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CHAPTER - |

INTRODUCTION

The term ‘Pokkali’ used in the common parlor refers to a salt tolerant
traditional rice cultivar grown in the coastal saline soils of Kerala, India. This
peculiar system of rice cultivation is in vogue in this tract is also known by this

rice cultivar as “Pokkali system”.

1.1  IMPORTANCE OF POKKALI CULTIVATION

The Pokkali field is a unique eco system prevailing in the coastal tract of
Kerala with rich bio diversity and amazing capacity to produce organic rice and
shrimp alternatively. Rice is grown during non-saline period and the farmers
carry out shrimp culture during the saline phase with both having unique
symbiotic benefits.  Rice plants get their nutrients from the left over of the
shrimps and the shrimps in turn, feed on the stalks and decaying remnants of the
rice crop. Neither chemical fertilizers nor insecticides and pesticides are used.

The usual ploughing and transplantation are not required for Pokkali.

1.2 AREA, PRODUCTION AND PRODUCTIVITY OF POKKALI RICE IN
KERALA

Pokkali area lies in Trissur, Ernakulum and Alappuzha districts of Kerala
spreads in a total area of 8500 ha. It spreads over 34 Krishibhavans of these three
districts. In the saline, water-logged Pokkali farm lands, rice and shrimps are
farmed alternatively. In more than 90% of the single cropped lands, rice
cultivation is done during the low saline phase from May/June to
September/October; the traditional prawn filtration is taken up during the high
saline phase which sets in December/January.

The Pokkali paddy varieties are having early seedling vigour and attain a
height of 40-45 cm in 30-35 days. At this stage, when field conditions become
favourable the mounds are made and a few seedlings are uniformly spread on the

beds in the field. The clods give anchorage to the seedlings. Generally manuring



and plant protection operations are not necessary for Pokkali farming systems.
The crop matures at about 120 days. The ear heads alone are harvested, leaving
the straw behind in the fields. The average yield of rice with traditional rice
varieties is 1500 kg hatl. The conventional method of harvesting of Pokkali
paddy crop is by using sickles. The various farming operations in Pokkali paddy
cultivation, the harvesting is done by women labourers by walking on the swampy
and marshy inundated paddy fields at waist-deep water, which is laborious,

tedious and cumbersome.

Plate 1.1 Conventional practice of harvesting of Pokkali paddy crop

Due to these naturally adverse conditions prevailing in these lands and the
non-availability of labourers, the paddy cultivation goes on decreasing every year.
Hence, there was a great demand for a suitable harvesting machine, especially for
harvesting the paddy, which is under water at the time of harvest due to tidal
effects. Though a number of paddy combine harvesters are commercially
available, none cannot be used in such marshy water logged areas for harvesting
paddy. Hence a power operated floating harvester, ‘KAU Pokkali paddy
harvester’ with provisions for harvesting and conveying the ear heads of water
submerged paddy stalks was developed and tested in a project at KCAET,

Tavanur.



The harvester mainly consists of a floating barge, hydraulic system and
harvesting units. The floating barge consists of floats, air chamber, propeller and
traction belt with grousers. Hydraulic system includes hydraulic cylinders, motors
and pump, while the harvester consists of a reel, cutter bar and conveyors. The
floats are used to float the harvester on water and traction belts are provided to
move the harvester on soil using grousers. The hydraulic cylinders help to lift the
front conveyor, cutter bar and reel assembly. Separate hydraulic motors were
used to operate cutter bar, front conveyor, centre conveyor and floats. Reel
delivers the stalks to the cutting mechanism, holds upright during cutting and
delivers the cut stalks to the transport mechanism. Cutter bar is a component to
cut the stalk. The drive to the cutter bar is given through a crank- pitman

mechanism. The cut stalks is then conveyed to the lugged belt conveyors.

The overall size of the harvester is 9.6 x 2.2 x 2.2 m with a total weight of
three tonnes. Due to the over size and weight, the manoeuvrability become a
great problem for transportation and operation in small paddy lands. It
necessitated designing a scale down proto type of the harvester to operate in all
Pokkali areas with easy transportation and good manoeuvrability features.
Moreover, its design analysis using appropriate software could suggest suitable
materials for various parts and generate drawings of its functional components.
Also, the study of stability aspects of the harvester considering buoyancy,
floatation and traction parameters will ensure a proper design for a scale down
prototype of the KAU Pokkali paddy harvester. In view of the above factors, a

research programme was undertaken with the following objectives:

1. To study physical and mechanical properties of Pokkali soil
2. To study design features of the KAU Pokkali paddy harvester

3. To design a scale down prototype of the Pokkali harvester



CHAPTER - 11
REVIEW OF LITERATURE

This chapter gives a comprehensive review of research work done by many
research workers and briefed as Pokkali paddy -cultivation, physical and

mechanical properties of soil, paddy harvesters and stability of floating systems.
2.1 Pokkali paddy cultivation

Manorama and Padma kumar (1999) conducted a study on Kuttanad low
lying area with backwaters, canals and stream networks extending over 874 km?.
There are garden lands of average elevation of 1.0 m above mean sea level
covering an area of 304 km?. Kuttanad, the deltaic formation of four major river
systems, Pampa, Achenial, Manimala and Meenachil, confluence into the
Vembanad lake, lies 0.6 to 2.2 m below mean sea level. The region extends from
9°17' to 9°40" N latitude and 76°19' to 76°33' E longitude. Rice is the important
agricultural product, giving Kuttanad the moniker of “The Rice Bowl of Kerala”.
The garden lands, or the reclaimed purayi dams or homesteads with coconut
groves, fringed by canals and channels make this a land of richness and beauty.

Pillai (2003) conducted a study on fishery and production of shrimps from
perennial and seasonal fields of Kerala. During high tides, the water entered into
the pokkali fields through the sluice in twice daily. During night, the mouth of the
sluice was fitted with bulbs / hurricanes / petromaxes etc. for attracting shrimp
seeds into the fields. Water was let out from the field for a period of about one
hour based on the tide, water flow and depth of the field.

Gayatri and Raveendran (2009) conducted a study on Exploration of
untapped potentiality of coastal paddy fields of Kerala. Study showed that the
Kuttanad area remains submerged for greater part of the year and is dewatered
after the monsoon is over. There were special large sluice gates which were
operated to allow the flood water to flow into the sea and to prevent the sea water
flooding the lake. Popular in the coastal belt of the State, nearly two-third of the

Pokkali cultivation is in Ernakulum district. It is estimated that nearly 20,000 ha



of saline soils are under paddy cultivation in Ernakulum, 2,000 ha in Alappuzha
and 2,000 ha in Kannur. All the other coastal districts put together have about
1,400 ha of land under cultivation. In order to survive in the water logged field,
the rice plants grow up to two meters. But as they mature, they bend over and
collapse with only the panicles standing upright. While harvesting, only the
panicles are cut, and the rest of the stalk are left to decay in the water, which in
time become feed for the prawns.

Jayan and Sathyanathan (2010) conducted a study on overview of farming
practices in the water logged areas of Kerala. Studies reviewed that the fields are
situated below the mean sea level and having the problems of water-logging and
have no addition of chemical pesticides or fertilizers in the Pokkali rice fields
which make them different from the other farming practices in Kerala.

Sasidharan et al. (2012) conducted a study on spatial and temporal
integration of rice, fish, and prawn in the coastal wetlands of central Kerala, India.
The traditional system of growing tall rice (Oryza sativa) varieties during the
monsoon season and prawn culture (prawn filtration) during summer season,
locally known as Pokkali, is a sustainable system of production harmoniously
blended with natural processes like sea water inundation in the low-lying coastal
zones of Kerala. Varieties of seeds has Culture-1026 showed better growth and
yield (4391 kg ha) over VTL3 (2434 kg ha!) and ‘Chettivirippu’ mutant (3950
kg hat).

Vanaja (2013) conducted a study on KAIPAD —a unique, naturally organic,
saline prone rice ecosystem of Kerala, India. A complex and ecologically
responsive rice-fish farming system has evolved in the coastal wetland regions of
India over centuries. Kaipad is a unique coastal wetland rice production tract
which is saline prone and naturally organic production tract of North Kerala, India
which was not much known to the scientific world. The rice produce from this
particular ecosystem is purely organic. Apart from integrated organic farming
system in which rice cultivation and aquaculture go together, Kaipad ecosystem is
featured with rich biodiversity of flora and fauna, organically rich soil,

mangroves, and migratory birds. The Pokkali tract of south Kerala is said to be



synonymous to Kaipad tract of North Kerala. But soils of Kaipad slightly differ
from that of Pokkali. Rice farming in Kaipad is carried out in a peculiar way,
purely in a natural way relying on the monsoon and the sea tides. Besides its own
saline tolerant land races of rice, recently high yielding rice varieties were
developed for Kaipad tract by Kerala Agricultural University utilizing the
traditional land races. Even though the product from Kaipad is purely organic
nothing much has been done to explore the value of organic rice for the benefit of
farmers.  Besides research accomplishment, a comprehensive multi faced
development approach is necessary to preserve, protect and develop this unique
organic rice bowl! of Kerala, governed by small and marginal farmers.

Abhilash Joseph (2016) conducted a study on rice cultivation in saline tracts
of Kerala. This paper is an effort to review the significance of present the Pokkali
and Kaippad systems of rice cultivation in Kerala, since the wetlands under rice-
fish farming have been facing severe threats due to a variety of factors. The
factors include shift from the ecologically fragile rice-fish farming to semi
intensive fish farming Salinity effects and problems with regard to rice farming
and crop productivity. It provided information on the impact of salinity on
agriculture and global distribution of salinity. Also reported that thirty seven

percent of rice production in the state is contributed by the lowland ecosystems.

2.2 Physical and mechanical properties of Pokkali soil

Jackson (1958) conducted sampling analysis of soils collected from the
bottom surface by Van veen grab. Sampling of sediment was done at four points
from each station. The collected samples were mixed and then were air dried,
ground to fine powder by using mortar, and stored in air tight polythene bags for
analysis. pH and electrical conductivity were measured immediately after the

collection following standard methods.

Steven and Omi (1985) found out the compaction effects of soil on its the
properties. Study revealed that penetrometer resistance decreased as moisture
content (at the time of compaction) of sandy loam increased and in unsaturated

sandy soil, bulk density increased as applied load (range 60 to 360 kPa) increased.



Water content on compaction also affected by soil texture. Sandy clays may
compact to 1.7 to 2.1 g.cm at only 8 to 15 per cent moisture, clays to 1.5 to 1.7
g.cm at 20 to 30 per cent moisture. Seedling establishment was generally > 75
per cent on a sandy loam, regardless of compaction intensity (1.2, 1.4, 1.6, and 1.8
g.cm3); on a silt loam, only soil compacted to 1.8 g.cm significantly reduced
seedling establishment. Length of primary root penetration of Pseudotem
declined to 71 to 87 per cent as bulk density increased from 1.38 to 1.76 g.cm™,
Study resolved that compaction can detrimentally affect soil physical

characteristics, resulting in poor tree growth.

Blake, G.R. and Hartge (1986) studied the physical properties of soil. They
found out that the variation in bulk density is attributable to the relative proportion
and specific gravity of organic and inorganic particles and its porosity. Most

mineral soils had bulk densities between 1.0 and 2.0 g cm’3.

Grigal et al. (1989) studied about bulk density of surface soils and peat in
the north central United States. They also mentioned that a very compacted soil
perhaps due to tractor compaction would have a bulk density of 1.4 to 1.6 g cm?
and an open friable soil with good organic matter content will have a bulk density
of <1.0 g cm®.  Although bulk densities are seldom measured they are very

important in quantitative of soil and nutrient status of terrestrial ecosystem study

Brandelik and Hiibner (1996) developed electromagnetic measurement
techniques of soil moisture. He used three different sensors, which enriched the
accuracy of measurement device and extend the range applications. The first one
was in-situ sensor, which evaluated soil moisture profile down to 2.5 m with a
vertical resolution of 3 cm and accuracy was 1.5 unconditional volumetric water
content. The second sensor measured accurately the water content in the surface
layer of the soil. Third sensor was a moisture sensitive cable. It used the

technique of time domain reflectometry and frequency domain reflectometry.

Reddy (2002) conducted an experiment on engineering properties of soils

based on laboratory testing. The test was conducted to determine the physical and



mechanical properties of soils like moisture content, bulk density and grain size.
He mentioned that water content is the ratio, expressed as a percentage, of the
mass of “pore” or “free” water in a given mass of soil to the mass of the dry soil
solids. The bulk density is the ratio of mass of moist soil to the volume of the soil
sample and the dry density is the ratio of the mass of the dry soil to the volume the
soil sample. Grain size analysis was performed to determine the distribution of
different grain sizes and hydrometer method was used to determine the

distribution of the finer particles.

Adeniran and Babatunde (2010) conducted a study on investigation on
wetland soil properties affecting optimum soil cultivation. A cone penetrometer
and a shear vane apparatus (19 mm) were used to determine the cone index and
the torque that cause the soil to shear at different moisture contents. The study
showed that the cone index increased with depth and decreased with increase in
moisture content. High moisture content reduced the soil cohesion. The internal
frictional angle of the soil was 37.90. The following values were obtained for soil
cohesion 112, 62, 38, 30 and 12 kN.m respectively at moisture contents of 0, 5,
10, 15 and 20 per cent. Moisture content between 10 -15 per cent (dry basis)
appeared ideal for cultivation of the soil. For those soils the critical moisture

content was found to be 23.72 per cent.

Bawatharani et al. (2013) conducted a study on impact of reel index on
header losses of paddy and performance of combine harvesters. They investigated
the effect of reel index and type of combine harvester on header losses when
harvesting the long grain paddy varieties. The field experiment was carried out in
a split plot design with three replications. Two brands of popular combine
harvesters (Kubota DC-68G and Agro world 4L-88) and three levels of reel
indices i.e. 1.2, 1.7 and 2.5, were assigned to the main and sub plots respectively.
The results revealed greater header advancement and an increased tyne bar
velocity at the reel index of 1.2 resulted in higher header losses in both combine
harvesters.  Similarly, lesser header advancement and increased number of

impacts of the reel on panicles at the reel index of 2.5 also caused greater header



losses. The reel index of 1.7 resulted significantly low header losses of 38.8 and
45.8 kg ha* from Kubota and Agro world harvesters respectively.

Antony et al. (2014) conducted a study on the effect of rotational Pokkali
cultivation and shrimp farming on the soil characteristics of two different Pokkali
fields at Chellanam and Kadamakudi, Kochi, Kerala. They found that the soil
pH varied highly acidic to 7.15 slightly alkaline in Chellanam and alkaline in
Kadamakudi. The least value of conductivity and salinity were occurred on the
first half of the June. The highest value of total organic carbon was 1.05% in
Chellanam and 6.225% in Kadamakudi observed on the second half of April. The
highest value of phosphate was 0.1578 mg g in Chellanam and 0.2125 mg g in
Kadamakudi with a mean and standard deviation of 6.87 + 7.67 and 0.14 + 0.05
respectively. The nitrogen content of the soil also showed the same trend as
phosphate. The carbon content of the soil showed a slight increasing trend. The

sulphur content of the soil is negligible and showed only 0.18 per cent.

Maly and Kucera (2014) conducted a study on determination of mechanical
properties of soil under laboratory conditions. Two types of soil with different
levels of moisture were examined and their mechanical properties were
determined. Measurements were taken from a non-compressed soil. The force
and penetration depth of the pressing plate were recorded simultaneously. Three
different diameters of pressing plate were used, namely 38, 50 and 70 mm. The
pressure on the contact area was calculated after completion of the measurements
and the relationships between pressure and penetration depth were presented

graphically.

2.3 Paddy harvesters

The reel in a combine harvester delivers the stalks to the cutting mechanism,
holds them upright during cutting and pushes the cut crop towards the platform
conveyor. Pick up reels were used for lodged crops that have fallen over due to
heavy rains, winds, etc. to pick them up for cutting. Optimum reel position was

determined by the crop height, amount of straw cut, and the condition of the



10

straw. Normally, the reel should be set so the slats, when in their lowest position,
will strike the straw 15 to 25 c¢cm above and slightly ahead of the cutter bar
(Oduori, 1994).

Celik (2001) developed a push type cutter bar mower for forage harvesting.
The cutter bar mower consisted of six main components including the cutting,
transmission, power, handling, frame, and transporting units. A two stroke engine
that produced 1.47 kW at 7000 rpm provided power for the cutting unit. Two
skids were attached to the cutter bar unit, one on each side to control cutting
height. The total mass of the mower was 41 kg. Performance tests of the mower

resulted in an average 0.11 ha h'! effective field capacity.

Bautista et al. (2005) designed a rotary cutting reaper for rice. Their
purpose was replacing the reciprocating cutter bar assembly with a rotary cutting
system borrowed from grass cutters. These rotary cutters required fewer blades
and less manufacturing tolerance. The laboratory studies inferred that the number
of blades per disc was set for tip speed of 23- 30 m s and forward speed ranged
from 2.8 t0 3.3 km h.

Ananth et al. (2013) reported that the belt conveyor is used for the
transportation of material from one location to another. Belt conveyor has high
load carrying capacity, simple design, easy maintenance and high reliability of
operation. Belt conveyor system is also used in material transport in foundry shop
like supply and distribution of molding sand, grains and removal of waste. This
study provided the to design of a conveyor system viz. includes belt speed, belt
width, motor selection, belt specification, shaft diameter, pulley, gear box

selection using standard methods.

Arman Jalali and Reza Abdi (2014) conducted an experiment on the effect
of ground and reel rotational speed and height on harvester losses. A factorial
experiment based on completely randomized design with nine replications was
carried out. Three main treatments for this study were considered. Treatments

consisted of ground speed (V) at three levels (1, 2 and 4 km h™1), the reel rotation
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speed (W) at three levels (25, 32 and 40 rpm) and the reel height (H) at three
levels (87, 110 and 118 cm). The results showed that ear loss of three treatments,
interaction of VXW and the triple interaction of VxWxH were significant (P<
0.01). Ground speed was the only significant factor effecting seed loss (P< 0.01).
The study showed that maximum loss occurred at the highest ground speed and
rotational speed of reel. The best treatment at a ground speed of 1.0 km h* reel

rotational speed of 25 rpm and a height of 87 cm.

Ephrem, Z. K. and Ing Zewdu, A. (2014) conducted a study on design and
modification of appropriate reel mechanism to harvest Tef Crop. The
relationships between the deflection angle and deflection force acting on a bunch
of crop stalk in the gathering operations of a combine harvester reel were
analysed. Mechanical crop model based on bending theory with regard to an
elastic beam were applied in this analysis. In the model, the effect of flexural
rigidity, crop ear weight and reel force on tef crop stalk in the angle of deflection.
A model of crop stem deflection by the combine harvester reel was formulated.
Applications of crop stem deflection to reel design and operation were used for
determination of the number of reel tyne bar and angular displacement of
successive tyne bar. The reel design included the determination of the number of

tyne bar, angular displacement of the reel and rotational speed of reel.

2.4 Hydraulic system

Darling and Tilley (1999) studied the combine harvester, it consist of
principal circuit and a steering circuit. The principal circuit operated three
actuators connecting with height control of both cutting platform and reel, also
moves variable sheave in order to vary ground speed and steering circuit steers the
machine. The only common point of two circuits is their pump, in which is a
priority valve in order to first supply the needed oil to the steering circuit, then it
delivers the rest oil to the another circuit. Other components of the circuit are
thoroughly separated. Segregation of hydraulic circuits is an acceptable method
but in order to achieve significant improvements in system efficiency, using a

concentrated circuit is possible.


https://scialert.net/fulltext/?doi=ajar.2011.67.75#537147_ja
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Pumps are well-known as the heart of a hydraulic system. They allow flow
of oil towards the actuators. They turn hydraulic force into rotary or reciprocating
forces consequently displacement or rotation of the intended part is provided,
(Dalayeli and madineh, 2002).

Mullen and Williams (2004) exploited survey data that reported annual
maintenance/repair expenditures for Canadian manufacturing industries and
indicated that the cost of capital, among other variables, has a statistically

significant effect on maintenance/repair decisions.

Wang Jiwei et al. (2005) conducted a research an hydraulic and pneumatic
transmission. Hydraulic drive chassis includes engine, variable hydraulic pump,
fuel tank, digital hydraulic cylinder, hydraulic motor, manual valve and other
components are shown in the plate 2.1. The engine connected to the variable
hydraulic pump by belt transmission drive the hydraulic pump which draws oil
from the fuel tank and convert mechanical energy into pressure. The hydraulic
pump provides power for two digital cylinders and the two hydraulic motors by
tubing. By controlling three position four-way directional control valve manually
walking three working position to realize mechanical forward backward and
parking. A sensor is arranged at the front end of the wheel, and the left and right
expansion of the digital hydraulic cylinder is adjusted by the pulse signal which is
fed back by the sensor, and the left and right movement of the driving wheel is
realized. Thus the direct contact between the walking machine and the obstacle,
and the failure rate of the vehicle is effectively reduced. At the same time, it is
equipped with a relief valve with the function of overload protection and
hydraulic auxiliary components such as filter, cooler, guarantee the normal work

of the system.


https://scialert.net/fulltext/?doi=ajar.2011.67.75#537165_ja
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Plate 2.1 Hydraulic system drive

10

1--Hydraulic pump 2--Throttle valve 3--Safety valve 4--cooler 5--Filter 6--Three postion four-way
directional control valve 7--Ovwverload valve 8--Wheel hvdranlic motor 9--Digital hvdraulic cvlinder

10--Tank

Plate 2.2 Hydraulic circuit

Gamez-Montero et al. (2009) studied analytical
investigations of typical hydraulic cylinders indicated that their load capacities are
significantly different from those obtained from simple buckling analysis of
idealized systems. In any case, an increase in the friction coefficient at the
restrained ends changes the actuator’s limit load; while an increase the initial
maximum deflection decreases the limit load. A common practice of most
cylinder manufacturers is to use a safety factor between 2.5 and 4 to determine the
service load after the critical load is obtained by simple analytical procedure

striating the cylinder as a perfect stepped column.

and experimental
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Jiang, Y. and Zou, G. (2009) revealed that low speed high torque hydraulic
motor mainly includes vane hydraulic motor and radial piston hydraulic motor.
The vane hydraulic motor can keep stable in the process of low speed rotation and
harsh environment conditions. Radial piston hydraulic motor has the advantages
of high volumetric efficiency, large starting torque and stronger adaptability. The
performance of hydraulic motors depends upon many factors such as precision of
their parts, tolerances between the mating parts, etc. Internal leakage between the
inlet and outlet affects the volumetric efficiency. Friction between mating parts
affects the mechanical efficiency of a hydraulic motor. Gear motors have an
overall efficiency of 70-75% as compared to vane motors which have 75— 85%

and piston motors have 85-95 per cent overall efficiency.

Xie Fuxiang (2014) stated that the hydraulic valve as a hydraulic system
control component used to control the flow direction and hydraulic pressure. The
implementation of components and driven work machine were used to obtain the
desired direction of movement, thrust (torque) and velocity (speed), etc., to meet
the requirements of different actions. A working process and the quality of the

hydraulic system, largely depends on various hydraulic valves.

Jignesh, V. and Hitesh, R. (2016) studied on modelling and analysis of
telescopic hydraulic cylinder for increased load capacity. Hydraulic cylinders are
normally designed for working pressures of up to 350 - 400 bars and occasionally
up to 600 bar and more for special purposes. Apart from its function to a linear
hydraulic motor, the cylinder is also structural element. As structural element it
must not only generate forces but also absorb forces. The hydraulic cylinder, as a
linear motor and structure element, is greatly influenced by environmental
circumstances. Elements such as temperature, humidity and corrosive influences
lamely determine to what extent the cylinder comes up to one's expectations and

are therefore decisive with respect to quality.

Hydrostatics concerns the conditions to which the vessel is subjected while

at rest in water and to its ability to remain a float. This involves computing


https://en.wikipedia.org/wiki/Hydrostatics

15

buoyancy, displacement, and other hydrostatic properties such as trim (the
measure of the longitudinal inclination of the vessel) and stability (the ability of a
vessel to restore itself to an upright position after being inclined by wind, sea, or

loading conditions). (www.usna.edu).

2.5 Stability of floating harvester

Giles et al. (1994) conducted a study on stability of a floating body is
divided in two different types, vertical and rotational. A floating body has vertical
stability but its rotational stability depends upon the positions of centre of gravity
(G) and centre of buoyancy (B). If G is below B the equilibrium is stable. But if
G is above B the equilibrium may or may not be stable. The usual method in
specification of stability of a floating body is finding the metacentre point and
then comparing its position with G. The equilibrium is stable if the metacentre

lies above G.

Bansal (2005) conducted a study on a floating body. It said to be stable if it
comes back to its original position after slight disturbance, two alternate moments
may act on the floating body depending on the relative position of centre of
gravity (G) and centre of buoyancy (B).

My Metacenter
M ¢ Metacenter /\
\V/ \ Vg ‘ \V/
GW W
etacentér

3FB : B B

AB
(a) (a) (b)

Plate 2.3 (a) Stable equilibrium, M is above G (b) Unstable equilibrium, M is below G


https://en.wikipedia.org/wiki/Buoyancy
https://en.wikipedia.org/wiki/Displacement_(ship)
https://en.wikipedia.org/wiki/Sailing_ballast
https://en.wikipedia.org/wiki/Ship_stability
http://www.usna.edu/NAOE/academics/en342.php
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Mohammad (2011) conducted a study on the stability of floating bodies.
The potential energy of a system in stable equilibrium has a minimum value. This
property is used to derive a formula that is useful in determination of stability of a
floating body. It is found that a floating body is in stable equilibrium if its centre

of gravity has a minimum height with respect to its related centre of buoyancy.

Omofunmi et al. (2016) conducted a study on design of water hyacinth
(Eichhornia crassipes) harvester. The purpose of this study was to design a
harvester for control of water hyacinth. The anatomy and physiology of the water
hyacinth were used to design the machine using basic engineering procedures.
The main parts of the water hyacinth harvester included an electric motor (2.0 h
p), mower disc (100 x 70 x 7.36 mm), shaft (26 mm diameter) with 4 blades made
of stainless steel. The machine operates with capacity of 10,646 tons hr? at the
speed of 3.04 m s1. The capacities of the loading and delivery conveyors are
846.60 and 538.75 tons hrt respectively. Fabrication of the designed water
hyacinth harvester, using local materials will promote and enhance indigenous
technologies that will improve physical control of the plant. The water hyacinth
harvester is also known as aquatic scavenger. The harvester is a boat which is
capable of cutting and carrying the harvested weeds to the shore. The water
hyacinth harvester was designed, fabricated and tested on laboratory. The average
harvesting capacity was found to be 6.5 t/hr/m width of the conveyor when the

traveling speed was 0.56 km hr.
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CHAPTER - 111
MATERIALS AND METHODS

In this chapter the methods followed to determine the physical and
mechanical properties of Pokkali soil are explained. The design analysis of
Pokkali paddy harvester is carried out separately for floating barge, hydraulic and
harvesting system. Also the design of the scale down proto type is dealt

separately.

3.1 PHYSICAL, CHEMICAL AND MECHANICAL PROPERTIES OF
THE SOIL

The physical and mechanical properties of soil affecting the design analysis
of Pokkali paddy harvester were studied. The four major soil properties, viz,
moisture content, bulk density, shear strength and soil resistance affecting the
traficability to the Pokkali paddy harvester were determined in the present study.
Soil samples from different locations of the Pokkali fields were collected in
containers to determine the above mentioned properties of the soil. The tests were
conducted in the Soil and Water Laboratory at RRS, Vytila and KCAET, Tavanur.

3.1.1 Moisture content

Moisture content (W) is the ratio of the weight of water to the weight of the
solids. The moisture content of the sample in per cent dry basis was determined

by using the equation,
MC (%) = Y%y 100 .31
Wi

Where,
Wi is initial weight of the soil, g

W4 is dry weight of the soil, g



18

It is expressed in percentage and is found out by oven dry method. Soil
samples of six different locations of the Pokkali fields were collected at depths of
10-20 cm. The soil samples of 350 g each were collected in different containers
and placed in a hot electric oven under controlled temperature of 105°C for a time
period of 24 hours (Angelis, 2007). The weight before and after drying was found
out using an electronic weighing balance having a sensitivity of 0.01g. The

determination of soil moisture content helped to find out water requirement.

The in-situ soil moisture content during the month of April 2018 was
recorded using digital soil moisture meter (model — BST-SM400) having
resolution of 0.1per cent. The moisture meter was inserted in a soil at a depth of
10 - 15 cm for about 30 seconds. The percentage of moisture content of the soil

was displayed in the display board and was recorded.
3.1.2 Bulk density

The compactness of the soil is determined by measuring bulk density using

core cutter method. The bulk density was found out by using the equation,

<I=Z

Bulk density (p) = .. 3.2

Where,
p — Bulk density, g cm™
M — Mass of the soil, g
V — Volume of the soil, cm3

Initially volume of a cylinder (cm®) was determined by measuring the
internal diameter (10cm) and height of core cutter (12.5cm). The weight of the

empty core cutter was also measured.

A small area of 30 X 30 cm? of the soil in Pokkali field was exposed and
surface was levelled. A cylindrical core cutter was pressed into the soil mass
using the rammer with dolley placed over the top of the core cutter. Pressing was

stopped when the dolley protrudes about 15mm above the soil surface.
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Surrounding soil of core cutter was removed and it was taken out. Top and
bottom surfaces of the core cutter were carefully trimmed using a straight edge.
Core cutter filled with the soil was removed and weighed. Bulk density of the soil

was determined by using equation (3.2).
3.1.3 Shear strength

Shear strength of a soil is the maximum resistance offered by the soil to
shearing stresses (Awadhal and Singh, 1985). The Shear strength was found out

by using the equation,

T
S=——=3 .33
p2H D
n(——+3)
Where,
S = Shear strength, kg cm™
T = Torque, kgf.cm
D = Overall diameter of vane, cm
H = Height of the vane, cm
If H = 2D the equation reduces to
3T
S= .. 34
11D3

The in-situ measurement of shear strength of soil was carried out using a
vane shear test apparatus (Make — AIMIL (CIVIL)) arrangement as shown in
Plate 3.1. Bore holes at depths of 30, 45 and 60 cm were dug out. Casing was
extended up to these depths and hence the entire unit was fixed at the location
during the test. Torque applicator was fixed on the stand with the help of spikes.
A vane size of 37.5 mm diameter was selected and it was connected to the vane
rod having same female thread. The vane was lowered to the above required
depths. It was pushed downward with a moderate steady force up to a depth of

50mm below the bottom of the bore hole and allowed for 5 minutes after the
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insertion of the vane. The initial dial gauge reading was set to the zero and gear
handle was turned so that the vane was rotated at the rate of 0.1° per second, this
in turn help to get a uniform rate of 12 turns per minute. Vane was rotated
completely ten times to disturb the soil. Torque indicator dial gauge reading was
noted at half minute interval and rotation of vane was continued until the reading

drops appreciable from the maximum.

Plate 3.1 In-situ measurement of shear strength
3.1.4 Soil resistance

A cone penetrometer was used to determine the degree of soil compaction
resulting from the application of different tillage operations. The cone
penetrometer consisted of force and depth measuring components and a conical
tip for penetration into the soil. The force applied is directly read a dial gauge
fitted at the top of the instrument. The depth measurement is preceded by the
relative movement of the penetration rod and penetrometer tip as the tip is forced
into the soil. The experiment was repeated 3 to 4 times at a location, 50 to 60 cm
a part to prevent error readings because of soil disturbance. The calibration chart
was used to get the penetration resistance of the soil corresponding to the dial

gauge reading.
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] PF
Resistance = — .... 35
BA

Where,

PF = penetration force, N

BA = soil depth, cm
Penetration force (PF) = PR x 0.0098

PR = mean dial gauge reading, N

Plate 3.2 In-situ measurement of soil resistance

3.15 Chemical properties of the Pokkali soil

The chemical properties of Pokkali soil were studied. The major soil
properties, viz, pH, Electrical conductivity and organic matter were determined in
the present study. Soil samples from different locations of the Pokkali fields were
collected to determine the above mentioned properties of the soil. The tests were
conducted in the Soil and Water Laboratory at RRS, Vytila and the available
nutrients namely P, K, Ca, S, Fe, B, Al and Na.
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3.2STUDY OF KAU POKKALI PADDY HARVESTER

A power operated floating harvester “KAU Pokkali paddy harvester” with
provisions for harvesting and conveying the ear heads of water submerged paddy
stalks was developed and field tested.
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Fig. 3.1 Orthographic view of KAU Pokkali paddy harvester
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Figures 3.1 (a) and (b) refer to the plan and side view of the KAU Pokkali paddy
harvester. It consisted of power and control unit, hydraulic system, floating craft
with traction device and paddle wheel, cutter bar with reel assembly and belt
conveyors. A suitable prime mover of 45.0 hp diesel engine was coupled to the
hydraulic pump through a shaft. The hydraulic system comprises of a hydraulic
pump, motors and control valve with levers. The hydraulic system actuates
separate hydraulic motors, which in turn operate all the required moving parts of
the harvester. Separate hydraulic motors are provided for cutter bar, front
conveyor, back conveyor, right and left hand floating crafts with paddle wheels
respectively. The cutter bar was fitted at the front end of the harvester by a
swinging type frame. Thus, swinging cutter bar was able to move up or down,
and was operated at any predetermined height of cut. The cutter bar was also
attached with a reel by means of chain drive. As and when the direction control
lever was operated, the hydraulic motors operate the cutter bar and reel
simultaneously. The reel gathers the submerged paddy crop and directs it to the
cutter bar, where the crop was being cut by properly positioned swinging front
end frame. At the same time, by operating the control lever for the operation of
front conveyor, the cut crop from the cutter bar get transferred to the moving
front conveyor, from which, was transferred to the back conveyor and finally to
the discharge end of the harvester. Thus the cutter bar, reel, the front and back
conveyors are working simultaneously. Its propulsion is accomplished by means
of either a paddle wheel or floating crafts fitted with endless tracks, when working

in water or muddy soil.

Plate 3.3 Working of KAU Pokkali paddy harvester in fields
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3.3 DESIGN ANALYSIS OF EXISTING POKKALI PADDY HARVESTER

The operation of cutting panicle of a crop with part of the plant leaving the
undesired portion in the soil is known as harvesting. A paddy harvester is a
machine designed for harvesting and collecting of paddy grain and straw while
moving through standing crop. But the Pokkali paddy harvester is an amphibian
harvester where it has to traverse in water and land or both along with the
harvesting operation. Hence the major functions of a Pokkali paddy harvester
include floating in water, moving in padded soil, cutting and conveying the paddy
crop. The design analysis of the harvester is hence sequentially carried out as

design of float barge, harvesting unit and hydraulic system.
3.3.1 Design analysis of floating barge

Floating barge is an air filled structure providing buoyancy. The floats
contain a lot of reserve buoyancy and allow designers to carry loads. Floating
body is partially immersed in a fluid that experiences an upward force (buoyancy)
equal to the weight of the fluid displaced. The float was constructed with MS
sheet metal (Gauge-12) of thickness 2.0 mm. Two floats each having dimensions
of 4.8 x 0.6 x 0.8 m were fabricated and joined together by means of a chassis.
The slope at the front ends of the floats was given 34° to facilitate easy movement
of the track belt. The floats are provided at the used in both right and left sides of
Pokkali paddy harvester, as shown in Fig. 3.2.

In addition to the two floats, a separate air chamber was also provided in
between the two floats. If the chamber be partially immersed in a fluid,
experiences an upward force (buoyancy) equal to the weight of the fluid
displaced. The chamber was constructed with MS sheet metal (Gauge-12) of
thickness 2 mm and of size 4.86 x 1.01 x 0.5 m (Fig. 3.3).


https://en.wikipedia.org/wiki/Buoyancy
https://en.wikipedia.org/wiki/Buoyancy
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3.3.1.2Traction belt

Tractive force is the ability of a vehicle tractive element to generate
sufficient forces to overcome the soil resistance. Traction belts were made of
polypropylene material having a thickness of 10 mm and size 12 x 0.65 m was
provided in order to generate enough traction. Grousers (52 no’s) with ledger
plates (53 no’s) (Fig.3.4) were revetted equidistantly on it. Each grouser was
made of marine aluminium at a size of 45.0 x 9.0 x 0.5 cm. (Fig. 3.5).

A

(@) Top view

All the dimensions in mm
(b)  Side view

Fig. 3.4 Traction belt of the existing prototype


https://en.wikipedia.org/wiki/Force
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3.3.1.3 Paddle

Paddle is a mechanical device for propelling a floating machine attached to
the rear side. A revolving shaft attached with eight broad and angled blades was
provided. It was connected to a hydraulic motor (MAT 500SH) through chain
drive. The size of the paddle was 0.4 x 0.75 m (Fig. 3.6).
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Fig. 3.6(a) Orthograpic views of the paddle
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SLNo  Description

1 Angle blade
2 Casing
3 Shaft

Isometric view
Fig. 3.6 Paddle of the existing prototype
3.3.2 Design analysis of hydraulic system

Hydraulic system is a transmission system that uses pressurized hydraulic
fluid to power hydraulic machines. Hydraulic drive system consisted of a
hydraulic pump, pressure gauge, valves, filters, piping etc. to guide and control
the system and actuators viz. a hydraulic motor or hydraulic cylinder to drive the
harvester. Engine drives the hydraulic pump which in turn pressurises hydraulic
oil and directs it to the direction control valves. The direction control valves were
operated by six control levers fitted at the control panel in front of the operator
seat. The pressurised fluid was to actuate the members viz., cutter bar with reel,
front and centre conveyors, right and left hand floats with paddle wheel
(propeller) and two hydraulic cylinders for operating up and down motion of the
cutter bar, reel assembly and front conveyor. It was independently connected by

separate motors and cylinders through separate levers (Fig.3.7).


https://en.wikipedia.org/wiki/Transmission_(mechanics)
https://en.wikipedia.org/wiki/Hydraulic_fluid
https://en.wikipedia.org/wiki/Hydraulic_fluid
https://en.wikipedia.org/wiki/Hydraulic_machinery
https://en.wikipedia.org/wiki/Hydraulic_pump
https://en.wikipedia.org/wiki/Hydraulic_motor
https://en.wikipedia.org/wiki/Hydraulic_cylinder
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3.3.2.1 Hydraulic tank

The capacity to meet the hydraulic oil requirement for operating Pokkali
paddy harvester was 61 litres per minute. In order to ensure the required supply
of hydraulic oil 2.5 times more than required hydraulic pump capacity was taken

into consideration and hence a tank of capacity 150 litres was selected.
3.3.2.2 Hydraulic pump

The capacity to meet the hydraulic oil pressure for operating Pokkali paddy
harvester was taken into consideration for the selection of hydraulic pump. A
double acting pump having a capacity of 61 litres per minute was hence selected
for its working. Seamless tubes with high wall thickness, higher tensile strength,
better bending quality, etc. are some of the specific properties which make such

tubes most suitable for use in many high pressure hydraulic systems.
3.3.2.3 Hydraulic cylinders

Hydraulic cylinder used for the conveyor system was a double acting
hydraulic cylinder which provided linear displacement. The function of this
hydraulic cylinder was to convert hydraulic power into linear mechanical force or
motion. The cylinder was fixed in between the float frame and the front
conveyor. The hydraulic cylinder of diameter of 50 mm, stroke of 30 cm with a
piston of 40 mm was used. Inlet and outlet diameters of the ports were of 22 mm
as shown in Fig.3.8. The hydraulic fluid enters to the cylinder through the inlet
and outlet ports of the cylinder. When fluid flow was allowed to the back end
port, the forward stroke takes place then the fluid from the rod end port returns to
the reservoir. During this period the conveyor experienced an upward motion.
When fluid flow was allowed to the rod end port, reveres the stroke and hence
conveyor moves in downward direction. Two hydraulic cylinders were used for
the up and down motion for the front conveyor along with the cutter bar and reel

assembly.
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Fig. 3.8 Hydraulic cylinder

Pressure required for the working of the hydraulic system is calculated using the
equation

F

...3.6
A

(P)=

Where,

P = pressure, kg cm™

F = weight to be lifted, kg
A = Area of the cylinder bore, cm

3.3.2.4 Hydraulic motors

Gerotor type motors were used in the harvester for actuating all the attached
units of the harvester. Pressurized fluid was guided into the assembly using an
axially placed plate-type distributor valve. Typically, the gerotor motors are
having low-to-medium speed and medium-to-high torque. The five different
hydraulic motors were used in the study viz. MR50 motor for cutter bar, MAH-
400CB motor for both front and centre conveyors and MAT-500SH for both right
and left side floats.
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Plate 3.4 Gerotor motor
3.3.2.5 Direction control valves

These valves are also called as on-off valves as they allow the fluid flow
only in one direction (Jagadeesha, 2012). A directional control valve (Plate 3.5) is
a device which controls the flow of fluid from the hydraulic pump to hydraulic
cylinders. These valves are the primary devices used to sequence the motion of
the harvester. The valve is generally specified by the number and positions of the
ports in the system. For operating the floats, two-in-one directional control valve
is required with 4 ports was used. The control valve consisted of two levers of
which, lever-1 operates hydraulic motor of the left side float and lever-2 operates
the hydraulic motor of the right side float. It is having an inlet port and outlet
port. The hydraulic fluid from the pump passes through a main line and enters in
to the inlet port of the control valve. When the control lever was pushed to
forward the fluid will pass through outlet with high pressure, which caused the
rotation of the gears in the hydraulic motor. It will facilitate the forward and
backward movement of float. If lever-1 pushes forward, the left-float operates
forward movement and lever push backward, it backward and place in neutral to
stop the movement. If lever-2 push forward, the right hand float move forward
and lever push backward, it move backward and place neutral to stop the

movement.

For operating the front conveyor, one-in-one directional control valve with
two ports was used. The control valve consists of one lever; lever-3 operates

hydraulic motor of the front conveyor. If lever-3 pushes forward the front



35

conveyor operate forward movement and lever push backward, it operates
backward movement and place in neutral to stop the movement. For operating the
centre conveyor, hydraulic cylinders and cutter bar with reel, three-in-one
directional control valve with 6 ports was used. The control valve consists of
three levers; lever-4 operates hydraulic cylinders. If lever-4 push forward the
hydraulic cylinders, piston rod extension and lift the upward front frame along
with conveyor, cutter bar and reel assembly. If lever push backward the hydraulic
cylinders, piston rod compressed and downward upward front frame along with
conveyor, cutter bar and reel assembly. Lever-5 operates hydraulic motor for the
centre conveyor. If lever-5 push forward, the back conveyor move forward and
lever push backward, it move backward and place neutral to stop the movement.
Lever-6 operates hydraulic motor of the cutter bar. If lever-6 push forward it
causes reciprocating movement and lever push backward, it move backward and

place neutral to stop the movement.

Lever 1 Lever2 Lever 3 Lever 4 Lever 5 Lever 6
Plate 3.5 Direction control valves
3.3.3 Design analysis of harvesting unit

The operation of cutting panicle of a crop with part of the plant leaving the
undesired portion in the soil is known as harvesting. Harvesting unit of the
Pokkali paddy harvester consists of a reel, cutter bar and conveyor. Reel delivers
the stalks to the cutting mechanism, the cutter bar cuts crop and conveys through

front conveyor and transferred to in the central conveyor. The whole harvesting



36

assembly was procured directly from the manufacturer and assembled with the
floating barge. The design analysis of the complete unit was separately carried

out for reel, cutter bar and conveyor units.
3.3.3.1 Reel

Reel delivers the stalks to the cutting mechanism. It holds the crop upright
during cutting and delivers the cut stalks to the front conveyor. A fixed bat type
reel (Fig. 3.9) assembly was used. It has a pentagonal frame fitted with five bats
of length 182.5 cm fixed at a uniform spacing of 52 cm. The diameter of each bat
was 5 cm. A total of eleven fingers, each would and firmly fixed at uniform
interval of 15 cm. The reel assembly can be operated by a hydraulic motor
(MR50) through chain drive. The design of the reel can be made according to the
reel position with respect to cutter bar, reel speed with respect to forward speed,
delivering the stalk to the cutting mechanism with minimum losses, holding the
stalk upright while cutting and delivering the stalk to the conveyor. Also, the

absolute velocity of the reel is greater than the forward speed of the harvester.
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Fig. 3.9 Reel assembly of the existing prototype
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The reel index was calculated based on the standard design procedures:

Reel index or velocity ratio (Ai) for reels is given by (Kanafojski and Karwowski,

1976):
i = -t .37

Where,
ur = tangential velocity of tip of the bats, m st

vm = forward velocity, m st

Tangential velocity of tip of the bats, Ut= or Ry ...3.8

Where,
or = angular velocity of reel, rad s*
Rr = radius of reel, mm
or=2nN
=2x3.142x 16
= 100.54 rad min'?

_100.54
T 60

= 1.675rad s
U= or Rr

=1.675x0.42

=0.7035 m s

. Ut
Reel index (\j) = —_
m

0.7035

0.416

=17
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Size (pitch) of reel (Pr) = =

Where,
Z = number of bats on reel (5 Nos.)

Sm = distance traversed by the machine during one revolution of the reel, mm

PI’: ﬂ
=52 cm
3.3.3.2 Cutter bar

Cutter bar is a major part of a harvester to cut the stalk. It was operated by a
hydraulic motor (MR50) through a crank pitman. A reciprocating type cutter bar
of 2.1 m length having 27 knife sections, each having a stroke of 76.2 mm was
provided. A standard size twin guard was also provided on either ends of the
cutter bar. These guards were provided to gather the crop and fed it to the cutter
bar. In order to avoid slipping off the stalks, serrated knife sections were attached
with the cutter bar. The pitch of serrated knife sections selected as two times
smaller than the diameter of paddy stalk. Accordingly the pitch provided was 1.2
mm. Clearance between knives and ledger plates were maintained at 0.3 mm.

The velocity of knife section was hence 0.833 m s at a forward speed of 3 km hr

!, Design analysis of the cutter bar was carried out for finding the optimum speed

and number of knife sections based on the standard procedures.

The cutting of stalk is greatly affected by knife speed. The velocity of knife

section is expressed as:

Vk:RXVm ...3.9

Where,
Vi = Average knife velocity, m s

Vm = Forward speed of harvester, m s
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R = Velocity ratio

According to Klenin (1985) the (o) angle between cutting edge and axis of
knife section was 31°and the velocity assumed was 1.5 m s*. The value of R falls

between 1.3 to 1.4 with available cutter knife.
Taking R = 1.3 and Vm = 0.416 m s and putting values in above equation (3.9)
Vik=13x0.416
=0.536 ms?

L
Number of knife sections = — _C - ... 3.10
size of knife section

Where,

Lc = Length of the cutter bar, cm

. . 210
No. of knife sections = ——
7.62

= 27.55 (say, the cutter bar has 27 knife sections)

5.

=300~

All dimensions in mm

Fig. 3.10 Knife section of the cutter bar of the existing prototype
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3.3.3.3 Front conveyor

The crop cut by the cutter bar was conveyed to the conveyor (Fig.3.11) for
easy collection. It was made of 3.0 mm polypropylene sheet with equidistantly
spaced rubber bars. The conveyor was to convey the bunch of cut crop
continuously without blockage. It was operated by a hydraulic motor MAH-
400CB through the driving roller. This roller actuated the motion of the conveyor
and the driven roller was provided at the tail end, trailed the conveyor forward and
ensured continuous movement. The length of the conveyor belt was hence 3.0 x
1.0 m. The conveyor belt has to be wrapped over two rollers of 100 mm diameter

and fixed separately on plummer blocks to stretch it firmly.

1200 1000 980

T ity

All the dimensions in mm

— 3000

(@  Topview

/—@100
e gl

50 25—

All the dimensions in mm
(b)  Side view

Fig. 3.11 Front conveyor of the existing prototype
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Design analysis of the front conveyor was carried out for finding the speed
of conveyor belt, length of conveyor belt, pitch, clearance and height of lugs

based on standard procedures.
Speed of conveyor belt:
For a lugged belt conveyor the belt speed is given by

60

Vp=m . 311

Where,
Dy = Diameter of conveyor belt roller, m
Np = Speed of conveyor belt roller, rpm

Vp = Peripheral speed of flat belt, m s

0.1x 89
60

Vb =3.142

=0.47ms?
Length of conveyor belt:
It was calculated based on length of platform required for supporting the crop

Hence, centre to centre distance (C) between driving and driven roller was

provided as 3.0 m.

The length of belt is given by,

(D+d) + (D+d)?
2 4C

L=2C+m . 3.12

(10+10) + (10+10)?
4x3

=2x3+3.142

=6.32m
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The length of flat belt required for belt conveyor would be 6.32 m.
Pitch of lugs:

According to Devnani (1985), number of lugs on conveyor belt is
N == o 3.3
P

Where,

N = Number of lugs on conveyor belt
L = Length of belt, m

P = Pitch of lugs, m

6.32

"~ 0.325
=19
Lug height and clearance:

The lug height was fixed in such a way that the height of bushes of cut crop
that can be conveyed continuously without any blockage. This was only possible
when conveyor output per unit time was greater than or equal to output from the

cutter bar.

Therefore, output of conveyor > cutter bar output

h* w* p2 > pr* WZ*“/I—T
Take % =Q= 2—:
Then, h > (Wf) X (“’,—‘: . 314
Where,

h = Height of lug, cm
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w = Cutting width of machine, cm

Vm = Travelling speed of machine, m s

V¢ = Speed of belt conveyor, m s?

p1 = Density of plant in field, g. cm=

p2 = Density of cut crop on the platform, g. cm

g = Gathered crop parameter

A = Area of the field selected (say, 1 m?)

A, = Cross-sectional area of plants cut from the selected area of 1 m?

For all cases we can take A, = 0.015 m?
— A1
gq= A,

-1 —6677
0.015

Putting values of g in the eqn. 3.14 we get,

210 _ 0.833

h>——X——
66.77 ~ 0.833

h=3.15cm

Therefore, a clearance of 12-15 mm between conveyor belt and cutter unit was

maintained.
3.3.4 Centre conveyor

The crop was conveyed from the front conveyor to the centre conveyor
(Fig.3.12) for easy collection and storage of the cut crops. It was made of 3.0 mm
polypropylene sheet. The conveyor was to convey the bunch of the cut crops. It
was operated by a hydraulic motor MAH-400CB through the driving roller. This
roller actuated the motion of the conveyor and the driven roller provided at the tail

end trailed the conveyor forward and ensured continuous movement. The length
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of the conveyor belt was 6.33 x 1.0 m. The conveyor belt may be wrapped over
two rollers of 100 mm diameter, which were fixed separately on plummer blocks

to stretch firmly.

Top view

- 8330 -

Front view All dimensions in mm
Fig. 3.12 Centre conveyor of the existing prototype

Design analysis of the centre conveyor was also carried out for finding the length
of conveyor belt based on the standard procedures:
Length of conveyor belt:

It was calculated based on length of horizontal platform required for supporting
the crop.

Length of horizontal platform = 6.33 m

Hence, centre to centre distance (C) between driving and driven roller was
provided as 6.33m.
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The length of belt is given by

L=2C+mx

2
(D-Zl-d) +(D+d) 315

4C

(0.14+0.1) + (0.1+0.1)?
4x6.33

=2Xx6.33 +3.142

=12.98m
Hence, the length of flat belt provided for centre conveyor was 1298 cm.
3.3.4 Prime mover

The capacity to meet the power requirement for harvesting was taken into
consideration for the selection of the prime mower. The total weight of the KAU
Pokkali paddy harvester comes around 3000 kg. In order to operate cutter bar,
reel assembly, front conveyor, centre conveyor and float with hydraulic motors
and then to lift the front conveyor with hydraulic cylinders sufficient power shall

be ensured. Hence, 45 hp diesel engine was selected as the prime mover.

3.3.5 Stability analysis

The float design and its stability analysis were carried out at Department of
Ship Technology, CUSAT, Kochi. Buoyancy is an upward force exerted by a
fluid that opposes the weight of an immersed object. When the floating barge is at
certain weight of harvester, it sinks to a certain depth. This allows adequate
freeboard to prevent any water from getting on board. A floating object is stable
if it tends to restore itself to an equilibrium position after a small displacement.
The upward buoyancy force on an object acts through the centre of buoyancy,
being the centroid of the displaced volume of fluid. The weight force on the

object acts through its centre of gravity.

One of the key design criteria for the scale down prototype is the stability
requirement of the floating structure. The barge has to be stable in water and
unaffected by waves, wind, tides and the mass of the cut crops.
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a) Transverse Stability

Transverse centre of buoyancy is the point through which the force of
buoyancy on the supporting vessel acts vertically upwards. Transverse centre of
gravity is the point through which all of the weight of the vessel including
deadweight items acts vertically downwards. When the machine is upright, both
the centre of buoyancy and the centre of gravity are on the centre line of the

vessel.
ie. Tecg=0

2 Tmt _
YWt

Tce= 0 ...3.16

Where,

Tce = transverse centre of gravity, m
W; = weight of the machine, tonnes
Tmt = transverse weight, tonnes

The transverse centre gravity for Pokkali paddy harvester is zero. Hence the

harvester is stable to floating on the water.
b) Longitudinal Stability

If longitudinal centre of gravity and longitudinal centre of buoyancy are in

the same vertical line and if there is no trimming moment on the machine,

_ 2Llmt
Leg= _ZWt meters. ...3.17

Where,

Lce = longitudinal centre of gravity, m

Wt = weight of the machines, tonnes
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Lmt = longitudinal weight, tonnes

Pokkali paddy harvester is stable to float, the longitudinal centre of gravity
lies near to the centre and adjacent to the front and rear side of the harvester, it

become a well-balanced machine.
C) Vertical stability

Let the W be the weight of the floating body and V, be the submerged
volume. Then downward weight of the body is balanced by the upward buoyant
force (B).

B = poVog
—2Vme
Ve = TWE meters. ...3.18
Where,

Ve = Vertical centre of gravity, m
Wt = weight of the machine, tonnes
Vmt = vertical weight, tonnes

3.4 DESIGN OF SCALE DOWN POKKALI PADDY HARVESTER

The KAU Pokkali harvester developed was of larger in size and weight; the
manoeuvrability becomes a great problem for transportation and operation in
small paddy fields. This necessitated in designing a scale down prototype of the
harvester to operate in all Pokkali areas with easy transportation and good
manoeuvrability features. Also, the study of stability aspects of the harvester
considering buoyancy, floatation and traction parameters ensures a proper design
for a scale down prototype of the KAU Pokkali paddy harvester. The scale down
Pokkali paddy harvester is hence designed for harvesting and collecting of panicle
(ear head) of the paddy, while moving through the waist depth water. It is also
designed as an amphibian harvester where it can traverse in water and land or both

along with the harvesting operation. Hence the major functions of a Pokkali
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paddy harvester include floating in water, moving in puddled soil, cutting and
conveying the ear head of the paddy crop. The design is hence sequentially

carried out as design of floating barge, harvesting unit and hydraulic system.
3.4.1 Design of floating barge

Floating barge is an air filled structure providing buoyancy. The floats
contain a lot of reserve buoyancy and allow to carry loads. Floating body is
partially immersed in a fluid that experiences an upward force (buoyancy) equal
to the weight of the fluid displaced. The float be constructed with MS sheet metal
of thickness 2.0 mm as that of the original prototype. But, each float (Fig. 3.13)
should have dimensions of 3.0 x 0.45 x 0.6 m only. The side slope has to be made
349 to facilitate easy movement of the track belt. The two floats have to be

provided on either sides of Pokkali paddy harvester.

In addition to the two floats, a separate air chamber be provided in between
the two floats. When the chamber is partially immersed in a fluid, it experiences
an upward force (buoyancy) equal to the weight of the fluid displaced. The
chamber also be constructed with MS sheet metal (Gauge-12) of thickness 2 mm
and of size 3.0 x 0.6 x 0.4 m (Fig. 3.14(a)).


https://en.wikipedia.org/wiki/Buoyancy
https://en.wikipedia.org/wiki/Buoyancy
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Fig. 3.13(a) Orthograpic views of the floating barge

(b) Isometric view

Fig. 3.13 Floating barge of the scale down prototype
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Fig. 3.14(a) Orthograpic views of the air chamber

(b) Isometric view

Fig. 3.14 Air chamber of the scale down prototype
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3.4.1.2Traction belt

Tractive force is the ability of a wvehicle tractive element to generate
sufficient forces to overcome the soil resistance. Tractive belts made of
Polypropylene having a thickness of 10 mm and size 6.60 x 0.45 m is provided to
generate enough traction. Grousers (30 no’s) with ledger plates (30 no’s)
(Fig.3.15) have to be riveted equidistantly on it. Each grouser has a 30 x 9 x 0.5

cm, be made of marine aluminium (Fig. 3.16).

- 6600 -

All dimensions in mm

(@)  Top view

(b)  Side view

Fig. 3.15 Traction belt of the scale down prototype


https://en.wikipedia.org/wiki/Force
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Fig. 3.16(a) Orthograpic views of the grouser
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Fig. 3.16 Grouser (cleat) of the scale down prototype
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3.4.1.3 Paddle

Paddle is a mechanical device for propelling a floating machine attached to
the rear side. A revolving shaft attached with eight broad and angle blades is
provided. It should be connected to hydraulic motor (MAT 500SH) through chain
drive. The size of the paddle is 0.4x0.75m (Fig. 3.17).
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Side view

Top view

Fig. 3.17(a) Orthograpic views of the paddle
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S1LNo Description
Angle blade

Casing

Shaft

L O R

Isometric view
Fig. 3.17 Paddle of the scale down prototype
3.4.2 Design of hydraulic system

The hydraulic system design for scale down Pokkali paddy harvester is
designed as the existing KAU Pokkali paddy harvester. Hydraulic tank or
reservoir is closed type reservoir which is the integral part of a system. The
reservoir tank act as the main oil container for the entire system. The reservoir is
designed in such a way that to drain the old, used oil and contaminants from the
tank. Oil filter is placed on the top of the hydraulic tank and same is connected to
return line hydraulic hoses so as to filter the contaminants in the oil. Sight and
level gauges offer an inside view of fluid levels in the hydraulic tank. Based on
the design and requirement of oil for the operation an around 150 litre capacity
tank was fabricated and placed with good structural support in back of the
operator seat. The overall dimension of the hydraulic tank is 0.5 x 0.6 x 0.5 m.
Hydraulic pump is constant volume of fixed displacement pump and can work 61
| min't. They are relatively quiet and of simple construction. The pump is
coupled to and driven by the prime mover of the system. The inlet side of the
pump is connected to the reservoir: the outlet or pressure side is connected to the
direction control valve and thus to rest of the system. Hydraulic motor used here
is gerotor which is coupled with the gear box for rotation of complete assembly up
to 360° on both the sides. Hydraulic motors can be instantly started, stopped, or
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reversed under any degree of load; they can be stalled by overload without
damage. The most familiar double acting cylinder is the single rod end is used to
lift the front conveyor along with cutter bar and reel to the operational height.
This type of cylinder provides power in both directions, with a pressure port at
either end. In total there are five numbers of motors are used for the operations.
In that two motors are fixed as floats in the left and right side. The two numbers
of hydraulic motors are used as front and centre conveyor and one motor for the
cutter bar operators at the time of operation. The diameter of the cylinder bore
and piston are 40mm and 30mm. Seamless tubes with high wall thickness, higher
tensile strength, better bending quality, etc. are some of the specific properties
which make such tubes most suitable for use in many high pressure hydraulic
systems. Hence, for the operation of floating harvester the seamless pipes with
two size (22 OD/18 ID and 16 OD/12 ID). The 22 OD/18 ID pipes are used for
inlet and outlet of hydraulic oil and 16 OD/12 ID pipes were used for the MAT
500SH hydraulic motors. The arrangements are made in such a way that all the
operations like lifting and rotation can be done by the operator at the time of

operation itself.
3.4.3 Design of harvesting unit

Harvesting unit of the scale down Pokkali paddy harvester shall consist of a
reel, cutter bar and conveyor. Reel delivers the stalks to the cutting mechanism,
the cutter bar cuts the crop and conveys through front conveyor and is transferred
to the central conveyor. The design of the complete unit was separately carried

out for reel, cutter bar and conveyor units.
3.4.3.1 Reel

Reel delivers the stalks to the cutting mechanism. It holds the crop upright
during cutting and delivers the cut stalks to the front conveyor. A fixed bat type
reel (Fig. 3.18) assembly was used. It has a pentagonal frame fitted with five bats
of length 180 cm fixed at a uniform spacing of 30 cm. The diameter of each bat

shall be 5 cm. A total of eight fingers, each would and firmly at uniform intervals
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of 15 cm. The reel assembly can be operated by a hydraulic motor (MR50)
through chain drive. The design of the reel can be made according to the reel
position with respect to cutter bar, reel speed with respect to forward speed,
delivering the stalk to the cutting mechanism with minimum losses, holding the
stalk upright while cutting and delivering the stalk to the conveyor. Also, the
absolute velocity of the reel should be greater than the forward speed of the

harvester.
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SLNo Description

1 Fingers
2 Shaft
3 Pentagonal frame
4 Bat
5 Bearings
O,

(c) Isometric view
Fig. 3.18 Reel assembly of the scale down prototype

The reel index was calculated based on the standard design procedures:

Reel index or velocity ratio (i) for reels is given by (Kanafojski and Karwowski,

1976).
A= —t ..3.19
Vm

Where,

ur = tangential velocity of tip of the bats, m s*

vm = forward velocity, m st
Tangential velocity of tip of the bats, Ut= ®r Rr ... 3.20
Where,

or = angular velocity of reel, rad s
Rr = radius of reel, mm

or= 21N (assume N = 16)
=2x3.142x 16
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=100.54 rad min!

_100.54
60

=1.675 rad min

Ut = or Rr
=1.675x0.30
=0.5025 ms?

. Ut
Reel index (\)) = —
m
0.5025
0416
=1.2
. . S
Size (pitch) of reel (Py) = 7‘“ ... 321

Where,
Z = number of bats on reel (5 Nos.)

Sm = distance traversed by the machine during one revolution of the reel, mm

150
Pr=2

=30cm
3.4.3.2 Cutter bar

Cutter bar of the scale down prototype is designed as that of the KAU
Pokkali paddy harvester except its size. Cutter bar shall be operated by a
hydraulic motor (MR50) through a crank pitman. A reciprocating type cutter bar
of 1.8 m length having 24 knife sections, each having a stroke of 76.2 mm shall be
provided. Standard size twin guards can also be provided on either ends of the
cutter bar. These guards are provided to gather the crop and feed it to the cutter

bar. In order to avoid slipping off the stalks serrated knife sections were attached
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with the cutter bar. The pitch of serrated knife sections selected has to be two
times smaller than the diameter of paddy stalk. Accordingly the pitch provided

was 1.2 mm. Clearance between knives and ledger plates are to be maintained at

0.3 mm. The velocity of knife section shall be 0.54 m s™* at a forward speed of

1.5 km hrl. Design of the cutter bar was carried out for finding the optimum

speed of knife sections and number of knife sections based on the standard

procedures.

The cutting of stalk is greatly affected by knife speed. The velocity of knife

section is expressed as: Vk= R X Vn ...3.22
Where,

Vi = Average knife velocity, m s
Vm = Forward speed of harvester, m s
R = Velocity ratio

According to Klenin (1985) the angle between cutting edge and axis of knife
section (a) shall be 31°the velocity should be 1.5 m s1. The value of R shall be in

the range of between 1.3 to 1.4 with available cutter knife.

Taking R = 1.3 and Vm = 0.416 m s (1.5 km h'!) and putting values in above
equation (3.23).

Vk=1.3x0.416
=054 ms?

L
Number of knife sections = — _C - ... 3.23
size of knife section

Where,

Lc = Length of the cutter bar, cm
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No. of knife sections = ——

)

=-30.0-

All dimensions in mm
Fig. 3.19 Knife section of the cutter bar of the scale down prototype
3.4.3.3 Front conveyor

The crop cut by the cutter bar is conveyed to the conveyor (Fig.3.20) for
easy collection. It is made of 3.0 mm polypropylene sheet with equidistantly
spaced rubber bars. The conveyor has to convey the bunch of cut crop
continuously without blockage. It can be operated by a hydraulic motor MAH-
400CB through the driving roller. This roller actuates the motion of the conveyor.
The driven roller provided at the tail end, trails the conveyor forward and ensures
continuous movement. The length of the conveyor belt shall be 1.7 x 0.6 m. The
conveyor belt has to be wrapped over two rollers of 100 mm diameter and fixed

on plummer blocks to stretch it firmly.
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Fig. 3.20 Front conveyor of the scale down prototype

Design of the front conveyor was carried out for finding the speed of
conveyor belt, length of conveyor belt, pitch of lugs and lug height and clearance

based on the standard procedures.
Speed of conveyor belt:
For lugged belt conveyor the belt speed is given by

Vp=m
b 60

. 3.24
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Where,

Dy = Diameter of conveyor belt roller, m
Np = Speed of conveyor belt roller, rpm

Vp, = Peripheral speed of flat belt, m s
0.1x89

Vp=3.142

=0.47mst
Length of conveyor belt:
It is calculated based on length of platform required for supporting the crop.
Length of platform = 1.7 m

Hence, centre to centre distance (C) between driving and driven roller is provided

as 1.7 m.

The length of belt is given by

L=2C+m .. 3.25

(D+d) + (D+d)?
2 4C

(0.14+0.1) + (0.1+0.1)?
4x1.7

=2x1.7+3.142

=3.71m

The length of flat belt required for belt conveyor would be 3.71 m.

Pitch of lugs:

According to Devnani (1985), number of lugs on conveyor belt is

N == 326
P
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Where,

N = Number of lugs on conveyor belt
L = Length of belt, m

P = Pitch of lugs, m

= 14.84 (say, the 15 number of lugs on conveyor)
Lug height and clearance:

The lug height was fixed in such a way that the bunches of cut crop can be
conveyed continuously without any blockage. This is only possible when

conveyor output per unit time is greater than or equal to cutter output.

Therefore, output of conveyor > cutter bar output

\%
h* w* p22p1*W2*—m

Ve
Take 22 = q= L
P1 A,
v
Then, h > (22) x (22 .. 328
q Ve
Where,

h = height of lug, cm
w = cutting width of machine, cm
Vm = travelling speed of machine, m s

V¢ = speed of belt conveyor, m s

p1 = Density of plant in field, g. cm™
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p2 = Density of cut crop on the platform, g. cm

g = Gathered crop parameter

Ai = Area of the field selected (say, 1 m?)

A = Cross-sectional area of plants cut from the selected area of 1 m?
For all cases we can take A2 = 0.015 m?

=—— =66.77
0.015

Putting values of g in the eqn. 3.14 we get,

_ 120 0833
~66.77  0.833
h=1.8cm

Therefore, a clearance of 12-15 mm between conveyor belt and cutter unit was

maintained.
3.4.4 Centre conveyor

The crop is conveyed from the front conveyor to the centre conveyor
(Fig.3.21) for easy collection and storage of the ear heads. It shall be made of 3.0
mm polypropylene sheet. The conveyor has to convey the bunch of cut crops. It
shall be operated by a hydraulic motor MAH-400CB through the driving roller.
This roller actuates the motion of the conveyor and the driven roller provided at
the tail end trails the conveyor forward and ensures continuous movement. The
length of the conveyor belt shall be 3.7 x 0.6 m. The conveyor belt has to be
wrapped over two rollers of 100 mm diameter, which should be fixed on plummer

blocks to stretch firmly.
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Top view

1%0 1 : Gﬁbd"o’/_mm

3700

Front view All dimensions in mm
Fig. 3.21 Centre conveyor of the scale down prototype

Design of the centre conveyor was also carried out for finding the length of
conveyor belt based on the standard procedures:

Length of conveyor belt:
It is calculated based on length of horizontal platform required for supporting the crop

Length of horizontal platform = 3.7 m

Hence, centre to centre distance (C) between driving and driven roller is provided
as 3.7 m.

The length of belt is given by

L=2C+m . 3.29

(D+d) + (D+d)?
2 4C

(0.1+0.1) + (0.1+0.1)2

=2x3.7+3.142
4x3.7

=6.582m
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The length of flat belt required for back conveyor would be 6.582 m.
3.4.4 Prime mover

The capacity to meet the power requirement for harvesting is taken into
consideration for the selection of the prime mower. The total weight of the scale
down Pokkali paddy harvester comes around 1700 kg. In order to operate cutter
bar, reel assembly, front conveyor, centre conveyor and float with hydraulic
motors and then to lift the front conveyor with hydraulic cylinders sufficient
energy should be supplied. Hence, 24 hp diesel engines have to be selected as the

prime mover.

3.4.5 Stability analysis

Buoyancy is an upward force exerted by a fluid that opposes the weight of
an immersed object. When the floating barge is at certain weight of harvester, it
sinks to a certain depth. This allows adequate freeboard to prevent any water
from getting on board. A floating object is stable if it tends to restore itself to an
equilibrium position after a small displacement. The upward buoyancy force on
an object acts through the centre of buoyancy, being the centroid of the displaced

volume of fluid. The weight force on the object acts through its centre of gravity.

One of the key design criteria for the scale down prototype is the stability
requirement of the floating structure. The barge has to be stable in water and
unaffected by waves, wind, tides and at the same time safe for holding mass

imposed on it.

a) Transverse Stability

Transverse centre of buoyance is the point through which the force of
buoyancy supporting the vessel acts vertically upwards. Transverse centre of
gravity is the point through which all of the weight of the vessel including
deadweight items can be considered to act vertically downwards. When the
machine is upright, both the centre of buoyancy and the centre of gravity are on
the centre line of the vessel.
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i.e. Tcg=0

_2Tme _

Tee= YWt

0 .....3.30

Where,

Tce = transverse centre of gravity, m

W: = weight of the machine, t

Tmt = transverse weight, t

The transverse centre gravity for scale down pokkali paddy harvester is zero.
Hence the harvester is stable to floating on the water.

b) Longitudinal Stability

If longitudinal centre of gravity and longitudinal centre of buoyancy are in

the same vertical line and if there is no trimming moments on the machine,

_ ZLmt
Lee= _ZWt meters. ...3.31

Where,

Lce = longitudinal centre of gravity, m
Wt = weight of the machines, t
Lmt = longitudinal weight, t

C) Vertical stability

Let the W be the weight of the Floating body and V, be the submerged
volume. Thus, downward weight of the body is balanced by the upward

buoyancy force (B).
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B = poVog
—2Vme
Vcee = TWE meters. ...3.32

Where,
Ve = Vertical centre of gravity, m

Wt = weight of the machine, t

Vmt = vertical weight, t
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CHAPTER - IV
RESULTS AND DISCUSSION

This chapter details the physical, mechanical and chemical properties of the
Pokkali soil, design analysis of the KAU Pokkali paddy harvester and the design

of its scale down proto type.

4.1 Physical mechanical and chemical properties of soil

Physical properties such as moisture content, bulk density, shear strength
and soil resistance influenced the traction and floatation of the Pokkali paddy

harvester were determined.
4.1.1 Moisture content

Moisture content was determined as by oven dry method. Soil samples
from six different locations in the study area at specified intervals were
determined using the equation as explained in section. 3.1.1. The average
moisture content was found out as 44.5 per cent. The recorded values and its

calculations are given in Appendix I.
4.1.2 Bulk density

The bulk density of the soil in the experimental field was measured by core
cutter method. The average bulk density of the soil was found to be 1.658 g cm,

The observations and calculations are given in Appendix II.
4.1.3. Shear strength

Shear strength of soil at depths of 30, 45 and 60 cm was measured to find
the strength of soil. The shear strength was determined by in-situ vane shear test
apparatus as explained in section. 3.1.3. The average shear strength (S) at depths

of 30, 45 and 60 cm of the soil from the experimental plot was found out as



74

0.0047 kg cm. The calculations of shear strength at different depths are given in
Appendix I11.

4.1.4 Soil resistance

The resistance of the soil in the experimental field was measured by a cone
penetrometer. The average resistance of the soil was found out as 22.42 KN.m™2,

The observations are given in Appendix IV.
4.1.5 Chemical properties of the Pokkali soil

Pokkali soils are classified as acid saline. The pH of the soil is 4.69. The
soil is extremely acidic due to intermittent submergence and aeration. Aeration of
the soil leads to oxidation of sulphides to sulphuric acid, which rapidly increases
the soil acidity. Electrical conductivity of the soil was found to be very high with
a mean value of 0.48 dSm. Inundation of sea water might have contributed
significant amount of soluble salts and hence increases the electrical conductivity.
Pokkali soil is rich in organic matter is 1.86 per cent, which is quite high and be
attributed to addition of organic materials like FYM, compost and incorporation
of straw and stubbles after harvest of rice besides maintaining moisture level at
saturated condition. Chemicals available are N, P, K, Ca, Mg, Fe, Cu, Mn, Zn, S

and B. The observations and calculations are given in Appendix V & VI.
4.2 Design analysis of existing pokkali paddy harvester

The design of the existing KAU Pokkali paddy harvester was analysed for
finding out its safely and stability. Also envisaged its subsequent design of the

scale down prototype. Its design features are explained in section 3.3.
4.2.1 Float

The float design of existing Pokkali paddy harvesting was explained in
section 3.3.1. The overall dimension of the float is 4800 x 600 x 800 mm.
traction belt made of 10.0 mm thickness polypropylene sheet was wound over the

floats. Grousers 90 x 450 x 5 mm made of marine aluminium material are
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selected to improve traction of the harvester as that of the prototype. The traction

belt was driven by means of rollers. The speed of the roller was 45 rpm and float

travelling speed was 0.4713 ms™ (1.7 km hrt). The float details of the existing

Pokkali paddy harvester are shown in Table 4.1.

Table 4.1 Specification of float of the existing prototype

SI. No Particulars Specifications

1 Over all dimensions

I. Length, mm 4800

ii. Width, mm 600

iii. Height, mm 800

iv. Material MS sheet metal (Gauge-12)
2 Traction belt

i Length, mm 12000

ii. Width, mm 650

iii. Thickness, mm 10

iv. Material Polypropylene
3 Legs / cleats

I Length, mm 90

ii. Width, mm 450

iii. Thickness, mm 5

iv. Material Marine aluminium
4 Roller

I Number of rollers 2

ii. Diameter , mm 200

iii. Speed of roller, rpm 45

iv. Material Gl sheet (Gauge-12)
5 Air chamber

I. Length, mm 4860

ii. Width, mm 1012
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iii. Height, mm 500
iv. Material MS sheet metal (Gauge-12)
6 Hydraulic motor Model: MAT-500SH

4.2.2 Hydraulic system

The hydraulic system of the harvester includes a motor, pump and direction
control valves. The total hydraulic oil required to operate harvester is found to be
60.6 1 min't. Hence, double acting hydraulic pump of 61 | min-icapacity was
selected calculations are given in Appendix VIII. The hydraulic cylinder design
for existing Pokkali paddy harvester is described in section 3.3.2. The hydraulic
cylinders have to lift 500 kg weight of front conveyer, cutter bar assembly and
reel assembly and hence the pressure required was 40kg.cm™. Hence, a hydraulic
cylinder having outer diameter of 50 mm with piston rod diameter of 40 mm is

used as the dimensions of the hydraulic cylinder.

The hydraulic motor design for existing Pokkali paddy harvester is
described in section 3.3.2.4. The model: MR 50 was used for cutting unit having
maximum speed of 970 rpm at displacement 397 cc revl. The maximum oil flow
of 75 I min't at maximum inlet pressure 175 bar. Model: MAH 400CB is used for
both front and centre conveyor having a maximum motor speed 183 rpm at 86.4
Nm torque. The maximum oil flow of 75 | min at a displacement of 406.4 cc
rev!is suggested. Model: MAT 500SH is used for both left and right float having
maximum motor speed 235 rpm at 122 Nm torque. The maximum oil flow 125 |
min-tat a displacement 523.5 cc rev! is used. The details of the hydraulic motor

for existing Pokkali paddy harvester are shown in Table 4.2.
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Table 4.2 Specification of hydraulic motor

Sl Particulars Specifications
No.
Max. Torque  Max. oil Max. inlet  Displacement
speed(rpm)  (Nm)  flow(l/min) pressure(bar) (c.clrev)
1 Hydraulic
motors(types)
i. MR50 970 61 75 175 397
ii. MAH 183 86.4 75 200 406.4
400CB
iii. MAT 235 122 125 210 523.5
500SH
4.2.3 Reel

The reel was designed for the KAU Pokkali paddy harvester is explained in

section 3.3.3.1. The reel index is 1.7 and its pitch is 52 cm.

4.2.4 Cutter bar

The cutting unit was designed for the KAU Pokkali paddy harvester is

explained in section 3.2.2.The reciprocating knife section of 2.1 m length of cutter

bar was used. The knife section was of serrated blade in trapezoidal shape with

76.2 mm length and 85 mm height. High carbon steel was used as material for

knife section. The 0.3 mm of clearance between knife and ledger plate is used to

increases the efficiency of cutting unit. The details of the cutter bar used in the

Pokkali paddy harvester are shown in Table 4.3.
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Table 4.3 Specification of cutting unit of the existing prototype

Sl. No. Particulars Specifications
1 Type of cutter bar Reciprocating knife sections
2 Length of cutter bar 21m
3 Knife section Standard
I. Type Trapezoidal
ii. Blade Serrated
iii. Length x Height 76.2 mm, 85 mm
Iv. Angle between cutting 33°
edge and axis of knife section
V. Rake angle 22°
Vi, Pitch of serrating 1.2 mm
vii.  Clearance between 0.3 mm
knife and ledger plate
viii.  Number of knife sections 27
iX. Material High carbon steel

4.2.5 Front conveyor

The front conveyor designed for the KAU Pokkali paddy harvester is

explained in section 3.3.3.3. The overall dimension of conveyor was 3000 x 1000

x 100 (Lx W x H) mm and 3 mm thickness polypropylene conveyor belt was

selected to convey the cutting paddy stalk at operating speed of 0.47 ms?*. Two

rollers such as driven and driving rollers were used to operate the conveyor belt.

It was provided with a lug having a pitch of height of 31.45 mm to convey the

paddy stalk without any blockage and slipping. The front conveyor details of the

Pokkali paddy harvester are shown in Table 4.4.
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Table 4.4 Specification of front conveyor of the existing prototype

SI. No Particulars Specifications
1 Over all dimensions
i Length, mm 3000
ii. Width, mm 1000
iii. Height, mm 100
2 Conveyor belt
i Length, mm 6318
ii. Width, mm 1000
iii. Thickness, mm 3
iv. Material Polypropylene
3 Pitch of lugs, mm 325
4 Lug height, mm 31.45
5 Roller
I. Number of rollers 2
ii. Diameter , mm 100
iii. Speed of roller, rpm 89
v, Material Gl sheet (Gauge-12)
6 Hydraulic motor Model: MAH-400CB
7 Speed of conveyor belt, ms? 0.47

4.2.6 Centre conveyor

The centre conveyor was designed for the KAU Pokkali paddy harvester is
explained in section 3.3.3.4. The overall size provided for conveyor was 6330 x
1000 x 100 mm. A made of polypropylene of 3.0 mm thickness conveyor belt
was selected to convey and store of the paddy stalk at an operating speed of 0.416
ms?.  The rollers were provided to operate the conveyor belt. The centre

conveyor details of the Pokkali paddy harvester are shown in Table 4.5.
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Table 4.5 Specification of centre conveyor of the existing prototype

SI. No Particulars Specifications
1 Over all dimensions
i. Length, mm 6330
ii. Width, mm 1000
iii. Height, mm 100
2 Conveyor belt
i. Length, mm 12980
ii. Width, mm 1000
iii. Thickness, mm 3
iv. Material Polypropylene
3 Roller
I. Number of rollers 2
ii. Diameter , mm 100
iii. Speed of roller, rpm 79
iv. Material Gl sheet (Gauge-12)
4 Hydraulic motor Model: MAH-400CB

4.2.7 Stability of harvester

The stability of KAU Pokkali paddy harvesting is explained in section 3.3.5.
The overall size of the KAU Pokkali paddy harvester is 9.6 x 2.2 x 2.2 m with a
total weight of about 3000 kg. A KAU Pokkali paddy harvester is designed in
such a way that to suit for fragmented Pokkali areas. The vertical centre of
gravity of the scale down prototype is 0.874 m, longitudinal centre of gravity is
4.512 m and transverse centre of gravity is zero. As the transverse centre of
gravity is zero, scale down Pokkali paddy harvester is stable to float and
longitudinal centre of gravity lies near to the centre and adjacent to the front and

rear side of the harvester, it become a well-balanced machine. A draft of 47 cm
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for floats, 32 cm for air chamber was observed for the KAU Pokkali paddy
harvester of 3 tonnes.

Longtudinal centre of gravity

Transverse cantre of gravity

Vertical centre of gravity

All the dimension in mm
Fig. 4.1Stability aspects of the scale down prototype
4.3 Design of scale down prototype

The scale down Pokkali paddy harvester was designed in such a way to
operate the harvester in fragmented fields of pokkali areas. Its design features are

explained in section 3.4.
4.3.1 Float

The float design of the scale down Pokkali paddy harvesting is explained in
section 3.4.1. The overall dimension of float is 300 x 450 x 600 mm, 10 mm

thickness polypropylene traction belt and overall dimension of cleat is 90 x 450 x
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5 mm and marine aluminium material for cleats is selected to improve traction of
the harvester. The driven and driving rollers are operating the traction belt. The
speed of the roller is 77 rpm and float travelling speed is 0.416 m s%(1.5 km hr?).

The float details of the scale down Pokkali paddy harvester are shown in Table

4.6.

Table 4.6 Specification of float of the scale down prototype

SI. No Particulars Specifications

1 Over all dimensions

I. Length, mm 3000

ii. Width, mm 450

Iii. Height, mm 600

iv. Material MS sheet metal (Gauge-12)
2 Traction belt

I. Length, mm 6600

ii. Width, mm 450

iii. Thickness, mm 10

iv. Material Polypropylene
3 Legs / cleats

I. Length, mm 90

ii. Width, mm 300

iii. Thickness, mm 5

iv. Material Marine aluminium
4 Roller

I. Number of rollers 2

ii. Diameter , mm 100

iii. Speed of roller, rpm 77

Iv. Material Gl sheet (Gauge-12)
5 Air chamber

Length, mm

3000
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ii. Width, mm 600

iii. Height, mm 400

iv. Material MS sheet metal (Gauge-12)
6 Hydraulic motor Model: MAT-500SH

4.3.2 Hydraulic system

The hydraulic system of the harvester viz., hydraulic motor, cylinder and
pump. The total hydraulic oil required to operate harvester is 60.6 | min-t. So, we
selected capacity (45+16) | min double acting hydraulic pump calculations are
given in Appendix VIII. The hydraulic cylinder design for existing Pokkali paddy
harvester was described in section 3.4.2. The hydraulic cylinders have to lift 500
kg weight of front conveyer, cutter bar assembly and reel assembly and pressure
required 40 kg cm. So, we selected 50 mm outer diameter and 40 mm piston rod

diameter of hydraulic cylinder.

The hydraulic motor design for existing Pokkali paddy harvester is
described in section 3.4.2. The model: MR 50 used for cutting unit, maximum
speed 970 rpm at displacement 397 cc revt. and maximum oil flow is 75 | min't at
maximum inlet pressure 175 bar. Model: MAH 400CB is used for both front and
back conveyor having maximum motor speed 183 rpm at 86.4 Nm torque and
maximum oil flow 75 | min'! at displacement 406.4 cc revl. Model: MAT 500SH
is used for both left and right float having maximum motor speed 235 rpm at 122
Nm torque and maximum oil flow 125 | min* at displacement 523.5 cc revl. The

hydraulic motor details of the existing Pokkali paddy harvester.
4.3.3 Reel

The reel was designed for the scale down prototype was explained in section
3.4.3.1. The reel index is 1.2 and pitch of reel is 30 cm.
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The cutting unit was designed for the scale down Pokkali paddy harvester is

explained in section 3.4.3.2.The reciprocating knife section of 1.8 m length of

cutter bar was used. The knife section was of serrated blade in trapezoidal shape

with 76.2 mm length and 85 mm height. High carbon steel was used as material

for knife section. The 0.3 mm of clearance between knife and ledger plate is used

to increases the efficiency of cutting unit. The cutter bar details of the Pokkali

paddy harvester are shown in Table 4.7

Table 4.7 Specification of cutting unit of the scale down prototype

Sl. No. Particulars Specifications
1 Type of cutter bar Reciprocating knife sections
2 Length of cutter bar 1.8m
3 Knife section Standard
I. Type Trapezoidal
ii. Blade Serrated
iii. Length x Height 76.2 mm, 85 mm
(\2 Angle between 33°
cutting edge and axis of
knife section
V. Rake angle 22°
Vi, Pitch of serrating 1.2 mm
vii.  Clearance between knife 0.3 mm
and ledger plate
viii.  Number of knife sections 16
iX. Material High carbon steel
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4.3.5 Front conveyor

The front conveyor designed for the scale down Pokkali paddy harvester
was explained in section 3.4.3.3. The overall dimension of conveyor was 1700 x
600 x 100 mm and 3 mm thickness polypropylene conveyor belt was selected to

convey the cutting paddy stalk at operating speed of 0.47 m s™.

Two rollers such as driven and driving rollers were used to operate the
conveyor belt. It was provided with a lug having pitch of height of 18 mm. To

convey paddy stalk without any blockage and slipping. The front conveyor

details of the Pokkali paddy harvester are shown in Table 4.8.

Table 4.8 Specification of front conveyor of the scale down prototype

SI. No Particulars Specifications
1 Over all dimensions
I Length, mm 1700
ii. Width, mm 600
iii. Height, mm 100
2 Conveyor belt
I Length, mm 3700
ii. Width, mm 600
iii. Thickness, mm 3
iv. Material Polypropylene
3 Pitch of lugs, mm 250
4 Lug height, mm 18
5 Roller
i. Number of rollers 2
ii. Diameter , mm 100
iii. Speed of roller, rpm 89
iv. Material Gl sheet (Gauge-12)
6 Hydraulic motor Model: MAH-400CB
7 Speed of conveyor belt, m s 0.47
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4.3.6 Centre conveyor

The centre conveyor is designed for the scale down Pokkali paddy harvester
was explained in section 3.4.4. The overall size provided for conveyor was 3700
x 600 x 100 mm. A thickness of 3 mm polypropylene conveyor belt was selected
to convey and store of the cutting paddy stalk at operating speed of 0.416 m s,
The driven and driving rollers were provided to operate the conveyor belt. The

centre conveyor details of the Pokkali paddy harvester are shown in Table 4.9.

Table 4.9 Specification of centre conveyor of the scale down prototype

SI. No Particulars Specifications

1 Over all dimensions

i. Length, mm 3700

ii. Width, mm 600

iii. Height, mm 100
2 Conveyor belt

i. Length, mm 6582

ii. Width, mm 600

iii. Thickness, mm 3

iv. Material Polypropylene
3 Roller

I. Number of rollers 2

ii. Diameter , mm 100

iii. Speed of roller, rpm 79

Iv. Material Gl sheet (Gauge-12)

4 Hydraulic motor Model: MAH-400CB
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4.2.7 Stability of harvester

The stability of scale down Pokkali paddy harvesting is explained in section
3.4.5. The overall size of the newly designed scale down prototype is 6.2 X 1.7 x
1.7 m with a total weight of about 1700 kg. A scale down prototype of the
harvester is designed in such a way that to suit for fragmented Pokkali areas. The
vertical centre of gravity of the scale down prototype is 0.58 m, longitudinal
centre of gravity is 2.67 m and transverse centre of gravity is zero. As the
transverse centre of gravity is zero, scale down Pokkali paddy harvester is stable
to float and longitudinal centre of gravity lies near to the centre and adjacent to the
front and rear side of the harvester, it become a well-balanced machine. A draft of
47 cm for floats, 39 cm for air chamber was observed for the scale down

prototype of harvester of 1.70 tonnes.
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CHAPTER -V
SUMMARY AND CONCLUSIONS

Pokkali rice farming is an age old, eco- friendly, organic method of paddy
cultivation followed in the coastal regions of Ernakulum, Alappuzha and Thrissur
Districts bordering the Arabian Sea in the state of Kerala. Pokkali rice is the
oldest variety of rice in Kerala cultivated for the past 3000 years. This rice has
high market value and also numerous medicinal properties attributed to it.
Further, it has been awarded the status of registered Geographical Indication (GI)
in the year 2008. In Pokkali farming system, rice cultivation is followed by prawn

cultivation.

In conventional method of Pokkali paddy harvesting, manual harvesting
using sharp sickles are practiced. For the harvesting, highly labour intensive,
drudgery and more time consuming operations are required. This has curtailed the
area under Pokkali from 25,000 ha, a few decades back to a mere 8,500 ha now.
Out of which, only 5,500 ha is under rice cultivation, the rest is either left fallow
or used only for prawn farming. The paddy cultivation goes on decreasing every
year. Hence, there was a great demand for a suitable harvesting machine,
especially for harvesting the paddy, which is under water at the time of harvest

due to tidal effects.

To overcome these problems, KAU Pokkali paddy harvester was developed
at KCAET, Tavanur. It was operated by the hydraulic system, which consisted of
a hydraulic cylinders and motors with a control valve. The Pokkali paddy
harvester consists of floating barge, hydraulic system and harvesting unit viz.
reel, cutter bar and conveyors. There were several problems associated with the
construction especially with respect to the over size and weight, the
manoeuvrability become a great problem for transportation and operation in small
paddy lands. It necessitated designing a scale down proto type of the harvester to
operate in all Pokkali areas with easy transportation and good manoeuvrability

features.
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The physical and mechanical properties of soil affecting the design analysis
of Pokkali paddy harvester were studied. The four major soil properties, viz,
moisture content, bulk density, shear strength and soil resistance affecting the
traficability to the Pokkali paddy harvester were determined in the present study.
Soil samples from different locations of the Pokkali fields were collected in
containers to determine the above mentioned properties of the soil. The tests were
conducted in the Soil and Water Laboratory at RRS, Vytila and KCAET, Tavanur.

The soil test was conducted at RRS, Vytila. The Pokkali soil having soil
shear strength 0.0047 kg cm2 and soil resistance 22.42 KN.m. The physical and
mechanical properties of the soil have an effect directly or indirectly at the soil-
machine interface. The major two physical properties of soil viz., moisture
content and bulk density and the most influential mechanical property of soil viz.,
shear strength and soil resistance were determined using standard test procedures.
Bore holes at depths of 30, 45 and 60 cm were dug out. Torque applicator was
fixed on the stand with the help of spikes. A vane size of 37.5 mm diameter was
selected. The vane was lowered to the above required depths. It was pushed
downward with a moderate steady force up to a depth of 50mm below the bottom
of the bore hole and allowed for 5 minutes after the insertion of the vane. The
vane was rotated at the rate of 0.1° per second, this in turn help to get a uniform
rate of 12 turns per minute. Vane was rotated completely ten times to disturb the
soil. Torque indicator dial gauge reading was noted at half minute interval and
rotation of vane was continued until the reading drops appreciable from the

maximum was observed and recorded.

The KAU Pokkali paddy harvester developed was studied in detail. The
scale down Pokkali paddy harvester was designed for harvesting the panicles (ear
heads) of paddy crop. The harvester was operated by a hydraulic system. The
total weight of the scale down Pokkali paddy harvester comes around 1700 kg. In
order to operate with this, a sufficient hydraulic lifting capacity and operate
harvesting unit (reel, cutter bar and conveyors) and floating barge was needed.

Hence, the tractor engine of 24 hp selected as the prime mover. The capacity to
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meet the hydraulic oil requirement for operating scale down Pokkali paddy
harvester is 61 | min-t, double acting pump and hence a tank capacity of 150 litres
was selected. 50 mm diameter of hydraulic cylinder with 30 cm of stroke is
selected to lift the 500 kg of front frame with reel assembly, cutter bar and
conveyor. It required 40 kg cm pressure to lift the frame. The five different
types of hydraulic motors are used to operate the scale down Pokkali paddy
harvester. The MR50 hydraulic motor for cutter bar and to operate 200 rpm of
cutter bar a total discharge of 10 | min is required. The MAH 400CB hydraulic
motors for conveyors to convey the ear head, the belt speed at 5 m min* and a
total discharge of 5.3 | mint is required. The MAT 500SH hydraulic motors for
floats to traverse the harvester, the speed at 25 m min' and a total discharge of 20

| mint is required.

In addition to the two floats, a separate air chamber can be provided in
between the two floats. It is partially immersed in a fluid and experiences an
upward force (buoyancy) equal to the weight of the fluid displaced. The size of
float is 3.0 x 0.45 x 0.6 m (L x W x H). The side slope has to be made 34° to
facilitate the track belt and it can be constructed with MS sheet metal (Gauge-12)
of thickness 2 mm and size of chamber 3.0 x 0.6 x 0.4 m. In this designed float

and chamber can be able to float the water at weight of 1700 kg.

Draft (depth) of the float and chamber at a weight of harvester 1700 kg is 47
and 39 cm respectively. This floating harvester is an amphibious type to facilitate
movement both in standing water and land. If the standing water is less; it can be

traverse through traction belt.

The stability of KAU Pokkali paddy harvester was founded out in terms of
vertical centre of gravity for harvester is 0.874 m and longitudinal centre of
gravity which was at 4.512 m and transverse centre of gravity at zero. If
transverse centre of gravity is zero, KAU Pokkali paddy harvester is stable to
float. When the longitudinal centre of gravity is centre to the front and rear side

of the harvester, it is balanced. Accordingly, the stability of scale down Pokkali


https://en.wikipedia.org/wiki/Buoyancy

91

paddy harvester is also designed and suggested that the vertical centre of gravity
for harvester as 0.54 m and longitudinal centre of gravity as 2.67 m and transverse

centre of gravity as zero.
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Appendix - |

Determination of moisture content

Sl.no Weight of Weight of Weight of _ Moisture
container container + container +  Moisture content
(W) wet soil (w2)  dry soil content (%)
W3 — Wq

1 4 300 204 0.48 48

2 4 390 288 0.359 35.9

3 4 310 220 0.459 459

4 4 310 200 0.561 56.1

5 4 334 244 0.375 375

6 4 432 302 0.436 43.6

Sample calculations:

Mass of container, m1 () =4

Mass of container + wet soil, m2 (g) = 300

Mass of container + dry soil, ms (g) = 204

Moisture content, % = [(m2-m3) / (m3-m1)] x 100
= (300 - 204) / (204 - 4)
=96/200
=0.48 x 100

Moisture content (%) =48.00
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Appendix - 11

Determination of bulk density

Mass of Massof Massof Height Internal  Volume Bulk
core core wet soil  ofcore  diameter (cm?d) density
cutter(g) cutter + (9) cutter (cm) (9/cmd)
wet (cm)
soil(g)
984 2640 1656 12,5 10 981.25 1.687
984 2608 1624 12.5 10 981.25 1.655
984 2632 1648 12.5 10 981.25 1.679
984 2394 1410 12.5 10 981.25 1.436
984 2656 1672 12.5 10 981.25 1.703
984 2748 1764 12.5 10 981.25 1.79

Sample calculations:

Mass of core cutter, g =984
Mass of core cutter + wet soil, g = 2640
Mass of wet soil, g = 1656
Height of core cutter, cm =125
Internal diameter, cm =10
Volume, cm? =081.2

Bulk density, g cm3= Mass/ volume
= 1656 /981.25

=1.687 gcm
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Appendix - 111
Determination of Shear strength

Soil depth Height of Diameter of  Torque dial Shear
(cm) vane vane cm gauge strength
cm reading kgf-cm?
kg-cm
30 10 5 2.6 0.0056
45 10 5 1.8 0.00392
60 10 5 2.2 0.0048

Sample calculation:
Torque in kgf. cm = 2.6

Diameter of vane,cm =5

Shear strength kgf-cm?, § = —————

If H = 2D the equation reduces to

3T

S=
11D3

_ 3X2.6
" 11xD3

= 0.0056 kgf-cm?
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Appendix - IV

Determination of soil resistance

Sl Sail Penetro Penetrat Resistance
no depth meter  ionforce  (KN/m?)
(cm) Dial readings reading (KN)
from
curve(N)

1 2 3 4 5 6 mean

1 10 145 16 23 26 20 18 1958 20 0.196 24.968
2 15 207 22 95 22 10 15 16.53 17 0.166 21.146
3 25 17 15 16 20 12 19 165 17 0.166 21.146

Sample calculation:

Soil depth =10

Mean dial gauge reading, PR =20 N

Penetration force, PF = PR x 0.0098
=20x0.0098
=0.196 KN

Resistance = PF / BA
=0.0196 / (/4 x (0.10)?)
=0.196 / 0.00785

=24.968 KN.m2
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Appendix -V
Determination of Physical properties of Pokkali soil

Clay % 59.78
Silt % 17.67
Coarse sand % 4.10
Fine sand % 18.45
Texture Clay
Bulk density Mg m-3 0.71
Moisture content% (0.3 bar) 44.91
Moisture content% 15 bar 28.11
Appendix - VI

Determination of chemical properties of Pokkali soil

Chemical properties

pH EC OC (%)
(dSm) (kg ha't)
4.69 0.48 1.86

Available nutrients

N P K Fe Cu Zn Mn B Ca Mg S
(kgha')  (kgha') (kgha') (mg/kg) (mag/kg) (ma/kg) (mg/kg) (mg/kg) (ma/kg) (mgl/kg)  (mglkg)
110.39  68.3 1059 869.4 0.6016 0.5744 3321  0.419 152.9 11.951 15.105
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Appendix - VII
Specifications of existing KAU Pokkali paddy harvester

PARTS

SPECIFICATIONS

Overall Dimensions

Float

Depth

Engine

Pump

Motors for Conveyors and Cutters
Lift

Conveyors

Fuel & Oil Storage Tanks

Navigation

Operator Cabin

Controls

Length - 9.67 m

Width - 2.22 m

Height - 2.22 m

Length — 4.80m

Width - 0.60m

Height — 1.00 m

Empty - 40 cm

Loaded - 65 cm

45 HP Diesel engine
Hydraulic double pump
Hydraulic motors (M+S make)
Hydraulic Cylinders

Metal or polypropylene belt
suitable for paddy

Fuel Tank — 50 litres ; Oil Tank —
150 litres

Rubber belts with flaps,
Independently operated for

forward, reverse & turning
Comfortable seat with canopy

Storage boxes for tools, life

jackets etc.

Hydraulic DC valves with levers

for hand operation
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Control Panel

Transportation & Handling

Finish

Material for Construction

Ammeter, Voltmeter, RPM
meter, Oil Pressure Gauge,
Temperature gauge, Hour Meter,
Light Switches

Hooks provided for lifting and
hauling

Epoxy - Corrosion resistant ;

Colour — As per customer choice

Marine aluminum steel ; SS is

optional at extra cost




1)

2)
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Appendix - VIII
Design of hydraulic system

Hydraulic cylinders
Diameter of cylinder = 40 mm
Radius = 20 mm
Area of bore = x R?
=3.142x 2°
=12.5cm?
Weight to be lifted = 500 kgf
Since force (F) =P x A

. F
Pressure required (P) = "

_ 500
12.5

=40 kg cm™

Hydraulic motors
Cutter bar hydraulic motor
Model: MR 50
Discharge: 50 cc rev!
Assume RPM as 200
Total discharge = 200 x 50
= 10000 cc rev?!
=10 lit min!
Front conveyor hydraulic motor
Model: MAH- 400CB
Discharge: 400 cc rev?

Assume: 5 m min?

RPM of roller =
0.3768

=13.26 rpm



Total discharge = 400 x 13.26
= 5307 cc rev?!

= 5.3 lit mint

Back conveyor hydraulic motor
Model: MAH- 400CB
Discharge: 400 cc rev?

Assume: 5 m min

RPM of roller =
0.3768

=13.26 rpm
Total discharge = 400 x 13.26
= 5307 cc rev?!

= 5.3 lit min?

Float- Left hydraulic motor
Model: MAT 500SH
Discharge: 500 cc rev?

Assume: 1.5 km/hr or 25 m min‘!

106

With diameter of drive roller = 200 mm

=2nr
=2x3.142x0.1

=0.628 m

25

RPM of roller =——
0.628

=40 rpm
Total discharge = 500 x 40
= 20000 cc rev?!

= 20 lit min
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Float- Right hydraulic motor

Model: MAT 500SH

Discharge: 500 cc rev?

Assume: 1.5 km/hr or 25 m/min

With diameter of drive roller = 200 mm
=2nr
=2x3.142x0.1
=0.628 m

2
RPM of roller = 2
0.628

=40 rpm
Total discharge = 500 x 40
= 20000 cc rev!

= 20 lit min
Total oil flow = 10+5.3+5.3+20+20

=60.6 lit mint
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Appendix - IX

Selection of prime mover of the existing prototype

Cutter bar:
NT :
Power = 21;0 (Jagdishwar Sahay, 1971)

Assume 200 rpm
For cutter bar 20-30 N draft is required per meter
For 2.1 m energy required is =2.1 x 30 =63 N
For reel the torque equation is T = % Io?
| = mk®
= 44 x 0.452
=8.91
Where, | = moment of inertia
o = angular velocity
m = mass, kg
k = radius of gyration, m
T=05x891x1.672

=12.4245 Nm
2nTNT
60

_ 2x3.142x210 X 205.425
- 60

Power =

=4518 w
_ 4518

746
=6.05 hp
Where, N = speed of the knife section, rpm

T =torque, Nm
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Front conveyor:

_ Beltspeed,m/min X (A+B)(3.2811L)
B 0.3048 100

HP

(Sahay, K.M. and Singh, K.K. 1994)

Assume 31 rpm at a speed of 2.0 km hr-?
31 (0.60+0.00350)(3.281 x 3)

HP =
0.3048 100
=6.04 hp
Where,

L = length of belt, m
A & B = constants (frictional resistance of the belt and pulley)

Centre conveyor:

Belt speed,m/min X (A+B)(3.281L)

Power =
0.3048 100

Assume 25 rpm at a speed of 2.0 km hr?
25 (0.60+0.00350)(3.281 X 6.63)

Power =

0.3048 100
Power = 10.76 hp
Where,

L = length of belt, m

A & B = constants (frictional resistance of the belt and pulley)

Float - 1:

2nTNT
60

Power =

Assume 45 rpm at a speed of 2.0 km hr?

_ 2xX3.142 X 45x 1220
B 60

=5750 w
_ 5750

746
=7.7hp
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Where,
N = speed of the rollers, rpm
T =torque, Nm

Float - 2:

21INT
60

Power =

Assume 45 rpm at a speed of 2.0 km hr?
2X3.142 X 45X 1220
- 60
=5750 w
_ 5750

746
=7.7hp
Where, N = speed of the rollers, rpm

T =torque, Nm

Total power required for motors in hp for KAU Pokkali paddy harvester is
6.05+6.04+10.78+7.7+7.7 = 38.25 + 3.825 = 42.07 hp

Assuming 10% of losses.
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Appendix - X

Selection of prime mover of the scale down prototype

Cutter bar:
NT :
Power = 21;0 (Jagdishwar Sahay, 1971)

Assume 200 rpm
For cutter bar 20-30 N draft is required per meter
For 1.8 m energy required is =1.8 x 30 =54 N
For reel the torque equation is T = % Io?
| = mk?
=30x0.30°
=27

Where, | = moment of inertia

o = angular velocity

m = mass, kg

k = radius of gyration, m

T=05x27x1.67?

=3.765 Nm
2nNT

Power =
_ 2x3.142x210x169.7
B 60

=3732.38 w

3732.38
T 746

=5hp
Where, N = speed of the knife section, rpm

T =torque, Nm
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Front conveyor:
_ Beltspeedm/min  (A+B)(3.281L)

Power = X (Sahay, K.M. and Singh, K.K. 1994)

0.3048 100
Assume 31 rpm at a speed of 2.0 km hr-?

31 (0.36+0.00224)(3.281x 1.7)
0.3048 100

Power =

Power = 2.05 hp
Where,
L = length of belt, m
A & B = constants (frictional resistance of the belt and pulley)

Centre conveyor:

Belt speed,m/min A+B)(3.281L
Power = b / X ( ) )
0.3048 100

Assume 25 rpm at a speed of 2.0 km hr?
25 (0.36+0.00224)(3.281 x 3.7)

Power =

0.3048 100
Power = 3.6 hp
Where,

L = length of belt, m

A & B = constants (frictional resistance of the belt and pulley)

Assume 72 rpm at a speed of 2.0 km hr!

_2x3.142x72%X446
- 60

=3363.2w

33632
T 746

=4.5hp
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Where,
N = speed of the rollers, rpm
T =torque, Nm

Float - 2:

21INT
60

Power =

Assume 72 rpm at a speed of 2.0 km hr?

_ 2x3.142x 72X 446
B 60

=3363.2w

3363.2
T 746

=45hp
Where,

N = speed of the rollers, rpm

T =torque, Nm
Total power required for motors in hp for scale down prototype is
5+2.05+3.6+4.5+4.5 =19.65 + 1.965 = 21.6 hp

Assuming 10% of losses.
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Appendix - XI

Centre of gravity of the components of KAU Pokkali paddy harvester

SI. Part List Weight LCG VCG TCG LMT VMT TMT
No (t) (m) (m) (m)
1 i)Propeller 0.00257 1.136 0.672 0.75 0.00292 0.00172 0.00192
(Left)
i)Propeller 0.00257 1.136 0.672 -0.75 0.00292 0.00172 -0.00192
(Right)
2 Hydraulic 0.0123 0.08 0.937 0.585 0.000984 0.01152 0.00719
motor for back
conveyer
3 i)Hydraulic 0.02298 0.16 0.028 0.02 0.0036768 0.00064 0.00045
motor for
float(Left)
ii)Hydraulic 0.02298 0.16 0.028 -0.02 0.0036768 0.00064 -0.00045
motor for
float(Right)
4 i)Float (Left) 0.66317 4.249 0.57 0.75 2.817809 0.37800 0.4973
ii)Float(Right) 0.66317  4.249 0.57 -0.75 2.817809 0.37800 -0.4973
5  Air chamber 0.48528 4.249 0.45 0 2.061954 0.21837 O
6 Centre 0.139 3.405 0.9 0 0.473295 0.1251 0
conveyor
7 Chassis 0.122 4.9725 1.29 0 0.606645 0.15738 O
8 Engine 0.254 2.77 2055 O 0.70358 0.52197 O
9 Hydraulic tank  0.13698  4.062 1.405 -0.29 0.55641 0.19245 -0.0405
10 Diesel tank 0.0462 3.52 1.26 0.375 0.16262 0.05821 0.01732
11 Chair 0.02 4.862 1.33 0 0.09724 0.0266 0



12

13

14

15

16

17

18

Front conveyor

Front conveyor
frame
Hydraulic
motor for front
conveyor

i)Hydraulic
cylinder (Left)

i)Hydraulic
cylinder(Right)

Cutter bar

Hydraulic
motor for
cutter bar

Reel assembly

TOTAL

0.132

0.1216

0.0123

0.006

0.006

0.075

0.0068

0.044

2.9969
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7.53

7.53

3.005

7.53

7.53

9.145

9.145

9.61

100.035

1.29 0
1.29 0
1.29 0.75
1.29 1.57
1.29 -1.57
1.29 0
1.79 1
1.79 0

0.99396

0.91564

0.03696

0.04518

0.04518

0.68587

0.06218

0.42284

23.487 2.414 13.5193

0.17028

0.15686

0.01586

0.00774

0.00774

0.09675

0.01217

0.07876

2.61854

0.00922

0.00942

-0.00942

0.0068



A) Vertical stability

_ 2Vmt
Ve = Swe meters.

_ 2618

299
=0.874 m
B) Longitudinal Stability

2 Lmt
YWt

Leg=

13.52
2.996

4512 m

C) Transverse Stability

meters.

116
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Appendix - X1

Centre of gravity of the components of scale down Pokkali paddy harvester

SI.  Part List Weight LCG VCG(m) TCG LMT VMT TMT

No () (m) (m)

1 i)Propeller 0.0185 0.62 0.43 -0.554 0.01147 0.007955 -0.01024
(Left)
ii)Propeller 0.0185 0.62 0.43 0.554 0.01147 0.007955 0.01024
(Right)

2 Hydraulic 0.0123 0.06 0.618 0.38 0.000738 0.007601 0.00467
motor for back
conveyer

3 i)Hydraulic 0.0229 1.14 0.53 -0.27 0.026197 0.012179 -0.00620
motor for 8
float(Left)
iil)Hydraulic 0.0229 1.14 0.53 0.27 0.026197 0.012179 0.006204
motor for 8
float(Right)

4 i)Float (Left) 0.267 2.815 0.37 -0.54 0.751605 0.09879 -0.14418
ii)Float (Right) 0.267 2.815 0.37 0.54 0.751605 0.09879 0.14418

5 Air chamber 0.096 2.815 0.29 0 0.27024 0.02784 0

6 Centre 0.139 15 0.618 0 0.2085 0.085902 0
conveyor

7 Chassis 0.1 2.21 0.731 0 0.221 0.0731 0

8 Engine 0.18 1.681 1.273 0 0.30258 0.22914 0

9 Hydraulic tank 0.137 2.71 1.05 -0.15 0.37127 0.14385 -0.02055

10  Diesel tank 0.03 2.67 0.9 0.168 0.0801 0.027 0.00504

11  Chair 0.02 3.071 1.022 0 0.06142 0.02044 0

12 Frontconveyor  0.117 4,91 0.55 0 0.57447  0.06435 0
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14

15

16

17

18

19

Front conveyor  0.059
frame

Hydraulic 0.0123
motor for front

conveyor

i)Hydraulic 0.006
cylinder (Left)
ii)Hydraulic 0.006
cylinder(Right)

Cutter bar 0.04
Hydraulic 0.0068
motor for cutter

bar

Reel assembly 0.03
Man 0.1

TOTAL 1.70
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491

3.98

4.89

4.89

5.8

5.7

6.08

67.02

0.55 0 0.28969

1.02 0.43 0.048954

0.523 -0.39  0.02934

0.523 0.39  0.02934

0.03 0 0.232

0.37 0.6 0.03876

0.4 0 0.1824

13.128 1424  4.5078

0.03245

0.012546

0.003138

0.003138

0.0012

0.002516

0.012

0.985

0

0.00528

-0.00234

0.00234

0

0.00408

0

0
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a) Vertical stability

_ 2Vmt
Ve = Swe meters.

0985

1.70

=0.58m

b) Longitudinal Stability

2Lmt
Lcg==—— meters.
CG Wt

4.50
1.70

=2.67m

c) Transverse Stability
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Appendix - X1
Specifications of scale down prototype of the Pokkali paddy harvester

PARTS SPECIFICATIONS

Overall Dimensions Length- 6.2 m
Width - 1.7 m
Height- 1.7 m

Float Length — 3.0m
Width - 0.45m
Height — 0.60 m

Engine 24 HP Diesel engine

Pump Double acting hydraulic pump

Motors for Conveyors and Cutters Hydraulic motors (M+S make)

Lift Hydraulic Cylinders

Conveyors polypropylene

Fuel & Oil Storage Tanks Fuel Tank — 40 litres ; Oil Tank — 150 litres

Operator Cabin Comfortable seat with canopy storage boxes for
tools, life jackets etc.

Controls Hydraulic DC valves with levers for hand
operation

Control Panel Ammeter, Voltmeter, RPM meter, Oil Pressure

Gauge, Temperature gauge, Hour Meter, Light

Switches
Transportation & Handling Hooks provided for lifting and hauling
Finish Epoxy - Corrosion resistant ; Colour — As per

customer choice

Material for Construction Marine aluminum steel
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Appendix - X1V

Function diagrams of hydraulic motors

MR 50 — Hydraulic motor
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Appendix - XVI
Components of existing KAU Pokkali paddy harvester
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A-25X25mm
B-50X25mm
C-40X80mm

MATERIAL SIZE

A+

of the KAU Pokkali paddy harvester

Fig. 4. Chassis
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Fig. 10 Isometric view of the KAU Pokkali paddy harvester



133

Ja1saney Apped 11e330d N> 3y JO MaIA uoneas|3 1T Bi4

1v01

43113d0¥d

QEEL] -
JOAIANOD LNO¥S

YIVH
QUvO0g HSV!

v _/

ANVL o::«.mot\

ANVL3s3l

C

HOAIANOD V_OL

€222

INION3



134

2TA A

J181sentey Apped 11exp10d NW'M Ul J0 MaIA Ueld 2T “Bi4

TI

Co Qoo o

I




135

Ja1s9ndey Apped 11exyod N 8y JO MaIA ol “gT “Bi4




136

Ja1s8/uRY Apped 1exod NWM 8yl Jo malA alydesboyuo 4T B4




137

Appendix - XVII

Components of scale down prototype of Pokkali paddy harvester
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Fig. 12 Isometric view of the scale down Pokkali paddy harvester
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Fig. 14 Plan view of the scale down Pokkali paddy harvester
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Fig. 16. Orthographic view of the scale down Pokkali paddy harvester
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Appendix - XVIII

Cost estimation of the scale down Pokkali paddy harvester

SI. No Items Quantity Cost (Rs. in lakhs)
1 Engine (24 hp) 1 No 5.00
2 Floats 2 No’s 0.50
3 Air chamber 1 No 0.30
4 Track belt and its 2 No’s 2.00
accessories
5 Propeller with chain drive 2 Sets 0.30
6 Hydraulic system
(1) Motors 5No’s 2.00
(i)  Cylinders 2 No’s 0.40
(ili)  Tank 1 No 0.10
(iv)  Hydraulic hose 15m 0.15
(v) Control levers 5 Sets 0.25
7 Conveyors 2 No’s 0.50
8 Cutter bar and reel 1 Set 1.5
assembly
9 Chassis 1 No’s 1.00
10 Miscellaneous 2.00
TOTAL 16.00
Total cost for material, Rs =16.00 Lakhs
Fabrication cost (50% of material cost), Rs = 8.00 Lakhs

Total estimated cost of the scale down Pokkali paddy harvester, Rs = 24.00 Lakhs



ABSTRACT

The term ‘Pokkali’ used in the common parlor refers to a salt tolerant
traditional rice cultivar grown in the coastal saline soils of Kerala, India. The
Pokkali field is a unique eco-system prevailing in the coastal tract of Kerala with
rich bio diversity and amazing capacity to produce organic rice and shrimp
alternatively. Rice is grown during non-saline period and the farmers carry out
shrimp culture during the saline phase with both having unique symbiotic
benefits. Pokkali areas lie in Trissur, Ernakulum and Alappuzha districts covering
a total area of 8500 ha. It spreads over 34 Krishibhavans of these three districts. In
the saline, water-logged Pokkali farm lands, rice and shrimps are farmed
alternatively. The conventional method of harvesting of Pokkali paddy crop by
using sickles. The various farming operations in Pokkali paddy cultivation, the
harvesting is done by women labourers by walking on the swampy and marshy
inundated paddy fields at waist-deep water, which is laborious, tedious and

cumbersome.

Though a number of paddy combine harvesters are commercially available,
none cannot be used in such marshy water logged areas for harvesting paddy.
Hence, a power operated floating harvester with provisions for harvesting and
conveying the ear heads (panicles) of submerged paddy was developed at
KCAET, Tavanur. The overall size of the harvester is 9.6 x 2.2x 2.2 m with a total
weight of about 3 tonnes. Due to the over size and weight, the manoeuvrability
become a great problem for transportation and operation in small paddy lands. It
necessitated designing a scale down proto type of the harvester to operate in all
Pokkali areas for easy transportation and good manoeuvrability.

The major functions of a Pokkali paddy harvester are floating in
water/moving in puddled soil, cutting and conveying of the panicles. The design
analysis of the harvester is sequentially carried out for the floating barge,
harvesting unit and hydraulic system. Hydraulic drive system consisted of a
hydraulic pump, pressure gauge, valves, filters, etc. to guide and control the
system. The capacity of the hydraulic tank was 150 litres and double acting
hydraulic pump has 61.0 | min-. Harvesting unit of the Pokkali paddy harvester

consists of a reel, cutter bar and conveyor. Reel delivers the stalks to the cutting



mechanism, the cutter bar cuts crop and conveys through front conveyor and
transferred to in the central conveyor. Width of the cutter bar was 2.1 m with
serrated blade to avoid spilling of the stalks. The vertical centre of gravity of the
harvester was designed as 0.854m and longitudinal centre of gravity as 4.58 m. It
was found out that the design of the existing KAU Pokkali paddy harvester was

perfect considering the buoyancy and stability aspects.

The overall size of the newly designed scale down prototype is 6.2 X 1.7 X
1.7 m with a total weight of about 1700 kg. A scale down prototype of the
harvester is designed in such a way that to suit for fragmented Pokkali areas. The
vertical centre of gravity of the scale down prototype is 0.58 m, longitudinal
centre of gravity is 2.67 m and transverse centre of gravity is zero. As the
transverse centre of gravity is zero, scale down Pokkali paddy harvester is stable
to float and longitudinal centre of gravity lies near to the centre and adjacent to the

front and rear side of the harvester, it become a well-balanced machine.



