0 8.64 | 109 04.4 2.24 181 223 86.3 26.8
]

bT0s 70 |30 7.46 | 9.60 69.5 2.70 19.9 200 | 108 20.7
6.0 101 . 1129 20.1 2.64 26.7. 31.2 142 686

R 1.0 059 | 108 | 106 gt 26,5 S3L3 | 104 30,6

0 1.7 14,9 130 3.006 4.7 4.7 a7 49,0

. ol 14.4 10.4 166 3.00 41,0 60.6 01 60,0

90« 60 I 3.0 972 ) 12,4 164 3.62 3441 40.0 237 40,7

i C.0 133 10.9 .02 3.4¢ 46.0 6l.0 ne G4.0
; 6.3 10.4 209 242 .41 6.9 60.J 301 A
I . ‘o
100 ¥ 100 1.0 12.0 16.3 243 3.9 AG.0 04,9 J01 6.2
0.0 14.8 18.9 283 3.07 60.0 671 430 [I3]]
6.3 10.4 23.4 441 3.0% 00,2 82,0 633 YA
4,0 22,9 291 A0U 3.74 U1.6 No.Y 040 110
i 100 47.0 48.6 474 3.6 04,0 10 761 104
120 X 120 U.G 1o} 220 L0 4.00 83,0 04,4 178 122
0.t 22.3 2.5 610 4.63 102 121 149 147
! ¥ 7.9 35.6 138 4.50 123 149 . 11159 q
10.0 342 | 436 070 447 146 LELA LTI T B
; i . : N
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j
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DALL ANI3 ROLLER BEARINGS ; A7t
Tahle 13.11.. Deep Groeve Ball Bearing (Series 62)
- ! ’ \
A
t
v |
; AR
! .
3 il
| 7 ‘
1 N
‘ . RS SR GO RRNN
i i . ' [ T T e e on e
' l Bearing pd mm Dx. D | D, | B 7oy L Basie Capocily,
g ! Of b(&.‘ii.(} min. mm HL(II.Q} mmy . mm‘ , ]‘:.’/f ) A, ner-
: ISI No, | design _ vy n i srissihle
' - © o Nodd ‘ b | spred rpm,
! (SKr/ i Static | /Um/m/c
LT A | [ o |
. Co ! {
0BG ] 6200 |10 [ 14 1aD 126 | 91 lo] oo 400 000
naan boeaol |1 J6 TR b 0 e ] w00 540 20000
Rt I IS TN I LI I I B AR IO O L Gl 1 Jrang
: 17 BC 02 6203 17 211 40 36 12 11 6| 440 750 ! 15000
| : 20 BC 02 6204 [ 20 |20 47 J 4L {45100 655 1oen 16000
TN 252002 6205 25 131 ”trz 446 P sttt 70 1100 13000
30 BC 02 | 6206 |30 |36 {62 |56 |I6|15(10) 1000 1350 12000 ¢
35 BG'02 6207 |35 |42 72 |65 17092 |[10] 1370 2000 16000
j 40 BG 02 6208 140 47 180 {73 1812 {10] 1500 2280 o 1ouoo .
45'BC 02 6209 {45 |52 185 |78 {1912 |10 830 2550 3000
5 . 50 BGC 02 5210 | 50 ] 57 | 90 | 2002 (10 2120 LTH0 8000 .
& 55BC02 | 6211 {55 |64 {100 |91 | a1 [25]1°5] 20600 3400 . 8000,
- 60 BC 02 6212 |60 |69 PIO 100 L 22 4251 1°5 ] 3200 4000 6100
65 BC 02 G213 165 [ 74 | 120 ) 111 31251191 3550 1 AAU0 6000
70 BC 02 6214 [ 70 179 | 125° 116 {24 {25 1a | 3900 83400 . 5000
75 BGC 02 w215 |75 184 B30 b2l fas fes sl 4250 ¢ 5200 | 5000
: 80 BCO2 | 6216 ,80 9t 140 1129 126 L 2 "1 2°0 ] 4550 ALY : 5000
{ 85 BC n2 6217 85 |96 | 150 { 139|281 3|20 5500 »6A50 4000
; J\) BT 6218 190 | 100 | 1.0 | 149 [ 307 3 {20 ] G300 IR 4000
! 95 BC 02 6210 195 P 107 P 170 156 32 1351 2°0 0 7200 1 en00 4000
: e nCcen G220 100 12 J 8 168 L 84 1G5 o0 815D : 9600 _ 3000
165 BG G 6221 051 117 1180 1178 136 19 n12:0 1 %0 1000 3000
1103C02 1 6222 (101 122 120001 188 1 38 {55120 ] 10400 floen 3000
‘ 20 BC 02 6224 (0120 ) 132 | 215 1 203 | 40 {351 2°0{ 10400 BT 3000
i 6226 | 130 | 14412304 216 130 [« 125 ] 11600 12200 2500
‘ : 6228 | 140 p-ib4 | 250,10 2361 42 14 1250 19900 12000 . 2500
: 6220 {150 164 | 270 1 256 | 4514 |25 14300 137000 2500
; : G232 [ UGO | 174 1 2000 276 {46 |4 1257 15600 143000 2000
62341 | 170 187 3100 205 | 52 | 5 300 19000 ] 166000+ 2000
6236 | 180V 167 | 3200) 305 | 52 [ 5,130 20400 176000 1600
{ 6233 | 19017207 | 3400] 3231 551 5 130 24000 | 200000 1600
A 06240 1200 | 217 1 360.4 343 a3 15 11300 96500 | 219000 1600
}» Dyrabutment diam. on shaft. : Dz, abutment diam. on housing.

11, corner radil on-shalt and housing.

N e et cae o




Tire type nomenclalure ney
Cnde Tira lypo
; " Rib tread ‘
N 12 Modorato traction
R 1 e -3 Traclion tread
‘ i .o : A 16 Smooth lread ;
" - Diagonal (blas) ply agricultural Implatasrs lirz {31 melrlc ualts;, '
. Basic tire loads. for; speeds 40 kmh and urder (see foolnole 2)
) Basic tire loads (kg} al vat{ous cold inflation pressures (kPa)
Ve sice
designation 170 190 - 220 250 280 . 300 330 " 360 390 410
259 Sl 165 180 200 220’ 230 2504
0012, St 205 2251 245 S2r0 285 D30 oo
00-15 SL 240 270 290 315 335 355(4) Stnoi i
00-18 SL 285() 295 320 350 475 " Idooj) T R e T
60-15 SL 330 365 405 an) i '
50-16 sL 410 455 495 530(d) . T
50-15 SL 385 430 470 518(4) - ¢ ., .
00-16 St 465 515 560(4) 610 . 65§ ' 690(6) | ) ’
4C-15 st 435 480  530(4) 570 610 " 650 690(6) .
+50-16 St 520 580 640 690 740, | 775(6) ' e .
5.70-15 SL 480 535 580(4) 635 680 734(6)
750-10 5l 505 560 610 670(6) I :
%5014 SL 555 615(4) A A
7.50-16 St 670 750(4) 820 885 - 950 i © ‘100§ 1065 1120 1175 1215(10)
75018 St 700 780 855 925(6) ' :
7.50-20 St 720 800(4) 880, 950(6) .
7.50-24 St 760 850(4) S : ,
7.60-35 SL 565 630(4) 695 750 800(6) - 855 - 905 950(8) ‘
§.40-18 St 670{4) 755 820 890 955. 1010 - 1070 1120{10)
$5G-10 SL 890 990 1080 "I 1250 1320(8) . 1405 1500(10)
0.60-24 St 1150 1285(6) 1400 1515 . 1600(8)
0.001% Sl 1030 1150 1258 1355 1450(8) 1545 1650(10) 1725 1600(12)
11.25:24 L. 1495 1665 <, 1850(8) - ‘ '
11.25-28 SL 1550 1730 1890 2040 2190 2325 2430(12)
1350-16.0  SL 1600(6) 1770 1950(0) 2090 7 2240(10)  2060(12)
Low section height
8.5L-14 st 635 710 775 850(6) L :
*950-14 SL T10(4) LN 875(6) 945 - 1010° 1090 .
*9.5L15 5L /50 Wi 200(6) 990 1055 ! 1120,8) 1430@440(12)
“iL-14 st 840 925(6) :
11015 SL 875 5i5(6) 1065 1150(8) 1240 1320(10) 1390 1450(12)
L6 SL 310 1030(6) 1110 1215(8) 1290 : 1360(10) '
*125015 SL 1035 1159(6) 1260 " 1360(8) 1460 1550(10) 1640 1750{12)
12,5016 SL 1080 1200 1310 1400(8) 1520 | 16815 1710 1800(12)  1900(14)
EIREO SLo 1AD0{G) V50 1750(0) 1900(10) 2010 . 2120(12) ‘
PG 0 5L 1800(G) 2000(0) 2205 2360(10) 2575(12) 2715 2000(14)
st SL 2265 2515 2725(10) E ‘
»215L-16.0  SL 2725(8) . 3300(10)  3250(12)  3550(14)
; —

“#SL—~service limiled lo agricultural usaga

*incicales that this is an indusiry-wide, lugh production volume size and should ve considered

NOTES

' Figures in parentheses denote ply ralit

¥). All loads 1o the left of ply raling denole_méximum load for indicated Inflalion pressure.

* For speeds nol exceeding 15 kmvh, above loads may be increased by 15% with no change in inflation pressure.

3 For implement lires used in free-rolling steering service on sell-propelled equipment, use loads fro=i lable 4.
this lable reduced by 33%. Sleering lires on lowed equipmenl do nol requie reduced loads.‘

+ Stupping inllation pressure shall not exceed the maximum pressure for the py shown,

[ AR . .
as a prelerred size for new dasign. Tire sizes listed are nol necessarily

avaiiabic in all fire lypes for alf ply ralings and some additional ply ratings muy oe available. Consull your lire supplier for availab?lily informalion.

I the size 'required is not listed in table 4, use loads from

ASAE STANDARDS 1998
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Table 1628, Ratings for V-Belts, in IKilowals

. Cross-Section A !
y . o .
; Equsvalent pilelh diameler dg 10
Lelt
specd ’ - =T
I - Y ‘ . ', “ .
(/) 80 90 100 110 120 15

f @i Que

05 . 013 013 014 014 L. 011G 015

I (:22 . 024 025 Q27 04 02
2 B 4R ¥4 (A0 ORI 0-46 AN 05t
) RVANY! (SN (Gl 068 Q72 ' Q744

4 RO 074 w0l 080 0 C0g
5 074 ous 1 0095 104 1443 g
6 081 IR 109 1715 1025 142
7 L0788 100 125 139 150 15q
‘ 8 096 1417 1°35 150 162 169
9 . 103 1°32 1°54 1°69 177 104
10 1010, 1740 1°62 1°77 191 159
, I 118 147 165 191 2106 213
9 S AP 154 84 206 221 2798
15 P 1032 162 191 213 VAKH 2043
14 1°52- 1:6% 199 1228 2750 2°3¢
15 C 1082 177 206 235 257 265

1 140 }-B4 213 243 2:65 277
17 1740 1'84 T 2020 250 2°7% VALY
18 14 1-34 228 2:57 My 200
19 140 184 VAV 265 ! 302

-
]

T 2735 302 309
: 302 {0
3709 324

© 304

o)

r— o et e
[¥e]
—
]
NNNN
s S N B
ON NN

BEPCIRER
(RSN )
(RO IC
(SN & &)

Lo
i~
-

- 24 J1018 1°84 9:35 2:79 . 316 351
25 1710 177 220 979 3016 351
; 25 103 169 228 2479 16 334
e 27 0748 G2 2:90 C 9072 209 351
01 | 15 s 2465 BRI R
o 066 LAy 06 257 302 34
20 051 132 1'99 2'50 2:94 3716




» B T P S AN VS U N EERCTIVE LENGTIS OF AGRICULTURAL
» ADJUSTANBLE SPEED BLLTS
. mm
Cross Section Width Depti Width Depth All Cross Sections Length
L, HJ, HK, 1L, & 1M Tolerance
v s IHA 0.60 0.31 12,7 7.9 in. ‘ mm in. “mm
1y 0.66 0.41 16.7 10.3 : —
emwom l-,. e 0.88 0.5 22,2 15, 60 1524
2™ o 1.25 0.75 31.8 19.0 6 LGay
HE 1.50 0.01 381 2.0 68 r127 *04 0.0 410 -23
- 72 1829
_ boURL Y MLt HHAA 0.060 O.dl 127 10.3 76 1030
@T TR 0.66 0.53 16.7 13.5
e ~ e . e . 80 20032 .
O R B B B
: - ' v -0 83 22135 +0.0 ~1.0 +13 =20
i 1,00 0.66 whd ra 0 want
ADKBIANG Srb Mg 11 Leh 0.59 HEIRY 16.0 Py 2438
fomvintnd HIK 1.50 0.69 d38.1 17,5
& 0. 2642 0.0 —1.C N =25
forrme 111 1.75 C.78 PR 19,8 :l).t, ":t).:’) :i)n: -lltlj tiz —2)1,
Hu 2.00 0.88 Horu pE 120 3044 0.6 =12 15 =30
128 qunt 0.6 =13 10 =i
136 3404 +0.6 =1.0 +18 =36
Lad RIENsY S +0.7 -1.0 LR -8
TADLE 2~EFFECTIVE LENGTIS OF AGRICULTURAL V-BELTS AND DOUBLE V-BELTS
V-Belt Cross Ses s [Jouble V-Belt Cross Seclions
Y 1IA 1B HC HD HHE IHAA 1npn 1cc Hnnpon
iin. mm in. mm in. mun o, mm in. mmn . nun in. min in, mm | in, mim
28.1 714
33.1 841
361 8u2 / .
371 942 379 963
40.1. 1018 40.9 1039
44.1 1120 44.9 1140
48,1 1222 4RK.9 1242
60.1 1272 509 1293
63.1 1349 5I.0 1369 66,2 1402 A1 1049 639 1369 BhH.2 140U
56.1 1399 065.9 1420
57.1 1460 67.9 1471 070 1471
62.1 1’677 G2.9 1698 G4.2 1631 62.1 15677 62.9 1598 64.2 1631
64.1 1628 G4.9 1648
G66.1 1679 GG6.9 1699
68.1 1730 68.9 1750
70.1 1780 70.9 1801L 72,2 1834 T0.0 1780 70.0 1801 72.2 18341
73.1 1867 73.9 1877
77.1 1958  77.0 1979 79,2 2014 77.1 190548 TT.9 0 1LTY 9.2 2012
#O.0 2004 HOL 20LL
2.1 2085 42,1 2085
83.9 2531 83,9 2131 86,2 2164
856.9 2182 85.2 21641
B87.1 2212 8179 2233 B2 2266 §7.1 2212 87.9 2233 89.2 22606
2.1 2339 929 2360 94.2 2393 2.1 2339 92.9 2360 4.2 2343
98.1 2492 100.2 2545 98,1 2du2 100.2 2545
99.9 20317 99.9 2037
07.1 2720 107.9 2741 108.2 2774 1O7.1 2720 107.9 2741 109.2 2774
14.1 2898 114,90 2918  116.2 2951 1141 2898 1149 2018 116.2 29051
22,1 3101 1229 d122  124.2 3165 120.2 Ji80 122.1 3101 1220 J1Re 1242 3165 126.2 3180
30.1 3304 130.9 33256 132.2 3368 133.2 33483 1300 3304 130.9 4425 132.2 3308 133.2 3383
138.9 3528 140.2 3561 .
14G6.9 3731 148.2 J764 149.2 3790 1464 J731 148,22 3764 149.2 3790
160.9 4087 162.2 4120 163.2 4145 1630.9 4087 162.,2 4120 1632 445
166.2 4221 167.2 4247 166.2 4221 167.2 4247
1769 4468 177.2 4501 178.2 4526 1759 4468 177.2 4501 178.2 4526
TR2,9 GG 184,22 4679 I8L2 4704 18700 4750 TRZ.9 GG 181,22 467 1862 AT04
1979 5027 L1902 HUGo . AORG . nlul 19709 D027 1992 hoGo 200.2 HOKRS
212.9 b408 2142 Gudl KBTI nh12 L1 LaoB 21402 ekl 200,20 D66
it GLAZ man Gioy GEGD A3 GLED 2400 617 242,20 GLOL 2427 GLGH
2704 GOl 272,260l IRy 7. G477 2704 GRUA LYY GOl 272.7 GOLT
J0L.4 76LG Jun.22 U676 TG 3 7709 3004 T6o6 02,2 7676 JO2T TGKY
) 3322 8438 7 8§40t 8471 3322 8438 3327 RADL
362.2 9200 3627 w21l 923y 362.2 9200 362.7 9213
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