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INTRODUCTION

World population has been 1increasing by leaps and
bounds and by the turn of the century, 1t 1s expected to reach
a figure of 6.2 billion. The pressure of population 1s felt
more acutely by the developing countries. As for India the
population 1s projected to reach 935 million by 2000 AD and a
corresponding increase in food production is imperative. This
can be achieved only by intensive cropping with increased use

of 1inputs.

A large proportion of the agric¢ultural population of
our country are small scale agriculturaists engaged to produce
their own food rather than to amass profit. Hence in our
case agriculture is of the subsistence type. There 1s not
much scope Zor increasing the cultivable area. The only way
1s to i1mprove on yields per unit area by intensive agriculture,
through better 1inputs and better management. Increased power
input for agricultural operations 1is vital for efficiency and
timeliness. So, selective mechanisation has been approved as
an 1mportant measure to 1ncrease agricultural production. A
wide range of equipments has been designed and manufactured in

our country to serve various agricultural operations.



In the case of developing countries, where agriculture
1s of the subsistence type, this increased power input can be
made available from one, or a combination of the three basic
alternatives: hand 1labour, draught animal, or engine poweé.
The decision as to which of these three and to what extend
will vary with the situation. The average power availability
of Indian farms 1s to be 1raised to about 1 hp/ha
from the present level of about 0.6 hp/ha. The country cannot
depend fully on human labour and draft animals for filling

this wide gap of energy. The mechanical power sources thus

become imperative for Indian agriculture.

Four wheel tractors have limitations on Indian farms
from the point of view of large number of small and medium
farmers, small and fragmented holdings and high ainitial
investment. Power tillers are therefore recognised as an
intermediate power source which medium and small farmers could

afford.

Since 1975, the total installed capacity of power
tiller industry has been only 16,000 and the annual production
ranged from 10-15 per cent of the installed capacity. Reasons
for low volume of production and sales are many. Power tiller
1s expensive 1f seen on the basis of cost per hectare.
Initial cost 1s high because the production volume 1s low.

One of the main reasons for slow acceptance of power tillers



by Indian farmers is its low versatility. Besides, the
manufacturing of power tillers and a complete range of
matching implements have not been organised on a regular
basis. The power tillers have not caught up with the Indian
farmers due to, the non-availability of matching implements,
which results in very low number of hours that a power tiller
can be used i1n a year. Thus the design and development of
power tiller operated equipments 1s 1imperative for the

progress of Indian agriculture.

In high rainfall areas like Kerala, the problem of
holding the soil 1in situ and maintaining soil fertility ais
acute. The need to conserve moisture from 111 distributed
rains 1S great. Prevention of run-off by appropriate
mechanical nethods are also essential. To prevent water
logging raised beds and drainage ditches are necessary zin
high rainfall areas. 1In irrigated farming a raised bed and
furrow system has been found useful for conveyance and
efficient use of 1irrigation water. Due to these reasons,
raised beds, separated by adjacent furrows - commonly known as
Broad Bed and Ferrow System (BBF system) has been adopted for
various crops both in high rainfall and low rainfall areas.
In Kerala, 1important cash crops like ginger and turmeric are
grown always in raised beds. For preparing paddy nursery in
dry method, a raised bed 1s used. In several ainstances,

vegetables are also grown on raised beds.



Manual preparation of beds and furrows 1s a time
consuming, laborious and costly operation. Eventhouch there
are equipments for forming ridges and furrows, there zre only
few equipments available for the formation of broad bsds. If
such an eguaipment 1s available as a power tiller attachment,
1t will be a boon not only to the small and marginal farmers
but also to the power tiller industry. Hence a rrojsct was
taken up with an overall objective to develop a gower tiller
operated Bed former. The specific objectives ci tae work

were:

l. To study the different so1l manipulating tocls and
cultivation techniques with a view to evclve design

parameters to develop a power tiller operated Zed Zormer.

2. To design and develop a prototype power tiller operated

Bed former.

3. To evaluate the performance of the above unit towards

economic viability and flexability of operatio-.
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REVIEW OF LITERATURE

A brief review of cultivation techniques 1in which a
raised bed and furrow system 1s used, 1ts advantages,
development of different equipments for preparing raised beds,
development of matching equipments for power tillers, and
general design considerations for soil manipulating tools are

presented in thas chapter.

2.1 Raised bed and furrow system

A seed bed 1s that layer of soi1l which has been tilled
to a condition to promote germination, emergence and growth of

seedlings.

A cultivation system called Broad Bed and Furrow
System (BBF system) has been adopted 1in many regions. In
Broad Bed and Furrow system of farming broad beds are formed
in between two narrow furrows. The beds are used for growing
of crops where as the furrows are used for carrying excessive
runoff and also as a track for walking of animals, and wheels

of equipments. Furrows are also used as i1rrigation channels.

Vegetable seedlings are grown 1in raised out door
nurseries of one metre width (Chauhan, 1986). PFor raisang

paddy nursery, a dry method is practised 1in areas where



sufficient water is not available. In this method, growth of
seedlings can be controlled. Nursery 1s prepared on raised
beds of 1 to 1.5 m width, and 15¢m height and of convenient
length. Lemon grass 1is planted on raised beds of 75-80 cm
width with a spacing of 30-35 cm in between and of convenient

length (KAU, 1989).

The recommendation for planting ginger 1s on beds of
convenient length, 1 m wide and 25 cm high with 40 cm spacing
between the beds (KAU, 1989). For planting turmeric also the
same method as that of ginger i1s used. Raised beds of size

6mx1lmzx 30 cm are used for cardamom nursery.

2.2 Advantages of broad bed and furrow system

The broad bed and furrow system was found to be
advantageous 1n several ways 1in the studies conducted by

several research stations.

The studies conducted at ICRISAT revealed that the BBF
system 1s the most successful, both to facilitate cultural
operation and to control excess water (Kampen, 1979). The
broad bed 1is about 100 cm wide and the sunken furrow about
50 cm. Initial experience with narrow graded ridges of 75 cm
amplitudes at ICRISAT indicated instability of this system.
Comparisons of flat planting with cultivation on broad beds

indicate substantial yield advantages of the broad bed system.
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Kampen reported that values of crop yields 1in field scale
experiments were about Rs.800/ha higher on broad beds at 0.4
to 0.6 per cent slope than under flat cultivation at that
slope, during 1976. Operational scale research on water sheds

has shown that the broad bed and furrow system has the fbHOVMna
advantages-

(1) Reduce so1l erosion
(11) Provides surface drainage

(111) Concentrates organic matter and fertilizer 1in the

plant zone

(1v) Reduces soil compaction in the plant zone
(v) Is adaptable to supplemental water application
(v1) Can be laid out on a permanent basis

(vii) Is easily maintained with minimum tillage

(vii1) Facilities land preparation during the dry season

Under Land Management studies on Vertisols, the BBF
system of cultivation was compared with flat system in field
si1ze plots for the fifth consecutive year in the 19801-81 crop
year (ICRISAT, 1981). The air filled porosity measurements 1in
a 0-15 cm layer in the raised bed zone revealed that the layer
in the BBF system was better aerated than the corresponding
layer in flat plots. The penetrometer observation showed that
the penetration resistance was lower 1n the raised bed zone of

the BBF system than in the flat plots.



A study conducted at ICRISAT to evaluate the influence
of surface configuration on run-off and soil loss showed that
the run-off rate from both the flat cultivated plots and the
rairsed bedded plots increased with 1increased rainfall amount.
This was also true for increased rainfall aintensity. At
higher storm intensities or longer rainfall durations a broad

bed was more advantageous to control run-off (ICRISAT, 1981).

Palaniappan (1985) has also reported the advantages of
the BBF system at ICRISAT. The broad beds are formed on a
semi-permanent basis and maintained by minimum tillage. The
beds formed 1in the previous season can be tilled using the
multipurpose animal drawn tool bar immediately after the
harvest to conserve residual soil moisture. After pre-monsoon
rains, the beds can be harrowed to kill the weeds and using a
ridger-cum-bed former, the beds can be reshaped. This
completes the seed bed preparation in the dry season well
ahead of planting taime. In thas sytem, the excess water
received during heavy rainfall i1s not allowed to run-off but
1s collected through the furrows, led 1into the grassy water
way and taken to a central tank where the water is stored.
The advantages of different land management systems were as

shown in Table 1.



Table 1. Run-off, soil loss and crop yields for three land
management systems on a deep vertisol at ICRISAT
(ICRISAT, 1980)

Runoff Soil Maize Bengal gram

Land Management System (% of loss yield r1eld
rain) -
t/ha t/ha
Flat bed 24 2.1 1.78 0.98
Narrow ridges (75 cm) 22 2.0 2.05 0.73
BBF (150 cm) 25 1.4 2.10 1.01

A study of farming sytem at CIAE, Bhopal duxng 1982-85
in deep black soils revealed that the productica from dry
lands could be enhanced to more than 2.5 t/ha/h- from the
prevailing level of less than 1 t/ha/yr. Broad Bec anc Furrow
system of farming yielded 228 kg/ha/hr more grain 1in

comparison to the flat system of farming (Rajput et al., 1985).

A study conducted at the Agricultural Ing_neering
Institute, Raichur, Karnataka to evaluate the E3F farming
system revealed that the moisture availability, crecs y.eld and
cost-benefit ratio were higher for BBF system corparad with

flat system (Maurya and Devadattan, 1987).
2.3 Equipments for preparation of raised beds

2.3.1 Need for equipment for carrying out modif:cazion of
land configuration

"

Dry land agriculture 1s the largest sector of Indian



rural economy, covering 70 per cent of the cultivated area of
the country. Anwar Alam (1987) pointed out that ain situ
moisture conservation 1s important for dry land agriculture
and most of the farmers do not have eguipment to carry out

modification of land configuration for thas.

2.3.2 Small scale equipments for earth-moving

Hopfen (1969) reported the use of different kinds of

small scale equipments for earth moving.

2.3.2.1 Shovels

The chief object of a shovel 1s to move loose soil or
similar material over shoxrt distances. The essential parts

are the blade, the socket and the handle, with graip.

There are long~handled and short-handled shovels for
moving material lying on the ground, all operated with both
hands, and one-handled scoops (Fig.l). On long-handled
shovels the angle between the blade and handle 1s only
slightly less than 180°, whereas this same angle ©on very
short-handled shovels 1s acute, as will be seen in Fig.lc to
le. In fact, these shovels, much used in various parts of

Africa and the Far East, are sometimes classified as hoes.



Fig.l Common types of shovels

(a) Multipurpose type; (b) for use on even ground;
(c) One-handed scoop; (d) Shovel from Nepal;
{(e) Ethiopian type; (£f) Work with the Ethiopian shovel hoe
Source: Hopfen (1969)




Various types of shovel blades have been developed for
different working conditions. A good multipurpose shovel
blade 1s concave and slightly pointed (Fig.la). Blades with a
straight edge and rounded, raised shoulders (Fig.lb) are
particularly suitable for picking up material from smoocth
ground while the pointed ones are better on uneven ground.
The handles and the connections between blade and hancle axe

much the same as those used for spades.

The two-man shovel serves to prepare alternating
ridges and furrows, to form bunds for irrigated crops, and for

other shovel work. It consists of a large, slightly concave,

flat-sided blade with two rings on the inside. The rings hold
the ends of a rope. In use one man pushes and directs tne
shovel with the long handle while a second man, Zacing tae
first, pulls on the rope. This rhythmic action geverally
results 1in an output exceeding that of two men wicth t o
shovels. It 15 widely used in Arabia, Syria, central a-d
northern Iraq, Iran, Afghanistan, parts of 1India ard West
Pakistan, Turkestan, China (Mainland and Taiwan) anc Koresa

(Fig.2c).

2.3.2.2 Hand-levelling board

A hand-levelling board may be used in wet paddy fields
to give the final touches to the puddling operat:on by

breaking up, 1levelling and smoothing the soil. It varaies



greatly in design. It may be a simple solid board with no
teeth or, 1n some cases, with a saw-tooth design on one side

of the board.

2.3.2.3 Animal-drawn earth scoop

The earth scoop 1s used to level land for irrigation
and to build small dams, and for any other work involving the
transport of soi1l or similar material over short distances.
The construction varies, but a common type has a large scoop
of mild steel with a reinforced bottom, the whole being
controlled by two wooden handles and drawn by a movable
U-shaped steel drawbar. The two points of attachment of the
dravbar are at the points of best balance for easy draught,

filling and tipping (Fig.2b).

2.3.2.4 BAnimal-drawn levelling board

The animal-drawn levelling board 1s used in many
countries to prepare rice fields under flooded conditions. It
consaists of a wooden plank of varying dimensions fitted either
with a pole for attachment to yoked animals or with two rings
for traces. The operator normally rides on the plank to
achieve better penetration into the soil. It 1s also used

for clod crushing under dry conditions.
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2 Two-man shovel and 1ts animal drawn version

Fig

(b) Animal-drawn shovel board

-
r

(a) Two~man shovel

(c) Work with the two-man shovel

Source: Hopfen (1969)




2.3.2.5 Riadgers and ditchers

The radger plough (Fig.3a) consists of single share
and double mould board attached to a short (Steel) or 1long
beam (wooden). There are two handles provided to balance the
ridger. The ridges are formed on the return pass of the
implement. They are commonly used for making ridges and
furrows for potato and sugarcane planting and making field

channels for irrigation.

An animal drawn ridger was developed by the Bihar
State Department of Agraculture, Patna suitable for maize,
Potato and vegetable «crops. The working capacity was
0.05 ha/hr. The draft of the equipment was 70 kg, and the
cost was Rs.l115/-. A larger size of the ridger called Bihar
Senior ridger had a size of 550 mm. This ridger was used for
sugarcane crop. A ridging attachment to Bakhar was developed
at the College of Agricultural Engineeraing, JNKVV, Jabalpur
(Shanmugham, 1982). The animal drawn ridger had a width of
operation of 320 mm and 1ts work capacaity was 0.1 ha/hr. The
unit was a furrower which could be easily mounted on a bakhar
and operated between row crops. The cost of the equipment was

Rs.30/- and cost of operation Rs.32.50/ha in 1977.

A field Ditcher of double mould board type was
developed at IIT, Kharagpur (Shunmugham, 1982). The width of
operation of the equipment was 762 mm and the work capacity

was 60-70 m3/hr. The draft of the ditcher was 95 ka.



A power tiller operated trencher was developed at
TNAU (TNAU, 1984). The trencher excavated trenches of
trapezoidal shape with top width of 53 cm bottom width of
17 cm and total depth of 24 cm. It was also capable of

digging circular trenches of a minimum diamter of 3.3 m.

Ridgers for tractors (Fig.3b) are also available with
facility of attachment to 3 point linkage (Singh and

Bharadwaj, 1985).

2.3.2.6 Bund formers

Bund former 1is an equipment tos:form bunds or ridges by
gathering soil (Fig.3c). The specification for bullock
operated bund former was adopted by the Indian Standards
Institution (1965) after the draft fainalised by the farm
implements and machinery sectional committee had been approved
by the Agricultural and Food Products Division Council. A
typical design as suggested by the ministry gaving complete
details was 1included 1in the standard for information. ISI
recommended three sizes of the bund former, namely, light, up
to and including 225 mm; medium, above 225 mm but below 300 mm;
and heavy, 300 mm and above but not exceeding 375 mm. Hopfen
(1969) reported the use of bullock drawn bund formers 1in

India.



Fig.3 Bullock drawn ridger, Tractor mounted ridgexr and

Bullock drawn Bund former (Shanmugham, 1982)
w5




A tractor operated bund former was developed at the
Jawaharlal Nehru Krishi Viswa Vidyalaya, Jabalpur (Shanmugham,
1982). It had a working capacity of 5000 m length/hr in
ploughed soil. The bunds formed with the equipment had a base

width of 410 mm and a height of 30 to 40 cm.

Shanmugham (1982) reported that an irrigation channel
cum bund former was developed by IGFRI, Jhansi for formation
of channels and bunds (Fig,.4). The equipment was tractor
rear mounted. It had a working capacity of 4000 m/hr for
channels and 5500 m/hr for bunds. The cost of operation was
Rs.0.75/100 m of channel and Rs.0.55/100 m of bund. The

equipment was suitable for all types of soils.

A power tiller operated bund former was developed at
TNAU, Coimbatore (1984) to form bunds in the irrigated lands
and across the slope of dry lands to conserve soil moisture.
It had a capacity of 2.5 ha/day when the bunds are formed at
3 m interval in one direction only. The cost of operation was
Rs.35/ha 1including haire <charges of power tiller. The
approximate ccst of the 1implement was Rs.350/-. The three

sizes of the bunds formed were:

(1) 39 cm base width and 16 cm height
(12) 4l cm " 16 cm "

(111) 45 cm " 16 cm "



Fig.4 Irrigation channel cum Bund former
(Shanmugham, 1982)




Ojha (1989) reported that bullock drawn bund formers
which can form two bunds at a single pass was used in Madhya

Pradesh.

2.3.2.7 Multipurpose tool bars used for forming raised beds
and bunds

The multipurpose tool carriers basically comprises of
a frame on which tools can be mounted and attached to a power
source through a tubular beam. On the tool bar, different
attachments including bund formers can be fitted for various

farming operation to make 1t a multipurpose.

The multipurpose tool carrier developed at ICRISAT,
Hyderabad had three attachments namely mould board plough,
ridger and 5 tined sweep cultivator. The wheeled tool carrier

had a wheel track of 150 cms (PAU, 1982).

A bullock operated bed former was developed at ICRPDA,
Sholapur suitable for all types of so:il (Shanmugham, 1982).
The working capacity of the equipment was 0.4 ha/hr. The
implement was used to form 150 cm wide beds on a predetermined
field grade, 1in terraced land treatments and 1is used prior to
seeding of the crops. The cost of the equipment was Rs.300/-

1n 1978 and the operating cost was Rs.l6/- per ha.

Another multipurpose tool bar, for forming bund along

with multipurpose field operations was also developed at TNAU
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(Shanmugham, 1982). This tool carrier had pneumatic wheels
and was used for forming broad beds of width 1500 mm. The
work capacity was 0.2 ha/hr for bed forming and cost of

operation was Rs.21.50/ha.

A wide clearance type tool carrier and attachment
similar to ICRISAT desaign was developed at TNAL Coimbatore
(F1g.6). The bullock drawn multipurpose tcol <carrier
developed at TNAU had bund former and bed former as
attachments with other attachments like ploughs anc cultivator

tynes (CIAE, 1983).

Another multipurpose tool carrier was cdeveloped at
CIAE Bhopal with attachments like M.B. plough, r_dger bottom
rigid and spring tines with sweeps of different sizes and
seeder (CIAE, 1983). A study conducted by Ra-put et al.
(1985) revealed that the multipurpose bullock draw~ tool hac a
field capacity of 0.3 ha/hr for making broad becs of 150 cm
width. The CIAE animal drawn multipurpose tool czarriers were
evaluated during the years 1983-84 and 84-85 at EI Raichur
(Maurya & Devadattan, 1985). Experiments were conducted
involving four treatments consisting of a tropicul:tor, Krishi
ratha, a set of improved implements, and a set oZ indegenocus
implements as control. The comparative performances of
different equipments involved in the experiment fer Broad Bed

and Furrow formation was as in Table 2.
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Table 2. Comparative performance of equipments in broad bed
formation (Maurya & Devadattan, 1985)

Particulars Treatment
Operation : BBF formations Tropicultor  Krishiratha
Total draft kg 155.60 171.10
Speed, kmph 1.44 1.51
Power, hp 0.83 0.96
Eff. field capacity (ha/hr) 0.15 0.15
Field efficiency % 88.30 88.30
Cost of operation Rs/ha 47.92 45.47

The CIAE tool frame was evaluated at the APAU for
different tillage operations. It gave a field capacity of
0.06 ha per hr for ploughing, 0.12 ha/hr for seed bed
preparation and 0.1l1 ha per hr for sowing operation (APAU,

1988).

2.3.2.8 Combined tillage bed former

A combined tillage bed former was developed by
Nagaiyan (1983) at TNAU. The equipment consists of a
rotovator and level board and ridger attachment. The hp
requirement of the prime mover was 35. The equipment was
found suitable to prepare broad based seed beds of 1.5 m wadth

in rainfed areas.



2.3.2.9 Power tiller operated bed former

A power tiller operated bed former was developed at
TNAU Coimbatore (Pandy et al., 1983). The equipment was of
two row type and was operated with a 8-10 hp power tiller and
with one person. The length, width and height of the
implement was 160 cm, 110 cm and 70 cm respectively. The
equipment weighed 20 kg and the width of coverage was 950 rm.
The unit had a working capacity of 0.4 ha/hr. It had a three
point linkage system for hitching the unit to the hiteca point
of power tiller. While 1in operation it formed a pair of

furrows with one bed of 30 cm top width and 65 cm base width.

2.3.2.10 Tractor drawn bed-furrow former

A tractor drawn bed-furrow former was develcped =at
Tamil Nadu Agricultural Unaversity during 1980 based on t-e
design of International Maize and Wheat Improvement Centze
(TNAU, 1988). The equipment was capable of forming two bunds
and three furrows 1n one pass of the tractor. The Zfurroas
were formed at an interval of 75 cm centre to centre (Fi1g.7..
Based on thas design a tractor drawn broad bed forrer cum
seeder was developed at TNAU during 1981-82. The implement
was capable of, forming broad beds separated by furrows at
intervals of 160 cm, and sowing in seven rows in the bed so
formed simultaneously. By using this implement an area of

about 3.2-4 ha was covered per day. The above unit was
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further modified and an improved Broad Bed Former cum seeder
was developed at TNAU consisting 2 numbers of 30 cm wide
furrow formers spaced at 160 cm/200 cm apart. The average

coverage of the equipment in a day of 8 hours was 3.44 ha.

2.4 Development of matching equipments for power tillers

Power tiller 1s a multipurpose hand tractor designed
primarily for rotary tilling and other operations on small
farms (Pandy et al., 1983). It 1s also known as a garden
tractor, hand tractor, walking tractor or a two wheel tractor.
For small and medium size farmers who cannot afford wheel
tractors, the power tiller offer a major option to achieve the
designed level of mechanisation. Pandy et al. (1983) found
that non-availability of matching aimplements for different
farm operations limit the versatility of the power tillers.
The development of matching implements was listed by them as a
gap in the power tiller research and development. The 'Humad
to Semi-Arid Western Ghats and Karnataka Plateau' the agro-
ecological region, which includes Kerala has been identified
by them as a conducive region for 1introduction of power

tillers.

Economy of power tiller farming

A study conducted at CIAE (1989) revealed -that there
was a saving of 48.15& 45.82 percent. 45.1 and 78.13 per cent

time 1n seed bed preparation with power tiller system over



bullock system in soybean, wheat, sorghum and Bengalgram crops
respectively. The cost and benefit analysis showed that the
net profit under power tiller system was Rs.693/- per ha as
compared to bullock farming system for soybean - wheat crop
rotation. 1In case of sorghum-bengalgram crop rotation, the
cost of cultaivation was more by Rs.86.00 per ha 1n power
tiller system over bullock systems but the increase in profiat
1n power tiller system was Rs.1901.,00 per ha. CIAE (1989) has
recommended that though the energy ainput 1s more 1in power
tiller system than i1n bullcock system, the yield and net profit
favour the use of power tiller in the cultivation of the above

mentioned crops.

Ullah et al. (1989) conducted a comparative study on
the performance of four-wheel tractor and two wheel tractor in
small plots ranging from 0.25 ha to 4 ha of different shapes.
The objective was to determine the superiority of one tractor
over another for small plots. The two wheel tractor under
study consumed about 41 per cent more fuel than the four wheel
tractor for an average plot size of 1 ha. On the other hand,
for a plot size of 0.25 ha the four wheel tractor consumed
5 per cent more energy than the two wheel tractor, which 1is
expected to be higher for small holdings. From the view point
of quality of tillage both tractors gave equally good rotary
tilling. However the cost analysis showed that 1t was not
economical to work a plot smaller than 0.6 ha with a four

wheel tractor in Bangladesh.



2.5.1 Forces acting upon a tillage tool

Clyde (1934) subdivides the total soil reaction into
useful and parasitic forces. He defines useful soil forces as
the forces which the tool must overcome 1in cutting, breaking,
and moving the soil. Parasitic forces are those that acts
upon stabilizing surfaces such as the land~side and sole of a

plough or upon supporting runners or wheels.

The designer 1s concerned with the forces acting upon
a tillage implement from the stand points of total power
requirements, proper hitching, designing for adequate strength
and rigidity, and determination of the best shapes and
adjustments of tools. A tillage 1implement moving at a
constant velocity 1s subjected to three main forces or force
systems, which may be in equilibrium (Kepner et al., 1987).

They are,

l. Force of gravity acting upon the implement
2. The soi1l forces acting upon the implement
3. The forces acting between the implement and the prime

nover

2.5.2 Engineering properties of soils

Resistance of soils by crushing by solid bodies,

friction at the surface of the implements, internal friction,



cohesion, adhesion and plasticity of the soil are the
engineering properties of soil which are important during soil

working (Klenin et al., 1985).

Resistance of soils to crushing by solid bodies is one
of the princaipal charactéristics utilized in evaluating the
operating conditions of so1l working machines. The specific
so1l resaistance of different Séll types are as given 1in
Table 3. The tools of soil working machines wear out at the
surface due to soi1l frictions. The coefficient of friction
between so01il and steel usually depends upon the mechanical
composition and the moisture content of the soal. The
calculated values of angle friction and coefficient of

friction of soil with steel are given in Table 4.

The coefficient of internal friction in most cases is
greater than that between soi1il and a metal surface. As a
consequence, the tools of the soirl-working machines are rarely

covered by soil.

So1l adhesion on the surfaces of tools disturbs the
technological processes, decreases the quality of work and

increases the tractive resistance of the machaine.

So1l cohesion siaignifies resistance to mechanical
action and largely depends upon the mechanical composition of
the so1l. Sandy soils are less cohesive than soils with large

amounts of silt.



Table 3. Specific resistance of soils

Type of soil N/cm2
Light (Sandy soil and Sandy loams) 2-3.5
Medium (light and medium loams) 3.5-5.5
Heavy (heavy loams) 5.5-8.0
Very heavy (sod soils and days with 8.0-15

high moisture content)

Source: Klenin et al. (1985)

Table 4. Calculated values of the angle of friction and
coefficient of friction of soil with steel

So1ls Coefficient of Angle of
friction frictaion

Sandy and loany soils

Non-cohesive 0.25 - 0.35 14° - 19°30"
Cohesive 0.50 - 0 70 25°30'- 35°
Light and medium sandy loam 0.35 - 0.50 19°30'-20-30"
soils
Heavy sandy loams and days 0.60 — 0.90 31° - 42¢

Source: Bosol et al., 1987



2.5.3 Tillage tool design factors

According to Kepner et al. (1987) the three abstract
design factors which control or define the the soi1l

manipulation are

1. Initial soil condaition
2. Tool shape and

3. Manner of tool movement

The results of these three input factors are evidenced

by two output factors, namely

l. Final soil condition and

2. Forces required to manipulate the soil

All the five factors are of direct concern to a
tillage tool designer. Of the three 1input factors, the

designer has complete control only of the tool shape.

2.5.4 Mould board plough bottoms

The working surfaces of ploughs, depending upon their
geometry, are classified as «c¢ylaindracal, cylindroid and
helicoid surfaces (Klenin et al., 1985) cylindrical and
cylindroid surfaces have a profound ability to loosen the soil
whereas helicoidal ploughs are designed more for turning the

soil over than for loosening i1t. Cylindrical ploughs crumble



the soi1l but to lesser extent turn the soil over.
Essentially, a mould board plough bottom 1s a three
dimensional wedge with the land side and the horizontal plane
of the share's cutting edge acting as flat sides and the top
of the share and the mould board together acting as a curved
side (Kepner et al., 1987). The total angle of setting of the
share to the furrow bottom is 25-30° for general purpose mould
boards (Bosoi et al., 1987). For sliding cutting, the blades
of the mould board plough and other working tools of soil
working machines are usually set at an optimum acute angle to

the line of motion (Bosoi et al., 1987).

2.5.5 Mounting of implements

Uniform depth of tillage w%th constant width of
ploughing 1s one of the basic parameters determining the
quality of work of soil manipulating machines and implements.
The stability of operation of the working tools of soil-
working machines depends upon the forces acting on them. The
magnitude, the time of action and the nature of change of
these forces depends on forces acting on the implements, their
method of mounting, the type of machine, 1ts mode of assembly,

working conditions and so on (Klewin et al., 1978).

Crossley and Kilgour (1983) have suggested that the
design of a soil engaging aimplement for two wheel tractors

should be to make the impleément run at the required depth



without any need for the operator to supply a hané force
continuously. The centre of gravity should be as close to tze
wheel as possible so that the wheel force i1s nearer verticel

in position to give better traction characteristics.

2.5.6 Factor of safety

An engineering judgement on how safe a product 1is, czan

be made by calculating the factor of safety.

Yield stress
Actual stress

Krutz et al. (1989) suggested that the numerica. val_e
varies between 1 and 4 for agricultural mach_ner:. =2
remarked that experience accumulated by designing _s t-e best
method 1n choosing the correct factor of safety in engizeeri-g
design. There are not many rules for determining a siitab_=

value for Factor of Safety.
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MATERIALS AND METHODS

The development procedure, design details of the
prototype pcwer tiller operated bed former and the experimental
programme fcr evaluation and economic analysis are presented

in this chagcer.

3.1 Fabrication and evaluation of an experimental unit

An experimental Bed former unit was fabricated and
evaluated tc evolve design parameters to design and develop a
prototype pcwer tiller operated Bed former. The functional
requirement 2f the experimental Bed former unit was to form
broad beds of upto a maximum width of 1 m waith adjacent
furrows of 20 cm width. The implement should enable width

adjustments znd should be attachable to a Kubota power tiller.

An e<perimental Bed former unit based on the design of
a bund for-er was fabricated at the Kelappaji College of
Agraicultural Engineering and Technology, Tavanur. The unit
consisted of two forming boards of length 70 cm and height
30 cm. They were attached to a rigid frame made of MS sheet
reinforced with MS angle iron. The maximum width of the unit
at the fron: was 140 cm and at the rear 100 cm. It was
intended to collect soi1l from a width of 140 cm and form a bed

of 100 cm vidth (Plate I ). A hitching unit was also






fabricated so that the unit 1s attachable to a Kubota power
tiller. The implement had a three point linkage system to
attach 1t with the hitch beam. A modified version of the
trailer hitch frame available with the Kubota power tiller was
used for attaching purpose. The two forming boards were
attachﬁd. with nuts and bolts 1in the holes provided on tae
frame. The f£orming boards were inclined to the horizontal
with as internal angle of 100°. They could Iw slided inwards

to getédifferent widthsof operation.

The fabricated unit was field %ﬁlﬁied at <he
Instrugtional Farm of KCAET, Tavanur. Thé%ﬁlﬂiement forzed
only $wo ridges leaving a dé¢jitession 1n betwémn. The furrow
formed were of 25-30 cm width. The implement&iwiks not founc to
penetrate imto the soi1l properly. The foliaﬂing conclusicns
were drawn from the first trial runs conducted with <zhe

experimental unit.

1. Two numbers of forming boards were not enough for =the

formation of 1 m wide beds.

2. The outward inclination of forming boards prevented prcper

penetration of the implement into the soil.

Trial runs were again conducted by attaching 2 pzairs
of forming boards with changed angle (Plate I). A better
performance was then observed, These observations were ised

as the guidelines in the design of the prototype unait.



3.2 Design and fabrication of the prototype power tiller
operated Bed former

3.2.1 Design consideration

3.2.1.1 Functional requirement

The functional requirement of the power tiller
operated Bed former 1s to prepare seed beds separated by
adjacent furrows. The capacity of the Bed former is fixed so
as to form beds of 100 cm width and 25 cm height and adjacent
furrows of 40 cm width. There should be provisgon to vary the

si1ze of the beds.

3.2.1.2 Prancaiple of operation

The design of a power tiller operated Bed former ais
based on the working of a bund former. The bund former 1is an
implement used for formaing bunds or ridges by gathering soil.
The implement consists of two boards which are attached to a
frame at a suitable acute angle to the direction of travel of
the unit. The front of the equipment 1s wider than the rear.
Because of the reductioh in the width at the rear, soil
collected by the wider front i1s transported to the central
portion by the forward movement of the equipment to form

ridges or bunds.



3.2.1.3 Structural lay out

In order to achieve the above functional requirement
the maximum operating width at the front of the egquirment is
fixed as 140 cm and at the rear as 100 cm. The depth of cut

required 1s calculated as follows.

Consider a unit length of the seed bed

Volume of soil in unit length when the bed

lx1x2J.25

3
0.25 =m

]

1s formed

from
0.25 m> soil 1s to be collected/s width of 1.4 m at the front.

A 10 per cent allowance was given for compaction.

0.25 + (0.25 ¢ 10)
ity

Volume of soil to be collected

0.275 m3

0.275

Depth of cut required =
1.4x1

1]

0.196 m

Depth of cut was fixed as 20 cm

3.2.1.4 Factor of safety and strength of the mater:al o=
construction

The power tiller operated bed former was desig-ed fox
operation in well ploughed fields at a walking speed oI abouz

1.5 kmph. In this operating condition there was only small



chances for sudden over loads. The equipment was to be
attached to the rear of the power tiller. A large weight of
the equipment would affect the ease of operation especially
when taking turns. The reduction of cost was also an
important criteries. Considering these factors a large factor
of safety was not required. Hence a factor of safety of 2 was
adopted. THe material of construction 1is mild steel having an

yield strength of 2000 kg/cm2.

The design working stress of the material 2000/2

1000 kg/cm2
3.2.1.5 Specific resistance of soal

The 1implement was designed for operation 1in well
plouged fields with light to medium soils of low molisture
content of about 20 per cent. A maximum specific soil

resistance of 0.3 kg/cm2 1s therefore adopted for the design.

The following factors were considered while designing

the implement.

a. The implement 1s to be attached to a Kubota power tiller

of 9-12 hp.

b. The speed of operation 1s 1.5 kmph.



c. It should be simple in construction so that 1t can easily

be manufactured and repaired by local artisans.

d. The implement 1s operated 1in well ploughed, 1light to

medium soils with low moisture content.

e. The cost should be around Rs.2000/- so that an average

farmer can own a unit.

In order to achieve the functional requirements, the
following structural elements are required for the power

tiller operated Bed former.

(1) Forming boards

(11) Forming board supports to support the boards on the

main frame
(111) A levelling board
(1v) A frame to support the above parts

(v) A hitch beam to hitch the equipment to a Kubota power

tiller

3.2.2 Forming boards

The cutting and spreading of soi1il are done by the
forming boards. Various aspects of the design of the forming

boards are discussed in the following sections.



3.2.2.1 Number of forming boards

So1l collected from a width of 20 cm on eirther side to
a depth of 20 cm 1s to be spread over the central one metre
width of the bed to get a uniform top surface. The equipment
1s operated at a low speed of 1.5 kmph. So the soil will not
be thrown fully over the entire bed. The soil will slide on
the sides of the forming boards, resulting in excessive
compaction at the sides of the bed and a depression at the
centre, 1f a single pair of forming boards are used. In order
to avoid the uneven filling of the seed bed the soil should be
cut and spread towards the centre of the bed in two stages.
Hence 2 pairs of forming boards are regquired; one inner and
one outer. The 1inner pair cuts 25 cm width of .5011 from
eirther side and spreads it to the central 50 cm width. The
outer pair cuts 20 cm width of soil from either side and
spreads it to the nearby area from where the inner boards have

already removed the soal.

3.2.2.2 Length of forming boards

The following factors were considered in designing the

length of the forming boards.

(1) Implement should be confined within the space in between
the rotovator axle and the operating handle of the Kubota

power tiller.



(1i)

(111)

The centre of gravity of the implement should be as
near as possible to the draive wheels for easy operation

and getting enough tractaon.

The cut soil is moved to the centre of the bed by
sliding. For easy sliding a lesser acute angle of the

board to the direction of travel 1s required.

Considering the above factors the maximum length of

the i1mplement was fixed as 80 cm without the hitching unat.

The inner pair of boards is involved in cutting 25 cm

width of soil at either sides and spreading 1t to the centre.

An angle of 40° 1s adopted to the direction of travel.

Length of inner pair of boards,

= —25 = 38.89 cn
Sin 40°

A length of 38 cm was adopted.

Angle to the direction of travel = 41l°

The outer pair of forming boards are involved 1in

cutting 20 cm width of soil and spreading it to the nearoy

area.

This pair of boards 1s also involved 1n stabilising tne

sides of the seed bed. For this a lesser angle 1s advisable.

Hence an angle of 18° was adopted.

20

= _E*_TE = 64.72 cm
Sin °



A length of 64.5 cm was adopted

Angle of the direction of travel = 18°

3.2.2.3 Wadth of plate for forming boards

The forming boards are to cut soil to a depth of 20 cm
at the front and raise the bed to a height of 25 cms. An
allowance of 6 cm was provided to avord clogging and possible
curvature of boards. Hence the width of plate for forming

boards were taken as 31 cm.

3.2.2.4 Shape of forming boards

To cut the soil with minimum energy, an angle of 25°
was adopted for the cutting edge. For smooth sliding and
turning of soi1l a curved shape was selected. Hence the
forming boards were designed so that the cutting edge makes an
angle of 25° to the ground surface and the board was provided

with a smooth curvature.

The inner pair of boards are involved in cutting and
spreading the soil only, and hence the same shape was

maintained throughout the length of the board.

The outer pair of boards are involved in stabilisaing
the sides of the seed bed in addition to cutting and spreading

of so1l. So the front end of the boards 1is given a shape same



as those of the inner boards. The curve 1s gradually
straightened towards the rear end so that the board is
straight at the extreme rear. At the extreme rear, the board
1s also made inclined outwards at an angle of 30° to stabilise

the sides of the seed bed.

3.2.2.5 Thickness of plates for forming boards

The thickness of plates was designed on the basis of
s01l resistance acting on it. The calculation is presented in

Appendax I.

11 gauge mild steel sheet having a thickness of 3 mm

was adopted for the formang boards.

3.2.2.6

The forming boards were fabricated as per the design
and shown 1in Fi1g.8 and 9. MS sheet of 380 mm x 310 mm x 3mm
(11 gauge) was used for the ainner forming board. MS sheet of

64.5 mm x 310 mm x 3 mm was used for the outer forming board.

3.2.3 Forming board supports

To attach the forming boards to the main frame , four
pairs of supports, one for each forming board are requaired.

The forming board supports consists of a side support and top
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support which were designed considering the load on them. The
calculations are presented in Appendix II. The fabrication

was done as shown in Fig.l0.

3.2.4 Levelling board

The following considerations are made in the design of

the levelling board.

(1) The width and height of the levelling board should be
adjustable so as to enable the formation of seed beds

of different heights and widths.

(11) The levelling board should level the top surface of the

seed bed with minimum resistance.

(111) There should not be any clogging of soil in front of

the levelling board.

In order to achieve these objectives the following

design of the levelling board is adopted.

The load of the 1levelling board 1s small. Hence
22 gauge MS sheet of 0.72 mm thickness is adopted as the

material for fabrication.

For efficient levelling a minimum effective height of
5 cm 1s required. For reduced resistance and prevention of

so1l clogging, the angle of the board to the horizontal should
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be an acute angle. So the width of the mild steel sheet 1is
adopted as 12 cm which gives an angle of 24.6° to the
horizontal. 1In order to facilitate the width adjustments the
levelling board was fabricated as a three piece unit. The
central piece 1s the fixed piece and the two side pieces can
be slided inwards and outwards to get the required width.
Holes are provided on the sheets to join them together by nuts

and bolts.

For height adjustment of the boarxd, the central piece
1s welded to a suitably bent mild steel rad as shown in Fig. .
By raising and lowering the rod in the holder WQlded to the
main fra—we, heights ranging from 15 cm to 25 cm can be
obtained. The rod 1s fixed using a tighteming bolt in the
holder. The fabrication was done as per the depign and 1s

shown 1in Fig.ll.
3.2.5 Main frame

The following points were considered in designing the

main franre.

(1) sStrength of the frame should be adequate ta support the

working parts.

(11) The forming boards and levelling boards sheould be,
H
easily attachable to the main £y with provision for

width and heaght adjustments,ﬁ‘
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(111) Easy attachment to the hitch beam
(1v) The forces should be symmetrical about the line of pull

(v) oOverall weight of the equipment should be minimum

Considering the above factors the configuration, shown
1n Fi1g.12 was adopted for the frame. Desaign of aindependent
members were done considering the bending moments on them.
The members were joined together by welding. The calculations
are presented in Appendix III. The fabrication was done as

per the design and 1s shown in Fig.l1l3.

3.2.6 Hitch beam

The following factors were considered in the design of

the hitch beam.

(1) Easy attachment of the implement to the power tiller
(11) Ease of operation

(121) Provision for height adjustments

The trailer hitch frame available with the Kubota
power tiller was modified to achieve the above objectaives.
The angle of bent of the beam of the hitch frame was increased
to 160° so as to accommodate the implement. The length of the
beam was increased so as to enable the rear hitch support and
the depth control cum transport wheel of the implement. The

modified hitch beam was fabricated and 1s shown in Fig.l4.
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3.2.7 Rear support frame

The rear support frame is attachable to the hitch beam
with nuts and bolts and it provides facility for depth
adjustments. The fabrication was done as per the design.shown

in Fig.15.
3.2.8 Depth control cum tramgiport wheel

A depth control cum ‘tfansport wheel was veqjﬁxed for
the Bed former to enable depth control and transportation of
the equipment. Two rubber wheels of diameter 20 cm mounted at
a wheel base of 120 cm were used for this. The fabraication

was done as shown i1n Fig.l6.

3.2.9 Assembly of parts

The 1ndependent parts designed and fabricated wepis
assembled as shown in Fig.l7 to get the power tiller operated

Bed former.

The protofyge power tiller operated Bed former were
fabricated and assembled at the Research Workshop, Departmesit

of Agricultural Engineering, Mannuthy.
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Plate II Power Tliier operated bed former



Plate Il Power tiller operated bed former



3.3 Evaluation of ths prototype power tiller operated
$#d former

The evaluation tests were conducted at the farms of
the Agricultural Research Station and Fodder Research Station,
Mannuthy. The following test procedure was adopted for the

evaluation of the power tiller operatid 8d former.

3.3.1 Laboxatory tests

3.3.1.1 Weaght

The Bed former with the dffgh was weighed on a

platform type physical balsnse and the weight was noted.
3.3.1.2 Dimsnsions of the bed former

The dimensions of the Bed former were measured with a

steel tape and were noted dows
3.3.1.3 Theoretical field capacity

The theoretical operating widths of the equipment were
found at various adjusted widths. The theoretical field
capacity was then calculated for an operating speed of

1.5 kmph.

Theoretical field capacity (ha/hr)

Theoretical speed in kmph x
Theeretical operating width (m)

10




3.3.2 Field tests

The test plots were ploughed with a 2 bottom disc
plough and harrowed with a cultivator using 35 hp H.M.T. Zetor
tractor. The moisture content and bulk density of the soil

wupeve noted down -

3.3.2.1 Dimensions of seed beds and furrows

The implement was tested with various adjustments to get
different widths and heights of seed bed. The resulting

dimensions of the beds and furrows formed were noted down.

3.3.2.2 Uniformity and straightness of seed beds and furrows

The uniformity and straightness of seed beds and

furrows were also evaluated and noted down.

3.3.2.3 Ease of operation and adjustments

Ease of operation and adjustments of the implement
were evaluated under field conditions and the observations
were noted down. Tipe required for turning was also noted

down.

3.3.2.4 Draft

The procedure used for the draft measurement 1s as

follows.



Plate III Power tiller operated
' operation (rear view)

Plate IV Power»tilleﬁéa§f§fﬁ§d bed former in

operation (side wiew)



it~ was attached to a sprimg dynamometer
(specification #hown HEEN VIII) and Mps Palled at the
design spega of 1.5 ktNEINENEE: otmmyisend ﬁ? the dynamometer
Foli@@ition,. The angle of
inclination of the HiE of THENE: 4EEEEe d&ldpoveter reading
were noted down. FHNR NS TENNGENEENG: Dover tiller
without the implement RSN

by keeping the clubtalk in 7}

Theti the implertuilf Wi attached " WitiB¢he power tiller.
A hydraulic drawbar dJdyijdmeter (specification shown 1n
Appendix VIII) was attached to the front of the power tiller
and the other end of the dynamometer was attached to a H.M.T.
Zetor tractor. The tragtor was moved forward pulling the
power tiller with the implement operating at the designed

speed. The clutch of the power tiller w#F kept at the off

position durfig the test. The aniide line of pull to

the horizontal and the dynamcmdlies? rolil  were noted down.

The test was repeated #i K¥listed widths and

heights. At instances wheniilie @Il éxceeded the range of the

single dynamometer, two S 1n parallel were used.
The readings of the both ¢#é WlM8wometers were added up and

noted down.

The drafts were gca¥enlated from the dynamometer
readings. The difference between the drafts with and without
the 1implement were then calculsted. The test set up 1s shown

in Plate V.



The power tiller was attached to a spring dynamometer
(specification shown in Appendix VIII) and was pulled at the
design speed of 1.5 kmph from the other end of the dynamometer
by keeping the clutch in the off position. The angle of
inclination of the line of pull and the dynamometer reading
were noted down. From these, the draft of the power tailler

without the implement was found.

Then the 1mplement was attached with the power tiller.
A  hydraulic drawbar dynamometer (specification shown 1in
Appendix VIII) was attached to the front of the power tiller
and the other end of the dynamometer was attached to a H.M.T.
Zetor tractor. The tractor was moved forward pulling the
power tiller with the 1implement operating at the designed
speed. The clutch of the power tiller was kept at the off
position during the test. The angle of the line of pull to
the horizental and the dynamometer reading were noted down.
The test was repeated for different adjusted widths and
heights. At instances when the pull exceeded the range of the
single dynanometer, two dynamometers in parallel were used.
The readings of the both the dynamometers were added up and

noted down.

The drafts were calculated from the dynamometer
readings. The difference between the drafts with and without
the implement were then calculated. The test set up 1s shown

in Plate V.



Plate 111 Power tiller operated bed former 1in

operation (rear view)

Plate IV Power tiller operated bed former in

operation (side view)



Plate V Experimental set up for draft measurement

Plate VI Power tiller operated bed former

attached with Kubota power tiller



3.3.2.5 Power requirement

The time required to run a definite distance was noted
down and from that the speed of operation was calculated.
Then the metric horse power was calculated from the draft and

speed for various seed bed dimensions, using the equation,

Horse power =

where,

D = Draft in kg

[42]
1l

Speed 1in m/sec

3.3.2.6 Slip

The power tiller was operated in the field without the
equipment for a known distance. The number of rotations of
the drive wheel were counted. Again the number of rotations
were counted with the implement operating to cover the same
distance. The test was repeated for different heights and

widths of seed beds. The slip (%) was calculated using the

formula.
nL - no
Slip (%) = —_ x 100
n
L
where,
n, = number of rotations of the drive wheel with load
for a specified distance .
n. = number of rotations at no load



3.3.2.5 Power requirement

The time required to run a definite distance was noted
down and from that the speed of operation was calculated.
Then the metric horse power was calculated from the draft and

speed for various seed bed dimensions, using the equation,

Horse power =

where,

o
I

Draft in kg

wn
I

Speed in m/sec

3.3.2.6 Slip

The power tiller was operated in the field without the
equipment for a known distance. The number of rotations of
the drive wheel were counted. Again the number of rotations
were counted with the implement operating to cover the same
distance. The test was repeated for different heights and

widths of seed beds. The slip (%) was calculated using the

formula.
nL - no
Slip (%) = _— — x 100
n
L

where,

ng o= number of rotations of the drive wheel with load

for a specified distance .
n. = number of rotations at no load



3.3.2.7 Effective field capacity

The equipment was operated at an average speed, as
near as possible to the design speed of 1.5 kmph. The gear
selected was low III. Time required to cover a field of known
size was noted. The test was repeated for different

dimensions of the seed bed.

3.3.2.8 Field efficiency

The field efficiency was calculated from the
theoretical and effective field capacities using the following

formula,

Field efficiency (3) = Effective field capacity . 1qg0

Theoretical field capacity

3.3.2.9 Labour requirement

The requairement of 1labourers for operating the

equipment was noted.

3.3.2.10 Economic analysis

{1) The cost of production of the unit was calculated. The

calculations are presented in Appendix 1V.

(11) The cost of operation of the implement was calculated
and the calculations are presented in Appendix V.

(111) Cost of preparation of seed bed with the developed bed

former was compared with the cost of manual operation.

The calculations are presented in Appendix VI.
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RESULTS AND DISCUSSION

The results of laboratory and field studies conducted
and economics of the prototype Bed former are presented and

discussed in this chapter.

4.1 Laboratory tests

The laboratory tests were conducted as explained under

3.3.1.

4.1.1 Veight

The overall weight of the Bed former with the hitching

unit 1s 70 kg.

4.1.2 Damensions

The dimensions of the Bed former are as follows.

Overall length = 140 cm
Overall width = 160 cm
Height = 70 cm

All these measurements includes the hitching unit.



4.1.3 Theoretical field capacaty

The theoretical widths of operation of the eguipment
were measured and the theoretical field capacities were
calculated for a design operating speed of 1.5 kmph. The
calculated values aré presented in Table 3. The mean value
for the 3 different settings of the forming boards 1is

0.2175 ha/hr.
4.2 Field tests

Field tests were conducted 1in test plots of size
15 m x 10 m with an average soi1l molsture content of
20.0 per cent (dry basis). The average bulk density of tne

soirl was 1.32 gm/cm3.
4.2.1 Dimensions of seed beds and furrows

The mean dimensions of the seed beds and furrows for
different settings of forming boards and levelling bcard are
presented 1n Table 4. At the forming board position -5, 3-2
(F1g.18) three heights of the seed bed 1.e. 22 cm, 18 cm, and
15 cm are possible. The widths obtained were 60 cm, 63 cm and
64 cm respectively with a mean value of 62.33 cm. A slight
increase 1in width can be observed when the height 1s reduced.
This 1s due to the increase in the width at the rear due to
the outward inclination of the boards at the rear. The bottom

width of the seed bed remained almost the same at the 3 heights,

£



Table 5. Theoretical field capacity (Design operating speed = 1.5 kmph)

Forming Theoretical Run length Time Theoretical
Sl.No. board operating width required reguired field
position of implement for 1 ha for 1 ha capacaity
(*) (m) (m) (hr) (ha/hr)
1 3-5, 3-2 1.35 7407.4 4.94 0.2025
2 2-4, 2-2 1.45 6896.6 4.60 0.2175
3 1-3, 1-2 1.55 6451.6 4.30 0.2325

* See Fig.1l8

Forming board position 1s indicated by the serial number of the hole on the main
frame to which the bolt of the forming board support is attached.

The holes are numbered from outer end to inner on both sides separately for outer and
inner boards.

The order 1s, outer board front-outer boarder rear, inner board front-inner board
rear.



Fi9.18 FORMING BOARD POSITION 3.5-3.2

INNER BOARD
OUTER BOARD




Table é. Dimensions of seed beds and furrows for different settings of forming boards
and levelling board

Levelling Dimensions of seed bed (cm)* Furrow Theoretical Obsetve

Trial Formang Board = = @mmmmmmmm e width* width of width o

No. board height Top Bottom Heaght (cm) operation operatii
position (cm) width width (cm) (cm)
1 3-5, 3-2 22 60 96 22 32 135 128
2 -do- 18 63 94 18 32 135 126
3 -do- 15 64 95 15 31 135 126
4 2-4, 2-2 18 73 102 18 34 145 136
5 -do- 15 75 100 15 35 145 135
6 1-3, 1-2 18 80 104 18 38 155 142
7 ~do- 15 81 106 15 39 155 145

* Mean of four observations



At the position 2-4, 2-2 of the forming boards,
heights of 18 cm and 15 cm are possible with a width range of
73-75 cm. Eventhough there was a corresponding increase in
the bottom width with the increase in the top width, there was

no considerable variation with the change in height.

At the position 1l-3, 1-2 seed bed heights of 18 cm and

15 cm are got with a width of 80 cm to 81 cm.

The furrow width showed slight increase with the
increase in width of the seed beds. The width of furrow did

not show any considerable change with the change in heights.

The maximum heights attained were 22 cm, 18 cm, and
18 cm at forming board position (3-5, 3-2), (2-4, 2-2) and
(1-3, 1-2) respectively. The design maximum height of the
seed bed was 25 cm. But higher seed beds could not be formed

with the implement due to the inadequacy of drawbar pull.

A reduction 1n the obseérved width of operation from
the theoretical width of the implement was also observed. The
reason for this reduction of 7-11 cm was the sliding 1in of
uncut soil towards the furrow. Because of this an overlap of
the implement was required in each suceessive run, which

reduced the effective operating width of the implement.



Table 7. Draft
Angle of inclination of the line of pull to the horizontal = 19°
Draft of power tiller at no load = 13 kgf

Traial Forming board Levelling board Operating Pull * Draft of Draft of
No. position height width (kgf) implement with implement
(cm) (cm) power tiller (kgf)
L S ¢, £
1 3-5, 3-2 22 128 193.5 182.96 169.69
2 -do- 18 126 165.5 156.48 143.48
3 -do- 15 126 136.0 128.59 115.59
4 2-4, 2~2 18 136 176.0 166.4) 153.41
5 -do- 15 135 144.5 136.63 123.63
6 1-3, 1-2 18 142 188.0 177.76 164.76
7 -do- 15 145 153.0 144.66 131.66

* Mean of four observations
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4.2.5 Power

The draft measured at a speed of 1.5 kmph was adopted
for calculating the power requirements. The speed of
operation was found at various adjusted positions of forming
boards and levelllngT;id the power was calculated. The power
in hp (metric) 1s presented in Table 6. A minimum value of
the power 1e. 0.586 hp was observed at the forming board
position 3-5, 3-2 (average width = 62.33 cm) at a levelling
board height of 22 cm. The speed of operation at this
position was 0.259 m/sec (0.93 kmph). The maximum value of
power, 0.771 hp was observed at the board position 3-5, 3-2 at

15 cm levelling board height.

It was observed that only a small fraction of the
total power could be utilised by the implement because of the
low drawbar power availability. The maximum drawbar power
available was 0.771 hp, which 1s only a small fraction of the
engine power of 9-12 hp. This 1s a clear indication of the
incapability of the drive wheels of the power tiller to
utilise the full engine power to work a soil working drag

implement.
4.2.6 Slip

The slip of the power tiller in percentage of various

adjusted positions of the implement is presented in Table 7.



Table ®. Power

Gear selection - Low III

Traial Levelling board Forming board Length Taime Speed Draft Power
No. heaght position of run taken (m/sec) (kgf) (hp)
(cm) (m) (sec)-~

1 22 3-5, 3-2 15 58 0.259 169.69 0.586
2 18 -do~- 15 45 0.333 143.48 0.637
3 15 -do- 15 30 0.500 115.59 0.771
4 i8 2-4, 2-2 15 49 0.306 153.41 0.626
5 15 -do- 15 34 0.441 123.63 0.727
6 18 1-3, 1-2 15 53 0.283 164.76 0.622
7 15 ~-do-~ 15 38 0.395 131.66 0.693

* Mean of four cbservations



The maximum slip of 77.1 per cent was observed when the seed
bed of larger cross sectional area was prepared. The minicum
slip of 46.76 per cent was observed while preparing the se=d
bed of the smallest cross section. The slip of tze drive
wheels were found to increase with the increase in area of
cross section of the seed beds (Fig.20). Slip as creat as
77.1 per cent was observed when pulling the implemen: with a
draft of 169.69 kg. The power was reduced to 0.586 hy due to
the reduction 1n speed caused by slip. This indicates tae
insufficiency of the area of contact of drive wrzels <o

transmit the engine power.

4.2.7 Effective field capacity

Seven numbers test plots of 15 m x 10 m s_.ze were

selected for the test. The observations are given in Jable 3.

The effective field capacity of the implemen:t ranc=d
between 0.0786 ha/hr to 0.1154 ha/hr. Since trsz field
capacity 1s a function of both the operating speed arz widtn,
there 1s no dairect relation to the cross sectional arez of tne
seed bed formed. The minimum effective field capacity was
observed at the forming board position 3-5, 3-2 at a lsvelling
board height of 22 cm. The maximum was observed at tne
forming board position 1-3, 1-2 when the 1levellin: boaxd

height was 15 cm. The mean effective field capacity for tne
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4.2.5 Power

The draft measured at a speed of 1.5 kmph was adopted
for calculating the power requirements. The speed of
operation was found at various adjusted positions of forming
boards and levelllngrgid the power was calculated. The power
in hp (metric) 1s presented 1in Table 6. A minimum value of
the power 1e. 0.586 hp was observed at the forming board
position 3-5, 3-2 (average width = 62.33 cm) at a levelling
board height of 22 cm. The speed of operation at this
position was 0.259 m/sec (0.93 kmph). The maximum value of
power, 0.771 hp was observed at the board position 3-5, 3-2 at

15 cm levelling board height.

It was observed that only a small fraction of the
total power could be utilised by the implement because of the
low drawbar power availability. The maximum drawbar power
available was 0.771 hp, which 1s only a small fraction of the
engine power of 9-12 hp. This 1is a clear indication of the
incapability of the drive wheels of the power tiller to
utilise the full engine power to work a soil working drag

implement.
4.2.6 Slap

The slip of the power tiller in percentage of various

adjusted positions of the implement 1s presented 1n Table 7.



Table ©. Power

Gear selection - Low III

Trial Levelling board Forming board Length Time Speed Draft Power
No. height position of run taken (m/sec) (kgf) (hp)
{cm) (m) (sec)~

1 22 3-5, 3-2 15 58 0.259 169.69 0.586
2 18 -do- 15 45 0.333 143.48 0.637
3 15 ~do- 15 30 0.500 115.59 0.771
4 18 2-4, 2-2 15 49 0.306 153.41  0.626
5 15 -do- 15 34 0.441 123.63 0.727
6 18 1-3, 1-2 15 53 0.283 164.76 0.622
7 15 ~do- 15 38 0.395 131.66 0.693

* Mean of four observations



Table ¥. Slip of the power tiller

Length of run = 15 m

Number of rotations of the drive wheel at no load = 8

Seed bed dimensions (cm) Observed Number of

Trial Forming board  ----=-—————————————————- total wadth rotations of Slip
No. position Top width Height of ?gzﬁatlon draive wheel * (%)

1 3-5, 3-2 60 22 128 35 77.1

2 ~do- 63 18 126 26 69.2 .
3 -do- 64 15 126 15 46.7
4 2-4, 2-2 73 18 136 29 72.4

5 -do- 75 15 135 18 55.6

6 1-3, 1-2 80 18 142 33 75.8

7 -do- 81 15 145 21 61.9

* Mean of four observations
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#gpleld. Effective field capacity

Test plot size = 10 m x 15; Area = 150 m2
-

Fial Forming board Dimensions of seed bed (cm) Furrow Width of Time taken  Efféective

0. position = | emmmccemcecrmcmmec—mmme———e—— width operation to cover field"
Top Bottom Heaight (cm) the area capacity
width width (sec) (ha/hr)

1 3-5, 3-2 60 96 22 32 128 687 0.0786

2 -do- 63 94 18 32 126 595 0.0908

4

3 -do- 64 95 15 31 126 476 O.Qﬁsl

4 2-4, 2-2 73 102 18 34 136 580 9.0931

5 -do- 75 100 15 35 135 474 0.1139

6 1-3, 1-2 80 104 18 38 142 585 0.0923

7 -do- 81 106 15 39 145 468 0.1154

Mean = 0.0996 ha/hr



7 different settings was 0.996 ha/hr. Compared with similar
power tiller drawn equipments, the mean effective field

capacity observed 1s appreciable.

4.2.8 Field efficiency

The field efficiencies of the implement for different
adjusted positions are presented in Table 9. A maximun field
efficiency of 56.0 per cent was observed when the implement
was preparaing seed beds of 64 cm top width and 15 cm height.
The minimum field efficiency of 38.8 per cent was observed
while preparing seed beds of top width 60 cm and height 22 cno.
The mean field efficiency was 46.3 per cent. The main reason
for lowering of field efficiency 1s the time loss 1in turning
and time loss due to the slip of drive wheels. The actual
speed of operation was always lower than the design sgeed of
1.5 kmph due to slip. Another factor 1s the reduction 1in

effective width of the implements as discussed 1in 4.2.1.

The field efficiency can be further improied Ly
provading front weights to the power tiller, so that the

turnaing becomes more easy.

4,2.9 Labour requirement

One man, 1in addition to the power tiller operator 1s
required to operate the implement during turning, and also to

keep the straightness when seed beds of larger cross sections

are nroanarad



Tableid, Field efficiency

Trial Forming board Dimensions of Total Theoretical Effective Field
No. position seed bed (cm) width of field capacity field capacity effici~
————————————— operation at same board (ha/hr) ency
Top Height (cm) position (%)
width (ha/hr)
1 3-5, 3-2 60 22 128 0.2025 0.0786 38.8
2 -do- 63 18 126 0.2025 0.0908 44.8
3 -do- 64 15 126 0.2025 0.1134 56.0
4 2-4, 2-2 73 18 136 0.2175 0.0931 42.8
5 -do- 75 15 135 0.2175 0.1139 52.4
6 1-3, 1-2 80 18 142 0.2375 0.0923 39.7
7 -do- 81 15 145 0.2325 0.1154 49.6

Mean = 46.3%



4.2.10 Economic analysis

(1) Cost of production

The total cost of production of the unit 1s Rs.2000/-.
Out of this total cost, Rs8.1550/- 1s the cost of materials and
Rs.400/~ 1s the fabrication charges. The details are shown an

Appendix 1IV.

(11) Cost of operation

The cost of operation of the equipment for different
adjusted positions of the implement 1s presented in Table 10.
The ‘cost 1s maximum for preparing seed beds of 60 cm top width
and 22 cm height. The minimum cost 1s for preparing seed beds
of 81 cm top width and 15 com height. The average cost of

operation of the implement 1s Rs.777/- per ha.



Table 13. Operating cost of bed former

Cost of operation per hour = Rs.75.93

sl. Forming board Levelling board Effective field Operating cost
No. position heaght capacity per ha
(cm) (ha/hr) (Rs.)

1 3-5, 3-2 22 0.0786 966.00

2 -do- 18 0.0908 836.00

3 -do- 15 0.1134 670.00

4 2-4, 2-2 18 0.0931 816.00

5 ~-do- 15 0.1139 667.00

6 1-3, 1-2 18 0.0923 823.00

7 -do- 15 0.1154 658.00

Mean = Rs.777.00



(111) Comparison with manual operation

The cost of preparation of seed beds by manual
operation is Rs.2250/- per hectare. The calculation 1is
presented in Appendix VI. Saving in the cost of seed bed
preparation using the power tiller operated Bed former 1is
Rs.1473/- per ha. The percentage saving in the cost of seed
bed preparation by using the implement 1s 52.7 per cent. Even
1f 1t 1s considered that more ploughing is required before the
use of the Bed former, the large saving justifies the use of

Bed former.
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SUMMARY

A broad bed and furrow system of cultivation has been
found efficient for many crops and manual preparation of beds
1s very laborious. 1In order to increase the versatility of
power tillers, design and development of power tiller operated
equipments 1s 1imperative. Hence 1t was decided to design and

develop a power tiller operated Bed former.

An experimental Bed former unit was fabricated and
field tested at the Kelappaji College of Agricultural
Engineering and Technology, Tavanur. The observations made in
the field trials with this experaimental unit were used to

design the prototype Bed former.

A protytype unit of +the power tiller operated Bed
former was designed and fabricated at the Research Workshop,
Kerala Agricultural University, Mannuthy. The following are

the features of the unit.

1. It was designed to operate at a maximum width of 140 cm
and to form seed beds of maximum dimension 100 cm x

25 cm.

2. The widths and heights of operation can be adjusted to

form seed beds of different dimensions.



It consists of a maim frame, two pairs of forming boards,
4 pairs of forming board supports, a levelling board, a
hitching unit, a rear support frame and a depth control

cum transport wheel.

The prototype unit was field tested in the fields of

the Agraicultural Research Station and Fodder Research Station,

Kerala Agricultural University, Mannuthy. The results

obtained are summarised below.

1.

The dimensions of seed beds formed were as follows:

Waidth (range) Height
60-64 cm 22 cm, 18 cm and 15 cm
73-75 cm 18 cm and 15 cm
80-81 cm 18 cm and 15 cm

The uniformity and straightness of seed beds and furrows
were good at the minimum width setting and were badly

affected at larger widths.

The ease of operation also showed the same trend as above.

The ease for field adjustments was found good.

The mlnlmum,draft of the implement was 115.59 kgf when
seed beds of 60 cm x 15 cm size was prepared and the

maxamum draft was 169.69 kgf when seed beds of 64 ¢m x



10.

22 cm size was prepared. Draft was found to 1increase with

the area of cross section of seed beds.

The power utilisation of the equipment varied from the
minimum value of 0.586 hp to the maximum value of 0.771 hp.
The power utilisation was found 40 decrease with the
increase in area of cross section 6f the seed bed due to

the decrease in speed of operation caused by slip.

The slip of the power tiller varied between 46.76 per cent
to 77.1 per cent. The slip was also found to increase

with the increase in area of cross section of seed beds.

The effective field capacity of the implement ranged
between 0.0786 ha/hr to 0.1154 ha/hr. The mean effective

field capacity of the implement is 0.0996 ha/hr.

The field efficiency of the 1implement ranged between
38.8 per cent to 56.0 per cent with a mean value of

46.3 per cent.

One man in addaition to the power tiller operator 1is

required for operating the implement.

The total cost of production of the unit 1s Rs.2000/-.
The cost of operation including power tiller hire charges
1s Rs.777/~ per ha. There is a saving of Rs.1473/- per ha

when compared with manual operations.



The loss of straightness of the seed beds formed 1is
the major disadvantage of the implement. Another disadvantage
was the 1nadequate drawbar power of the power tiller. The
performance of the implement was found good when seed beds of
minimum cross section was prepared. ft. was seen that the
implement cannot be turned smoothly. The performance of the
implement can be further improved by providing front weights

to the power tiller.
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Appendix I

Design of thickness of plates for forming boards

Maximum of depth cut required = 20 em
Maximum width of cut per board = 25 cm
Area of cut = 25 x 20 = 500 cm?

Specific so1l resastance 0.3 kgf/cm2

0.3 x 500

Total soi1l resistance on a single board

150 kgf
This load 1s considered as uniformly distributed over the

entire effective area of the forming boards.

Effective width of forming board

1e. height of the bed 25 cm

Length of board = 38 cm
(Length of the inner boards is considered)

Effective area on which the load

of 150 kgf acts = 25 x 38

= 950 cm?
Unit working load on surface = %%3

= 0.158 kgf

The theory of bending of plates 1s applied for the design.

Maximum bending stress developed,

BWb?

t2



where,

W = uniformly distributed load
b = width of plate
t = thickness of plate

B = a constant depending on the length-breadtlt ratio
of plate

For a length-breadth ratio of 1:1, the constant B mayv
be taken as 0.5. Here the ratio 1s 380:310 Hence the value

of B 1s taken as 0.5.

1000 kgf/cm?

n
]

1000 = 0.5 x 0.158 x 302

t2

0.267 cm

o+
]

Therefore 11 gauge MS sheet having a thickness of 3 -m _s used
for the forming boards. The outer forming boards haiz more
length and the unit working load on the surface 1s lesser than
the 1inner boards. Hence 3 mm thick MS sheet 1s safe Zor the

outer forming boards also.
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Appendix II

Design of forming board supports

A. Side supports

The total load on the forming boards 1s considered
to act at the bottom 25 cm height.

150

= 6 kgf
25

Load/cm depth of the board =
Load on the bottom 5 cm depth of the board acts as point load
at the bottom end of the rod since the end of the support rod
1s 5 cm above the ground surface. The rest of the load acts

as uniformly distrabuted load on the entire length.

3o ki;

GKZ;IU’\

SANN

a5

AN
h

Point load = 5 x 6

30 kgf

Maximum bending moment due to poant load, (a)

= PxL=230x25 = 750 kg cn
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Maximum bending moment due to distributed load, (b)

2
= E% = 8xX25° = 937.5 kg cm

]

Total B.M. = (a) + (b) 750 + 937.5

1687.5 kg cm

This total bending moment of 1687.5 kg cm has to be

borne by 2 side supports.

Bending moment on each support

- 1687.5 - ga3.75

a
M = Ixfb
Y
where,
M = maximum bending moment
I = moment of inertia
fb = yield stress
y = distance from neutral axis
a4 d
For circular section, I = 1 and y = 3
where,
d = 1s the diameter
I _ M ... a3 _  843.75
Y £y 32 1000



Hence MS rod of 2 cm diameter 1s used for the
fabrication of side support. A top supporting plate 1s also
required for the side support to attach it to the main frame.
A Ms flat of 1/4" x 2" (0.635 cm x 5.08 cm) size 1s used for

that.
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Appendix IIIX

Design of main frame

Maximum load on each forming board = 150 kgf (see Appendix I)

Member I

This member experiences a bending morent due to the

load on the forming board when the implement 1s 1n operztion.

Load on outer forming board = 150 kg2

Half of this load 1s taken by the member I (Fiz.12).

The forming board surface 1s inclined at an zngle of 18° to
the 1line of travel. The load causing beraing morsnt on
member I 1s the hoizontal component of this load para.lel to

the line of travel.
= l%ﬂ X Sin 18° = 23,18 kgf
This load acts at a maximum distance of 65 cm “rom tne czentre.

Maximum bending moment due to outer bozrd (a)

= 23.18 x 65 = 1506.7 kg cm

The inner boards are inclined at 4l°
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Load due to inner board causing bending moment

b

l%g X San 41°
= 49.20 kg

Maximum distance from centre to the point of application of

this load = 40 cm

Maximum bending moment due to inner board (b)

= 40 x 49.20 = 1968 kg cm
Total bending moment on member I

(a) + (b)

1506.7 + 1968

3474.7 kg cm

Maximum bending moment,

_ I x fb
M=""y

I for rectangular section 1s

1 I
12
y = b
2
1 - dp?
Y 6
where,
d = depth (thickness)
b = width
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If 1/2" (1.27 cm} thick MS flat is used for the nember

M = 1000 kgf

6 x 3474.7
1000 x 1.27

Width of flat required, b

= 4.05 c,

= 40 mm

Cosidering the weakest section at the hole for bolts and nuts
MS flat of 1/2" (1.27 cm) thickness and 2" (5.08 cm) wicth 1is

used.

Member 2

Maximum bending moment acts at the junction point of

member I with member 2.

Load from outer forming board 23.18 kg

40 cm

]

Maximum distance to junction point

Maximum bending moment due to outer forming board on

member 2m (a) = 23.18 x 40

= 927.2 kg cm
Load from inner forming board = 49.20 kg
Maximum distance to junction poaint = 15 cm

Maximum bending moment due to inner formaing board (b)

49.20 x 15

]

738 kg cm



Total bending moment, (a) + (b)

= 927.2 + 738
= 1665.2 kg cm

Width of 1/2" (1.27 cm) thick MS flat required

1665.2 x 6
1000 x 1.27

= 2.80 cm

MS flat of 1/2" (1.27 cm) thickness and 1%" (3.81 cm)

width 1s used.

Member 3

Load 1s applied on number 3 by outer forming board

only.

Maximum load causing bending moment = 23.18 kg

Maximum bending moment occurs at the junction poant

with member 2

Maximum distance to the junction point = 20 cm

"

Maximum bending moment 23.18 x 20

463.60 kg cm

Width of 3/8" (0.9525 cm) thick MS flat required, b

6 x 463.60
1000 x 0.9525

"

1.71 cm



MS flat of 3/8" (0.9525% cm) thickness and 1%" (3.175 cm)

width 1s used.

Member 4

Load 1s applied on member 4 by inner forming board

only.

Load causing bending moment = 49.20 kg

Maximum bending moment occurs at the junction poant

with member 6.

Maximum distance = 25 cm
Maximum bending moment = 49.20 x 25
= 1220 kg cm

wWidth of 3/8" (0.9525 cm) MS flat required, b

_ 1230 x 6
1000 x 0.9525

2.78 cm

MS flat of 3/8" (0.9525 ocm) thickness and 1%"

(3.175 cm) width 1s used.

Member 5

Load 1s applied by outer forming board only on this

member.



]

Load causing bending moment 23.18 kg

It

Maximum distance to centre 52 cm
Maximum bending moment = 23.18 x 52

= 1205.36 kg cm

Width of 3/8" (0.9525 cm) thick MS flat required, b

_  1205.36 x 6
1000 x 0.9525

]

2.76 ¢cm
MS flat of 3/8" (0.9525 cm) thickness and 1%" (3.81 cm)

width 1s used.

Member 6

This member connects all other members and forms the
backbone of the main frame, with member 7. This member partly
carries the weight of the implement and also experiences
bending moments due to the soil resistance transmitted through
other members. The front hitch of the hitch beam i1s attached
to this member. The exact direction and magnitudes of loads
on this member. The exact direction and magnitudes of loads
on this member 1s therefore uncertain. Hence, MS flat of 3/8"
(0.9525 cm) thickness and 1%" (3.81 cm) width 1s used for this

member.
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Member 7

This member provides additional reinforcement to the
main frame. MS flat of 3/8" (0.9525 cm) thickness and 1%"

(3.175 cm) width 1s used for this member.
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Appendix V

Calculation ot operating cost of power
Bed former

Investment cost of the bed former
Working hours per year

Average life in years

Salvage value

(10% of the Investment most)

1. Fixed cost per hour

P-S

L

Depreciation/hr

_ 2000-200
2500

Interest on average 1investment/hr

Total fixed cost/hr

2. Variable cost per hour

Pover tiller hire charge
(@ Rs.70.00 per hr)

(Wages for the power tiller operator 1s included in the power

tiller hire charges)

Wages for additional operator @ Rs.40.08

tiller operated

Rs.2000.00
250
10
Rs.200.00

Rs.0.72

P+ S
o2y
2

Rs.0.528

Rs.1.248

Rs.70.00

40

Rs.5.00

12

100

X

L

250
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Appendix IV

Cost of production of Bed former

Materaials

Cost

Cost

Cost

Cost

Cost

Ccst

Cost

Cost

Cost

of
of
of
of
of
of
of
of

of

25 kg MS flat

25 kg MS sheet

trolley wheels (2 nos.)
2" MS pipe 3 m

1%" MS pipe 2 m

1" MS pipe 3 m

7 kg 1%, MS rod

nuts and bolts

paints

Total (a)

Total fabrication charges

Over head charges

Total production cost {(a+b+c)

It

i

Rs.Ps.
360.00
400.00
200.00
200.00
100.00
110.00

80.00

50.00

50.00

1550.00

400.00

50.00

2000.00
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Appendix V

Calculation of dpersting cost of power
Bed former

Investment cost of the bed former
Working hours per year

Average life 1n years

Salvage value

(10% of the Investment cost)

1. Fixed cost per hour

Depreciation/hr = gig

2500

Interest on average investment/hr

Total fixed cost/hr

2. Variable cost per hour

Powver tiller hire charge
(@ Rs.70.00 per hr)

tiller operated

2000-200

Rs.2000.00
250
10
Rs.200.00

|
]
1]
o
~
[\%}

Rs.0.528

Rs.1.248

Rs.70.00

i

(Wages for the power tiller operator 1s included in the power

tiller hire charges)

Wages for additional operator @ Rg.40.00

]

#

=N

[os]

Rs.5.00
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Repair and maintena charges per hour
(@ 4% of the origind#iprice per year)

4 1
2000 x 4,459 * 355

Rs.0.32
Total variable cost per hour

70.00 + 5.00 + 0.32

Rs.75.32

3. Total operating cost per hour

1.24 + 75.32

Rs.76.568

Say Rs.77.00
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Appendix VI

Cost of manual operation for seed bed preparation

(Bed formation only)

Area covered by a single man for = 200 m2

seed bed preparation per day

Man days for coveraing 1 ha = 50

Labour cost for 1 ha bed formation = Rs. 50 x 45

@ Rs.45.00 per day

Rs.2250.00



Make
Model

Horse Power

Engine revolutaon

Type of engine

Total weight of tiller

Overall length x width x
height of tiller

Diesel consumption

Fuel tank capacity

Tyres

Minimum ground clearance

Number of speeds

Minimum forward speed

Xvii

Appendix VII

Specification of power tiller

2

Kubota
ER 90 Engine

¥

9 continuous
12 maximum

2000 rpm

Single cylinder, 4 stroke,
horizontal, diesel

485 kgs

225 x 82 x 103

1.25 x 1.5 1lit/hr

12 1it.

6.00 x 12 power tiller
203 mm

Forward 6

Reverse 2

1.5 kmph
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Appendix VIII

Specification of dynamometer

(1) Hydraulic dynamometer

Make ¢ Scientific, Indaia
Range ¢ 0-28 kg/cm2

0-400 1b/1n?

Least count : 0.8 kg/cm2
10 1b/in’

Inside diameter : 28 mm

Outside diameter ¢ 47 mm

Stroke length ¢ 50 mm

(11) Spring dynamometer
Make : Salter
Range ¢ 0-100 kgf

Least count 0.5 kgt
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A power tiller operated Bed Bormer was developed and
evaluated. The main components of the prototype unit of the
power tiller operated Bed Former are, a main frame, two pairs
of forming boards, a levelling board, a hitching unit and a
depth control cum transport wheel. The equipment was found
capable of forming seed beds of heights 22 cm, 18 cm and 15 cm
at a wadth range of 60-64 cm. Heights of 18 cm and 15 cm were
possible at width ranges of 73-75 cm and 80-8l cm. The draft
of the implement ranges from 115.59 kgf to 169.69 kgf. The
power utilisation of the implement varies from 0.586 hp to
0.771 hp and the wheel slip between 46.76 per cent and
77.1 per cent. The mean effective field capacity of the
implement s 0.0996 ha/hr and the mean field efficiency 1is
46.3 per cent. The total cost of production of the unit 1s
Rs.2000/- and the cost of operation per hectare 1s Rs.777/-.
The amount that can be saved by using the 1implement 1is

Rs.1473/- per hectare.
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A power tiller operated Bed Former was developed
and evaluated. The main components of the prototype
unit of the power tiller operated Bed Former are, a
main frame, two pairs of forming boards, a levelling
board, a hitching wunit and a depth control cum
transport wheel. The equipment was found capable of
forming seed beds of heights 22 cm, 18 cm and 15 cm at
a width range of 60-64 cm. Heights of 18 cm and 15 cm
were possible at width ranges of 73-75 cm and 80-81
cm. The draft of the implement ranges from 115.59 kgf
to 169.69 kgf. The power utilisation of the implement
varies from 0.586 hp to 0.771 hp and the wheel slip
between 46.76 per cent and 77.1 per cent. The mean
effective field capacity of the implement 1s 0.0996
ha/hr and the mean field efficiency i1s 46.3 per cent.
The total cost of production of the unit i1s Rs.2000/-
and the cost of operation per hectare 1is Rs.777/- The
amount that can be saved by using the implement 1is
Rs.1473/~ per hectare.



