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ABSTRACT

illage has Dbeen defined as those mechanical

* b

soll stirring action carried out for the purpose of

iy

nuturing crops creating suitable soil condition or

crop growth. The goal of proper tillage 1s to provide a

suitable environment for seed germination, root growth,
weed control, soil erosion control and moisture control
avoiding moisture excesses and reducing stress of
moisture shortage.

Tests were carried out in both upland and fadama
and the soil was tested and analysed to determine some
501l characteristics which are related to soil tillage
operation. The tests carried out were thne bulk density,
moisture content, shear strength, wheel slippage, soil
particle size, the draw bar pull force, and total plow
resistance wase then calculated for.

The results obtained from hoth the field and
laboratory tests were found to be 1.754kW in fadama and

4

1.815kW using the spring tine harrow of weight 21ke
and 0.716kW in fadama and 1.313 in upland wusing the
ridger of weight 87kg, for the draw bar pull. The total
plow resistance for upland is 5.2537kN with spring tine
harrow and 14.8552kN with ridger while for fadama, it
was 4.0134%N with spring tine harrow and 16.1ikN with
ridger. The angie of inclination of the implements used

Q O
were 3.8 for ridger and 23.68 for the @pring tine
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NOTATION

Cohesion

Shear stress

Angle of shearing resistance
Shear force

Area

Normal load

Adhesion

3

Angle of s0il/metal friction

4

Rake angle

Unit weight

Force/unit width

Surcharge

Characteristics lenght dimension

Pure numbers which depend on the geometry
&

of the failure surfac A, # and 5.



ferd

CHAPTER ONEKE

OBJECTIVES OF THE PROJECT

With the aim of determining suitable and

appropriate soll tillage equipment design requirement
for Dboth upland and fadama farming in Minna, I intend
to:

a. carry out different soil tesits to measure the bulk

density, moisture content (both on weight and

volume basis), particle size analysis, and soil
resistance 1in both fadama and upland regicn in
Minna.

b. carry out some soll tillage tests with different

types of tillage tools available in the University

1o measure some soil tillage operation factors and

to determine the power requirement range for soil

tillage operations in upland and fadama areas in

Minna.

The results obtained in (a) and (b) above are to
be made available for the indigenous goil tillage
implement design reguirements in terms of soil cutting,
mixing, disintegration, bursts and movement of the soil
instead of relying on the available data from
different part of the world whose so0ll types, condition
and tillage operation requirements are different from

what obtains in Minna and Nigeria 1in general.

e
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1.2 Project Justification

In Minna, there is a relatively poor agricultural
extension services in providing for the Tarmers

relevant informations for their decision making on

choice of agricultural techniques because of
unavailable data for tililiage equipment selection and
designing. Most machinery and implement selection for

farm operations has been based on guess work without

any concrete data available,

o

With this prodect I can be able to recommend
suitable tillage equipment design reguirement that will
enable the designers to design suitable tillage
equipments to suilt the crops, soil and environmental
conditions for both upland and fadama farming and also
reduce the operating cost in the use of tillage

practices which usually scare willing farmers.



CHAPTER TWO

2.0 INTRODUCTION
Tillage has been defined as the process which
mechanically manipulates the soil. Its primary

obijectives according to Wilkinson et al are to:

a. Prepare a suitable seed bed
b. Improve the physical condition of the soil and
., Deatroy weed.

A1l for the purpose of nurturing crops.

Tillage is one of the oldest practices ever known
to man. History recorded that man used such crude tools
as wood to break the soll by harnessing the human and
animal POWEYS for +the ProCess. This practice
subsequently led to the development of farming tools.
Such developments were recorded in ancient Egypt, Roms,
England and the U.3.A. These advances in Tillage tools
led to the classification of the practice into primary
and secondary tillage operation.

Frimary tillage operation is aimed at reducing

* [
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goll strength and rearranging solli aggregates., Lomnon

L]

IR 3

tools for this practice include mould board plows, disk
plows, subsoililers and disk and rotary tillers.
Secondary tillage operation 1is subsequent to
primary tillage and it is almed atbt providing a suitable
seedbed for the crops. Common tillage tools for this
practigee include disk and tined harrows, rotary wesders

and cultivators to mention few.



3.4

Recent advances in this aspect of agricultural

practices led to further classification to conventional
and minimum tillage operations. The former combines

both the primary and secondary tillage practices while
the latter provides for minimum soil manipulation by
employing one or more tillage tools.

Man, in his attempt to reduce energy input on the

P

farm aimed at conserving ithe dwindling energy sources
of the world, brought about the concept of reduced and
zero tillage. Reduced tillage is a composite operation

whereby the primary tillage operation is simultanecusly

carried out with planting of crops. This is aimed at
reducing or elinminating secondary operation. Zero
tillage, on the other hand, 1is a process whereby crop

planting is performed on an untilled seed bed.
The primary objective of any cropping program is

continued profitable production, so most farmers prefer

to Tfollew proven practices with readily avallable

4/

egquipment. This offers reasonable assurance of
predictable results with least risks., But no +tillage
operation can be Jjustified merely on basis of tradition
or habit. Any tillage practise which doesn’t return

Y

more than its cost by increasing yield and improving

soil conditions should be eliminated or change.
Contrary to previous beliefs, soil needs to be worked

only enough to assure optimum crop production and weed

control. any tillage activity beycend this is of
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gquestionable value.

After knowing what tillage 1is all about, the
discussion in this paper will first of all be based on
the characteristics of soil, now these affect
inplements as regards their different shapes, the power
reguirements estimation in puling implements and design
shapes and requirements for tillage sgulpments.
Practicals and tests were carried out and analysed to
determine these.

The knowledge of natural soil, soil engaging tools
and soil machines principles have been advanced to the
study of soil-tool interacitions and are the bases for
the design and application of these sgoil engaging
tools. Methods of measuring relevant properties have
also been proposed. The method of characterizing soil
texture is of utmost importance to tillage researchers.
The action of tillage tools operating in the soil has
been studied by many researchers aimed at correlating
the geometric varlation of these tools with soil
distruption and the overall influence of these

on tillage force required for achieving such work.



CHAPTER THREERE
3.0 LITERATURE REVIEW

Vector Algebra and the equilibrium of forces are
found applicable to the design and force prediction on
under cutting tillage tools respectively. Yet, there

are observable differences in predicted and observed

go

forces particularly on model tools. This is often due
0o the complex nature of agricultural soils.
Agricultural soils are non-homogeneous and anisotropic

but performance studlies of soils and tillage tools are

u

‘

solls. There 1s also the

[y

based on the homogenegity o
problem of scaling such soils for research purposes

similitude technique attempts to reduce this

variability.

3.1 Relevant Soil Tool Parameters (ONgiq?|)

.

The goal of tillage is the disruption (elastic and
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a tool moves through ilhe goll, it compresses Lhe soll
until the soill reaches its maximum shear strength at
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which point failure occur.

Is

the Mohr-Coulomb eguation whicn consist of 2 parts:

4

a. Frictional Component (G%an @) which is a function
of the normal load,
b. Cohesive component (C) which is independent of the

] b}

normal load. These Lwo components are expressed in
the equation as I = O+ G_Lan ¥ where

AC = shear strength of soil
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C B apparent coheslon, the shear strength with

zero normal load

0- = total pressure normal to the shear plane
@ = angle of shearing resistance

C and ¥ are empirical parameters of the equatlion whose
values hold sood only under a given set of soil testing
conditions. If a test is conducted under constant pure

water pressure the equation is modified to (= Ct + G—e

tan @t where Ct = true cohesion; @t = Ltrue angle of

shearing resistance Qe = (V<~AAJ = effective pressure.
M= pure water pressure.

Fig. 1 illustrate the Mohr-Coulomb failure diagram

applicable +to s0ll fallure under the influence of a
soil engaging tool. The cohesion of top soil (tillage
regimes) is much lower than that of subsoils of simiiar
texture, but their frictional components are higher in
magnitude. In addition to cohesion and the angle of

ghearing resistance are the soll-metal friction and

adhesion. ANC
03
v
¥ N |
\
| T G tan@
7 <G 1]

s & ©)

1 kn

Fig. 1: Mohr-Coulomb Failure diagram

A
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The so0il metal friction is influenced by the normail
forces, soil +type and surface roughness of the soil.
S50il metal friction can account for about 40-50 percent
of the total plough resistance.

Soil adhesion is the attraction between the soil
and soil engaging tool. Adhesion impairs the quality of
the work and increases with increase tractive
resistance, soil dispersion, contact pressure and soil
moisture.

The non-uniformity of soil structure coupled with

-

the rapidly changing of soil moisture makss the soil
strength characteristics determination difficult. It is
known that the ultimate tensile and compressive
strength of soils decrease with an increase 1in soil
moisture.

Another property often used to characterize the

+

1l density. It describes how tightly the soil

W
f

-
ot

ol S S0

o

particles are pressed together. Soil density increases
with soill moisture to some 1limlt. An increase in soil
bulk density has been found to increase the soil shear

strength, soil fractional angles, soll cohesion and

©

soil failure energy. Freshly plowed soil has a density
3
of less than 1.00gm/cm and hence 1t 1s too loose for

seedy crops. Most crops perform best at a soil density
of 1.10 to 1.40gm/cm . Table 1 compares soil density
values with the corresponding values for the rate of

water movement into the soil. illage ©processes



(plowing etc)

&)

change.density values of soil.

Table 1: Influence of soil density on the infiltration

rate

of water

] <

| 3 Water Infii-

Soil type , Soil density, gm/cm  tration rate
) ¥
; cem/hy
i |
] t
' i

Soil Clay i 1.38 ; 13.72
X 1.41 | T.37
X 1.44 | 4.80
1] f
3 i

Silky loam | 1.31 | 44 .70

i.38 i 17. 44

(Qni,lqgl)
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3.2 Design of Soil Engaging Implement
Soil engaging implements form a large and

important section of the eguipment used in agriculture
today. These implements change the soll state and the
change produced depends on the nature of the soil” and
of the soil/implement interface. A well designed soil
engaging implement is one which performs the
manipulation required in the most efficient way,
usually with a minimum effort.

This chapter presents information, extracted from
theory and experimental practice which should be of use
in the design of implement shapes for particular soil
failure, since this 1s wvery well done 1in research

publications and references to these are only given.

3.3 General Principles of scoil failure
Nature of soil failure (BAVER, 1963 ) GSoil is

extremely weak in tension, very strong in compression
and in practice fails mainly in shear. When scoil is
strained the shear stress bullds up to a peak value,
which, in certain loose dry soils, remains constant
with increasing strain, (Fig 1.1), and in other soils,
falls off Dbefore levelling out to a smaller constant
value, the residual stress (Fig. 1.11). The magnitude
of +the shear stress developed are frequentiy a
function of the compressing stress normal to the place

of shear failure (Fig. 2). If the peak of the residual
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stresses are plotted against the corresponding normal
stresses an approximate straight line relaticonship is
obtained (Fig. 3). The relationship can be expressed in
form of the Coulomb equations:

4 = C+Gtan @ ... .. (1)

The Coulomb eguation expressed in terms of force is:

H g CA + wtan & . ..... (2)

Line A (Fig 3) represents the situation in a loose dry
soil, cohesion Dbeing zero, 1line B a wet plastic clay
which exhibits no friction (angle of shearing resistance

zero) and line C a soil with both frictional and

cohesive properties.

A
1essS
P
A \
I norm®
~ n
P N
s $
9 <
‘V:) S«:‘\‘W»s n
Stress Low norma\
« Sfress
, \
Shéar strain Shear ctr@in 4
Fig. I. Fig. 2
These stress/strain and stress/stress relationship
exist for a soil sheared in bulk, the strength being

termed the bulk shear strength. They also exist for the
shear of individual clod ‘or aggregate clod shear
strength. For the disintergration of clod in the soil

mass by shear, the bulk shear strength must exceed the

ey
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clod shear strength. The magnitude of the bulk and clod
shear strengths vary for a given soil with soil
moisture content (Fig. 4). Common values for the
cohesion and angle of shearing resistance of many loam
soils when being cultivated in the friable state, are
cohesion 1.0 - 1.4KN/M“ and angle of shearing
%)
resistance 30.
Cohesion ids a function mainly of the s0il
moisture and can take two forms:

a. Molecular Cohesion - At low soil moisture

content there is strong bounding between the clay

T

particles. his is the main factor influencing the
clod strength.

b. Film cohesion - At higher scil moisture
content there 1Is a bounding between the clods
themselves due to surface tension forces. Organic
matter and plant roots alsc contribute to the

total cohesive force during soil shear.

%}

The angle of shearing resistance 1s a function of
the roughness of the shearing surfaces and the degree
of interlocking of the soil particles and/or

aggregates.

Failure at a soil/metal interface (Payne, 1954, )
The resistance to sliiding at a acil/metal

interface like soili/soll shear, is frequently a

function of the normal stress between the surfaces

ES



(fig. 5)

1
¥ C+ @ tan & ... (3
H = CA+ Wilan 0 ... (4)

Lt
The adhesion compared is usually very small,
except under certain plastic soil condition when a non-

ops. The tangential

-
-
'

scouring condition frequently deve
resistance varies with soil moisture content in the
following way. Under friable soil condition, adhesion
is normally =zero and the angle of the soil/metal

friction for a reasonably polished implement 1s 15.
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’F Cimit i
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Fig 4.
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Rupture Distance - (Recce A.R. et al, 1965)

The Rupture distance increases with the depth of
working and a more acute rake angles. Thils distance can
he detzrmined for rake angle of between (45 - @/27  and
(180 - @/2) from avallable graphs.

Width of digturbed ares (Tanner, D.W. st al, 18807
The width of disturbed area remains fairly

b .

angls, although there is &

].l.

e Tanos | N
Lo ohange 1n ¢

constant

Uq

slight increase in width as the rake angle decreases.
With increasing depth of working, +the width of the
disturbed area increases bpul at a decreasing rate,
until a point_is reached where no further increase
occurs

Total disturbed volume

Due to the effect of changing rake angle on the
rupture distance and the width of the disturbed area,
the total disturbed volumse at a particular depth of

work increases with decreasing rake angles

Changes in soil unit weight (Payne, T.0.dJ., 1856)

Changes in soill unit weight depend largely upon
the direction of the resultant time force acting on the
soil. In most agricultural situations, the tine force has

o
an upward vertical component at rake angles less than 45

this tends to 1ift +the soil wupwards producing a

loosening effect. With backward (obtuse) rake angles

e
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loovsening effect. With backward (obtuse) rake angles

there is a large vertical downward component with tends

to produce compaction. This downward force, also
increases the normal loading Dbetween the soil
particles. Although the same downward force acts upon

the so0il particles within the clod or aggregate, 1t
does not increase the clod shear strength appreciably,
since c¢lod shear strength is mainly a  function of

cohesion and the coheslive force is independent of the

normal load (see equation 2). Therefore the application

of a downward force will increase the bulk shear
strength more than the o¢lod shear ztrength, thus

increasing the chances of clod disintegration.

3.5 How Implement performance 1s affected by soil

factors
Draught.

+h

Draught i3 influenced by four main groups o

factors:

a. Soil/socil parametars
b. Soil/metal parameters
C. Implement shape

d. Forward speed

S0il/Soil Parameters (Kolbuszewsk&)qew)

Little can be done to change the apparent cohesion

;

stance of a given soil,

[N

and angle of shearing res

although any compaction on the failure surface will
increase#-From equation (2) however, 1t 1s apparent that

minimizing the normal load in frictional soils and the
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strength, and hence the draught force. Vibrations to a

4

very limited extent can reduce the apparent normal load
in frictional soil’s, but the important factor is to
ensure no unnecessary surcharging load is applied +to

the soil.

xS

coil/metal parameters (Crowther E.M., et. al, 1824)
The polish on an implement surface is usually more
important than the material in influencing the value of

-

+ 1 7 - £ : s I~ S S R S N O, U T L,
the angle of soil metal friction., A large reduction ind

n

can  be achieved by removing the rust from a tine, but
the worthwhile returns cobtained from very high degrees
of polish are very small in most soil. Minimizing the
normal load or the interface and the interface area
will minimize +the frictional and adhesive components
respectively when they are present.

The normal load can be reduced by eliminating all

unnecessary surcharge and by attempting to 1ift the

s0il away from the interface, e.g. by providing an air
cushion wusing compressed ailr or by vibrating. By

choosing a suitable path of oscillation, it is possibile
to  throw or attempt toc throw the soil away from  the
interface, and if motlon can then occur whilst the
normal load is reduced, a reduction in the sliding force
will be achieved.

The soil moisture content at the interface plays a
very large part in determining the siiding resistance

since the area of the



soil/implenents failure surface is usuvally fair]
(at 1ieast when conpared with the so0il/soil failure
surface), there is the possibility of changing the soil
moisture content around the tine to. advantage. The
molsture contents can also be increased by adding water

directly at interface.

One further way of reducing the interface
resistance 1is to eliminate sliding completely by using

such things as moving belis and rollers.



[
Do)

CHAPTER FOUR

4.0 METHODOLOGY
4.1 Parameters for desiegning of soil ensaging

Many soil operations in agriculture are extremely
complex, therefore for clarity, 1t is proposed here to
break the operation down into single basic units. The
units have been chosen after considering plant,
mechanization and soll and water conservation
reguirement and when these units are used either
individually or in combination they should satisfy the
majority of these requirements. The basic operations

are defined as follow:

a. Bursting
b. Compaction
C. Disintergration

d. Cutting
e. Inversion

f. Mixing

8. Movement
h. Smoothing
i. An Chorage

Whilst it must be realised that many current soil
engaging implements perform two or more of these
operation at the same time, with varying degrees of

success, it is proposed to consider the design of tooils

[N

for each basic operations individually based upon the



principles outlined earlier.
Due to lacl of eguipment Lo carry out some of the
practicals needed, my design analysis will be based on

number a;c;d;f and g.

4.1.2 Bursting
215 NN U S ~ 11 R Dy o Tiae .
The ohiect of this operstion iz to burst gpen  the

goil, So increasing the porosity and breaking through

any 7pPans, bursting will be most effective with a low

bulk share gtrength and therefore an upwards force

should bhe applied +to the soil and all surcharging
o

effects avoided. Tines with rake angles of 45 or less

exert an upward force on the soil and minimum draught

Q
can be achieved with rake angles between 15 -
o) o
20 . Therefore =& 20 rake angle narrow tine would

provide the maximum upward force with minimum draught.

Although this design may be feasible at shallow depth

length, strength, stiffness and bending problems
hecome acubse at  greater  depth, (Fig. 17, it 1is

therefore necessary to compromise on the rake angle of
the tine since draught increases are only slight with
increasing rake angle would appear to be the most
gsatisfactory. Numerous bursting tine shapes are
possible, but their efficiency varies with working

depth.
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4.1.3 Disintegration (Fayne 1999)

v

Disintegration is a common seedbed operation which
reduces the size of clods in cemented and friable
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exceed the clod shear strength and therefore a downward

force is reqguired and additional surcharge 1s an

advantage. This can be achieved using a surchaging

backward raked tool, either in the form of a wide or
"

narrow tine or a large diameter cylinder or disc. The

use of vibrations in a plane normal to the soil surface

N

to increase the surcharging load will increase

disintegration. Under friable scil conditions where the

' Bl

clod shear strength is relatively low a continuous

€]

large diameter cylinder or cambridge rolil would

disintegrate the maximum number of surface clods. Due

@]

e

o  wpenetration
tools, disintegration in the desper scoil layers is

difficult and it is frequently more convenient and



efficient to Dbring the deep clods to the surface for
crushing, using narrow tines with a small rake angle.

condition with very strong clods

-t

In the cemented soi

the loading exerted by the continuous wide tool may be

insufficient for disintegration. A greater loading can
k] R

be obtained under these conditions using narrow tools

arge diameter discs.

et

such as  narrow tines or
Disintegration can also be achieved by throwing the

clods against a resistant barrier or striking them

rapidly whilst on the ground or in the air, so that
they Dbreak on impact. This can be done using rotating

tocls but very large periphneral speeds (50 - 60 miles

paer/hour) may be reguired Lo disintegrate very
resistant clods when +the s0il is  in a cemented

condition and this will increase the torgue requiremsnt

1 b

and wear. The cutiting blade must be designed so that
the Dback of the cutting edge does not rub against the

uncut, soil. This involves the choice of a clearance

angle related to the peripheral speed of the rotor and

@

[

the forward speed of the machine, fig bhelow

Direction of forward itravel

e canCe
™ ¢<~4an;£
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4.1.4 Cutting (Fountain, 199%)
Cutting operations are carried ocut on soil for
A. Weed control and stubble mulch farming
B. S50il Separation
C. Sowing
a. Weed Control

The cutting requirements for weed control depend

b k)

upon the nature of the weeds. These can be classified as

shallow, deep rooted and perennial rhizomatous types.

N

The control of shallow weeds can best be achieved Dby
cutting below them and 1ifting them on to the surface,
and for this a wide tine or blade type of tool would
m
L

seem to be the most appropriate. he blade rake angilie

0

must be such that it disturbs the weeds sufficientiy to

1 :
H

bring them to the surface without buldozing ilhem along

so0 mixing them in with the soil. Rake angles around 18

would appear to be satisfactory.

-

te Little 4 isturbance Bulldozing €Htec)r

lfaoaf?rox-

Fig. 9
Where the weeds cannot be brought entirely to +the

surface, it 1is important that they be cut cieanly and

do not wrap around the blade. In thecry, a Dblade
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5]

o
approach angle of 80 +to the direction of tmvel (fig.

10a) should ensure positive cutting of all weeds but at
shallow depths penetration 1s difficult and since there
is little resistance to cutting at shaliow depths, the
weeds actually tend to wrap arocund the blade. At low
approach angles, penetration 1is good but the weeds
readily slide around the side of the blade without
being cut (Fig. 10b).

Therefore in choosing the optimal angle of
approach, weed cutting, blade blocking and penetration
must be considered. As a guide, approach angies belween

[8] [
25 - 50 can be used, the larger angles being most
appropriate in areas with few weeds and where
penetration is easy, and the small angles under heavy
weed and trash conditions and where penetration is
difficult.

If penetration is pocor and the blade cannot hold
its working depth, it 1s no good Just tipping the
blade on its nose since the weeds will slip by without
being cut (fig. 11).

This penetration problem can only be overcome

satisfactorily only by reducing the angle of approach

The overlap between blades (Fig. i2) depends upon the
strength of +the weeds., With shallow weak weeds an
overlap of about 1.5 1s adequate Dbut wiith more
resistant ones 2.5 in is more satisfactory (fig. 127.
Large qnaroqd—.
Qng\—i

cthen o
j)'f_ﬁm!f,
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Wherever weeds and trash are being cut there is a
tendency for trash to collect around the leg holding
the blade. Whilst this should be avoided, if possible,
the leg design should allow any ‘trash which does
collect to move away from the blade (fig. 13).

With deep rooted weeds which are firmly anchored

in the soil cutting at depth of 10 ins or more can be
carried out using continuous blades with an approach

[

angle of 980 and a small rake angle. The cutting of

.

rhizomes intc short lengths for the control of pereniail
rhizomalous weed can be achieved with a rotating tool
operating at high peripheral speed and low forward

(=

speed.

Anjle a{ Aﬂ) coach

-
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oves Lap ’;ras\n Collects
e (e Withoud
{\j- P Pl.nn\]\e,w Gbshuchrj blade
Soil Separation ﬁ3~13
Jlean  vertical slots can best bhe made  using
hackward raked tools although penetratlion problems may

arise in compacted soil. Horizontal culs are most

efficiently made using sma

The reduction of c¢clod size under plastic s011
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conditions can only be achieved by soil cutting, rather
than disintegration and a backward raked narrow tool in
the form of a tine or disc is most satisfactory.

Sowing

Sowing operations are performed in bare soil  in

compact @soils with a vegetative cover or in soils
covered with loose trash. Slot cutting or opening
requirements differ in each case. Under 1voose, bare

conditions, almost any tool will operate satisfactorily
providing 1t can be controlled to work at the correct
depth. In compact bare soil, however, penetrating is a

problem and forward rake tools arce more sabtlisfacitory.

Very large vertical forces must be appled to  backward
raked openers such as dics - under these conditlon.
The presence of a well anchored open vegetative

cover does not introduce severe pilockage problems  and
Torward raked cubting devicus wilil perform
satisfactorily. The use of of a forward raked tine in a
continuous sod wil
is reguired this can only be achieved by first making a
his

vertical slit with a backward raked tool.

introduces penetration problems which & canbeovercome

by uzsing rotary tools rotating in the direction of
travel, penetration being achieved through the

resulting impacts.

Cutting and seeding directly through a loose

trash cover can be exceedingly difficuit and often
impossible where large quantities of trash are

s



involved. Forward raked tools black radily and backward
raked tools will not cut or penetrate the most positive
solution would therefore appear to be first exposed
bare so0il using the tools described earlier. A concave

mould board type tool will achieve thi

16

4.1.5 Mixing

Mixing tools are required for the following
puUrposes.
a. Mixing clcde and aggregates, uniformiy or
otherwise over a particular soll.

.

b. Mixing in additives to soil

F..J
@
121
b
o
s
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-
et
b
[
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w
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cement for soil stbabilisation.

c. Bringing up lower layers for mixing with top soil.
d. Partial burial of trash and plant residues.
. a0

A It is extremely difficult to find a <{eool which

will mix s0oil of variable clod size esvenly over a

€}

given depth. The most satisfactory tools for the
purpose 1s a very rating tool. Vertical and forward
raked narrow tines bring the larger clods and particles
to the surface leaving the smaller ones below.

B. Mixing Additives: BRoltating toouls operated with a
high peripheral speed and low forward speed, mix in
additives Dbroademst on the surface fairly evenly over a

A

given depth. A multi, concave disc tool, angled to the
direction of travel, will mix the sirface layers by

throwing +the soil and additive backwards and forwards

hetween the discs.
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C. Soil Layers: From the analysis of narrow tine
failure, a soil wedge moves up the tine to the surface
and is vreplenished with soill from the bottom of ths

tine. A forward raked narrow tine of rake angle 45 or

1 layers +to the

},—J.

less will +therefore bring lower so
surface with minimum draught force. If a tine gradually
narrows from +the bottom +to the top and there are

N

friable soil conditions at its working depth, there is
the possiblility that part of the outside of the soiil
wedge will be Tbroken away befors it reaches the

gurface and become mixed with the lower soil layers.

D. Partial burial of tash

Although a Dbadly set mould beard tool will give
partial burial, a more efficient device is the angied
concave disc. The greater the guantitv of trash to be
handled, +the larger the diameter of disc regquired and
the greater the disc Concavity the greater the amount
of burial. As the angle of approach (fig 14) increases,

4

the concave disc becomes more of a forward raked tool

and penetration becomes easier.
| Afy\fﬁchcncf *fqﬂe\
I
|
[
Angle of
Gfpcqch
Fig 14
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4.1.6 Movement

Soil can be moved by sliding or rolling, either
over itself or another material by throwing, carrying
or placing. The most effecient method of movement will

3

depend upon the relative values of all the soil/soil

[

and soll metal parameters. in general, roliing forces

are usually less.

4.2 MATERIALS ARD METHODS

The former discussions were considered
individually for c¢larity and it 1s necessary to
compromise Dbetween them in an actual design. However

two general rules can be applied as all advantage in

o ) B

all situations and these are Tfirstly, avoiding all

UnnNecessary gurcharging effects on the soiil an

{u
£

secondly try to solve the problem in a direct rather
than indirect way.

Since soil moisture content has such  a big

1

influence upon soil snear strength and the resistance

:

to sliding at an interface, 1t 1

5 important to consider
what the prevailing soil moisture conditions are likely
to be before starting the design. To illustrate this,
consider the process of reducing cled size in  the

preparation of a seedbed. With the soil in a friable

condition, clod size can be reduced by loading the clod

,
b
Hsy

until it fails by shear along its weakest planes.

.

plastic however, this loading will

-

the soil 1

u
{
4
'_..
=
g
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<
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quash the clod, changing its shape without reducing

)

M b hi

its size. In the plastic condition, clod size can only
be reduced by cutting and this reguires a completely

4

different implement +to thali required in th

T

friable

condition. The most convenient way of considering the

o}

effect of s0i1l moisture is not in terms of soil

moisture content, but in terms of the soil consistency

states, namely 1in order of increasing moisture content
I | 1

- the cemented, friable, plastic and ligquid states.

4.2.1 Bulk density determination {(core method)

Using the manually powered double cylinder core

sampler, bulk density (Db) uncorrected for coarse

fragments.
Apparatus - Core sampler - hand coperated core samplers

such as the Ufland sampler (7.5cm diameter cores) have
been used commonly, plastic bag, nylon cioth, rubber

band, one-pint cylinderical waxed-paper carton.

Procedure
1. A smooth, "undisturbed” vertical or horizonal scoil

surface was prepared at the depth to be sampled in

3
"

moist soil {(go

Ch

33

¢
b

I T I T P T |
COore Sampiesd wera rarely optaEInEd

in

4

y this method.

c’

in dry or wetbt soils
2. The sampler was pressed in far enough to fill the
inner metal cylinder but not so far as to compress
the soil.
3. Then I carefully removed the sampler so as to
preserve the sample intact and separated the two

30

cylinders, retaining the "undisturbed 501l in the

L4
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inner cylinder.

I examine +the sample in the inner cylinder. If

there has been obvious disturbance; e.g.

compression due to driving in too far; shattering

of coherent material, hole left by a root or a

stone that was displace. 1 discarded the sample. If
no or only slight disturbance was evident, the soil
sample flush was +trimmed at each end of the

inner cylinder.

Since only bulk density and water content were to

be determined, the sample was pushed out of +the
cylinder into a plastic bag.

The sample was welghed at field water content.

And the bulk density calculated as follows

r) in cm

o~

a. Measured diameter and hence radius
of made of cutting edge of smapler (with some
samplers. This was sligntly smaller than the

inside diameter of the inner cyliinder).

b Measured neight () of cylinder in cm
3 z
o Voiume (cm ; of sgsample (v) :Ilr n
d. Determined over-dry weight of sample (w) in
O

grams; dried to constant weight at 105 C
(this was done after the core has been used
to make several other kinds of measurements).

e Calculated bulk density at fleld water

content D.b.m and the water content of the

bt

sample as follows:

Q&
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Dbm = W g/cm

%

PW= wt of oven-dry

water content {(weil

weight of moiat soil sample -
oven-dry welight o

water content (volume basis)

4.2.2 1

(&

[

Particle Size Analy

LS
-

= (g); V :TI'I:1 h

pd

samp

ght basis) = Pw

oven -dry welght sample)x10§
f sample

PV = PwxDbm

s (Mechanlcal Analysis)

The scll was crushed a
50gm of +the air-dried soil
transferred to a
hexematephosphate was
distilled water. Sample was
then allowed to set for 30 m
was then stirred for 1D

machine.

added and also

nd sieved with Zmm

mixed with stirring rod and
inutes. The scil suspension

minutes in +the multimix

The suspension was transferred from the cup to the

sedimentation cylinder and

the volume of the cylinder

was made up to the 1000 ml mark with distilled water.

The cylinder was cove

several times until all soi
cylinder was placed on a

noted. 8Soil hydrometer was

suspension until the hydrome

3

red with hand and inverted

o

was  in  suspension. The

flat surface and the time
immediately placed into the

ter wags floating, tne first

reading on the hydrometer was taken at 40 seconds, t1he

v



hydrometer was then removed and the temperature of the
suspension was recorded with a thermoneter.

After the first hydrometer reading, the suspension
was allowed to stand for 2 hours and the second reading
was taken again and the temperature of the suspension
noted. The first reading measured ithe percentage silt
and clay in suspension, while Gthe second reading

indicated the percentage of clay in suspension.

PS

A blank was prepared by mains 50mis of +the 5
sodium hexametaphosphate (calgon) scliution up te 1000
mls in a sedimentation cylinder. The blank hydrometer
reading was recorded and also the temperature of the
blank.

After the last hydrometer reading, the suspension

(oW

was poured through a (.Z2mm sieve and the san grains

retained on the sieve was washed with tap water and

then was transferred by wasning into a welgned moisture

can. The excess was poured away and the moisture can
(W]

-and sand was placed in an oven at 106 € overnight.

Finally., the moisture can and oven dry sand was weighed

and the result gave the coarse sand fraction.

4.2.3 Wheel Slipage determination

iy

For a guick measurement of wheel slippage in the

{

field, a spot was marked on the ground and a chalk mark

on one rear tractor tyre. Then the tractor was driven

e

under load with the iImplement in its normal opsrating

mode, and 10 complete rotations of the rear tyre as

A
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counted and another mark was placed on the ground. The
trip was repeated without the two marks. The traction
of the last rotation was estimated as nearly as

possible. The number of rotations counted on the second

trip, and the chart from Appendix B was used +to

determine on the second percentage of rear-wheel
slippage.
4. 2.4 Meaguring soil resistance (shear strensgth)

using the Field Inspection Vane Tester

Procedure - The vane was pushed into the ground to the

required depth. The handles was turned clockwise as

[ ) A

slowly as possible with constant speed until the lower

-

part follows the upper part around or even falls back,

failure and maximum shear strength was obtained in  the
clay at the vane.

It was allowed to return to zero positicon and the
readw together with the position of hole and depth were
T

taken and recorded. he graduated scale was then turn

3 bl
i

anticlockwise Dback to zero position and the wihols
seguence repeated using a different depth.

4.2.5 Determination of deptlh, width of cut and
apeed used

The harrow was used in harrowing Dboth in the
upland and fadama and the depth, width of cut and speed
covered were all measured.

Also T used the ridger in both upliand and fadama
and the different depths, width of cut and speed

covered were also measured and recorded.

W
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CHAPTER _FIVE

) , » 5.0 _RESULTS / CALCULATION
5.1, Results: from bulk density and moisture content analysi
Sample wt of can (g) wt of can + Dia of care Height of Oven dry wt wt of wet wt of dry
wet soil care of soil + soil soil
(8) (8) (cm) (cm) (8) (8) (8)
For Fadama
Sample A 48.55 105.10 3.20 3.80 92.97 105.10 92.97
-48,55 -48.55
56.55 44,42
Sample B 49.91 109.33 3.20 3.80 99.61 109.33 99.61
-49.91 -49.91
59.42 49.7
For Upland:
Sample A 49.71 103.86 3.20 3.80 100.23 103.86 100.23
.‘9 L) 71 -‘9 . 7 1
54.15 50.52
Sample B 49.41 98.99 3.20 3.80 96.01 98.99 96.01
-49.41 -49.41
49.58 46.6




vgs

Results from bulk density and moisture content analysis

(A

Sample wt of can wt of can + Dia of care Height of Oven dry wt wt of wet wt of dry
wet soil care of soil + soil soil
(g) (8) (cm) (cm) (8) (8) (8)
For Fadama
Sample C 48.55 105.80 3.20 3.8 93.99 105.80 93.99
‘ -48.55 ~48.55
57.25 45 .44
Sample D 49.01 107.00 3.20 3.80 93.01 107.00 93.01
~49.01 -49,01
57.99 44
Upland
Sample C 49,41 99.56 3.20 3.80 96.08 99,56 96.08
-49.41 ~49.41
50.15 46.67
Sample D 49.41 101.01 3.20 3.80 98.75 101,01 98.67
-49.41 ~49.41
r = 1,6 51.6 49.34
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Fadama
W 45.46 _ 45.44 3
Sample C: Dbm . = 3 = 7 = = 1,4869g/cn

~r“h 30.56
(Depth 15cm)

Water content on wt bases = 3544 = 0,2599%
ch
Water content on vol., basis = _Pvcf = PuxDbm = 0.38645%

W 44 44 3
Sample D Dbm,, v " 7(:211 30~ 56 1.43979g/cm
(Depth 25cm)
Water content on wdt bagsis = WDF - 57°99“- LR T31795%

Water content on vol, basis = PVDF = PWxDbm = 0,457787X

Upland
W 46.67 46.67 3
Sample C: DbmcU v -%-;2-; 30,56 1.527g/cm

(Depth 25cm)

- 50.15 ~ 46.67
Water content on wt basis = WCU %6.67

= 0.074566%

Water content on vol. basis = PV = PWxDbm = 0,113862

Cu
Sample D:
(Depth 15cm) Dbmy, = & = 42:3% g%'—%%- - 1.6145g/cm>
xr’h *
Water content on wt basis = PW ., = 51'29':329’34 = 0.0458%

Water content on vol, basis = PVDU = PWxDbm = 0,0739Z
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5.1.2 Calculations for particle size analysis

C = R~-RL + (0.36T)
where T = Room temperature minus 20
C = corrected hydrometer reading
R = hydrometer reading of soil suspension

RL = hydrometer reading of the bulk

Note:
for every degree above 20°C add 0.36g.1
for every degree below 20°C substract 0.36g/1
soil that have high organic matter content may need pre-~treatment

with hydrogen peroxide prior to the determination.

Conclusion

Location Sand §11t2 Clay Textural Class

Fadama

Bosso (Minna) 48.4 19.64 31.96 Sandy clay
loamy

Upland(Minna ) 64 .40 4.64 34.96 Sandy day
loanmy

The textural triangle was used to determine the textural class of
the soil samples.



Results from particle size analysis

Sample Room Temp., Hydrometer hydfon.tar wt of dry
reading of reading of soil + can
8oil susp~ blank

ension
For Ugland
30% lst = 7° 0 72.61
30.5% 2nd = 4.5 0 can = 50.26
' 22.35
Fadama
30% lat = 15 0 53.64
30.5% 2nd = 5 ) can = 49,52
.12
C
u = R - RL + (0036T)
w7-0 + (0.36 x 30)
= 4,50 + (0.36 x 30.5)
Cp =15-0 + (0.36 x 30)
- 5- 0 + (0.36 X 30.5)

Cpadama 40 = 15 -~ 0+ (0.36 x 30) = 25.8

- 2508 x 1" 2

= 15,98
8

- -‘—ii—ggx 1882 _ 3,06 —— X clay

4
[X) x Bilt - 5106 - 31.96 - 19.6‘:

thus sand = 100 ~ 51.6 = 48.4X

Copland = 7 -0 + (0.36 x 30) = 17.8
17.8 _ 100

50 X = 35,60 silt + clay
5-5-57’;9 x 190 . 30,961 —— Clay

ee X% 8ilt = 35.60 =~ 30.96 = 4.64%

thus sand = 100 - 35,60 = 64.40%
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§.1.3 Result of the Penetrometer (vane tester) shear strength measurement

Location depth (cm) Penetrometer readings (Tonnes/mz)
- IOKN/m2
2 2
fadama = KN/m Upland = KN/m
5 3.6 = 36 3.5 =35
10 6.1 = 61 3.4 = 34
15 4.45= 44,5 5.9 = 59
20 2.8 = 28 10.9 = 109
25 2,7 = 27 14,5 = 145
30 2.5 =25 13.2 = 132

5.14 Results for Harrowing in

1. Fadama (2) Upland
- - wt of implement
Speed = 1,4m/sec Speed = 1,5m/sec. 12Tkg = 1.21KN
Fadama Width of Cut Depth of Cut
1,1 0.1
1,35 0.01
1.45 0.08
1.45 0.06
1.3 0.05
1,35 0.08 '
1.35 0.05
Average = 1.3357 0.06
2. Upland
1.30 1.30 0.08
1.30 1.40 0.07
1.34 1.40 0.08
1.25 1.25 0.07
1.34 1.34 0.10
1.25 1.23 0.12
0.12
o. 13

Average = 1.296 1.32 0.09
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5.1.5 Ridging Results from Ridging in

1. Fadama 2) Upland %
- - wt of implement
Speed 1.07m/sec Speed 1.96m/sec. on Fadama ;
= 67kg = 0.67KN
Fadama:
Width of Cut(m) Dept of Cut(m)
1.2 0.25
1.25 0.3’
1.2 0.35
1.3 0.25
1.3 0.3
1.3 0.35
1.2 0.3
7 0.25
0.3
0.3
Average = 1.25 0.295
Upland
1.3 0.3
1.2 0.25
1.2 0.28
1.15 0.25
1.15 0.28
1.25 0.2
0.2
0.15
0.28
0.3
0.2

Average = _ 1.208 0.2445



Results from slippage, by count
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wheel rotations

Implement Rotations Rear wheel wt of wt of tractor;
slippage 7 implement (kg)
(kg)
Plawing Y% 147 370 2400
Harrdwing (small
tractor and
implement 88
Total: = 2770kg

implements will be

pdb = FV

513 To calculate the draw bar power of the tractor using the different

F = draw bar pull in KN = wt of imﬁlement x 9.8 —— ma

V = tractor velocity in m

thus for the ridger, pdb will be

1. In Fadama

pdb = FV

67 x 10 x 1.07
= 716

0.716K

for the Harrowing, pdb will be
1. In Fadama

pdb = FV

121 x 10 x 1.45

1754

1.754KW

(2)

(2)

In Upland

pdb

FV

67 x 10 x 1.96

= 1313

= 1.313KW
In Upland
pdb = FV

121 x 10 x 1.5
1815

1.815KW
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Calculation for Plow resistance

Now the formula Px = £G + Koab + Eabiz(kN)
Px = total plow resistance (kN)
f = resultant of coefficient of frietion of soil
Ko = coefficent of static resistant (Kpa). Ko fror loamy
soil is between 30 - 50 Kpa. Thus we assume our

Ko is 40 Kpa

G = plow wt (KN)

E = Coefficient of dynamic resistance KN
2
9 X \'
m
for V = 1,0 to 2.4 m/s
E = 2.6 kN.§%/m
i.e for fadama, E= 36 x -(—1-4)2 - 18.36 KNS/n"

for upland € = 35 x 2 = 15.5 KN8%/m®

1 and 2 are for the Harrow

thus for the ridger,

1 2,4
for fadama = 36 x Tf._o-f_)_z 24,8 KNS“/m

for upland = 35 x (1196)2 = 9.1 KNS?/n®
G = 12lkg ;%%%%Q 1.21KN for Harrow

V = velocity of forward travel

width of cut (m)

®
L}

o
8

depth of cut (m)
f =Gtan® — @ = internal friction
# @ for loamy sand soil from Appendix A = 30 and @ = 0.67

. F =Utan 30 = 0.577 x 0.67 = 0.386

1. Thus for the Harrow (see table 5)

&
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Table 5:

Location Implement V(m) A(m) b(m)

Fadama Ridger 1.07 1.25 0.295
Horrow (spring tine) 1.45 1.3 0.06

Upland Ridger 1.96 1.2 0.24
Harrov (spring tine) 1.5 1.16 0.09




b.

2.

a.

b.

+F

Fadamai

Px = FG + Koab + Eabv(KN)
= (0.386) (1.21) + (40) (1.3) (0.06)+(18.36)(1.3)(0.06)
(1.45%)
= 0.467 + 3.12 + 3.01
- 6.597 KN

- 4.,0134 Kn using given value of E from table

Upland
Px = (0.386)(1.21)+(40) (1.16)(0.09)+(15.5)(1.16)(0.09)(1.52)

0.467 + 4.176 + 3.64

8.28KN

5.2537 KN using the value of given E from table

67 x 10

1600 0.67

for Ridger, G = 67kg

Fadama:
Px = (0.386)(0.67) + (40)(1.25)(0.295) + (24.8)(1.25)(0.295)
x (1.79
- 0.25862 + 14.75 + 10.47
= 25.47873 KN

- 16.1 KN using given value of E

Upland:
Px = (0.386)(0.67)+(40)(1.2)(0.24)+(9.1)(1.2)(0.24)(1.962)

= 0,25862 + 11.52 + 10
= 21,846KN
= 14,6552KN using given value of E



5.19  Angle of Inclinations of

a. Ridger
1.2

1.2cm Tan 68 = 9 = 0.06316

L & = 3,6
19¢cm

b. Harrow

4.5¢cm

Tan 0 = 22 - 0.4369
10.3
o

10.3cm



Results/Discussions
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Table 6: showing the rule of thumb draft indicators for diverse

tillage tools (A.S.A.E., 1984)

Implement type ° - . Locatdon Soil

Draft, N force
Spring tine harrow Fadama Sandy = 480+
clay leam = 40.1 x 4 x 10“7
= 480.00001
Upland " = 480 + 48.1 x
x 4.1 x 10_7
480.,00002
m = dimplement mass (kg) v = travel speed =
Table 7 ' Soil Resistance
Operation KN of draft/ Typical speed Draw bar kW/ Soil
meter of width km/hr meter of width type
Fadama 6.597 1.45 _ -7 1.754 _

1.3 5.0746 60x60x1000_4XI0 13 1.349 Sandy .
clay
leavy

Upland 8.28 _ 1.50 - -7 1.815 _ "

1.3 6.369  Zox60x1000™4+1¥10 © T7g =1-36

Ridger

Fadama 25.47 _ 1.07 _ -7 0.716 _ "
.25 - 20376 Goxbox100072-9%10 © 135 = 0:372

Upland 21.846 _ 1.96 - -7 1.313 _ "
1.2 - 182 €0x60x1000 > 4x10 © 75— = 1.094




Table 8: Calculation for KN/m

t8

Operation ! . Location Depth of cut (m) Force KN/m
Values got using
the given E froﬁ
table. ‘
Harrowing Fadama 0.1 10.683 6.3776
(Spring tine) 0.01 1.4886 1.058
0.08 8.64 5.195
0.06 6.597 4.0134
. 0.05 5.575 3.422
Upland 0.08 7.414 4.721
0.07 6.545 4.1896
0.10 8.688 5.785
0.12 10.887 6.8486
0.13 11.756 7.3804
Ridging Fadama 0.25 21.63 13.72
0.3 25.9 16.41
0.35 30.18 19.1
0.295 25.48 16.1
’? Upland 0.3 27.156 18.253
: 0.25 22.67 15.255
0.28 25.36 17.0
0.2 18.19 12,.25578
0.15 13.7 8.997
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5.2 RESULT /DISCUSSION

From the results and calculations, it was seen
that the draw bar pull reguirement for both the ridger
and harrow were higher in the upland region than in the
low land region due to, possibly the scoil molisture

content which is lower in the upland region than in the

fadama region. From the graph it could be seen that the

o

deeper the depth, the lower the bulk density and the
lower the moisture content and this can possi
to the compaction of the soll on the upper surface.
Also the +total plow resistance was seen to Dbe
higher in upland than in fadama using the harrow while
using the ridger, it 1s higher in the fadama than in
the lowland and in this latter case, it might be due
to the small penetration of the ridger into the soil as
a result of the low angle of inclination in the upland
region while in the fadama there was accurate

penetration and with the presence of the clay and water

clogging, it resulted into a higher total plow
resistance which 1is more accurate than that got from
the upland.

Again for the shear strength using the
penetrometer (vane tester), it was discovered that in
the upland, the deeper the depth, the higher the shear

.

strength while in the fadama, the deeper the depth, the
lower the shear strength except in the first 10cm depth

where it behaves like that 1n the upland possibly due

o
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to the soil

U

urface exposure to sun. Thus in fadama,
the +top so0il has been compacted making it Lo have a
higher shear strength than the sub soil while in the
upland, +the top soll shear strength has been reduced
due to the very low moisture content.

From the graph of force against depth of cut, a
uniform line was got from both upliand and fadama region
showing the increase in force with an increase in depth
of cut.

The draw bar pull requirement for an appropriate
tillage equipment for a ridger is 0.716KW in fadama and

1.313KW in upland while for a Harrow, it is 1.754KW in

fadama and 1.815KW in upland. The angle of inclination
O O
of the implements are 3.6 for ridger and 23.06 for

harrow. For slippage the normal reguirement for proper
gslippage while working on both fadama and upland region
in Minna was that for @ K3 weight of both tractor and
ballast, the appropriate welght of implement 1to be

pulled should be O.thj,that is 0.12k9 of implement/kg

weight of tractor and ballast.
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CHAPTER S IX
6.0 CONCLUSTON/RECOMMENDAT ION

4

Due to lack of egulipments, my research and project

work was based on the equipments available and this

y )

could not give a satisfactory results as I would have
wished for, for a thorough research work. For instance
the angle of inclination for both, especially that of
o
the ridger (3.6 L was 80 low that the actual depth of
cut I would have loved to get was not attained thus
making analysis in the upland region base on a shallow
depth of 0.24 for ridger and 0.0%m for Harrow despite

the additional weight of 30kg placed on the implement.

T

Also due to the lack of dynamometer, I could not

measure  the power reculrements and fuel consumption,

3

-
e

Ll

)

Also, ue to lack of dynamometer in school, I was made
to fabricate an attachment to be used in attaching a
spring weight balance in between the implement and
tractor so as to use in measuring the force reqguirement
and then the draw bar and draft requirment. But due to

the fact +that the balance that I was able to acquire

o

T b

could only carry or pull a weight of 50Kg, I could not

ja

use the attachment, +thus I employved the use of formula
to calculate both the drawbar pull and total plow
resistance. The specifications and dimensions of the

attachment will be explained in the Appendix C.

-4
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Thus for the deslgn specifications and for someone
that will like to carry out this project from where I
stopped, in fabricating the appropriate and suitable
tillage eguipment for bhoth upland and lowland region in
Minna, the person should bear in mind that the draw bar
requirement for a Harrow in Fadama 1s 1.754kw and
upland is 1.815kw while the Ridger in fadama is 0.7186kw
and unland is 1.313kw. Also the itotal plow resistance
for a harrow in fadama 1s 4.0134kN and wupland 1is

4

5.253kN while for ridger it is 16.1kN in fadama and

P—.A
B
n
%)
o3
N
’__0 -

n upland.

It was also observed that penetration intc the

soll was nmore fficult in the upland region than in
the fadama due to the low moisture content and thus

higher soll resistance.

-

The total plow resistance calculated using my

s

results  in getting Zo is slightly different from that

o)

got using a given valiue of Fo. This may possibly be due

k)

to the differences in soil structures since there was

:

no  specification as to the soil type of the given Eo,
and also soil type.
Since ' tilling in upland has a higher Dbulk

density than in fadama then the power requirement or

N

the total resistance that will result in +tililing the
soil wil be higher in upland than in fadama. Also due
to the higher shear stirength in upland which increses

T

with depth than in fadama there will also Dbe higher
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a

power regulrement in tilling the 11 in upland and

st
O

sinkage in the fadama should also be +taken into

0]

g
consideration.

Thus for the total plow resistance, this is higher
in upland than fadama with harrow and higher in fadama
than in upland using the ridger and this is not very
accurate since there is poor penetration of the ridger
in wupland. Thus all the above conditions should be
taken into consideration during the design of tillage
eguipments in both fadama and upland region in Minna.

o

Thus for bursting of the soil, a 20 rake angie
narrow tine would provide the maximum upward force with
minimum draught. Although this design may be feasible
at shallow depth, 1length, strength, stiffness and
bending problems become acute at greater depths. For
soil cutting, both for weed controil and soil
separation, +the optimal angle of approach shouid be

O
around 16)though atimes this might depend on the type of
weed. For soil mixing, a more efficient device is the
o)
angled concave disc with angle of approach of about 50
And for soil disintegration, this can be achieved using
a surcharging backward raked tool, either in the form
of a wide or narrow tine or a large diameter cylinder
or disc.

Hence, Trom +the project, the tillage equipment

designer, using the values I obtained, for the soil/

soil parameters (in knowing the value of ¢ and thus the



minimum load fto bhe applied) solil/metal parameters (in
knowing the the value of 5 and knowing the
appropriate reduction of thed to be made), forward
speed (in knowing the depth and width of cut achieved
with the implements) at various speed, soil/implement
factors 1like the moisture content, bulk density and
finally the shear strength and total plow resistance
required. The designer can now be able <to design
suitable and appropriate soil tillage eguipments to
suit both the fadama and upland region in Minna and also
saving costs of operation for the farmers since the

farmer will now know the right tillage implements that

spanding much on  Lrying

different tillage implements.
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RECOMMENDATIONS

For someone wishing to make further research or
development on this project, the problems or areas left
to be investigated which I could not do because of lack

ET

of necessary egulpnents and Limu availabie for the

project as previously explained, include the following:
1. If suitable field dynamometer is available, +then

direct draw har can be measured.

Z. With the dynamomeber HLBO dairect power
requirements can be measured.

3. Determine the effect of different shape of some
tillage implements on draft, and speed.

4. Determine the effect of different angle of
inclination of some tilage implements on draft and
speed.

5. Determine the fuel consumption rate of using
different implements of different shapes and angle
of inclination.

A1l these should be determined in both upland and
fadama taking into conslilderation the soil

characteristics got during my tests 1o avoid wheel

sinkage especialy in the fadama.
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APPENDIX A
Typical values of angle of Internal friction (¥)

several Soils.CTDSEPﬂ |q5§)

ISP
@]

; Loose : Dense
; i
1 1
H H

Gravel : 32-36 i 35-50
| I

Coarse sand : 32-38 i 3b-48
¥ H
1 1

Clay sand ; 28-32 v 35-40
] H
1 §

Silty sand : 28-32 \ 32-38
$ f
i I

Fine sand Z 2732 L 3338
3 1
] ]

Sandy gravel | 30-38 i 36-45
i ;

Gravelly sand | 30-38 . 3650
13 f
1 1

Silt i 20-30 L 23-32
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APPENDIX B

Slippage was got by counting wheel rotations, the
tyre tread pattern produced when pulling under 1load

provides an approximate indication

Rotations Rear wneel slippage %, What to do

¥
§
]
i
i
10 | 0 i Hemove ballast
8 1/2 | 5 ;
| \
g . 1 i Froper ballast
8 1/2 | 15 |
; i
8 | 20 1
7 1/2 : A) i Add ballast
7 | 30 |
Ed
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APPENDIX C

Attachment for attaching spring balance
the tractor and implement:

All dimensions are in centimetres. The side view
and front view of the attachment is as shown over page
and the Joints were welded together using an arc
welding. A flat Dbar was used at the middle to get a
stronger weld at the Joints and to provide a proper
attachment for the bhar to which the spring

will be hooked unto.
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APPENDIX D

From the graph, the lines were constructed us
the Equation of a straight line Y = atb x
where a is the intercept of the axis

b is the gradient of the line

Thus for linear correlation - using Regression
Correlation
vy = an + b X .......... (1)
2
(xy) = a x+Db x ........ (2)

n is the number of points to be plotted. The equati
are least sgquare line, thus from experiment, %, ¥y,
b
La

X values were got and then the eguation (1) and
were solved and the values of a and b were got
finally +two different values for y were selected

their corresponding x values got to obtain

ing

and

ons

»
L

03
—

coordinates used in plotting the straight line graph.



